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1. Introduction  

2. Scope and application  

3. Objectives  
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4. Location of measurements and sampling 

 

 

 

 



 

 

 

Layer type Soil Soil Solution 

 Soil properties Moisture probe 
Zero-

tension 
Tension lysimeter 

OFH, Forest floor OL, OF, OH > 5 cm thick - - 

(M05, M51, 

M01, H01) 

0-5/5-10  

0-10 0-20 cm 
0-5 cm 0-20 cm 

(M12, H12) 10-20 -  

(M24, H24) 20-40 20-40 cm 20-40 cm 20-40 cm 

(M48, H48) 40-80 40-80 cm 40-80 cm 40-80 cm 
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Country Plot 
Sampler_No 
(Sampler_ID) 

Sampler 
Type 

Layer 
Sampling 
depth (m) 

Year 
Analysis / 
Reporting 

X X 1 1 M 0.20 2003 Single 

X X 2 1 M 0.20 2003 Single 

X X 3 2 O 0.05 2003 Bulked 

X X 4 1 M 0.80 2003 Bulked 

X X 1 1 M 0.20 2004 Single 

X X 2 1 M 0.20 2004 Single 

X X 3 2 O 0.05 2004 Bulked 

X X 4 1 M 0.80 2004 Bulked 
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5. Measurements 

 

 

Variable Reporting Unit Mandatory/Optional 

Sample volume per 
lysimeter 

ml Mandatory 

pH pH unit Mandatory 

Conductivity µS/cm Mandatory 

Ca mg/L Mandatory 

Mg mg/L Mandatory 

Na mg/L Mandatory 

K mg/L Mandatory 

NH4-N mg N/L Mandatory 

SO4-S mg S/L Mandatory 

NO3-N mg N/L Mandatory 

Cl mg/L Mandatory 

Alkalinity µmolc/L Mandatory if pH >5 

Total N mg/L Mandatory 

DOC mg/L Mandatory 

Altotal mg/L Mandatory (if pH <5) 

Allabile mg/L Optional 

Fe mg/L Mandatory (if pH <5) 

Mn mg/L Mandatory (if pH <5) 

Ptotal mg/L Optional 

Zn µg/L Optional 

Cu µg/L Optional 

Cr µg/L Optional 

Ni µg/L Optional 

Pb µg/L Optional 

Cd µg/L Optional 

Si mg/L Optional 



 

 

 

Parameter Method/Instrument Additional pre-
treatment 
required 

Comments 

pH  Potentiometry  Determined in the laboratory. 

Two-point calibration must be 
used. 

Conductivity  Conductimetry at 
25°C 

 Conductivity measurements 
made in the field can help to 
give a rough estimate of the 
quality of the sample and to 
reject contaminated samples. 

Total 
alkalinity 

 Titrimetric 
determination (Gran, 
two end-point, 
titration to pH 4.5 
with correction for 
extra acid) 

 Mandatory for all samples 
with pH > 5. One end-point 
titration without correction 
should not be used 

Sulphate  Ion chromatography 
(IC) 

 Spectrophotometry, 
e. g. the Thorin 
method or Methyl-
thymol-blue method 
(CFA) 

 Potentiometric 
determination 

 ICP/OES (Stotal) 

 IC is the recommended 
method. 

The use of ICP for soil 
solution samples requires 
correction for organic S at 
high DOC concentrations. 
Spectrophotometric methods 
should not be used for 
coloured samples without 
correction. 

Nitrate  Ion chromatography 
(IC) 

 Spectrophotometry, 
e.g. azo dye after 
reduction to nitrite 
(CFA) 

 IC is the recommended 
method. 

Spectrophotometric methods 
should not be used for 
coloured samples without 
correction or dialysis. 
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Chloride  Ion chromatography 
(IC) 

 Potentiometric 
detection (CFA, FIA) 

 Spectrophotometry, 
e.g. Hg-thiocyanate 
method (CFA) 

 IC is the recommended 
method. 

Total 
phosphorus 
(Ptotal) 

 Spectrophotometry, 
molybdenum blue 
method 

 ICP/OES 

 Ion chromatography is not 
recommended due to the 
high limit of quantification. 

Spectrophotometry: Ptotal is 
determined as PO4 after 
digestion with strong 
oxidising agents. 

Ammonium  Spectrophotometry e. 
g. indophenol 
method (CFA) or 
ammonia diffusion 
cell method (FIA) 

 Ion chromatography 
(IC) 

 IC : high Na concentrations 
may interfere with the 
analysis; the limit of 
quantification is also often 
too high  

FIA : filtration and dialysis of 
the samples is necessary: 
however, automated FIA 
systems include this. 

Na, K, Mg, Ca  AAS Flame 

 AES Flame (only for 
Na and K) 

 ICP/OES 

 Ion chromatography 
(IC) 

 Note: differing results are 
possible depending on the 
methods used: IC determines 
ions, AAS and ICP total 
elements 

 

Al, Mn and 
heavy metals 
(e.g. Cu, Cd, 
Pb, Zn) 

 AAS Graphite 
furnace 

 ICP/MS  

 ICP/OES 

 ICP/OES with 
ultrasonic nebulizer 

 

The samples are 
preserved with 
nitric acid.  

Pre-concentration 
of samples may be 
necessary 

Instruments with low 
quantification limits are 
necessary due to the low 
concentrations, Control of 
blanks and avoidance of 
contamination is important. 



 

 

 

Al labile  AAS Graphite 
furnace 

 ICP/MS  

 ICP/OES 

 ICP/OES with 
ultrasonic nebulizer 

 

Labile Al can be 
determined by a 
number of different 
techniques 
(Wickstrøm et al. 
2000). The simplest 
technique is to 
remove this fraction 
by passing the 
sample through a 
cation exchange 
column. The 
difference between 
the Al 
concentration 
before and after 
passage through 
the column is equal 
to the labile Al 
concentration. 

The work load on the 
laboratory can be 
considerable if labile Al has 
to be determined on a large 
number of samples as soon 
as possible after they arrive 
at the laboratory. This 
problem can be reduced by 
carrying out the 
determination in two stages: 
1) immediate fractionation of 
Altotal using a cation 
exchange column, and 2) 
preservation of the two 
solutions to be analysed for 
Al with suprapure 65% 
HNO3, and subsequent 
determination up to 2-3 
weeks after fractionation 
(Derome et al. 1998). 

Total nitrogen 
(Ntotal) 

 Elementary analysis 

 Spectrophotometry 
after oxidation to 
nitrate using 
persulphate in borate 
buffer solution or UV-
digestion 

 total N analyser with 
chemiluminescence 
detection 

  

Organic 
nitrogen 

 Ntotal analysis, and 
nitrate and 
ammonium analysis 

 Organic N = Ntotal – (NO3-N + 
NH4-N + NO2-N (if present)) 

Dissolved 
org. carbon 
(DOC) 

 Infrared 
spectroscopy after 
oxidation to CO2 

 Flame ionisation after 
reduction to CH4 

 UV absorbance (254 
nm) 

Use glass fibre 
membrane filters 
(not cellulose 
acetate/nitrate) 

UV absorbance is not the 
optimal method and should 
only be used by laboratories 
without TOC analyser 
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Parameter Unit Plausible range 

Lower limit Upper limit 

Electrical conductivity µS/cm 25°C 10 500 

pH - 3.5 8.5 

Alkalinity µmolc/l < LOQ (0) 7000 

DOC mg/l  < LOQ  (1) 85 

Na mg/l < LOQ (0.2) 22 

K mg/l < LOQ (0.05) 8.5 

Ca mg/l < LOQ (0.12) 75 

Mg mg/l < LOQ (0.05) 15 

Altotal mg/l < LOQ (0.02) 15 

Allabile mg/l < LOQ (0) 9 

Fe mg/l < LOQ (0) 1.2 

Mn mg/l < LOQ (0) 1.9 

Ptotal mg/l < LOQ (0) 0.6 
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NO3-N mg/l < LOQ (0) 15 

NH4-N mg/l < LOQ (0) 3.0 

SO4-S mg/l < LOQ (0.2) 25 

Cl mg/l < LOQ (0.16) 40 

Zn µg/l < LOQ (0.03) 680 

Cu µg/l < LOQ (0) 130 

Cr µg/l < LOQ (0) 10 

Ni µg/l < LOQ (0.26) 45 

Pb µg/l < LOQ (0) 100 

Cd µg/l < LOQ (0) 8.5 

Si mg/l < LOQ (0.2) 10 

 

 

 



 

 

 

6. Data handling 
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8. Annexes 

 

Annex 1. The soil water fractions sampled by zero-tension lysimetry, tension 
lysimetry and centrifuge drainage. 

 
Annex 2.  Materials used for the construction of tension soil water samplers. 
 
Annex 3.  Overview of  analytical EN/ISO methods for different parameters in water, 

soil or plant samples and extracts and digestion solutions. 



 

26

 

Annex 1 
 

 

 

 



 

 

 

Annex 2 

Material Type Special properties 
 

Disadvantages 
 

Ceramic 

P 80 
Czeratzki 
Alundum 

Soilmoisture 

cheap, widely used, 
well known 

 
retains P, may weather/ 
release ions (e.g. Al, Si), 

relatively fragile, 
high exchange capacity 

 

Teflon 
Morrison 
Prenart 

 

chemically inert, easy to 
install, 

robust, adjustable to 
pore size according to 

soil type 

expensive,  may release 
low Ca, may absorb 

heavy metals 
 

Glass 
Fritted 

Sintered 
 

cheap 

 
fragile, adsorption/ 

desorption may release 
Na, Si 

 

Nylon Filter 
low ion exchange 

capacity 

relatively fragile, may 
release N, C and S 

compounds, expensive 

Polyvinylidene 
fluoride 

 
Filter 

low ion exchange 
capacity 

 
relatively fragile, 

expensive, 
some material eaten by 

animals 
 

Plastic 

Filter Porous 
Supralene 

 

no 
adsorption/desorption 

some retain Al 
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Annex 3  

Element, 
ion 

Matrix: 
W=water 
S =soil 
P=plant  
E=salt extract DS=digestion 
solution 

Method Norm/Standard 

Alkalinity   Titrimetric determination ISO 9963-1 

   ISO 9963-2 

Al  S XRF EN 15309 

 W, E, DS AAS-Flame EN ISO 12020 

 W, E, DS ICP-OES EN ISO 11885 

 W, E, DS ICP-MS EN ISO 17294-2 

As  S XRF EN 15309 

 W, E, DS ICP-OES EN ISO 11885 

 W, E, DS ICP-MS EN ISO 17294-2 

 W, E, DS AAS-hydride technique EN ISO 11969 

 W, E, DS AAS- graphit furnace EN ISO 15586 

Ba  S XRF EN 15309 

 W, E, DS ICP-OES EN ISO 11885 

 W, E, DS ICP-MS EN ISO 17294-2 

B W, E, DS ICP-MS EN ISO 17294-2 

 W, E, DS ICP-OES EN ISO 11885 

Cd S XRF EN 15309 

 W, E, DS AAS- graphit furnace EN ISO 5961 

 W, E, DS AAS- graphit furnace EN ISO 15586 

 W, E, DS ICP-OES EN ISO 11885 

 W, E, DS ICP-MS EN ISO 17294-2 

Ca S XRF EN 15309 

 W, E, DS AAS-Flame EN ISO 7980 

 W, E, DS ICP-OES EN ISO 11885 

 W, E, DS ICP-MS EN ISO 17294-2 

Cl tot S XRF EN 15309 

Cl-Cl- W IC EN ISO 10304-1, 2 
u.-4 

 W Cont flow photometry, 
potentiometry 

EN ISO 15682 

Cr S XRF EN 15309 

 W, E, DS AAS- graphit furnace EN 1233 

 W, E, DS AAS- graphit furnace EN ISO 15586 

 W, E, DS ICP-OES EN ISO 11885 

 W, E, DS ICP-MS EN ISO 17294-2 

 W, E, DS AAS-Flame DIN ISO 11047 

Co S XRF EN 15309 

 W, E, DS AAS- graphit furnace EN ISO 15586 

 W, E, DS ICP-OES EN ISO 11885 

 W, E, DS ICP-MS EN ISO 17294-2 



 

 

 

 W, E, DS AAS-Flame DIN ISO 11047 

Fe S XRF EN 15309 

 W, E, DS ICP-OES EN ISO 11885 

K S XRF EN 15309 

 W, E, DS AAS-Flame ISO 9964-2 

 W, E, DS AES-Flame ISO 9964-3 

 W, E, DS ICP-OES EN ISO 11885 

 W IC EN ISO 14911 

 W, E, DS ICP-MS EN ISO 17294-2 

C tot S, P elemental analysis ISO 10694 

 W, E elemental analysis EN 1484 

 W, E elemental analysis ISO 8245 

C-Corg S, P elemental analysis ISO 10694 

C-DOC W, E elemental analysis EN 1484 

 W, E elemental analysis ISO 8245 

C-CO3 S, P elemental analysis ISO 10694 

 S, P volumetric analysis ISO 10693 

 W, E elemental analysis EN 1484 

 W, E elemental analysis ISO 8245 

Cu S XRF EN 15309 

 W, E, DS AAS- graphit furnace EN ISO 15586 

 W, E, DS ICP-OES EN ISO 11885 

 W, E, DS ICP-MS EN ISO 17294-2 

 W, E, DS AAS-Flame DIN ISO 11047 

Mg S XRF EN 15309 

 W, E, DS AAS-Flame EN ISO 7980 

 W, E, DS ICP-OES EN ISO 11885 

 W, E, DS ICP-MS EN ISO 17294-2 

Mn S XRF EN 15309 

 W, E, DS ICP-OES EN ISO 11885 

 W, E, DS ICP-MS EN ISO 17294-2 

 W, E, DS AAS-Flame DIN ISO 11047 

Mo S XRF EN 15309 

 W, E, DS ICP-OES EN ISO 11885 

 W, E, DS ICP-MS EN ISO 17294-2 

 W, E, DS AAS- graphit furnace EN ISO 15586 

Na S XRF EN 15309 

 W, E, DS AAS-Flame ISO 9964-1 + 3 

 W, E, DS ICP-OES EN ISO 11885 

 W, E, DS ICP-MS EN ISO 17294-2 

 W IC EN ISO 14911 

Ni S XRF EN 15309 

 W, E, DS AAS- graphit furnace EN ISO 15586 

 W, E, DS ICP-OES EN ISO 11885 

 W, E, DS ICP-MS EN ISO 17294-2 

 W, E, DS AAS-Flame DIN ISO 11047 

P tot S XRF EN 15309 

 W, E, DS ICP-OES EN ISO 11885 

 W, E photometry EN ISO 15681-1 u. 2 

 W, E cont. flow photometry EN ISO 6878 

 W, E, DS ICP-MS EN ISO 17294-2 

P-PO4 W IC EN ISO 10304-1 u. 2 
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 W, E photometry EN ISO 15681-1 u. 2 

 W, E cont. flow photometry EN ISO 6878 

Pb  S XRF EN 15309 

 W, E, DS AAS- graphit furnace EN ISO 15586 

 W, E, DS ICP-OES EN ISO 11885 

 W, E, DS ICP-MS EN ISO 17294-2 

 DS AAS-flame + graphit 
furnace 

ISO 11047 

Hg W, DS AAS-hydride technique EN 1483 

 W, DS AAS-hydride technique ISO 16772 

 W, E, DS atomic fluorescence 
spectrometry 

EN 13506 

 W atomic fluorescence 
spectrometry 

EN ISO 17852 

S tot  S XRF EN 15309 

 W, E, DS ICP-OES EN ISO 11885 

 S, P elemental analysis ISO 15178 

S-SO4 W IC DIN EN ISO 10304-1 
+ 2 

 W ICP-OES EN ISO 11885 (only 
with correction of S 
org.) 

Si tot S XRF EN 15309 

 W, E, DS ICP-OES EN ISO 11885 

Si-SiO4 W photometry EN ISO 16264 

N tot P, S elemental analysis ISO 13878 

 W, E, DS chemiluminescence EN 12260 

 W, E, DS photometry ISO 14255 

 W, E, DS photometry ISO 11905-1 

 W, E, DS chemiluminescence ISO 11905-2 

N-NH4 W IC EN ISO 1491 

 W photometry EN ISO 11732 

 W photometry ISO 7150-1 + 2 

N-NO3 W IC EN ISO 10304-1 + 2 

 W photometry EN ISO 13395 

 W, E photometry ISO 14255 

Zn S XRF EN 15309 

 W, E, DS ICP-OES EN ISO 11885 

 W, E, DS ICP-MS EN ISO 17294-2 

 W, E, DS AAS- graphit furnace ISO 11047 

pH W, E potentiometry ISO 10523 

 W, E potentiometry ISO 10390 

Cond. W conductivity EN 27888 

 W conductivity ISO 11265 

 

 


