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1. INTRODUCTION

This inter-laboratory comparison project (round robin analysis survey of uniformly
prepared artificial rainwater samples) was conducted among the analytical laboratories of the
Acid Deposition Monitoring Network in East Asia (EANET), based on the Quality Assurance /
Quality Control (QA/QC) Program of the preparatory-phase activities of EANET. The purpose
of this project is through the evaluation of analytical results, analytical equipment and its
operating condition and other practical problems, (i) to recognize the analytical precision and
accuracy of the data in each participating laboratory, and give an opportunity to improve the
quality of the analysis on wet deposition monitoring, and (ii) to improve reliability of analytical
data through the assessment of suitable analytical methods and techniques.

Artificial rainwater samples which contain major ions were prepared and distributed by the
Interim Network Center (INC).  Although this is the first trial of the inter-laboratory comparison
project in EANET, all the participating laboratories submitted their analytical data. Obtained
data for pH, EC, concentrations of SO,%, NO3, CI, Na*, K*, Ca*, Mg®*, and NH," were
compared with prepared values and statistically treated. List of the participating laboratories,
individual analytical data with their Lab.IDs, and various statistical values are included in this
report.
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* figure in parenthesis shows the numbers of laboratories of each country (24 laboratories from 10 countries)

Fig.1 Laboratories participating in this Inter-comparison project of the EANET



2. PROCEDURE
2.1 Participating Laboratories

Laboratories in charge of chemical analysis of the participating countries of EANET are
listed in APPENDIX 1. Interim Network Center (INC) shipped the artificial rainwater samples
to all of these 24 laboratories, and all of them submitted their analytical data. The contact
addresses of the laboratories are presented in APPENDIX 1.

2.2 Dispatched Rainwater Samples

Two kinds (higher concentrations and lower concentrations) of artificial rainwater samples
are distributed to the above mentioned laboratories. The information on the analytical
precision and accuracy on individual parameters can be obtained through the statistical
treatment of submitted analytical data of 100 times diluted samples.

Table 1 Outline of artificial rainwater samples

Amount of Number
Name Container of Note
each sample samples
Artificial rainwater samples . Poly-propyl | One Known amount of
No.1 (high concentration) ?gg:ﬁxmately ene bottle | bottle reagents are solved
No.2 (low concentration) 100ml each in deionized water

Before the measurement, each laboratory shall dilute distributed samples 100 times accurately by the specified

procedure.



2.3 Analytical Parameters

All participating laboratories were expected to measure and submit the data with the units
listed in Table 2 on ten parameters: pH, Electric Conductivity (EC), concentrations of chloride,
nitrate, sulfate, ammonium, calcium-ion, magnesium-ion, potassium-ion, and sodium-ion of the
samples. It was informed to the participating laboratories that concentration of each
parameter was within range described in Table 3.

Table 2 Reporting units of analyte

Analyte Reporting Units
pH pH Unites -
EC milli siemens/meter mS/m
S0~ micro mole/liter umol/L
NO5 micro mole/liter umol/L
cr micro mole/liter umol/L
Na* micro mole/liter umol/L
K* micro mole/liter umol/L
ca* micro mole/liter umol/L
Mg?* micro mole/liter umol/L
NH,"* micro mole/liter umol/L
Table 3 Concentration range of the artificial rainwater samples*
Parameter Range Parameter Range
pH 3.9-49 NH," 0.3-3mg/L
EC 1.5—15mS/m Ca” 0.3 -3 mg/L
cr 1-10 mg/L Mg 0.05-0.5 mg/L
NOs 1—10 mg/L K" 0.05-0.5 mg/L
S0~ 2 —20 mg/L Na* 0.5—5.0 mg/L

*100 times diluted samples.



2.4 Analytical Method

Participating laboratories were expected to use analytical methods and data checking
procedures that are specified in the “Technical Manual for Monitoring Wet Deposition” and the

QA/QC Program for the Preparatory-phase Activities of EANET.  Analytical methods specified
in the manual are described in Table 4.

Table 4 Analytical methods specified in the manual

Parameter Analytical method
pH Glass electrode
EC Conductivity cell
cr
NOj3 lon Chromatography
S0~
NHg+ lon Chromatography or Spectrophotometry (Indophenol blue)
Ca””
Mg2+ lon Chromatography or Atomic Absorption /Emission
K" Spectrometry
Na*




2.5 Data Checking Procedures
a) Calculation of ion balance (R,)

(1) Total anion (A) equivalent concentration (ueq L) is calculated by summing the
concentrations of all anions (C: umol L™).
A (ueq L") = En Cu (umol L") = 2C (S0,%) + C (NO3) + C (CI')

n, Ca: electric charge of ion and concentration (umol L) of anion “i".

(2) Total cation (C) equivalent concentration (ueq L™) is calculated by summing the
concentrations of all cations (C: umol L™).
C (ueq L") = =n C¢; (umol L™") = 10 ©*™ + C (NH,*) + C (Na*) + C (K")
+ 2C (Ca®*) + 2C (Mg*)

w

n, Cqi: electric charge of ion and concentration (umol L) of cation “i".

(3) Calculation of ion balance (Ry)
R4 =100 x (C-A) / (C+A)

(4) R4, which is calculated using the above equation, should be compared with standard values
in Table 5. Re-measurement, check with standard solutions, and/or inspection of calibration
curves should be undertaken, when R; is not within the range.

Table 5 Allowable ranges for R, in different concentration ranges

(C+A) [ueq /L] R
<50 +30~-30
50 ~ 100 +15~-15
> 100 +8~-8

(Reference) Technical Manual for Monitoring Wet Deposition (for EANET)



b)Comparison between calculated and measured electrical conductivity (R,)

(1) Total electric conductivity (Acalc) should be calculated as follows;
Acalc (uS cm™) = 349.7x10 ®*Y + {80.0x2C (SO,*) + 71.5 C (NO3)
+76.3 C (CI') + 73.5 C (NH,") + 50.1 C (Na*) + 73.5xC (K")
+59.8x2C (Ca®*) + 53.3x 2C (Mg**)}/1000
C: Molar concentrations (umol L") of ions in the parenthesis; each constant value is ionic
equivalent conductance at 25°C.

(2) Ratio (Ry) of calculations to measurements (Ameas) in electric conductivity should be
calculated as follows;
R, =100 x (Acalc -Ameas)/(Acalc +Ameas)

(3) Ry, which is calculated using the above equation, should be compared with standard values
in Table 6. Re-measurement, check with standard solutions, and/or inspection of calibration
curves are necessary, when R; is not within the range.

Table 6 Allowable ranges for R, in different concentration ranges

Ameas[mSm™] R,
<05 +20~-20
05~3 +13~-13
>3 +9~-9

(Reference) Technical Manual for Monitoring Wet Deposition (for EANET)






3. RESULTS

The Interim Network Center shipped artificial rainwater samples to 24 laboratories in the
participating countries of EANET, and received the data on analytical results from all the
laboratories. Obtained data are summarized in Table 7. Statistics that were calculated for
each constituent of the artificial rainwater samples were: Average, Minimum (Min.), Maximum
(Max.), Standard deviation (S.D.), and Number of data (N). For the calculation, outlying data
which apart greater than a factor of 3 of S.D. from the Average were not included. As shown
in Table.7, average of submitted data were fairly well agreed with the prepared
value/concentration within a range of +10%. Cations gave rather varied data both for No.1
and No.2 sample.

Table 7 Summary of analytical results of the artificial rainwater samples
(Reported data after outliers were removed)

Constituents Prepared  Average S.D. N Min. Max.
[Sample No.1]
pH 4.05 4.06 0.04 22 3.97 412
EC(mS/m) 7.94 7.27 0.71 24 5.16 7.86
S04* (umol/L) 83.5 82.1 7.80 23 64.0 99.0
NO; (umol/L) 93.3 90.7 9.08 22 66.0 109.0
Cl'(umol/L) 129.0 126.9 9.02 22 110.0 149.0
Na'(umol/L) 95.8 93.2 7.87 21 71.6 107.0
K*(umol/L) 11.1 10.6 1.75 23 7.9 14.0
Ca” (umol/L) 411 39.0 8.08 23 18.6 60.3
Mg”* (umol/L) 13.1 12.3 3.41 22 0.8 18.2
NH,"(umol/L) 84.8 77.3 22.8 24 15.8 122.0
[Sample No.2]

pH 4.51 4.53 0.06 22 4.41 4.69
EC(mS/m) 2.82 2.68 0.15 23 2.22 2.85
S04* (umol/L) 29.1 28.1 3.34 22 19.3 36.0
NO; (umol/L) 36.1 35.6 3.78 23 27.0 43.6
Cl'(umol/L) 45.1 42.1 6.66 23 25.3 57.4
Na'(umol/L) 33.5 32.9 3.55 22 26.7 39.6
K*(umol/L) 74 7.0 1.56 23 3.3 10.1

Ca” (umol/L) 14.3 14.5 2.93 23 7.5 20.7
Mg”* (umol/L) 4.6 4.5 1.20 22 04 6.2

NH,"(umol/L) 29.5 27.2 8.70 24 3.2 43.2

(note) Prepared : Value or concentration which was calculated from the amount of chemicals
used for the preparation of samples.



The Data Quality Objectives (DQOs) of data obtained by the preparatory-phase activities of
EANET was specified for every constituent as +15% by the QA/QC program of the EANET.
In this report, analytical data on the artificial rainwater samples were compared with the
prepared value/concentration and evaluated by the DQO value: the flag "E" was put to the data
that exceed by a factor of 2 of the DQO (£15% - +30%), and the flag "X" was put to the data
that exceed more than a factor of 2 of the DQO (<-30% or >30%). A set of data for each
sample were evaluated by the data checking procedures described in chapter 2.5 of this report.
The flag “I” was put to poor ion balance data sets, and the flag “C” was put to poor conductivity
agreement data sets.

The results were evaluated from the three aspects: i) comparison of concentration
dependence — sample No.1 (higher concentrations) and No.2 (lower concentrations), ii)
comparison of individual parameters, and iii) comparison of circumstance of analysis in each
participating laboratory. Evaluation of data between the sample No.1 and No.2 is shown in
“3.1 COMPARISON BY SAMPLE”, evaluation of data for each constituent is shown in “3.2
ANALYTICAL PARAMETER”, and evaluation of data by circumstance of analysis such as
analytical method used, experience of personnel, and other analytical condition is described in
“3.3 CIRCUMSTANCE OF SAMPLE ANALYSIS".

For a reference, the inter-laboratory comparison results using the same artificial rainwater
sample obtained by 35 laboratories which belong to Japanese National Monitoring Network of
Acid Deposition is shown in APPENDIX 5.



3.1 COMPARISON BY SAMPLE

Sample No.1 (higher concentrations)

Table 8 Number of flagged data for the Sample No.1 (higher concentrations)

Flag* pH | EC |SO,”|NOs | CI | Na* | K* | ca®™ | Mg* | NH; | Total
E 0o [ 2 | 4 | 3 | 1 T 110 | 2 | 1 4 28
X 0o | 1 1 2 | 2 | 3 | 1 4 | 6 | 4 24
Data within
oai | 24 | 21 | 19 | 19 | 21 | 20 | 13 | 18 | 17 | 16 | 188
F""(‘(?/ged 00 | 125 | 208 | 208 | 125 | 16.7 | 458 | 25.0 | 29.2 | 333 | 217

*E : Value Exceeded the DQO by a factor of 2
*X : Value Exceeded the DQO more than a factor of 2

For sample No.1 (higher concentrations),
28 analytical data out of 240 exceeded
the DQOs by a factor of 2 and flagged by
"E". Data from 10 laboratories for K"
were flagged by “E”. 24 analytical data
out of 240 exceeded the DQOs more than
a factor of 2 and flagged by "X". Data
from 6 laboratories for Mg** were flagged
by “X”.

Data within

Flagged by "E" and "X" data were 52 out DQOs

of 240, it shares about 22 percents of all 78.3%

reported data of sample No.1.

Fig.2 Percentage of flagged data
for Sample No.1
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Table 9 Analytical Results of Sample No.1

Lab. ID pH EC S0,” NOj cr Na* K* ca® Mg NH," R1 R2
- (mS/m) (umol/L) (umol/L) (umol/L) (umol/L) (umol/L) (umol/L) (umol/L) (umol/L) -

1AB9 4.12 7.57 82.6 90.6 127.0 875 E 8.5 38.6 12.3 80.2 -3.9 -2.0
1F29 4.05 7.01 75.7 88.5 126.0 107.0f E 128 38.2 12.6 84.3 3.8 51
1878 4.10 7.41 77.0 92.9 123.0 91.6 11.7 384 13.7 92.8 1.3 0.2
1B79 4.06 7.86 82.1 90.0 131.0 99.6] E 13.2 42.1 134 91.1 21 0.3
18CA 4.10 7.42 82.1 93.2 130.0 89.0 10.1 37.3 11.8 84.1 -3.6 0.3
1829 4.08 7.53 78.2 884 122.0 98.5 10.9 40.0 13.6 87.0 2.7 0.2
17D8 4.08 751 E 96.8 98.9 131.0 99.3 11.7 42.9| E 15.5 82.0 -3.7 3.3
18D8 4.03 7.51 74.8 99.0 130.0 98.2 12.4 37.6 14.5 88.0 2.3 3.1
14D4 4.04 7.28 87.8 101.0 142.0 71.6] E 8.3 46.4|1 X 79| E 71.6 -8.7 4.6
1788 3.97 7.73 89.5 79.9 111.3 98.0 11.0 416 X 29.0 86.4 9.0 5.4
1444 4.08 7.66 80.0 90.9 123.0 99.0 10.9 38.9 12.4 86.0 1.0 -0.5
1434 4.09 7.58] E 99.0| E 109.0 149.0 105.0 12,7 X 60.3] X 18.2 X 122.0 24 7.3
1525 4.02 7.47 79.9 89.1 131.0 91.7] E 84| E 34.8] X 0.0 83.3 -4.3 2.2
1442 4.11 7.39] E 69.8 914 115.0 159 X 1.2 X 6.2 X 0.8] X 18.6 -46.2 -13.2
1828 4.05 7.73 80.4 93.6 115.0 89.2] E 9.0 38.8 12.5 88.2 1.2 -0.1
1D88 4.22 5.16] E 64.0| E 71.8 81.5 50.3] E 8.0] X 20.71 X 6.8] X 438 -12.8 0.6
1748 4.65 5.64 90.1] X 21.7 275.0 163.0f E 9.0] X 18.6 119( E 67.0 -19.3 4.7
1CF9 4.04 7.78 83.9 924 128.0 90.9 10.7 39.1 13.0 85.1 -0.8 1.0
1648 4.05 5.85 80.0 93.7 133.0 94.9 10.2 39.0 12.0 89.8 -0.1 14.8
1FA9 4.00 7.77 83.5 92.0 127.0 91.6 111 39.7 13.2 84.9 0.9 2.9
1BC8 4.08 7.70 88.3 94.7 128.0 89.8 10.6 40.4 13.0| E 71.5 -4.9 -0.3
1D43 4.10 6.81] X 380.0] X 212.0 130.0 825| E 7.9 354 13.3| X 15.8 -50.1 29.5
18C8 4.00 7.57 83.0| E 66.0 110.0 87.0) E 14.0 40.0 140 E 72.0 54 1.7
1ECS8 4.07 7.51 79.2 88.1 129.3 96.0 10.7| E 49.2 13.7 80.9 2.9 1.6

E:Value exceeded the DQO(x15) by a factor of 2
X:Value exceeded the DQO(+15) more than a factor of 2

I:Poor ion balance (R1)
C:Poor conductivity agreement (R2)




Sample No.2 (lower concentrations)

Table 10 Number of flagged data for the Sample No.2 (lower concentrations)

Flag* pH | EC |SO|NOs | CI | Na* | K* | Cca®™ | Mg® | NH," | Total
E 0 1 3 3 3 4 8 1 3 2 28
X 1 1 3 1 3 2 4 6 6 5 32
Data within
DOOS 23 | 22 | 18 | 20 | 18 | 18 | 12 | 17 | 15 | 17 180
F""(‘?A?)Ed 42 | 83 | 250|167 | 25.0 | 25.0 | 50.0 | 29.2 | 375 | 29.2 | 25.0

*E : Value Exceeded the DQO by a factor of 2
*X : Value Exceeded the DQO more than a factor of 2

For sample No.2 (lower concentrations),
28 analytical data out of 240 exceeded
the DQOs by a factor of 2 and flagged by
"E". Data from 8 laboratories for K
were flagged by “E”. 32 analytical data
out of 240 exceeded the DQOs more than
a factor of 2 and flagged by "X". More
analytical data for cations were flagged
by “X” compared with Sample No.1. 60

Data within
analiytical data out of 240 were flagged DQOs

by "E" and "X", it shares 25 percents of all e

reported data of sample No.2.

Fig.3 Percentage of flagged data
for Sample No.2

Evaluation

Number of flagged data “E” for Sample No.1 and Sample No.2 were almost similar.
However, more data for Sample No.2 (lower concentrations) were flagged “X” compared with
data for Sample No.1 (higher concentrations). It indicates the difficulty of the analysis of
lower concentration sample, particularly cations. Since so many data were flagged by "E" or
"X", the analytical skill should be improved.
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Table 11 Analytical Results of Sample No.2

+

Lab. ID pH EC s0,” NOg cr Na K* ca”™ Mg** NH,* R1 R2
- (mS/m) (umol/L) (umol/L) (umol/L) (umol/L) (umol/L) (umol/L) (umol/L) (umol/L) - -

1AB9 4.56 2.62 284 35.2 424 E 26.7] E 5.7 13.0 4.0 26.4 -55 -1.1
1F29 4.53 2.57 254 331 40.8 385| E 8.7 13.0 4.4 29.2 6.0 1.7
1878 4.59 2.68 26.4 354 41.3 321 7.5 13.9 4.8 33.3 24 -2.1
1B79 4.53 2.85 28.2 35.1 47.0 334 7.1 14.3 4.5 32.2 0.5 -15
18CA 4.56 2.71 28.9 36.1 4421 E 274 E 5.8 12.3| E 3.8 29.7 -5.9 -1.9
1829 4.51 2.73 28.3 341 38.8 33.3 7.1 13.9 4.5 30.2 3.3 0.0
17D8 4.52 2.69| E 36.0 37.3 44.5 34.8 8.0 14.0 51 27.0 -5.3 3.6
18D8 4.49 2.70| E 24.5 36.6 46.2 34.0 7.0 14.5 4.9 325 4.7 2.3
14D4 4.69 241| E 241 35.3 44.6 32.6| E 55 16.4| X 2.3 31.3 -0.3 -1.3
1788 4.51 2.76 271 41.3 449 E 39.6 74| X 20.7] X 135 32.3 12.0 4.7
1444 4.55 2.76 28.2 35.6 45.3 335 7.0 13.1 4.3 30.5 -1.2 -1.4
1434 4.63 2.60 334 39.6 47.3 36.8| E 8.8 X 204| X 6.2] X 43.2 3.7 5.0
1525 4.44 2.73 31.3| E 43.6 574 E 275] X 3.3 X 9.9] X 0.0l E 23.2 -19.6 4.2
1442 4.60 2.79] X 139 E 27.9 25.3] X 3.8] X 0.5] X 19| X 04| X 3.2 -37.0f C -28.1
1828 4.53 2.74 30.2 38.5 38.9 29.0] E 5.3 15.3 5.0 X 19.9 -5.1 -1.6
1D88 4.84 1.42 25.8 32.9 325 29.7 7.5 12.8 4.0 X 18.6 -6.0( C 154
1748 6.07 243 X 193 X 7.6 98.6] X 98.7 6.9] X 75| X 6.1 E 21.6 3.5 -9.6
1CF9 4.48 2.83 29.0 35.1 42.8 31.7 6.9 14.6 4.5 31.8 21 0.6
1648 4.50 2.22 28.0 35.8 43.0 32.6 6.8 14.4 4.7 325 25 11.8
1FA9 4.45 2.81 29.9 35.6 45.7 334 X 101 13.7 4.5 32.7 24 3.5
1BC8 4.53 2.85 27.6 341 431 304 7.0 14.3 4.5 28.5 0.2 -3.1
1D43 4.56 2.60| X 78.3 41.0 28.6 33.8] X 4.5 15.2| E 55| X 5.2 -33.6( C 10.5
18C8 4.41 2.80 29.0] E 27.0 37.0 38.0| E 8.7] X 19.0| E 53 28.0 14.1 4.2
1ECS8 4.58 2.67 28.9 32.8 46.2 358| E 92| E 16.6 4.7 29.7 25 0.2

E:Value exceeded the DQO(x15) by a factor of 2
X:Value exceeded the DQO(+15) more than a factor of 2

I:Poor ion balance (R1)
C:Poor conductivity agreement (R2)




3.2 ANALYTICAL PARAMETERS
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Table 12 Analytical method and flagged data of pH

Analytical Method

pH meter and electrode 22 /24
No information 2/24
Flagged data
E X Flagged (%)
Sample No.1 0 0 0.0
Sample No.2 0 1 4.2

All participating laboratories used pH meter with glass electrode for measurement of pH.
Most of obtained data were fairly agreed with prepared value. But in the case of Sample
No.2, the data from Lab.ID 1748 exceeded the DQO by more than a factor of 2 and flagged by
“X”. Many laboratories submitted slightly higher data than expected. We should carefully
treat the sample particularly at dilution and during the storage of samples.
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Table 13 Analytical method and flagged data of EC

Analytical Method

Conductivity meter and cell 22124
No information 2/24
Flagged data
E X Flagged (%)
Sample No.1 2 1 12.5
Sample No.2 1 1 8.3

All participating laboratories used conductivity cell for the measurement of EC. Obtained
data were relatively agreed with the prepared value. However, Lab.ID 1D88, 1748 and 1648
submitted very different values, and flagged by “E” or “X”.  Most of the laboratories reported
lower data than prepared value. We should carefully treat the sample particularly at  dilution
and during the storage of samples.

15
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Table 14 Analytical method and flagged data of SO,*

Analytical Method

lon chromatography 20/24
Spectrophotometry 1/24
Other method 1/24
No information 2/24
Flagged data
E X Flagged (%)

Sample No.1 4 1 20.8
Sample No.2 3 3 25.0

Most of participating laboratories employed ion chromatography for the determination of SO,
except two laboratories which used spectrophotometry and other method (liquid
chromatography) respectively. Lab.ID 1788 used spectrophotometry, and Lab.ID 18D8 used
other method. But, much difference of the data was not observed by these analytical
methods. Among other ionic constituents, data on SO, agreed with prepared concentration,
though Lab.ID 1D43 data were significantly different.
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Table 15 Analytical method and flagged data of NO;"

Analytical Method

lon chromatography 20/24
Spectrophotometry 1/24
Other method 1/24
No information 2/24
Flagged data
E X Flagged (%)

Sample No.1 3 2 20.8
Sample No.2 3 1 16.7

Same as SO,”, most of participating laboratories employed ion chromatography for the
determination of NOj3; except two laboratories which used spectrophotometry and other
method (liquid chromatography) respectively. Lab.ID 1788 used spectrophotometry, and
obtained data were different tendency for the Sample No.1 and the Sample No.2. On the
other hand, Lab.ID 18D8 used other method (liquid chromatography) and obtained fairly good
data. Among other ionic constituents, data on NOj; relatively agreed with prepared
concentration, though Lab.ID 1748 and 1D43 data were significantly different.
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Fig.8 Distribution of CI" data normalized by prepared concentration

Table 16 Analytical method and flagged data of CI’

Analytical Method

lon chromatography 20/24
Titration 1/24
Other method 1/24
No information 2/24
Flagged data
X Flagged (%)

Sample No.1 1 2 12.5
Sample No.2 3 3 25.0

Same as SO4* and NOg', most laboratories used ion chromatography for the determination of
ClI. Data of Lab.ID 1788 (titration method) and Lab.ID 18D8 (other method (liquid
chromatography)) seemed similar to the data obtained by ion chromatography. Lab.ID 1748
submitted significantly different values same as the data on NO3'.
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Na*

Among 24 participating laboratories, 14 laboratories employed ion chromatography, 7
laboratories employed atomic absorption/flame (emission) photometry, and the other one
laboratory (Lab.ID 17D8) used inductively coupled plasma mass spectrometry (ICP-MS) for the

There was no clear difference of data obtained by these three
Compared with other cations, analytical data for Na+ did not differ

determination of Na®.
analytical methods.
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5% | 1434

179 17D8 1=e
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Fig.9 Distribution of Na* data normalized by prepared concentration

Table 17 Analytical method and flagged data of Na*

Analytical Method

lon chromatography 141724
Atomic absorption / Flame (emission) photometry 7124
Inductively Coupled Plasma - Mass Spectrometry (ICP - MS) 1/24
No information 2/24
Flagged data
E X Flagged (%)

Sample No.1 1 3 16.7
Sample No.2 4 2 25.0

significantly from prepared value, except two laboratries (Lab.ID 1442 and 1748).
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Table 18 Analytical method and flagged data of K*

Analytical Method

lon chromatography 141724
Atomic absorption / Flame (emission) photometry 7124
Inductively Coupled Plasma - Mass Spectrometry (ICP - MS) 1/24
No information 2/24
Flagged data
E X Flagged (%)

Sample No.1 10 1 45.8
Sample No.2 8 4 50.0

Same as Na’, 14 laboratories employed ion chromatography, 7 laboratories employed atomic
absorption/flame (emission) photometry, and the other one laboratory (Lab.ID 17D8) used
inductively coupled plasma mass spectrometry (ICP-MS) for the determination of K*. There
was no clear difference of data obtained by these three analytical methods. Most
laboratories submitted relatively different data from the prepared concentration, and nearly half
of the data were flagged by “E” or “X”.  The data from Lab.ID 1442 differed significantly.
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Table 19 Analytical method and flagged data of Ca**

Analytical Method

lon chromatography 141724
Atomic absorption / Flame (emission) photometry 7124
Inductively Coupled Plasma - Mass Spectrometry (ICP - MS) 1/24
No information 2/24
Flagged data
E X Flagged (%)

Sample No.1 2 4 25.0
Sample No.2 1 6 29.2

Same as Na* and K", 14 laboratories employed ion chromatography, 7 laboratories employed
atomic absorption/flame (emission) photometry, and the other one laboratory (Lab.ID 17D8)
used inductively coupled plasma mass spectrometry (ICP-MS) for the determination of ca®".
There was no clear difference of data obtained by these three analytical methods. Lab.ID
1442 submitted significantly different data for both Sample No.1 and Sample No.2.
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Table 20 Analytical method and flagged data of Mg**

Analytical Method

lon chromatography 141724
Atomic absorption / Flame (emission) photometry 6/24
Inductively Coupled Plasma - Mass Spectrometry (ICP - MS) 1/24
Calculation 1/24
No information 2/24
Flagged data
X Flagged (%)

Sample No.1 1 6 29.2
Sample No.2 3 6 37.5

Among 24 participating laboratories, 14 laboratories employed ion chromatography, 6
laboratories employed atomic absorption/flame (emission) photometry, and one laboratory
(Lab.ID 17D8) used inductively coupled plasma mass spectrometry (ICP-MS) for the
determination of Mg”. The other one laboratory calculated the concentration of Mg2+ by
calculation, subtracting the concentration of Ca>* from concentration obtained by EDTA titration
method (Lab.ID 1788). The data obtained by the calculation significantly differed from prepared
concentration (Lab.ID 1788). Other laboratories that submitted significantly different data
were Lab.ID 1525 and 1442. Lab.ID 1525 submitted the data of Mg”* lower than detection
limit.

22



NH,"

60 %
1434
45% |
30% |
1FAQ

1878

15% | 1B79 18D8 1788 1648
1CF9

I:I[I 1829 EI I:I1444 1828 |:II 1EC8

0% |rm == = J

-45% |

P |
1F29 18CA |:I |:r |:r I:r

15% | 17D8

? [1ABS 14D4 1BC8 [l 18C8

1525

0,

-30% | 1748
1D88
1442

-60 %
1D43

@ Sample No.1 @ Sample No.2

Fig.13 Distribution of NH," data normalized by prepared concentration

Table 21  Analytical method and flagged data of NH,"

Analytical Method

lon chromatography 15/24
Spectrophotometry 5/24
Other method 2/24
No information 2/24
Flagged data
E X Flagged (%)

Sample No.1 4 4 33.3
Sample No.2 2 5 29.2

Most participating laboratories used recommended analytical method of EANET for the
determination of NH,": 15 laboratories employed ion chromatography and 7 laboratories
employed spectrophotometry. Obtained data for NH," varied. Two laboratories (Lab.ID
1442 and 1D43) submitted significantly different data.
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Overall Evaluation

Data on pH and EC were less varied compared with other ionic constituents.
data on pH were slightly higher than the prepared value.
on EC were slightly lower than the prepared value. Cause of this discrepancy is not clear by
the results of this round robin project. Analytical data of ionic constituents were varied
particularly for cations (Na*, K*, Ca®*, Mg**, and NH,") as described in Fig.14. The cause of
large deviation of analytical data for some cations (K", Ca®*, and M92+) was supposed to be the
difficulty of analysis on lower concentration constituents. However, analytical data on other
cations (Na* and NH,") also showed large deviation in this project. Possible causes of these
deviations were not clear by limited information obtained by this project. Quality of data is

expected to be improved in the future by accumulation of experience on round robin samples
and QA/QC activities in each laboratry.

Measured
On the other hand, measured data

35.0
30.0
25.0
20.0
15.0
10.0
5.0

0.0

Fig.14 Relative standard deviation of each constituents
(Relative standard deviation (%) = Standard deviation / Average * 100, Reported data after outliers were removed)
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3.3 CIRCUMSTANCE OF SAMPLE ANALYSIS
Methods Used

As shown in Fig.15, most of participating laboratories employed recommended methods of
EANET, particularly for pH and EC measurements. The codes for the various analytical
methods used in this project are shown in Table 22. One laboratory used liquid
chromatograph method which is other than those listed. This method was grouped under the
“X” code. For NH,  analysis, present questionnaire could not distinguish recommended
“indophenol blue spectrophotometry” and “other spectrophotometric methods”, though most
laboratories seem to use “indophenol blue spectrophotometry”. In general, much difference
of data was not found among different analytical methods. In future projects, the
questionnaire should be improved to obtain more correct and detailed information such as
history of the equipment and frequency of usage and so on.

i ,
ol —
EC]I )
s042-|f 1
NO3-I: [ 1 J
C|-7|| [ 1 ]
Na+]| T
K+]| T
Caz+]| T
ngz+]| I
NH4+ o

0% 26% 46% 66% 86% 100%

m Recomended methods m Unknown
0 Other methods O No Information

Fig.15 Ratio of recommended method used in the project
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Table 22 List of methods

Code

Method

0

WX OONOUAWN =

pH meter with electrode
Conductivity cell
Titration
Atomic absorption / Flame (emission) photometry
lon chromatography

Inductively Coupled Plasma - Atomic Emission Spectrometry (ICP - AES)
Calculation

Spectrophotometry

Inductively Coupled Plasma - Mass Spectrometry (ICP - MS)
Graphite Furnace Atomic Absorption spectrometry (GFAA)
Other method
No information

Table 23 Analytical Method

Sample No.1
Method | pH | EC |SO04* | NO3 | CI' | Na* | K' | ca® | Mg* | NH4"
0 22
1 22(3)
2 1
3 71) | 72 | 7(1) 6
4 20(4) | 20(3) | 20(3) | 14(3) | 14(7) | 14(5) | 14(5) | 15(5)
5
6 1(1)
7 1 1 5(1)*
8 1 1 1 1(1)
9
X 1 1 1 2
? 2 2 2(1) | 2(2) 2 2 2(2) 2 2 2(2)
Sample No.2
Method | pH | EC |S04* | NO3 | CI' | Na* | K" | ca® | Mg®" | NH4"
0 22(1)
1 22(2)
2 1
3 72) | 72 | 72 | 6(1)
4 20(4) | 20(3) | 20(4) | 14(4) | 14(8) | 14(4) | 14(5) | 15(5)
5
6 1(1)
7 1 1 5(1)*
8 1 1 1 1
9
X 1(1) 1 1 2
? 2 2 2(1) | 2(1) | 2(2) 2 22) | 201) | 2@2) | 21)

Reverse mesh is recomended method of EANET
() : Number of data which flagged by “E” or “X”

*: unknown
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Charge of Measurement

Number of staff in charge of measurement on rainwater samples is described in Table 24.
Measurement of rainwater samples was carried out by only one staff in twelve laboratories.
In other laboratories, measurement was carried out by 2 to 4 staffs, and usually their
responsibility was separated by the method used for analysis such as anions and cations.
In most cases that plural staffs carried out the analysis of the round robin samples, anions and
cations were analyzed separately by different staffs (7 laboratories out of 9 laboratories). In
two laboratories, two staffs collaborate to analyze same constituents.

Table 24 Staff in charge of measurement

Lab.ID | Total | pH | EC |S04% | NO3 | ClI Na* | K* | ca®* | Mg®" | NH4"
1AB9 1 A A A A A A A A A A
1F29 1 A A A A A A A A A A
1878 1 A A A A A A A A A A
1B79 1 A A A A A A A A A A
18CA 1 A A A A A A A A A A
1829 1 A A A A A A A A A A
17D8 2 A A A A A B B B B B
18D8 3 A A AB AB AB AC AC AC AC A
14D4 2 A B B B B B B B B B
1788 2 A A B B B A A A A A
1444 1 A A A A A A A A A A
1434 1 A A A A A A A A A A
1525 1 A A A A A A A A A A
1442 2 AB A,B AB AB AB AB AB AB AB AB
1828 2 A A A A A B B B B B
1D88 1 A A A A A A A A A A
1748 2 A A A A A B B B B B
1CF9 1 A A A A A A A A A A
1648 1 A A A A A A A A A A
1FA9 4 A A B B B C C C C D
1BC8 2 A A B B B A A A A B
1D43 ? + + + + + + + + + +
18C8 ? + + + + + + + + + +
1EC8 3 A B C C C C C C C C
“+”: No information, “A”, “B”, “C”, and “D” represents individual staffs in each laboratory who are in charge of

measurement.

Reverse mesh: Data were flagged by “E” or “X” in sample No.1 and/or sample No.2.
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Years of experience

By information obtained through this project, clear evidence of data quality improvement was
not found in terms of “years of experience of the staff”.

Table 25 Years of experience Unit: year
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“+”: No information.

Reverse mesh: Data were flagged by “E” or “X” in sample No.1 and/or sample No.2.
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Fig.16 Relationship between flagged data and the years of experience
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Water Temperature at measurement (pH and EC)

As described in Table 26, most of the participating laboratories measured pH and EC around
25 degrees centigrade, which the recommended condition by EANET. Water temperature
was equal or lower than 20 degrees centigrade for 4 data out of 6 which were flagged by “E” or
“X”. However, several laboratories reported adequate data though the temperature is lower
than 20 degrees centigrade.

Table 26 Water temperature at measurement (pH and EC)

Unit: degrees centigrad

e

Lab.ID pH pH EC EC
Sample No.1 Sample No.2 Sample No.1 Sample No.2
1AB9 25.0 25.0 25.0 25.0
1F29 25.0 25.0 25.0 25.0
1878 24.8 -25.2 24.7 -25.0 24.8-25.3 24.8 -25.2
1B79 25.0 25.0 + 25.0
18CA 24.6 24.7 24.5 24.3
1829 23.5 23.5 235 235
17D8 24.6 24.6 25.6 25.6
18D8 22.6 22.6 26.6 26.6
14D4 25.0 25.0 25.0 25.0
1788 234 234 234 234
1444 25.0 25.0 25.0 25.0
1434 24.5 24.5 24.5 245
1525 24.3 24.3 252 26.0
1442 25.0 25.0 225 22.6
1828 25.0 25.0 25.0 25.0
1D88 20.4 20.4 20.4 204
1748 25.0 25.0 25.0 25.0
1CF9 16.0 16.0 15.0 15.0
1648 15.7 16.0 15.7 16.0
1FA9 15.0 15.0 15.0 15.0
1BC8 13.0 13.0 13.0 14.0
1D43 + + + +
18C8 + + + +
1ECS8 + 23.0 + 25.5

“+”: No information.

Reverse mesh: Data were flagged by “E” or “X”".
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5. CONTACT INFORMATION

Please address all inquiries, comments and suggestions about this report to:

Acid Deposition and Oxidant Research Center (ADORC)
314-1, Sowa, Niigata-shi, 950-2144, Japan

Tel +81 25-263-0550

Fax +81 25-263-0551
E-mail eanet@adorc.gr.jp
URL http://www.adorc.gr.jp

Contact persons:

Name Department & E-mail address

Dept. Head, Data Management Department

Dr. Tsunehiko Otoshi (EANET QA/QC Manager)
E-mail: otoshi@adorc.gr.jp

Dept. Head, Atmospheric Research Department

Dr. Norio Fukuzaki E-mail: fukuzaki@adorc.gr.jp

Atmospheric Research Department

Dr. Li Hu E-mail: lihu@adorc.gr.jp

Data Management Department

Mr. Hiroshi Hoshino E-mail: hoshino@adorc.gr.jp
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APPENDIX 1 Contact addresses of participating laboratories

1.CHINA
1) Mr.Ding Zhongyuan
Deputy Director,

China National Environmental Monitoring Center

No.1 Yuhuinanlu, Beijing, P.R. China, 100029
Tel +86-10-6494-7722

Fax +86-10-6492-4244

E-mail Dingzy@svrkpek.unep.net

2) Mr. Xu Yu
Director,
Chonggqing Institute of Environmental Science
37 Jialing VLG-1 Jiangbei District
Chongging, P. R. China, 400020
Tel +86-23-67850049
Fax +86-23-67850069
E-mail yxuprf@public.cta.cqg.cn

3) Mr. Li Lian Meng
Senior Engineer,
Xi'an Environmental Monitoring Station
No.84 Youyi East Road
Xi‘an, P. R. China, 710054
Tel +86-29-7800028
Fax +86-29-5265439

4) Mr. Chengtie Gao
Director,
Environmental Monitoring Station of Xiamen
No. 56 South Hubin Road
Xiamen, P. R. China, 361004

Tel +86-592-2204424
Fax +86-592-2204424
E-mail Xmems@public.xm.fj.cn

5) Mr. Wang Guo Cai
Deputy Director,
Zhuhai Environmental Monitoring Station
No.1 Xiangzhou Xinguangli
Zhuhai, P. R. China, 519000
Tel +86-756-2235824
Tel +86-756-2256754

2.INDONESIA
1) Mr. Sumiratno, SE

Chief, Climatological Analysis Subdivision,
Meteorological and Geophysical Agency (BMG)

JI. Arif Rahman Hakim No.3, Jakarta Pusat, Indonesia

Tel +62-21-315-6155
Fax +62-21-310-7788

2) Dr. Ir. Gunalan Dea
Director,
Environmental Management Center(EMC)
JI. Raya Puspiptec. Serpon, Tangoran 15310
Jawa Barat, Indonesia

Tel +62-21-756 3114

Fax +62-21-756 3115

E-malil emcjica@rad.net.id
3. JAPAN

1) Dr. Norio Fukuzaki
Dept. Head, Atmospheric Research Dept.
Acid Deposition and Oxidant Research Center
(ADORC)

314-1 Sowa, Niigata-shi, 950-2144 Japan

Tel +81-25-263-0550
Fax +81-25-263-0551
E-mail eanet@adorc.gr.jp

2) Mr. Hidetoshi Mafune
Chief Engineer
Eco Analysis Cooperation Co. Ltd.
3-22-2 Ouji, Kita-ku, Tokyo 114 Japan
Tel +81-3-3919-0441
Fax +81-3-3919-0461

3) Mr.Minoru Kawamura
Chief Researcher

Atmospheric Chemistry Section

Nagano Research Institute for Health and Pollution

1978 Amori-komemura, Nagano-city,
Nagano 380 Japan

Tel +81-26-227-0354

Fax +81-26-224-3415



4) Mr.Makoto Nakao
Chief, Atmospheric Science Section
Shimane Prefectural Institute of Public Health
and Environmental Science
582-1 Nishihama-sadamachi, Matsue-city,
Shimane 690-0122 Japan
Tel +81-852-36-8181
Fax +81-852-36-6683

5) Mr.Minoru Hara
Chief, Atmospheric Science Section
Kochi Prefectural Environmental Research Center
6-7-43 Sanbashi-dori, Kochi-city,
Kochi 780 Japan
Tel +81-888-33-6688
Fax +81-888-33-8311

6) Mr.Noboru Moriyama
Chief, Atmospheric Science Section
Niigata Prefectural Research Laboratory for Health
and Environment
314-1 Sowa, Niigata-city, Niigata
950-2144 Japan
Tel +81-25-263-9411
Fax +81-25-263-9410

7) Mr.Yoshikatsu Kinjo
Research Manager & Chief of Air Pollution Section
Okinawa Research Institute of Health and
Environment
2085 Ozato, Ozato-son,
Okinawa 901-1202 Japan
Tel +81-98-945-0781
Fax +81-98-945-9366
8) Mr.Hiroshi Sumita
Environmental Science Section
Gifu Prefectural Research Institute of Health and
Environment
4-6-3 Noisshiki, Gifu-city, Gifu 500 Japan
Tel +81-58-246-1101

Fax +81-58-246-1104

4.Republic of KOREA
1) Dr. Jin-Seok HAN
Senior Researcher,
Atmospheric Chemistry Division,
Air Quality Research Department,
National Institute of Environmental Research (NIER)
613-2, Bulkwang-dong, Eunpyung-Gu,
122-706 Seoul, Republic of Korea

Tel +82-2-389-6711 (ext. 608)
Fax +82-2-389-8712
E-mail nierair@bbs.para.co.kr

5.MALAYSIA

1) Mr. Tham Kok Pheng
Director, Environ. Health Division

Department of Chemistry Malaysia

Jalan Sultan, 46661 Petaling Jaya,

Selangor, Malaysia

Tel +60-3-756-9522
Fax +60-3-755-6764
E-mail kptham@ jkpj.kimia.gov.my

6.MONGOLIA

1) Ms. Tumendemberel Bulgan
Chief Engineer,
Central Laboratory of Environmental Monitoring,
Ministry of Nature and Environment

POBox 150, Ulaanbaatar-36, Mongolia

Tel +976-1-341818
Fax +976-1-321401
E-mail bnbn@magicnet.mn

7.PHILIPPINES

1) Ms. Erlinda A. Gonzales
Chief, Environmental Quality Division
Environmental Management Bureau (EMB)
Department of Environment and Natural Resources
(DENR)

Visayas Ave., Diliman, 1100 Quezon City,
Philippines
Tel +632-426-4338

+632-426-4335 / 4339

emb.eqd@skyinet.net

Fax

E-mail



8.RUSSIA

1) Dr. Khodzher, Tamara V.
Head, Laboratory of Hydrochemistry and
Atmospheric Chemistry
Limnologcal Institute RAS/SB
Ulan-Batorskaya 3, Irkutsk 664033, Russia

Tel +7-3952-460-502
Fax +7-3952-466-933
E-mail khodzher@lin.irk.ru

9. THAILAND

1) Dr. Supat Wangwongwatana
Director,
Pollution Control Department (PCD)
Ministry of Science Technology and
Environment (MSTE)
404 Phahon Yothin Rd., Sam Sen Nai,
Phayathai, Bangkok 10400 Thailand

Tel +662-619-2214/619-2307
Fax +662-619-2308
E-mail supat.w@pcd.go.th

2) Ms. Sumridh Sudhibrabha
Air Turbidity, Solar Radiation & Atmospheric Ozone,
Meteorological Department (MD),
4353 Sukhumvit Rd., Bangna, Bangkok,
10260, Thailand

Tel +66-2-361-3640
Fax +66-2-398-9838
E-mail  sumridh@metnet.tmd.go.th

3) Ms. Phaka Sukasem
Environmental Research and Training Center (ERTC),
Department of Environmental Quality Promotion,
Technopolis, Klong 5, Klong Luang, Pathumthani,
12120 Thanland
Tel +66-2-577-1136
Fax +66-2-577-1138

10.VIET NAM

1) Dr. Vu Van Tuan
Vice Director, Institute of Meteorology and Hydrology
Director, Water and Atmospheric Environment
Reaearch Center
Hydrometeorological Service of Viet Nam (HMS)

4 Dang Thai Than Street, Ha Noi, Viet nam

Tel +84-4-8344469
Fax +84-4-8260779
E-mail Vvtuan@netnam.org.vn



APPENDIX 2 Original data

Original Data --- Sample No.1

Lab. ID pH | EC [SO, | NOos | cr | Na* | K" | ca® | Mg® | NH,"

- mS/m | umol/L | umol/L | umol/L | umol/L | umol/L | umol/L | umol/L | umol/L
1AB9 4,12 757 8244 90.4 127. 87.5 8. 38.4 123 80.7
1F29 409 7.0l 757 88453 126.0 107.0 12.§ 38.2 12.6§ 84.3
1878 410 7.41 77.0 929 123.0 91.6 119 38.4 13.77 92.8
1B79 4,09 7.86( 82.1] 90.d 131.0 99.9 13.7 42.1 134 91.1
18CA 410 7.420 821 934 130.0 89.0 10.f 37.3 11.§ 84.1
1829 408 753 78.2 884 1220 985 109 40.Q 13.4 87.Q
17D8 408 751 96.8 98.9 131.0 99.3 11.4 429 155 82
18D8 403 751 748 99. 130.0 982 124 374 14.5 88.Q
14D4 4,04 7.28 87.8 101.q 142.0 71.6 8.3 46.4 7.9 71.6
1788 397 7.73 895 79.9 1113 98.0 11.Jd 4144 29.0 864
1444 408 7.66f 80.0 909 123.0 99.0 109 389 124 86.CG
1434 409 7.58 99.0 109.d 149.0 105.0 12.4 60.3 18.2 1220
1525 402 747 79.9 89.1 131.0 91.7 84 34.8 0.0 83.3
1442 411 739 698 914 1150 15.9 1.2 6.2 0.4 18.6
1828 405 7.73 80.4 93.4 1150 89.2 9. 38. 125 88.2
1D88 422 516 64.00 714 815 50.3 8.0 20.7 6.8 43.§
1748 465 564 90.1 21.1 275.0 163.0 9. 18.4 11.9 67.0
1CF9 404 7.78f 839 924 1280 909 10.4 39.1] 13.0 85.1
1648 409 585 80.0 937 133.0 949 10.7 39.00 12.0 89.8
1FA9 400 7.777 835 924 127.0 91.6 11.1 39.71 13.2 84.9
1BC8 408 7.700 88.3 94.1 128.0 89.3 104 404 13. 71.5
1D43 4,10 6.81] 380.00 212. 130.0 82.5 79 354 13.3 15.9
18C8 400 7.57 830 66. 11040 87.0 144 400 14 724
1EC8 410 750 79.2 88.1 129.3 96.0 10.4 4924 13.7 80.9
Prepared value 405 794 835 93.3d 129.0 95.8 111 41.1f 13.1 84.§
Number of data 24 24 24 24 24 24 24 24 24 24
IAverage 409 7277 945 929 13127 911 10.4 37.7 125 77.3
Minimum 397 516 64.00 21.7 815 15.9 1.2 6.2 0.0 15.9
Maximum 465 7.86 380.0 212. 275.0 163.0 14.d 60.3 29.0 122
Standard deviation 0.1 0.77 61.3 30.3 331 245 2.6 10.4 54 22.8




Original Data --- Sample No.2

Lab. ID pH | EC [SO, | NOos | cr | Na* | K" | ca® | Mg® | NH,"

- mS/m | umol/L | umol/L | umol/L | umol/L | umol/L | umol/L | umol/L | umol/L
1AB9 456 2.62] 28.4 353 424 26.7 5717 13.0 4.00 264
1F29 453 2571 254 331 40.8 38.5 8.1 13.0 4.4 29.2
1878 459 268 264 354 41.3 32.1 7. 13.9 4.8 33.3
1B79 453 285 28.2 351 47.0 334 7.1 14.3 454 32.2
18CA 45 2.71 28,9 36.1 442 27.4 5§ 12.3 3.§ 29.7
1829 451 273 283 34.1 383 33.3 7.1 13.9 4.5 30.7
17D8 452 269 36.0 373 445 34.8 8. 14.0 51 27.
18D8 449 270 245 36.4 46.2 34.0 7. 145 4.9 32.5
14D4 469 241 241 353 444 32.6 5. 16.4 2.3 31.3
1788 451 276 27.1] 413 449 39.6 7.4 20.7 135 32.3
1444 459 2.76) 28.2 354 453 33.5 7. 13.1 4.3 30.5
1434 463 2600 334 394 47.3 36.8 8.4 20.4 6.2 43.2
1525 444 273 31.3 434 57.4 27.5 3.3 9.9 0.0 23.7
1442 460 2.79 13.9 279 25.3 3.8 0.5 1.9 0.4 3.2
1828 453 274 302 383 389 290 53 15.3 5.0 19.9
1D88 484 1420 258 329 325 29.7 7. 12.8 4.00 18.6
1748 6.077 243 19.3 7.4 98.4 98.7 6.9 7.5 6.1 21.6
1CF9 448 283 29.0 351 42.83 31.7 6.9 14.6 454 31.§
1648 450 222 28.00 358 43.0 32.6 6.4 14.4 4.7 32.5
1FA9 449 281 299 354 457 334 10.1 13.7 4.5 32.7
1BC8 453 285 274 34.1 431 304 7. 14.3 4.5 28.5
1D43 456 260 78.3 41.q 28. 33.8 4.9 15.2 5.5 5.2
18C8 441 280 29.0 27 37.0 38.0 8.1 19.0 5.3 28.
1EC8 460 270 289 324 46.2 35.8 9.7 16.64 4.7  29.7
Prepared value 451 2.82 29.1 36.1] 45.1 33.5 7.4 14.3 4.6 29.5
Number of data 24 24 24 24 24 24 24 24 24 24
IAverage 461 263 29.q 344 44.4 34.5 6.4 13.9 4. 27.2
Minimum 441 142 13.9 7.9 25.3 3.8 0.5 1.9 0.0 3.2
Maximum 6.077 285 78.3 434 98 98.71 10.1] 20.7 135 43.7
Standard deviation 0.3 0.3 11.2 6.8 13.2 15.3 2.0 3.8 2.4 8.7




APPENDIX 3 Normalized by prepared value

Original data / Prepared Value x 100 (%) --- Sample No.1

2-

+

2+

2+

Lab. ID pH EC SOq4 NO3 Cr Na K Ca Mg NH,4

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1AB9 101.7 95.3 98.9 97.1 98.4 91.3 76.9 93.9 93.9 94.4
1F29 100.0 88.3 90.7 94.9 971 1117 1153 92.9 96.2 99.4
1878 101.2 93.3 92.2 99.4 95.3 95.9 105.4 934 1044 109.4
1B79 100.2 99.0 98.3 96.9 101.4 1040 1189 1024 102.3 107.4
18CA 101.2 93.5 98.3 99.9 100.§ 92.9 91.0 90.9 90.1 99.2
1829 100.7 94.9 93.7 94.7 94.4 102.8 98.2 97.3 103.8§ 102.9
17D8 100.7 944 1159 106.0 101.4 103.77 1054 1044 118.3 96.7
18D8 99.5 94.6 89.4 106.1] 100.§ 102.5 111.71 91§ 110.7 103.§
14D4 99.8 91.1 105.1 108.3 110.] 74.7 74.8 1129 60.2 84.4
1788 98.0 97.4 107.2 85.6 86.3 102.3 98.3 101.3 221.3 101.9
1444 100.7 96.5 95.8 97.4 95.3 103.3 98.2 94.6 94.7 101.4
1434 101.0 95.9 1184 116.§ 1154 109.9 114.4 146.7 138.9 143.9
1525 99.3 94.1 95.7 95.9 101.4 95.7 75.9 84.7 0.0 98.2
1442 101.5 93.1 83.6 98.0 89.1 16.6 11.9 15.] 6.3 21.9
1828 100.0 97.4 96.3 100.3 89.1 93.1 80.6 94 .4 95.4 104.9
1D88 104.2 65.0 76.6 77.0 63.2 52.5 72.4 50.4 52.1 51.7
1748 114.8 71.0 107.9 23.3 213.32 170.] 81.0 45.3 90.8 79.0
1CF9 99.8 98.0 100.5 99.0 99.2 94.9 96.4 95.1 99.2 100.4
1648 100.0 73.71 95.8 100.4 103.] 99.1 91.9 94.9 91.9 105.9
1FA9 98.8 97.9 100.0 98.4 98.4 95.9 100.9 96.49 100.8§ 100.]
1BC8 100.7 97. 105.7 101.5 99.2 93.7 95.5 98.3 99.2 84.3
1D43 101.2 85.§ 4551 227.2 100.§ 86.1 71.4 86.1 101.5 18.9
18C8 98.8 95.3 99.4 70.7 85.3 90.8§ 126.1 97.3 106.9 84.9
1ECS8 100.5 94.6 94.9 94.4 100.3 100.2 96.1 119.7 104.9 95.4
Minimum 98.0 65.0 76.9 23.3 63.7 16.6 11.9 15.] 0.0 18.9
Maximum 114.8 99.0 4551 2272 2134 170.1 126.1 146.4 221.3] 143.9
Average 101.0 91§ 113.2 99.5 101.7 95.1] 92.0 91.7 95.1] 91.2

Vi



Original data / Prepared Value x 100 (%) --- Sample No.2

2-

+

2+

2+

Lab. ID pH EC SOq4 NO3 Cr Na K Ca Mg NH,4

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1AB9 101.1 92.9 97.6 97.5 94.0 79.7 76.1 90.9 88.6 89.5
1F29 100.4 91.] 87.3 91.7 90.§ 1149 117.7 90.9 96.5 99.0
1878 101.8 95.0 90.7 98.1 91.6 95.8 100.4 97.4 105 1129
1B79 100.4 101.% 96.9 97.2 104.7 99.7 95.00 100.¢ 99.1 109.2
18CA 101.1 96.1 99.3 100.9 98.0 81.8 78.9 86.0 83.3 100.7
1829 100.0 96.9 97.3 94.5 86.0 99.4 95.0 97.2 99.3 102.4
17D8 100.2 954 123.7 103.3 98.1 103.9 108.1 97.9 1116 91.5
18D8 99.4 95.7 84.2 101.4 1024 101.5 947 1014 107.§ 110.2
14D4 104.0 85.5 82.8 97.8 98.9 97.3 74.3 114.7 50.4 106.1
1788 100.0 97.9 93.1 1144 99.4q 118.2 100.1 144.§ 296.1] 109.5
1444 100.9 97.9 96.9 98.9 100.4 100.0 94.1 91.6 9459 103.4
1434 102.7 92.4 1148 109.7 104.9 1099 118 1424 135.7 146.4
1525 98.4 96.§ 107.9 120.§ 127.3 82.1 44.5 69.2 0.0 78.9
1442 102.0 98.9 47.8 77.3 56.1 114 7.3 13.] 9.0 10.9
1828 100.4 97.4 103.8 106.6 86.3 86.6 70.9 107.q 110.3 67.9
1D88 107.3 50.4 88.7 91.1 72.1 88.71 100.8 89.5 87.3 63.1
1748 134.6 86.2 66.3 21.2 218.4 294.9 92.9 52.1 132.7 73.2
1CF9 99.3 1004 99.7 97.2 94.9 94.6 92.77 102.1 99.4 107.8
1648 99.8 78.7 96.2 99.2 95.3 97.3 91.4 100.7 102.0 110.2
1FA9 98.7 99.4 102.7 98.9 101.3 99.7 136.1 95.9 99.1 110.8
1BC8 100.4 101.1 94.8 94.5 95.6 90.7 93.7 100.¢ 98.0 96.9
1D43 101.1 92.1 269.1] 113.9 63.4 100.9 60.9 106.3 120.4 17.9
18C8 97.8 99.3 99.7 74.8 82. 1134 1173 1329 116.2 94.9
1ECS8 101.6 94.7 99.2 90.§ 1024 106.§ 1245 116.3 103.9 100.9
Minimum 97.8 50.4 47.8 21.2 56.1 11.4 7.3 13.] 0.0 10.9
Maximum 134. 101.] 269.1] 120.§ 218.4 294.9 136.1] 144.§ 296.1 146.4
Average 102.2 93.0 101.7 95.4 98.9 102.9 91.1 97.§ 101.9 92.2

Vii



APPENDIX 4 Manufacturer’'s name of instruments and model

Lab.ID pH meter / electrode

1AB9 HORIBA M-13 / 6377-10D

1F29 HORIBA F-13 / 6350-10D

1878 TOA HM-60V / GST-5422S

1B79 TOA HM-30S / GSV-201

18CA HORIBA F-8E / S815-1

1829 HORIBA L7 / 6300

17D8 | TOA HM-30S / GST-5311C

18D8 HORIBA F21/S8721

14D4 | Corning model 125 USA

1788 HACH C0O150 USA / CO 80537 USA
1444 HORIBA F24 / 6367-10D

1434 HORIBA F21/S8721

1525 TOA HM-30V / GST-5421C

1442 HORIBA D-24, D-20

1828 TOA HM-30V / GST-5421C

1D88 Fisher Scientific pH / lon / Conductivity meter
1748 METROOHM 744 pH Meter

1CF9 No Information No Information
1648 No Information No Information
1FA9 Xiamen Analytical Instrument PHS-301

1BC8 No Information PHS-301/ 231C

1D43 No Information No Information
18C8 No Information No Information
1EC8 Dengfeng Analytical Instrument | DF808A / 231

Lab.ID EC meter / cell

1AB9 HORIBA DS-14 / 3552-10D

1F29 DKK A0-6 / 2071

1878 TOA CM-60V / CT-54101C

1B79 TOA CM-40S /| CGT-511C

18CA HORIBA DS-12 / 3551-10D

1829 TOA CM-20S / CG-511B

17D8 CYBERSCAN CON200

18D8 | TOA CM-14P /| CVP-101P

14D4 | TOA CM-203/ C8

1788 HACH EC10 USA / 50160

1444 HORIBA DS-15/ 3551-10D

1434 HORIBA ES-12 / 3582-10D

1525 TOA CM-40S / 511B

1442 HORIBA D-24, D-20

1828 TOA CM-11P

1D88 Fisher Scientific pH / lon / Conductivity meter
1748 HACH 44600-00

1CF9 HORIBA D-515

1648 No Information No Information

Shanghai Rex Instrument /

1FA9 Shanghai Dian Guang Parts DDS-301/DJS-1

1BC8 Shanghai Lei-Ci Instrument DDS-11C/ DJS-1

1D43 No Information No Information
18C8 No Information No Information
1ECS8 Shanghai Lei-Ci Instrument DDS-11A/ DJS-1

viii




Lab.ID S04~ NO5 CI
1AB9 IC DIONEX DX-AQ 1110
1F29 IC YOKOGAWA IC-7000
1878 IC DIONEX DX-AQ
1B79 IC DIONEX DX-3000
18CA IC YOKOGAWA IC-7000
1829 IC DIONEX 2000i / SP
17D8 IC DIONEX DX-500
18D8 Others | EKONOVA Milikhrom A-02
14D4 IC DIONEX DX-SO(Z
) S04 NO3:UV-VIS system,
1788 Others No Information (CI"Titration by Hg(NO3),)
1444 IC YOKOGAWA IC-7000
1434 IC WATERS 432,717,626
1525 IC DIONEX DX-100
1442 IC DIONEX DX-120
1828 IC DIONEX DX-120
1D88 IC DIONEX DX-500
1748 IC DIONEX DX-5000
1CF9 IC DIONEX 100
1648 IC DIONEX 2120i
1FA9 IC DIONEX DX-300
1BC8 IC DIONEX 16
1D43 No Information No Information
18C8 No Information No Information
1EC8 IC SHIMADZU CDD-6A
Lab.ID Na K™ Ca” Mg”’
1AB9 IC SHIMADZU HIC-6A
1F29 AAS HITACHI Z-6100
1878 IC DIONEX DX-AQ
1B79 IC DIONEX DX-120
18CA IC DIONEX DX-500
1829 AAS HITACHI 180-80
17D8 ICP-MS | Parkin Elmer ELAN 6000 ICPMS
18D8 Others CARL ZEISS JENA AAS-30
14D4 IC DIONEX DX-500
1788 Others No Information (Flame Photometry)
1444 IC DIONEX DX-500 / EG40
1434 IC WATERS 432, 717, 626
1525 IC DIONEX DX-100
1442 IC DIONEX DX-120
1828 IC DIONEX DX-120
1D88 IC DIONEX DX-500
1748 AAS GBC Avanta
1CF9 IC DIONEX 100
1648 IC DIONEX 2120i
1FA9 AAS HITACHI Z-8000
1BCS8 AAS No Information AA-680
1D43 No Information No Information
18C8 No Information No Information
1ECS8 IC SHIMADZU CDD-6A




Lab.ID NH4

1AB9 IC SHIMADZU HIC-6A

1F29 SP HITACHI U-1000

1878 IC DIONEX DX-AQ

1B79 IC DIONEX DX-120

18CA IC DIONEX DX-500

1829 SP SHIMADZU UV-150-02

17D8 Others BRAN & LUEBBE TRAACS model 800
18D8 SP PHILIPS PV-8700

14D4 IC DIONE X DX-500

1788 SP No Information (UV-VIS system)
1444 IC DIONEX DX-500 / EG40
1434 IC WATERS 432, 717, 626

1525 IC DIONEX DX-100

1442 IC DIONEX DX-120

1828 IC DIONEX DX-120

1D88 IC DIONEX DX-500

1748 SP SHIMADZU UV-VIS 120-02
1CF9 IC DIONEX 100

1648 IC DIONEX 2120i

1FA9 Others | Xiamen Analitical Instrument 7230

1BC8 IC DIONEX 16

1D43 No Information No Information
18C8 No Information No Information
1EC8 IC SHIMADZU CDD-6A

SP : Spectrophotometry




APPENDIX 5 Results of inter-laboratory comparison project obtained by the
laboratories of Japanese National Acid Deposition Monitoring Network

(Reported data after outliers were removed)

Constituents Prepared Average S.D. N Min. Max.
[Sample No.1]
pH 4.05 4.08 0.04 35 3.98 4.14
EC(mS/m) 7.94 7.49 0.26 35 6.84 7.99
SO,” (umol/L) 83.5 78.9 6.32 35 60.3 92.1
NOz (umol/L) 93.3 92.4 3.76 34 86.4 103.0
Cl'(umol/L) 129.0 127.0 5.10 35 116.0 138.0
Na'(umol/L) 95.8 94.9 5.86 35 83.0 112.0
K (umol/L) 11.1 11.0 1.53 35 7.1 14.1
Ca“ (umol/L) 41.1 39.5 1.72 34 34.6 42.1
Mg”*(umol/L) 13.1 13.1 0.78 34 11.5 14.8
NH, *(umol/L) 84.8 86.0 3.09 34 77.2 92.8
[Sample No.2]

pH 451 4,53 0.04 35 4.42 4.62
EC(mS/m) 2.82 2.70 0.12 35 2.41 2.98
SO,” (umol/L) 29.1 28.3 2.28 35 23.2 33.5
NOz (umol/L) 36.1 35.8 1.55 33 33.1 40.3
Cl'(umol/L) 45.1 43.8 3.20 35 36.8 53.1
Na'(umol/L) 335 32.7 2.68 35 26.7 38.5
K'(umol/L) 7.4 7.0 0.93 35 4.7 9.0
Ca“ (umol/L) 14.3 13.7 1.41 35 9.9 16.0
Mg”*(umol/L) 4.6 4.4 0.62 35 3.2 6.2

NH, " (umol/L) 29.5 30.1 1.94 34 24.8 34.3

Xi



