
Topic 0
1st Meeting of the Heads of the Laboratories

within ICP Forests 
9.-10. June 2008 in Hamburg, Germany

Topic 0Topic 0
1st Meeting of the Heads of the Laboratories

within ICP Forests 
9.-10. June 2008 in Hamburg, Germany

Topic 2

Quality Assurance and Control
in Laboratories

-a review of possible quality checks 
and other forms of assistance

ICP Forests Working Group on 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. A. Tartari, E. Ulrich



Topic 0
1st Meeting of the Heads of the Laboratories

within ICP Forests 
9.-10. June 2008 in Hamburg, Germany

Topic 0Topic 0
1st Meeting of the Heads of the Laboratories

within ICP Forests 
9.-10. June 2008 in Hamburg, Germany

Topic 2

review of possible quality checks and other forms of assistance



51List of buyable certified reference materials (CRM)6.4

51Excel worksheet for control charts 6.3

49Excel worksheets for ion balance (with and without 
DOC-correction), conductivity, N balance and Na/Cl
ratio checks

6.2

49Annexes6. 

45References5. 

43Exchange of knowledge and experiences with other 
labs

4.2

34Ring tests and ring test limits4.1

34Interlaboratory quality assurance4. 

31Avoidance of contamination problems3.5

31Analyses in duplicate3.4

28Check of analytical results for foliar and litterfall
samples

3.3

23Check of analytical results for soil and humus 
samples

3.2

12Check of analytical results for water samples3.1

12Check of analytical results3.

8Use of control charts2. 

5Use of reference material 1.

5 Introduction0.

pageChapte
r

5 different checks
+ excel worksheet

for automatical quality check

12 different checks

practical solutions
for contamination problems

53 references

Reference material + control charts
(with excel sheet)
+ list of buyable

certified reference materials

Topic 0
1st Meeting of the Heads of the Laboratories

within ICP Forests 
9.-10. June 2008 in Hamburg, Germany

Topic 0Topic 0
1st Meeting of the Heads of the Laboratories

within ICP Forests 
9.-10. June 2008 in Hamburg, Germany

Topic 2



Topic 0
1st Meeting of the Heads of the Laboratories

within ICP Forests 
9.-10. June 2008 in Hamburg, Germany

Topic 0Topic 0
1st Meeting of the Heads of the Laboratories

within ICP Forests 
9.-10. June 2008 in Hamburg, Germany

Topic 2

1. Use of reference material

Certified reference material (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).

reference material (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).

Local reference material (CRM):

The Local Reference Materials 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 
concentration ranges for the more important parameters. These LRMs are extremely important 
for QA/QC activities, mainly for use in control charts, if there is a need to maintain a constant 
(stable) quality over a longer time scale.

review of possible quality checks and other forms of assistance
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CRMs are expensive and should be used only when really needed:

-calibration 

-method validation

-measurement verification

-evaluating measurement uncertainty (Nordtest Report 537, 2003)

-and for training purposes.

LRMs are cheaper and should be used for daily routine control:

-Contineous control of method/instrument

-Use for control charts

-To be measured with each batch of samples

review of possible quality checks and other forms of assistance
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see aboveheavy metal sewage sludge soilBCR-143R

see abovelight sandy soilsoilBCR-142R

see abovecalcareous loam soilsoilBCR-141R

see abovepowdered hay plantBCR-129

see aboveOlea europea (olive 
leaves )

plantBCR-062

see abovebeech leavesplantBCR-100

see abovehigh 
concentrations

simulated rain waterwaterBCR-409

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 low concentrations

simulated rain waterwaterBCR-408

SupplierCommentsTypeMatrixReference material

CRMs are buyable (list in annex 6.4 of the paper):

review of possible quality checks and other forms of assistance
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LRMs can be prepared in the labs:

-from standard solutions

-from soil or plant material

-mineral water can be used

-old ring test samples can be used

Preparation of LRMs is described in the paper!

A short presentation will be given by Mireille Barbaste under topic 7!

review of possible quality checks and other forms of assistance
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Control charts are a useful tool for checking the quality and the variation 
in quality over a longer time scale.

The laboratory runs control samples (e.g. LRMs) together with the real samples 
in an analytical batch and, immediately after the run is completed, the control 
values are plotted on a control chart.

2. Control charts

An excel file for control charts can be downloaded from the website!  

A short introduction will be given by Kirsti Derome under topic 3!

review of possible quality checks and other forms of assistance
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2. Control charts:                a. mean chart
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2. Control charts:                a. blank chart

review of possible quality checks and other forms of assistance
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3. Limit of Detection (LOD) and Limit of Quantification (LOQ)

The limit of detection (LOD) is the smallest measure, xL, that can be detected with 
reasonable certainty for a given analytical procedure. 

The value of xL is given by the equation:
xL = xbi + Ksbi
where xbi is the mean of n blank measurements, sbi is the standard deviation of 
n blank measurements, and K is a numerical factor chosen according to the 
confidence level desired (IUPAC, 1997)

It is recommended that the number of blank measurements (n) is higher than 30, 
preferably determined under within-lab reproducibility conditions (e.g. different 
operators, different runs on different days). 

The limit of quantification (LOQ) is generally agreed to begin at a concentration 
equal to 10 standard deviations of the blank (Kq = 10). Therefore, LOQ is 3.3 times 
LOD.

review of possible quality checks and other forms of assistance
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3. Limit of Detection (LOD) and Limit of Quantification (LOQ)
The LOD is the concentration at which we can decide whether an element is 
present or not. It is the point where we can just distinguish a signal from the 
background.

The LOQ is the lowest concentration of an element which can be analysed
with a given precision. Only above the LOQ quantitative analytical results
can be indicated. 

review of possible quality checks and other forms of assistance

A distinction should be made between instrument detection/quantification limits
and method (or matrix) detection limits. Generally, instrument detection limits 
(IDLs) are based on a clean matrix. Method/matrix detection limits (MDL) consider 
real-life matrices such as soil, organic matter and rainwater. Spectroscopists
commonly accept that the MDL can be anywhere from about two to five times worse 
than the IDL.
Therefore, labs should clearly mention whether the reported limits are 
instrument or matrix detection limits. In the case of environmental research, 
MDLs provide more relevant information than IDLs.
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3. Limit of Detection (LOD) and Limit of Quantification (LOQ)

review of possible quality checks and other forms of assistance

Each laboratory has to determine the LOD/LOQ for
each parameter and method!

Results under the LOQ should not be reported!
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3. Limit of Detection (LOD) and Limit of Quantification (LOQ)
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4. Check of analytical results

review of possible quality checks and other forms of assistance

It is very important to check the analytical results directly
after the analyses!

Only than you have the possibility to reanalyse the
samples if the results of the first measurement are
uncertain, wrong or inconsistent.



Ionic balance

Comparison between measured and calculated conductivity

Na/Cl ratio validation test

Organic nitrogen validation test

Topic 0
1st Meeting of the Heads of the Laboratories

within ICP Forests 
9.-10. June 2008 in Hamburg, Germany

Topic 0Topic 0
1st Meeting of the Heads of the Laboratories

within ICP Forests 
9.-10. June 2008 in Hamburg, Germany

Topic 2

4a. Check of analytical results for water samples

review of possible quality checks and other forms of assistance

4 different checks for water samples:
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PDPD = 100 * = 100 * 
((ΣΣ catcat -- Σ Σ anan))

0.5 ( 0.5 ( Σ Σ catcat +  +  Σ Σ anan)   )   

Σ cations = [Ca++ ] + [ Mg++ ] + [ Na+ ] + [ K+] + [ H+ ] + [ NH4
+ ] + [ Metn+ ]

Σ anions = [ HCO3
-] + [SO4

= ] + [ NO3
- ] + [ Cl- ] +[Org- ]

1. Ionic balance check1. Ionic balance check1. Ionic balance check
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1. Ionic balance check1. Ionic balance check1. Ionic balance check



=CE i ii Cffor conductivity> 100 µS cm-1

if activity 
coefficient

Concentration of the ion iiC

equivalent ionic conductanceiλ

for 
conductivity

100 µS cm-1 =CE i iC

(CM(CM--CE)CE)CDCD = 100 * = 100 * 
CMCM
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Comparison between measured (CM) and calculated Comparison between measured (CM) and calculated 
conductivity (CE)conductivity (CE)

2. Conductivity Check2. Conductivity Check2. Conductivity Check



0.076428.21mg L-1Chloride

0.071471.39mg N- NO3 L-1Nitrate

0.080062.37mg S L-1Sulphate

0.04451000meq L-1Alkalinity

0.073525.58mg L-1Potassium

0.050143.50mg L-1Sodium

0.053182.29mg L-1Magnesium

0.059549.90mg L-1Calcium

0.073571.39mg N-NH4 L
-1Ammonium

0.3500106*10-pHpH

UnitsUnits
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µeq Lµeq L--11

EquivalentEquivalent
conductanceconductance

at 25°Cat 25°C
kSkS cmcm22 eqeq--11
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2. Conductivity Check2. Conductivity Check2. Conductivity Check

Topic 0
1st Meeting of the Heads of the Laboratories

within ICP Forests 
9.-10. June 2008 in Hamburg, Germany

Topic 0Topic 0
1st Meeting of the Heads of the Laboratories

within ICP Forests 
9.-10. June 2008 in Hamburg, Germany

Topic 2

review of possible quality checks and other forms of assistance

Conductivity ( µS cm
-1

25 °C )

0

20

40

60

80

100

0 20 40 60 80 100

Measured

C
al

cu
la

te
d

Data

Line 1:1



±10%± 10%> 20 µS cm-1

±20%± 20%< 20 µS cm-1

±30%± 20%< 10 µS cm-1

ConductivityConductivityIonic balanceIonic balanceConductivity  of the Conductivity  of the 
sample 25 sample 25 °°CC

Acceptance threshold values in data validation 
based on the ionic balance and conductivity
Acceptance threshold values in data validation Acceptance threshold values in data validation 
based on the ionic balance and conductivitybased on the ionic balance and conductivity
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? = applicable if TOC is lower than 5 mg C L-1

Applicability of ion balance and conductivity tests to 
different type of solutions

Applicability of ion balance and conductivity tests to Applicability of ion balance and conductivity tests to 
different type of solutionsdifferent type of solutions

yesnoyesnosoil water

yesnoyes?runoff

yesyesyesnostemflow

yesyesyesnothroughfall

yesyesyesyesbulk open field

yesyesyesyeswet-only

nitrogenNa/Clconductivityion balance
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A presentation about DOC in ion balances will be given 
by Rosario Mosello under topic 4!
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In many parts of Europe sea salt is a major contributor of sodium and 
chloride ions in deposition and, as a result, the ratio between the two 
ions is similar to that of sea salt. 

This is true even in parts of Europe situated far from the sea, as has been 
shown from a statistical study conducted on more than 6000 samples 
covering the area from Scandinavia to South Europe (Mosello et al., 2005). 

The ratio is calculated by expressing the concentrations on a molar (or 
equivalent) basis.  

3. Na/Cl ratio check3. Na/3. Na/ClCl ratio checkratio check

0.5 < (Na/Cl) < 1.5
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3. Na/Cl ratio check3. Na/3. Na/ClCl ratio checkratio check



TN = N-NO3
- + N-NH4

+ + (N-NO2
-) + Norg

Norg = TN - N-NO3
- - N-NH4

+

The The concentrationconcentration of of organicorganic nitrogennitrogen
can can notnot bebe negative!negative!

TN - N-NO3
- - N-NH4

+ >= 0

4. N Balance check4. N Balance check4. N Balance check
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A presentation 
about the use of 
this ecxel file will 
be given by 
Rosario Mosello
under topic 5!
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Excel file for the automatic evaluation of the 4 presented
quality checks:
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5. Phosphorus concentration as 
a contamination check

5. 5. Phosphorus concentration as Phosphorus concentration as 
a contamination checka contamination check

If bird droppings pass into the precipitation/throughfall/stemflow
sample, this will considerably alter the chemical composition of the 
sample. The concentrations of PO43-, K+, NH4+ and H+, for instance, 
will be affected. 

A phosphate concentration of 0.25 mg l-1 has been 
suggested as the 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 the chemical analyses have 
been performed.
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4b. Check of analytical results for organic
and mineral soil samples

• An important step in laboratory QA/QC 
is checking whether:

• the result of an analysis is within the 
“expected range” => plausible range 
checks

• the general relationships between soil 
variables are valid => crosschecks



Definition:

For each soil variable, there is 95 % chance 
that the analytical result of an European 
forest soil sample will fall within a specific 
min-max interval. This interval is defined as 
the plausible range for that variable. 

(remark: Foliar analysis uses 90 %)

Verifying if the analytical result is within the 
plausible range is called the plausible range 
check.

4b-1. plausible range checks
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Results outside that range may occur (1/20) 
and need special attention: 
– checking equipment and method
– checking control samples/charts
– dilution factor applied
– 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. 
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Specific plausible ranges were developed for:
– mineral soil samples

– organic material (forest floor, peat)

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.
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The lower limit of the plausible range

• depends mostly on the limit of quantification (LOQ), which 
is determined by: 
– the method for calculating LOQ (to be discussed)
– the applied instrument
– the analysis method
– the 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 using the required 
number of decimal places.
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The upper limit of the plausible range

• 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). 

• For variables not present in FSCDB, other databases were 
consulted (FSCC studies, ringtest data, Belgian forest soil 
databases)

• Information on methods and data evaluation may be found 
in the Forest soil condition report (EC, UN/ECE 1997).
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The width of the plausible range

• 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 at both a European 
and regional scale.
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What to do when outside the plausible range ?

• reported 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

• if the sample is re-analysed, both the ‘old’ and ‘new’ result 
should be clearly reported and the reason for re-analysis and 
possible modifications to obtain the new result should be 
documented
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100.0< 0.6----%wtParticle size: sand

100.0< 0.4----%wtParticle size: silt

80.0< 0.6----%wtParticle size: clay

850< 3850< 3g/kgCaCO3

20.0< 0.125.0< 0.5g/kgTotal N

200.0< 1.2580.0120.0g/kgOrganic carbon

10.02.08.02.0-pH(CaCl2)

10.02.58.02.0-pH(H2O)

10.0< 0.110.0< 0.1
%wtMoisture content (of air-dry 

sample)

MaxMin#MaxMin#UnitVariable

Plausible rangePlausible range

Mineral soil sampleOrganic sampleForest Soil samples

# 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).
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250000.0< 82.650000.0< 75.5
mg/kgAqua regia extractable Fe

50000.0< 77.140000.0< 76.1
mg/kgAqua regia extractable Al

1000.0< 21.13000.0< 20.6
mg/kgAqua regia extractable Na

3000.0< 134.67500.0< 128.6
mg/kgAqua regia extractable S

200000.0< 38.580000.0< 33.3
mg/kgAqua regia extractable Mg

250000.0< 50.0100000.0< 45.9
mg/kgAqua regia extractable Ca

40000.0< 81.410000.0< 74.2
mg/kgAqua regia extractable K

10000.0< 35.23000.0< 32.8mg/kgAqua regia extractable P 

MaxMin#MaxMin#UnitParameter

Plausible rangePlausible range

Mineral soil sampleOrganic sampleForest Soil samples
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2.0< 0.34.0< 0.3
mg/kgAqua regia extractable Hg

6.0< 0.518.0< 0.5
mg/kgAqua regia extractable Cd

500.0< 2.11000.0< 2.0
mg/kgAqua regia extractable Zn

150.0< 3.3600.0< 3.3
mg/kgAqua regia extractable Cr

150.0< 1.6300.0< 1.5
mg/kgAqua regia extractable Ni

500.0< 2.41000.0< 2.4
mg/kgAqua regia extractable Pb

100.0< 2.0300.0< 1.9
mg/kgAqua regia extractable Cu

MaxMin#MaxMin#UnitParameter

Plausible rangePlausible range

Mineral soil sampleOrganic sample
Forest Soil samples
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3.00< 0.2110.00< 0.25cmol+/kgFree H+

1.50< 0.036.00< 0.03cmol+/kgExchangeable Mn

2.00< 0.040.70< 0.05cmol+/kgExchangeable Fe

8.00< 0.209.00< 0.22cmol+/kgExchangeable Al

1.00< 0.171.50< 0.18cmol+/kgExchangeable Na

5.00< 0.1815.00< 0.19cmol+/kgExchangeable Mg

40.00< 0.2260.00< 0.25cmol+/kgExchangeable Ca

2.00< 0.235.00< 0.23cmol+/kgExchangeable K

8.00< 0.2110.00< 0.23cmol+/kgExchangeable acidity

MaxMin#MaxMin#UnitParameter

Plausible rangePlausible range

Mineral soil sampleOrganic sample
Forest Soil samples
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7500.0< 48.45000.00< 48.4mg/kgReactive Fe

7500.0< 44.65000.00< 44.6mg/kgReactive Al

15000.0< 0.535000.0< 0.5mg/kgTotal Mn

250000.0< 3.560000.0< 3.5mg/kgTotal Fe 

100000.0< 40.050000.0< 40.0
mg/kgTotal Al

12000.0< 20.05000.0< 20.0mg/kgTotal Na

250000.0< 5.080000.0< 5.0mg/kgTotal Mg

500000.0< 20.0100000.0< 20.0mg/kgTotal Ca

50000.0< 50.010000.0< 50.0mg/kgTotal K

MaxMin#MaxMin#UnitParameter

Plausible rangePlausible range

Mineral soil sampleOrganic sample
Forest Soil samples
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4b-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. 

Examples:
• soils high in organic matter => TOC ↑, N ↑
• Calcareous soils => pH↑, Caexch↑, Catot↑, Exch Ac ↓

• Simple crosschecks were developed for easy verification 
and detection of erroneous results.
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1. pH check

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 (any studies ?).
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2. Carbon check

In general, TOC 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

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). 
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3. pH-Carbonate check

Laboratories routinely analyse carbonates in soil samples with low 
pH levels. This 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 or
if pHCaCl2 < 5.5 then CaCO3 < 3 g kg-1

Conversely, if pHCaCl2 > 6, it is likely to detect quantifiable carbonates in the sample.
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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
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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 
ringtest, the C/P ratio of a peat sample amounted up to 4500. 

For a mineral sample:
Check algorithm: 8 < C/P ratio < 750
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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
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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.
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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.
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9. Exchangeable element / aqua regia extractable 
element check

The elements bound to the CEC 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 algorithms:

(Kexch x 391) ≤ Extracted K
(Caexch x 200) ≤ Extracted Ca
(Mgexch x 122) ≤ Extracted Mg
(Naexch x 230) ≤ Extracted Na
(Alexch x 89) ≤ Extracted Al
(Feexch x 186) ≤ Extracted Fe
(Mnexch x 274) ≤ Extracted Mn

In general the ratio of an exchangeable element to an extracted element is higher 
in organic matrices than in mineral soil. 
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10. Free H+ and Exchangeable acidity check

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

Check algorithms: 
Free H+ < EA       
EA ≈ Alexch+ Feexch+ Mnexch+ Free H+

For mineral forest soils, Free H+ is usually < 60 % of the Exchangeable 
acidity.
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11. Particle size fraction sumcheck

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 (0-2 mm 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 
field since mistakes occur regularly, even in ringtests.
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4c. Check of analytical results for foliage and 
litterfall samples

For the plausible range check list the Forest Foliar 
Coordinating Centre removed 5% of the lowest and 5% of 
the highest results from the European Level I database. 90% 
of all the submitted Level I results fell within these limits. As 
the manual covers a large number of different tree species it 
was necessary, in order to obtain sufficient data for 
meaningful statistical analysis, to group them into the main 
tree genera.

4c-1. plausible range checks for foliage samples



5511,813,0012,033,122,3325,50high0

453,521,404,601,481,1817,85low027

Quercus
pyrenaica (Q. 
toza)50

5511,162,2610,461,852,0129,84high0

455,861,064,120,901,2419,75low0268
Quercus
petraea48

558,462,6210,321,221,4117,24high0

453,420,764,000,690,8111,95low0141Quercus ilex46

5515,643,2416,492,293,2430,79high0

451,190,984,810,630,9112,86low037
Quercus
cerris41

5511,142,5014,771,862,1229,22high0

454,810,653,440,891,2620,41low0611
Fagus
sylvatica20

g/100gg/kgg/kgg/kgg/kgg/kgg/kgtype

CKMgCaPSNLimitLeafCountTree speciesCode
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-------0

---8,078143418,0027

Quercus
pyrenaica (Q. 
toza)50

---11,64149420925,00

5,524-5,396090511,00268
Quercus
petraea48

---7,00717538541,00

21,7--4,007327812,70141Quercus ilex46

-------0

15,963-6,898350913,0037Quercus cerris41

40,04626,812,18178290254,20

9,150-5,676212717,00611Fagus sylvatica20

µg/gng/gµg/gµg/gµg/gµg/gµg/gtype

BCdPbCuFeMnZnLeafCountTree speciesCode
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577,051,519,771,821,3415,97high1

473,410,442,260,810,699,47low1

578,361,567,012,101,3116,68high0

473,650,661,831,010,7010,39low01763
Picea abies (P. 
excelsa)118

577,571,7016,392,211,7916,46high1

473,970,374,190,860,9511,67low1

578,481,9011,712,231,6916,16high0

474,290,683,500,950,7911,55low0230Abies alba100

559,852,5511,021,531,6123,09high0

454,371,224,290,470,8511,39low039Quercus suber54

5512,642,8512,262,552,2130,69high0

455,801,093,330,971,3620,31low0313

Quercus robur
(Q. 
pedunculata)51

g/100gg/kgg/kgg/kgg/kgg/kgg/kgtype

CKMgCaPSNLimitLeafCountTree speciesCode
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32,91695,27,07118237651,81

6,2--0,942719812,01

29,42262,95,9491173947,00

7,2--1,412216516,001763
Picea abies (P. 
excelsa)118

---6,45121524147,51

14,456-2,003225020,01

---5,8985251045,00

15,548-2,312118522,00230Abies alba100

---20,00621288747,00

17,5--6,116229117,0039Quercus suber54

54,818318,014,10233282050,00

23,4400,15,506421914,00313

Quercus robur
(Q. 
pedunculata)51

µg/gng/gµg/gµg/gµg/gµg/gµg/gtype

BCdPbCuFeMnZnLeafCountTree speciesCode
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578,672,898,041,791,6814,28high0

473,201,842,120,800,929,22low030
Pinus
halepensis125

576,021,504,411,551,7020,22high1

471,210,751,960,880,8713,12low1

576,061,312,701,731,6621,51high0

473,560,791,020,980,7511,31low040
Pinus
contorta124

5710,051,188,232,431,9418,19high1

474,620,501,410,840,9211,87low1

5710,891,418,022,561,7517,61high0

475,560,781,211,040,9812,67low0108
Picea
sitchensis120

g/100gg/kgg/kgg/kgg/kgg/kgg/kgtype

CKMgCaPSNLimitLeafCountTree speciesCode
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-------0

----2303223,0030
Pinus
halepensis125

-------1

-------1

-------0

-------040Pinus contorta124

52,0--4,67133173429,31

5,0--0,70331609,51

42,0--5,91232148933,80

6,0--0,70311478,40108Picea sitchensis120

µg/gng/gµg/gµg/gµg/gµg/gµg/gtype

BCdPbCuFeMnZnLeafCountTree speciesCode
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576,703,004,401,201,6511,30high0

473,251,801,530,580,657,51low024Pinus pinea131

576,862,886,021,381,4413,27high1

472,400,941,090,400,556,25low1

577,142,473,801,241,2913,71high0

473,261,010,800,550,616,85low0116
Pinus
pinaster130

577,342,066,901,711,9323,49high1

473,890,351,170,750,447,97low1

578,302,084,421,571,4421,18high0

473,880,560,970,810,518,42low081Pinus nigra129

g/100gg/kgg/kgg/kgg/kgg/kgg/kgtype

CKMgCaPSNLimitLeafCountTree speciesCode
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-------0

28,5--4,3044896,0024Pinus pinea131

---4,6811179436,81

20,0--1,13233512,31

---5,0357982539,00

15,0--1,70234115,60116Pinus pinaster130

-----100070,01

8,73800,91,806910919,01

---18,08131107267,70

8,93990,61,81296018,8081Pinus nigra129

µg/gng/gµg/gµg/gµg/gµg/gµg/gtype

BCdPbCuFeMnZnLeafCountTree speciesCode
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577,302,739,641,452,1829,23high1

472,971,143,090,710,9913,55low1

578,962,105,911,701,8022,71high0

475,171,021,981,001,0013,54low0137
Pseudotsuga
menziesii136

576,521,186,711,881,6119,38high1

473,510,502,571,000,7710,94low1

577,271,314,612,061,5620,41high0

473,770,641,611,110,7511,40low01859
Pinus
sylvestris134

g/100gg/kgg/kgg/kgg/kgg/kgg/kgtype

CKMgCaPSNLimitLeafCountTree speciesCode
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----279155-1

---2,915844414,01

---5,95129166145,30

30,9141-2,724315915,00137
Pseudotsuga
menziesii136

33,95075,66,88171133296,01

7,4600,11,962822231,51

30,54473,97,7013991277,60

9,250-2,281817232,001859Pinus sylvestris134

µg/gng/gµg/gµg/gµg/gµg/gµg/gtype

BCdPbCuFeMnZnLeafCountTree speciesCode
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4c-2. plausible range checks for litterfall samples
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 the following 
tables. Plausible ranges for the non-foliar fraction in 
litterfall is a project for the future. 
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1.4018.305.201.3011.701.1high(Q. conferta)

1.2014.004.501.108.001.1lowQuercus frainetto

509200.020020.003.5025.001.401.5018.00470high

7120.011015.002.0020.000.400.7512.00470low
Fraxinus
excelsior 

407140.0160035.002.0017.008.001.9019.002.2510high

2470.065025.000.804.002.000.509.001460lowFagus sylvatica

1001390.0250045.002.0010.500.550.7013.00420high

570035.001.404.500.200.209.00390lowCastanea sativa

3819300.03000170.002.0012.501.401.2021.00330high

645.0600105.001.005.,000.300.207.30290lowBetula pendula

µg/gµg/gµg/gµg/gµg/g
mg/
gmg/g

mg/
g

mg/
gmg/g

mg/
gmg/g

BCuFeMnZnMg CaKPNSCLimit
Tree Species 
(Foliar litter)
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455150.080045.000.8011.003.000.8010.000.62530high

235.018020.000.502.001.000.405.000.62490lowPinus sylvestris

354120.0140035.001.0011.003.001.1013.001.1530high

240.025015.000.604.001.500.606.001440lowPicea sitchensis

2.2016.004.201.2012.601.5520high(P. excelsa)

0.702.501.000.606.501lowPicea abies

1.5024.008.3013.00high

1.0011.002.708.00low
Abies
cephalonica

357150.0120025.002.0013.008,002.0019.001.7510high(Q. pedunculata)

7690.0100015.001.005.004.000.8210.000.85460lowQuercus robur

358200.0170025.002.0010.004.000.6012.00510high

550.070014.001.307.002.000.308.00460lowQuercus petraea
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5. Analyses in duplicate
Performing duplicate analyses represents a very worthwhile quality check. The 
samples or digestion solutions/extracts are measured twice independently for the 
individual parameters, the results are compared, and their repeatability 
determined.

As this is a very time-consuming and expensive procedure when the number of 
samples is large, it may be sufficient to analyse only part (e.g. 5%) of the samples 
in duplicate. If this is adopted, 5% of the samples should be randomly selected and 
analysed again at the end of the batch. 

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.
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5. Avoidance of contamination
a. Water samples

1. during the sampling period, e.g. as a result of bird droppings:
- the laboratory should be informed about signs of any such contamination!

2. during the transfer of the water samples in the field from the sampling devices 
to the bottles used for transportation to the laboratory: 
- 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 (e.g. glass- and 
plasticware)!

3. during filtering of the samples: 
- 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. 
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- 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 the 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 and the release of paper fibres that of course contain C. In some 
cases, the opposite may occur: sample loss through adsorption on filters. For the
filtration of samples on which DOC is to be determined, glass fibre filters are 
recommended.

- the filters and the amount of ultra pure water needed to rinse off possible 
contaminants should be tested and checked by using blank charts. The filters 
should be handled with clean forceps.
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4. during standard solution preparation:
- one highly recommendable procedure is to use a separate set of bottles for 

preparing the standard solutions for every single type of analysis. 

5. other help:
- 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.

There will be presentations from Carmen Iacoban about
accidental contamination of water samples in the 
laboratory and from Daniel Zlindra about the
measurement of total N in Water and problems with high 
blanks under topic 7!
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b. Soil samples
1. during the several preparatory steps prior to analysis: 
- cleanliness of equipment, glass- and plastic-ware, is a prerequisite for avoiding 

contamination
- the milling equipment is one possible source of contamination. Metals, 

especially, may be released through abrasion of the inner compartments or 
sieves. The degree of contamination appeared to be a function of the 
hardness of the sample material (wood, bark) and the age of the sieve. The 
use of titanium rotors and sieves is therefore recommended, as well as 
periodical replacement of the sieves.

- the sieves should be clean, with no traces of oxidation on their metallic parts.
- attention should be paid to ensure that no residues from tools (crusher, pestle, 

brush, cleaning equipment) end up in the samples as a result of thorough 
cleaning by brushing or wiping. 

- this also holds true for other equipment (sample divider, mixer, splitter, riffler).
- when pre-treating silty or clayey soil samples, appropriate methods (air 

extraction equipment) should be used to avoid contamination of other samples 
or equipment via the air. 
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b. Soil samples
2. during extraction/digestion: 
- if a separate container is used to weigh and transfer sub-samples to 

extraction 
vessels, then it should be carefully brushed clean between samples to avoid 
cross-contamination. 

- all glass- and plastic-ware should be cleaned by rinsing with a dilute acid 
solution or appropriate cleaning agent. Rinsing twice with distilled or deionized
water and drying before reuse is a common practice.

- ions adsorbed on the inner surfaces of extraction flasks or sample bottles 
coming into contact with extracts may be a source of contamination for 
subsequent analyses using the same containers.

- some types of filter paper used for filtration may contain contaminants. Many 
laboratories encounter problems with Na+ or other cations. Careful analysis of 
blanks and the filter material may indicate problematic elements that enhance 
the background noise.
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c. foliage samples

ReagentsC

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

Water (distilled or deionised), glassware, reagentsB

Soil contamination during sampling, glassware, dust, reagentsCd

Soil contamination during sampling, glassware, dust, reagentsPb

Water (distilled or deionised), glassware, reagentsCu

Soil contamination during sampling, water (distilled or deionised), glassware, dust, reagentsFe

ReagentsMn

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

Zn

Dishwasher (detergent), water (distilled or deionised), glassware, reagentsK

Soil contamination during sampling, water (distilled or deionised), glassware, reagentsMg

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

Dishwasher (detergent), water (distilled or deionised), reagentsP

Water (distilled or deionised), reagentsS

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

N

Possible contamination source Element
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6. Interlaboratory quality assurance

a. ring tests

b. exchange of knowledge and experiences with other

laboratories

- assistance program

- exchange of samples

- exchange of know how by info sheets
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Info sheets:
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