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PD = 100 * 
(Σ cat - Σ an)

0.5 ( Σ cat +  Σ an)   

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

Σ anions = [ HCO3
-] + [SO4

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

Ionic balanceIonic balanceIonic balance

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

R2 0.56 0.4 0.47
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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

Sampling typology: BL & CON

WET - BOF - THR - STF
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Ion balance
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Sampling typology:   BL 

THR - STF
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Acronyms 

χ25°C Conductivity µS cm-1 25°C

T.Alk. Total alkalinity

DTN Dissolved Total Nitrogen

DOC Dissolved Organic Carbon

TP Total phosphorus

TS Total sulphur

DON Dissolved Organic nitrogen

Org- Calculated Organic anions

LOD Limit of detection = 3 * SDblank

LOQ Limit of quantification = 10 * SDblank

Acronyms for sampling typology
BOF Bulk open fields

WET Wet only open fields

THR Throughfall

STF Steamflow

SW Soil water

BL Broad leaves

CON Conifers
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Notes on Quality criteria
I Quality criteria for the ion balance: 

PD=Ions % Diff. sC-sA =100x(S Cat - S An) / 0.5*(S Cat + S An)

if Cond ≤ 20 µS/cm, accepted if PD between +/- 20%.

if Cond > 20 µS/cm, accepted if PD between +/- 10%.

II Quality criteria for conductivity: 

CD = % Diff. (CEc -CM) = 100 * (CEc -CM) / CM

if Cond ≤ 10 µS/cm, accepted if CD between +/- 30%;

if 10 µS/cm <Cond < 20 µS/cm, accepted if CD between +/- 20%;

if Cond > 20 µS/cm, accepted if CD between +/- 10%;

III Organic nitrogen (ON) is calculated from total nitrogen (TN) minus N-NO3 and N-NH4. 
ON must be a positive value or zero. If it is negative, something is wrong in the analyses.

IV Quality ratio Na/Cl  OK  for values between  0.5 and 1.5.

Notes on the interpretation of quality criteria for ion balance and conductivity

a) Quality criteria for conductivity must always be satisfied (OK) for each type of samples 
(wet only, bulk open field, throughfall, stemflow, soil water and runoff).

b) Quality criteria for ion balance  should  be satisfied (OK) for open field samples (wet only 
and bulk) and runoff with low organic carbon concentrations. The ion balance criteria is 
not considered in the case of throughfall and stemflow samples  because of the presence 

c) Quality criteria for  ON must always be satisfied (OK) for each type of samples (open 
field, throughfall, stemflow, soil water and runoff).

d) Quality criteria for Na/Cl ratio (marine ratio = 0.86, accepted range 0.5-1.5) should be 
satisfied for each type of samples, excluding soil water and runoff samples. 

Notes on the use of graphs (S cat - S an; Xm-Xc corrected; Na-Cl)

The sheets are not protected, you can change the scales of the axes.
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Web page ICP Forests, download of  
manual, papers and excel file.  

http://www.icp-forests.org/Manual.htm
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Thanks for your attention:

Discussion is open!


