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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



Rerform the analyses

}

Send the data e a central data base

}

Next year (usually in Febpdariy,someone will submit
the data to the ICP Fgrésts centraldatabase

The on line subfission routine will perfonq the test

He will_2€e if the test fails and (may be) report Dack to you



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
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2 cations



Comparison between measured (CM) and calculated
conductivity (CE)

CM

for conductivity < 100 puS cm CE o= Z ;‘i Cj

for conductivity > 100 uS cm-? CE = Z }\‘i fi C;

7\1 equivalent ionic conductance
Ci Concentration of the ion i

f | activity coefficient



Equivalent

: Factors to conductance at 25°C

Units ueq L kS cm?2 eq?
pH 106*10-PH 0.3500
Ammonium mg N L 71.39 0.0735
Calcium mg L 49.90 0.0595
Magnesium mg L 82.29 0.0531
Sodium mg L 43.50 0.0501
Potassium mg L 25.58 0.0735
Alkalinity meq L 1000 0.0445
Sulphate mg SL? 62.37 0.0800
Nitrate mg N L 71.39 0.0714

Chloride mg L 28.21 0.0764




Acceptance threshold values in data validation based on the
ionic balance and conductivity.

Conductivity of the

sample 25 °C lonic balance Conductivity
<10 uS cmt + 20% +30%
<20 uS cm' + 20% +20%

> 20 uS cm + 10% +10%
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(X cat- X an)
0.5 (X cat+ Xan)

PD =100 *

) anions — [ HCOS_] + [SO4:] + [ NO3_] u [ CI_] u [Ol’g']

=[Ca™ [+ [Mg*™ [+ [Na"] +[ K]+ [H"]+[NH,"]

2 cations



Evaluation of the contribution of DOC to i1on balance

[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 peq/L Other strings different from STR or THR
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!
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J. Limnol., 67(1): 77-72, 2008

Validation of chemical analyses of atmospheric deposition on forested sites in
Europe: 2. DOC concentration as an estimator of the organic ion charge
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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

2 cations — 2 anions =, * DOC + 3,

[O1g] =p,*DOC + B,

where [Org] and B, vnits are peq I-1, DOC and f; vmts
are mg C I and peq (mg C)L.



N
pH range
pH mean+ ¢

DOC range
DOC meant ¢
Y cat range
Y cat meant G
> an range
> an meant G
> cat-) an range
> cat-) an meant o
Slope 1

Intercept O
P-value

R2

Broad Leaves

units THR
- 1454
u 40-7.9
u 5.8+0.6
mgC L™ 0-37
mgC L™ 86
peq L™ 37-2736
ueq L™ 418+321
eq L™ 29-2606
eq L™ 377304
1
peq L 258
eq L™ 4159
ueg (mg C)™* 6,80+0,16
peq L™ -12,32+1,63
<0,0001

0.56

30-5287
593+539
22-5303
545523
263
48+58

Conifers

THR

1657
4.1-70
5.3+0.5

0-40
10+7
13-2601
316+278
250102
279265
225
37+41

5.04+0.25 4.17+0.11
-6.67+3.29 -5.01+1.32

<0.0001
0.4

<0,0001
0.47
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Conductivity:

Anions higher
than cations

Anions lower
than cations

higher than calculated

One or more cation(s)
underestimated

One or more anion(s)
underestimated

lower than calculated

One or more anion(s)
overestimated

One or more cation(s)
overestimated



TN = N-NO;" + N-NH,* + (N-NO,? + Org_N

Org_N = TN - N-NO;" - N-NH,*

The concentration of organic nitrogen
can not be negative

- .

TN - N-NO; - N-NH,* >=0



lonic balance (version 2011)

(X cat- X an)

PD =100*
0.5(XZcat+ Xan)

5 =Alk +[SO,]+[NO; ]+ [ClI']+ [Org]

anions

) =[Ca™ ]+ [Mg™]+[Na"]+[KT+[H"]+[NH,"]

+ [AI+++] + [Fe+++] + [Mg++]

cations



Applicability of validation tests to different type of solutions

lon 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
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of the National Research Council in 1977. The ISE carries out research into the structure and
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CNR-ISE Verbania
| useru we inks Water chemistry laboratory

I Contacts

Water Chemistry Lab

The Institute for Ecosystem Study was created in 2002 by the merger of 4 Institutes of the ltalian

I The Laboratory — histary _ﬂ' _zez= 1 National Research Council. The Verbania centre was heir to the experience and the staff of the
5 > I former Italian Institute of Hydrobiology, which had its origins as a foundation in 1938, becoming a

| The Laboratory - today & "y - publicly administered body answerable to the Ministry of Education in 1954 and an integral part
' 1 w ! of the National Research Council in 1977. The ISE carries out research into the structure and

IAnalytical methods & fnctioning of terrestrial and aquatic ecosystems, focusing primarily on aspects connected to
anthropogenic pressure and global changes. The knowledge gained provides the scientific
basis for deciding on the most appropriate protective and corrective action to be taken, and
supports the bodies responsible for formulating policies for the protection of the environment
and the recovery of damaged environments.

Research activity is conducted in two main areas:
ace water ~
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| Home Analytical Quality Control
| Contacts
| Useful Web links Since the seventies the laboratory has worked on perfecting a system of rigorous quality control of all the analytical

] methods used. The development of increasingly sophisticated equipment, allowing the generation of a large
Water Chemistry Lab quantity of data, has inevitably led to greater focus on the quality of these data. In addition, the existence of

monitoring networks active both nationally and internationally, involving many different laboratories, raise the
question of the comparability of the results. Lastly, environmental monitoring performed to comply with national and
| The Laboratary - today European legislation makes it essential for participating laboratories to reach common quality standards.

However, analytical activity is only one phase of the measuring process. Sampling procedures also have a marked
impact on the significance of the end results, i.e. on their representativity and the descriptive value of the system
under examination. The most frequent errors are the non-representativity of the samples and the risk of
Irtermal AQC contamination.The ultimate quality of the data is also affected by the methods of preservation and treatment of the
Extemal AQC samples (filtration, vial collection, homogenization, dilution, etc), the structure of the laboratory, the analytical staff
and a number of other variables.

The demands of precision and accuracy have been a prime concern in the Institute from its inception, with great
care being taken with the organisation of analyses in aspects relating to the structure of the laboratory as well as to
actual analytical practice.

Since the 80s repeatability control charts have been applied to blanks, calibration standards, natural and synthetic
samples, with comparison and optimisation of different analytical technigques and their limits of detection, and with

| The Laboratory — history

| Analytical methods

T

Research topics

| Surface water

| Atmospheric deposition

Projects P . . - . . . ;

J regular participation in proficiency tests at national and international level. All this has made it possible to further
|CONECOFOR optimise the analytical methods used in studying the temporal evolution of surface waters and atmospheric
| deposition

FutMan
| ICP Waters Currently, internal and external AQC are performed regularly in the water chemistry laboratory

of the CNR-ISE of Verbania.

-

| Other projects
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| Home AQC internal quality control

| Contacts

| Useful Weh links Chemical analyses of surface freshwater have been one of the major areas of activity since the earliest years of existence of the Institute.
Ealdi's study of 1949 (Baldi 1949) which was a critical examination of over a decade of imnological and hydrochemical research on Lake
Orta, and Vollemweider's 1965 study { Wollemweider 1965) entitled "Materials and methods for the water chemistry of the Insubrian waters",
wiere incontestably in advance of their time as regards analytical activity, both in ltaly and intemationally In addition, the study of Lake Orta and
the other large subalpine lakes, whose size means that their monthly and annual hydrochemical variations are relatively small, led inevitably to

The Laboratory — histo . o ; ) AT . ) )
| U e the necessity for precision and accuracy in the chemical determinations if the analytical data were to remain comparable over time.

The Laburatury- tuday . . . . o . . o .
| This demand for high guality analyses, which goes back to the origing of the Institute, meant that analtical activity has always been organised

| Analytical methods with the greatest care, both as regards the structure of the laboratory and analytical practice.
|Ana|ytica| Cwality Contral CQuality controls used in the water chemistry laboratory of the CNR-ISE of Werbania are the following:

Control charts of blanks and repeatability

Limits of detection (LOD) and of quantification (LOQ)

Comparison of each calibration with the historical data of previous calibrations

Check of the ion balance, comparison of measured and calculated conductivity, nitrogen and phosphorous balance
Comparison for each variable analyzed with the historical series for the large subalpine lakes and rivers
Comparison between analytical technigues.

Cantral charts

LOD & LOQ

Calibrations comparison

lon balance & conductivity

Check with historical data

Methods comparison
External AQC
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¥2) Ion balance & conductivity - Mozilla Firefox
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In the case of atmospheric deposition with a high organic content, a correction is used for the contribution of the organic anions
calculated from the DOC and suggested in Mosello 2008,

Another check is the nitrogen and phosphorous balance, performed by checking that the total forms of phosphorous and nitrogen are
higher than the respective sums of the inorganic forms.

Total P > P-POy Total M > {N-NO3 + N-NOg + M-MNH4)

These validations of the results, performed immediately after the analyses have been performed (usually within 3-5 days of sampling),

make it possible to re-analyze in a short time the samples that do not pass the quality control described above.
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An example applied to rain:
Excel file downloadable from
http: Mfenener [ Cp-forests orghGgual_lab htm
Updated version Juns 2011
rain_analytical_data_walidation_2011

R

Data base for rain analysis

Conductivity comparison with quality control
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http://idrolab.ise.cnr.it/images/doc/analytical_data_validation_2011.xls



