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Complete analysis (all relevant ions analyzed)

Perform the tests described in the ICP Forests manual

(either with our Excel sheet or with your own procedures)

If the test fails, repeat (some of ) the analyses



Perform the analyses

Send the data to a central data base

Next year (usually in February) someone will submit

the data to the ICP Forests central database 

The on line submission routine will perform the test

He will see if the test fails and (may be) report back to you
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Complete analysis (all relevant ions analyzed)

Perform the tests described in the ICP Forests manual

(either with our Excel sheet or with your own procedures)

If the test fails, repeat (some of ) the analyses

The same test are performed by the ICP-Forests on-line submission procedure

If you do the test by yourself, you can repeat the analyses and have good results

If you wait for the on-line submission, you can no more perform the analyses, 

and your data will not be validated for the elaborations



PD = 100 * 
(S cat - S an)

0.5 ( S cat +  S an)   

S cations = [Ca++ ] + [ Mg++ ] + [ Na+ ] + [ K+] + [ H+ ] + [ NH4
+ ]

S anions = [ HCO3
-] + [SO4

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

Ionic balance



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

if activity coefficient

equivalent ionic conductance

Concentration of the ion iiC
i

l

for conductivity  100 µS cm-1 =CE i iC

Comparison between measured (CM) and calculated 

conductivity (CE)

(CM-CE)CD = 100 * 
CM



pH 106*10-pH 0.3500

Ammonium mg N L-1 71.39 0.0735

Calcium mg L-1 49.90 0.0595

Magnesium mg L-1 82.29 0.0531

Sodium mg L-1 43.50 0.0501

Potassium mg L-1 25.58 0.0735

Alkalinity meq L-1 1000 0.0445

Sulphate mg S L-1 62.37 0.0800

Nitrate mg N L-1 71.39 0.0714

Chloride mg L-1 28.21 0.0764

Units
Factors to

µeq L-1

Equivalent

conductance at 25°C

kS cm2 eq-1



Conductivity  of the 

sample 25 °C
Ionic balance Conductivity

< 10 µS cm-1 ± 20% ±30%

< 20 µS cm-1 ± 20% ±20%

> 20 µS cm-1 ± 10% ±10%

Acceptance threshold values in data validation based on the 

ionic balance and conductivity. 



PD = 100 * 
(S cat - S an)

0.5 ( S cat +  S an)   

S cations = [Ca++ ] + [ Mg++ ] + [ Na+ ] + [ K+] + [ H+ ] + [ NH4
+ ]

S anions = [ HCO3
-] + [SO4

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

Ionic balance



Evaluation of the contribution of DOC to ion balance

IF C23 = “BOF”                            then     no correction to ion balance for DOC 

IF C23 = “STF”                           then   ion balance corrected using equation 1

(STF is measured only in the case of broad leaves)

IF C23 = “THR”  and D23= “BL”       then               correction using equation 2

IF C23 = “THR”  and D23= “CON”   then                correction using equation 3

IF C23 ≠ from   “THR”, “STF” or   D23 ≠ from “BL”, “CON”   

then  U23 = “False”,         i.e. something is wrong!

[Org-] = 5.04*DOC - 6.67,                  String STF (only for BL)          equation 1   

[Org-] = 6.80*DOC - 12.32,                          THR, BL                         equation 2

[Org-] =  4.17*DOC - 5.01                           THR, CON                      equation 3

FALSE()    [Org-]= 0 μeq/L                    Other strings different from  STR or THR







About 6000 analyses of deposition 

samples done from 8 different 

laboratories

Samples were representative of 

different geographic and climatic 

situations



Evaluation of the formal charge of organic carbon

Σ cations – Σ anions = ß1 * DOC  + ß0



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

6,80±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

R
2

0.56 0.4 0.47





Sampling typology: BL & CON

WET - BOF - THR - STF



Ion balance
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Conductivity: higher than calculated lower than calculated

Anions higher One or more cation(s) One or more anion(s)

than cations underestimated overestimated

Anions lower One or more anion(s) One or more cation(s)

than cations underestimated overestimated



TN = N-NO3
- + N-NH4

+ + (N-NO2
-) + Org_N

Org_N = TN - N-NO3
- - N-NH4

+

The concentration of organic nitrogen 

can not be negative

TN - N-NO3
- - N-NH4

+ >= 0



PD = 100 * 
(S cat - S an)

0.5 ( S cat +  S an)   

S anions = Alk + [SO4
= ] + [ NO3

- ] + [ Cl- ] +

S cations = [Ca++ ] + [ Mg++ ] + [ Na+ ] + [ K+] + [ H+ ] + [ NH4
+ ] 

+ [Al+++] + [Fe+++] + [Mg++]

Ionic balance (version 2011)

[ Org- ]



ion balance conductivity Na/Cl nitrogen

wet-only yes yes yes yes

bulk open field yes yes yes yes

throughfall no yes yes yes

stemflow no yes yes yes

runoff yes yes no yes

soil water yes yes no yes

Applicability of validation tests to different type of solutions



http://idrolab.ise.cnr.it









http://idrolab.ise.cnr.it/images/doc/analytical_data_validation_2011.xls


