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0. Introduction

Nearly 70 laboratories from almost 30 different European
countries are producing hundreds of thousands
analytical results each year!

To guarantee the comparability of the produced results
a quality assurance program within each laboratory and
between all laboratories is necessary.
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1. Quality assurance in the participating laboratories

On basis of the ICP Forests manual each participating laboratory has
developed its own quality control system.

Basics are:

- the use of harmonized, well-defined and documented analytical methods
(reference methods in the ICP Forests program)

- different quality checks like:
- ion balance

- Nitrogen-balance
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2. Interlaboratory quality assurance

The following topics are part of interlaboratory quality assurance program of
ICP Forests:

- contineous analytical information exchange by meetings of the heads
of the labs
- participation in interlaboratory ring tests

- definition of tolerable limits for these ring tests

Additional quality assurance program part in BioSoil program:
- repeated measuring of the same standard material during a survey in all

participating laboratories
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Tolerable limits for
foliar ring tests

Table 3.4.1.2.3: Inter-laboratory tolerable limits for high and low concentrations of mandatory and option:
foliage and litterfall parameters.

. . Parameter Conc. Conc. Inter-Laboratory

Tolerable limits for Range Level e
mean
rinq tests: N Low <50 15
mg g High >50 £10
_ _ S Low <0.50 £ 20
basis for ring test mg g° High > 050 £15
. P Low <0.50 15
evaluation mg g’ High > 0.50 £10
Ca_ Low <3.0 £15
: : mg g High >3.0 +10
and criteria for lab = Con 050 £15

. . m 1 i > +

qualification 22 Eien o e
mg g’ High >1.0 +10
Zn Low <20 *20
Hg g’ High > 20 15
Mn Low <20 +20
Mg g’ High > 20 t15
Fe Low <20 30
ug g’ High > 20 +20
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3. Development of ring test results in ICP Forests
monitoring program during the last 15 years

The most important step to force quality assurance and control was the
introduction of mandatory ring tests for water (each 2 year), soil (each 3
year) and plant (each year) samples.

In the meantime 6 soil, 7 water and 17 foliar ring tests have been organized
within the ICP Forests program and FutMon project.

All ring tests has been evaluated again on the basis of the latest tolerable
limits.

From the results of these ring tests the development of quality in the labs
can be seen.

” NW-FVA Comparabilty of analytical data as a basis of possible evaluation — E—ﬁ*
Research station o of European deposition, soil and foliage data (N. Kénig et. al.) E- Y
daa - &



Ring tests soil: Particle Size, TN, OC, pH, reactive Fe + Al

soil ring tests: nontolerable results (%)
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Ring tests soil: aqua regia extracable

soil ring tests: nontolerable results (%)
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Ring tests soil:

exchangable cations
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Ring tests water: DOC, TDN, pH, Alk, Cond

water ring tests: nontolerable results %
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Ring tests water: cations

water ring tests: nontolerable results %
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Ring tests water: anions

nontolerable results (%)
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Ring tests foliage: total contents

foliage ring tests: nontolerable results (%)
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4. Standard comparison in different labs over time

Another possibility for quality control between labs is the repeated
measurement of the same standard material during a survey in all
participating laboratories.

This has been done within the BioSaill
Project, organized by the FSCC (Forest
Soil Coordinating Center of ICP Forests)

¥
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5. Combined standard comparison and ring test program
within the second German Soil Survey (BZE Il)

In Germany the experience of the work of the expert commission for
Forestry Analysis during the last years together with the Working Group
QA/QC in Labs within ICP Forests led to a specific quality control program
for the 2nd German soil survey (BZE Il), which has been running from 2006-

20009.
” NW-FVA Comparabilty of analytical data as a basis of possible evaluation HESSEN g
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Quality control program of the 2nd German Soil

Survey (BZE II)

- the use of harmonized, well-defined and documented analytical
methods for each parameter, published in the German Handbook of
Forestry Analysis (reference methods)

-aring test program with annual ring tests (3 soil and 2 humus) before
and during the survey; the participation and the requalifying after each
ring test was mandatory

- mandatory measurement of specially produced standard material for
each parameter during the survey; measurement of the control
standards all 20 samples; mandatory recording of the results in control
charts
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Evaluation of the standard material measurements
and the ring test result of all labs

for each parameter 3 graphs are shown:
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1. all single values of the standard material measurements
from all labs over time
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2. mean for each lab with standard deviation and signifikant trend over time
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3. mean of the z-scores of all ring test samples results for each lab

Z-score = (mean,,, -mean,,) / SD;,
(the Z-score shows the dimension of the deviation of the mean of a lab from the mean of all
labs as a function of the variation among the labs)

L 3
Standard deviation n= 18 12 18 18 18 12 1

— mean deviantion from
\ _ mean +/- 20 %

1 —
o
§ 0 - '?E' :%1 - é’ J % mean deviantion from
I\lJ E L'_|:] mean +/- 10(%
) -
2 o
-3 AN

LOOLO1 74_04L05L06 LO8LO9 L13L14L15L16L17 L20L21

mean of the Z-scores of lab 08

A
‘ : Number of measured ring test samples
and with (red) outliers g P

of lab 11 and with (red)
outliers
m NW-FVA Comparabilty of analytical data as a basis of possible evaluation HESSEN g

: Northwest German Forest of European deposition, soil and foliage data (N. Konig et. al.) ' @



; 4 SC|ent|f|c Conference of ICP Forests

. Ljubljana, _Slorvenla,r Mai ZANES

10 -

-1 -0 -0 -
5
o

g example 1:

mg/g
mglg

C (total carbon)

=3 = - =
-
[*]

2004 2006 2008 2010 2012

Z-Score
=]
|

o
. T i sldbl Uz
51 . eablzx N
7 - t B il -2 -
n= 3 44 275 46 i 88 387 135 17 @ 22 :
LOoa LO3 L4 LOs LOB L13 L14 L15 L20 L21 LooL® LO3L04 LOBLO9 L11L13L14L15L16 L18L20L21

’ NW-EVA Comparabilty of analytical data as a basis of possible evaluation of HERRER
m Northwest German Forest European deposition, soil and foliage data (N. KOonig et. al.) %%%
“ Research Station . . X /




. o0 e o 5 - Boarly e P igta P
& 0%, s A i et ™

Scientific Conference of ICP Forests

Te % B
Sl B,

Ljubljana, _Slorvrenia,r Mai ZANES

- . . = RV
2.0 Log
L1
Loz
Lo3
o L04 L]
1.8 L16 @ L1E f::gg example 2.
Los @ kgl o LO7
- LOS tg - .
IR Y 1 s Ca (aqua regia extractable)
Loo g LO8 a
e
& L14
1.4 - & L15
L8
L7
L8
L8
I I T T T = 120
2004 2008 2008 2010 2012 L
3
n= 12 12 18
1.9
2 —
1.8
1.7 - . I I I o ] [h il I_JEI
2 T - g &
2 16 J_I_ J_ | | | ‘|§ D—@ %‘% r'{:% {r=\|=-}'%'
1.5 o N -1 - &I
1.4 —
_2 -
1.3 -
n= 62 54 235 10 22 58 43 107 20 19 3
LOT L03 LD4 LO6 LOB L11 L13 L14 120 L21 LOOLOYT  LO3LO4LOSLOGLOTLOBLOZ  L11L13L14L15L16L17L1BL20L21

¥

NW-FVA Comparabilty of analytical data as a basis of possible evaluation HESSEN
Northwest German Forest of European depOSition, soil and fOliage data (N KOhIg et. al) %%@

Research Station



i 03 Fas A i ; N TN L
S5 77 g s A ey P ®

4. Scientifi

Te % B
Sl B,

_ c Conferencé of ICP Forests
[Ljubljana, Slovenia, Mai 2015

LOO
Lo1
0.06 - L04 @ LoZ
Lo3
LO4
LOS
LOE

s Lo = example 4:

Log

: AS L10
AN ral L11

pH (H,0)

L13

L14 2

L1

L18

AL L17

« L18
L19

o

0.05 —

[
=
aa a9

tig @158

0.04 — LOG el L17
L1 @

L0 g L18
0.03 H L4 @@ L15

=0 = = O

0.02 —

2004 2008 2008 2010 2012

0.06 — n=18 17 G 18 18 18

0.05

@
0.04 -
D -
I T I'T T ; i
0.03 - l 1 1 -
0.02 —2
n= 27 35 A7 94 38 =i} 15 a6 13

ﬁm i @@m%é@?éﬁi%

LOD LO3 LO6 LOB L11 L13 L14 L15 L21 LOOLOTLO2L03 L04LOSLO6LOTLOBLOSLIOLT1L13L14L15L16L17LIBLZ0L21

m NW-FVA Comparabilty of analytical data as a basis of possible evaluation HESEN
Northwest German Forest of European depOSition, soil and fOIiage data (N K0n|g et. al) %%@

“ Research Station



= TS
big.s &

i 03 Fas A i ; N TN L
S5 77 s A ey P ®

: 4. Scientifi

c Conference of ICP Forests

1.2

1.0

0.8

mg/g

0.6

0.4

1.2

1.0

0.8

mg/g

0.6

0.4

NW-FVA
Northwest German Forest

| Ljubljana, Slovenia, Mai 2015

LD @
@ L1t

@ Li3

o L7
LOG &

Pla

Lo7

Loo
Lo1
Loz
Lo3
L4
Lo5
LoG
Lor
Loa
Log
L1a
L11
L2

aa o

L1a
L14
L15
L18
LT
L1a
L1g

= = =

2004

*

LZ0
L21

*

2008 2008 2010 2012

62

237 10 48 107

L0

“ Research Station

LO4 LOG L13 L14 L20 L21

mg/g

example 4:

K (aqua regia extractable)

=y
[P

=]
1

1
-
1

n=18 12 12 18 18

] @T@*@%@> RS

Comparabilty of analytical data as a basis of possible evaluation
of European deposition, soil and foliage data (N. Konig et. al.)

LOOLO1 LO3LO04LOSLOGLOTLOBLOS L11L13L14L15L16L17L18L20L21

Zosw



4. Scientific
[Ljubljana, Slovenia, Mai 2015

g R T o
2 AR ol et

Conference of ICP Forests

. RV
LDO
L0
LD2
2.5 — Lo3
o LO4
© LDS
o LO§ .
@ 207 Ak example 5:
w Loa | W
3 . Lo | 3
£ 1.5 L1 | g
: atzl = Mn (exchangable)
a L14
1.0 7 & L8
L16
LT
L18
0.5 — L1g
I ] T T T x L20
* L21
2004 2006 2008 2010 2012
3
n=12 [+ 13 11
2.5 -
2 —
2.0 = 1 -
g ; Fh
L i o1 e 1
et N
_1 —
1.0
_2 -
n= 54 45 111 B1 7B 53 180 24 285 BB 3
LO3 LO6 LOB L11 L13 L14 L15 L18 L20 L21 LOOLD1  LOZLO4LOSLOGLOTLOS L11L13L14L15L16L17 L18L20L21

m NW-FVA Comparabilty of analytical data as a basis of possible evaluation HESEN
Northwest German Forest of European depOSition, soil and fOliage data (N KOhIg et. al) %%@

“ Research Station



Soil Survey between labs and

over time

Comparability of the analytical results of the 2nd German

mean mean variation
variation of the deviation | parameters
of the means | of the mean not
parameter group (standard m.) | (ring tests) comparable
total C, N +/- 10 % +/-5 %
pH (H*) +/- 20 % +/- 40-50 %
exchangable +/- 10 % +/- 15 % Na
aqua regia extractable | +/- 10-15 % +/- 15 % K, Na
total +/- 10-20 % +/- 15 %
reactive Fe, Al +/- 10 % +/- 15 %
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6. Conclusions:

Basic needs for comparable analytical data in long term
monitoring programs:

 Reference method descriptions and a list of reliable
determination methods for all parameters in the manuals

« Comprehensive QA/QC guide for laboratory work with different
guality checks, help files etc.

« Mandatory ring test program with water, plant, soil chemistry
and physics ring tests and defined tolerable limits for all
parameters

« Laboratory qualification system by ring tests with a
requalification procedure for labs with unacceptable ring test
results and final qualification reports

« Mandatory use of standard material and control charts for all
parameters
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