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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 EANET. The purposes of this project are, 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 contained major ions, were prepared and distributed by the
Network Center (NC).  All of the participating laboratories submitted their analytical data to NC.
Obtained data for pH, EC and concentrations of SO,*, NO5, 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 laboratory’s short name, and various statistical
parameters are included in this report.
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* Figure in parenthesis shows the number of laboratories of each country (23 laboratories from 10 countries)

Fig.1 Laboratories participated in the Inter-comparison project 2001 of the EANET



2. PROCEDURE

2.1 Participating Laboratories

Twenty-three laboratories in charge of chemical analysis in 10 countries of EANET participated
in this survey. The Network Center (NC) shipped the artificial rainwater samples to all of these
23 laboratories, and all of them submitted their analytical data to NC. The names and contact

addresses of the participating laboratories are presented in APPENDIX 1.

2.2 Dispatched Rainwater Samples

Two kinds of artificial rainwater samples (of both higher concentration and lower
concentration) are distributed to the laboratories (See Table 1). 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
- ) Approximately reagents are
No.1 (higher concentration) ene bottle | bottle ; . .
) 100ml dissolved in deionized
No.2 (lower concentration) 100ml each

water

Before the measurement, each laboratory should accurately dilute distributed samples by 100 times under 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 sulfate,
nitrate, chloride, sodium-ion, potassium-ion, calcium-ion, magnesium-ion and ammonium of the
samples. The participating laboratories were informed 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
SO42' micro mole/liter umol/L
NO5 micro mole/liter umol/L
CI micro mole/liter umol/L
Na* micro mole/liter pmol/L
K* micro mole/liter pmol/L
Ca®" micro mole/liter umol/L
Mg?* micro mole/liter pmol/L
NH,"* micro mole/liter pmol/L

Table 3 Concentration range of the artificial rainwater samples*

Parameter Range Parameter Range
pH 40-55 Na* 1-100pmol /L
EC 1.0 —10.0 mS/m K* 1 -50umol /L
s0” 10 — 100umol /L ca* 1 —50umol /L
NOs 10 — 100umo1 /L Mg?* 1 — 50umol /L
cr 10 — 150umol /L NH," 10 — 100umol /L

* For 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 Wet Deposition Monitoring in East
Asia” and “QA/QC Program for Wet Deposition Monitoring in East Asia”.  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
S04~ lon Chromatography
NO; Spectrophotometry
Cr
Na*
y lon Chromatography
ca* Atomic Absorption/Emission Spectrometry
Mg
NH,* lon Chromatography

Spectrophotometry (Indophenol blue)




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) = zn Cu (umol L) = 2C (SO,%) + C (NO5) + C (CI)

w

n, C,;: electric charge of ion and concentration (umol L™ of anion “".

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

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

(3) Calculation of ion balance (R+)
R;=100 x (C-A)/(C+A)

(4) R4, which is calculated using the above equation, should be compared with standard values
in Table 5. If Ry is out of the range, re-measurement, check with standard solutions, and/or
inspection of calibration curves should be undertaken.

Table 5 Allowable ranges for R, in different concentration ranges

(C+A) (peq/L) R1 (%)
<50 +30~-30
50 ~100 +15~-15

> 100 +8~-8

(Reference)” Technical Documents for Wet Deposition Monitoring in East Asia (2000)”



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

(1) Total electric conductivity (7\calc) should be calculated as follows;
ncalc (uS cm™) = 349.7x10 ®PY + {80.0x2C (SO,*) + 71.5 C (NOy)
+76.3 C (Cl) + 73.5C (NH;") + 50.1 C (Na") + 73.5xC (K")
+59.8x2C (Ca®") + 53.3x 2C (Mg**)}/1000
C: Molar concentrations (umol L'1) of ions in the parenthesis; each constant value is ionic
equivalent conductance at 25°C.

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

(3) Ry, which is calculated using the above equation, should be compared with standard values
in Table 6. If Ry is out of the range, re-measurement, check with standard solutions, and/or
inspection of calibration curves are necessary.

Table 6 Allowable ranges for R, in different concentration ranges

Ameas (mS/m) R (%)
<05 +20~-20
05~3 +13~-13

>3 +9~-9

(Reference) “Technical Documents for Wet Deposition Monitoring in East Asia (2000)”






3. RESULTS

The Network Center shipped artificial rainwater samples to 23 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 were calculated for each constituent of
the artificial rainwater samples such as: Average, Minimum (Min.), Maximum (Max.), Standard
deviation (S.D.), and Number of data (N). Outlying data, which are apart from the Average
greater than a factor of 3 of S.D. were not included for this calculation. As shown in Table 7,
average of submitted data were fairly well agreed with the prepared value/concentration within a
range of +10%. Cl and NH," gave rather varied data than others for both samples.

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

Constituents Prepared  Average S.D. N Min. Max.
[Sap’Ep'e No.1] 4.10 4.1 0.04 21 4.03 4.17
EC(mS/m) 7.45 714 0.17 21 6.86 7.61
SO,Z (umollL) 85.0 84.9 3.53 22 79.3 93.2
NO; (umol/L) 93.3 90.4 4.18 22 78.2 98.1
Cl'(umol/L) 108.4 105.5 8.17 23 81.4 124 4
Na*(umol/L) 68.4 67.5 2.21 20 63.5 72.0
K (umol/L) 15.8 15.6 0.85 23 13.9 175
Ca” (umol/L) 411 39.6 3.27 23 305 459
MgZ (umol/L) 18.7 18.8 0.57 21 17.8 20.4
NH," (umol/L) 87.8 89.6 4.05 21 785 98.4
[Saprﬂp'e No.2] 4.82 4.87 0.09 23 4.67 5.11
EC(mS/m) 176 1.68 0.07 22 1.50 1.82
SO,z (umol/L) 215 211 223 23 15.6 246
NO3 (umol/L) 19.4 18.6 0.73 21 16.6 19.7
CI'(umollL) 34.4 334 2.57 23 27.0 38.2
Na*(umol/L) 274 26.0 1.72 23 217 28.1
K*(umollL) 4.0 4.0 0.51 22 2.9 5.2
Ca’ (umol/L) 13.2 12.9 1.77 23 9.4 17.2
MgZ (umol/L) 37 3.7 0.45 22 2.5 45
NH," (umol/L) 16.7 16.8 2.94 23 9.1 228

(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 during 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 excess of DQOs value: the flag "E" was put
to the data that exceed DQOs by a factor of 2 (+15%~+30%), and the flag "X" was put to the
data that exceed DQOs more than a factor of 2 (<-30% or >30%). A set of data for each
sample was evaluated by the data checking procedures described further 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 circumstances of analysis in each
participating laboratory.  Evaluation of data on both the sample No.1 and No.2 is presented in
“3.1 Comparison by Sample”, evaluation of data for each constituent is presented in “3.2
Analytical Parameter”, and evaluation of data by the circumstances of analysis such as
analytical method used, experience of personnel, and other analytical condition is presented in
“3.3 Circumstance of Sample Analysis”.



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,2|NOs | ¢ | Na"| K' | ca®* [Mg®| NH," | Total
E 0 1 1 2 2 2 0 3 1 0 12
X 0 0 0 0 0 0 0 0 1 2 3
Data within DQOs| 23 22 22 21 21 21 23 20 21 21 215
Flagged(%) 00 | 43 |43 [ 87 |87 87 [ 00 | 130 [ 87 [ 87 6.5

*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), 12 analytical data out of 230 exceeded the DQOs by

a factor of 2 and flagged by "E".

3 analytical data out of 230 exceeded the DQOs more than a

factor of 2 and flagged by "X. Data flagged by "E" and "X" were 15 out of 230, shared about

6.5 percents of all reported data for sample No.1 (Fig.2).

Fig.2

Percentage of flagged data for Sample No.1




Table 9 Analytical Results of Sample No.1 (higher concentrations
Lab. 1D pH EC S0~ NO; Cr Na* K Ca” Mg™* NH, R1 R2
- (mS/m) (pmol/L) (pmol/L) (pmol/L) (pmol/L) (pmol/L) (pmol/L) (pmol/L) (pmol/L) - -
CNO1 4.11 7.20 81.7 81.7 1114 |E 55.4 16.2 E 34.9 X 12.6 91.6 -3.0 -0.9
CNO2 4.07 7.36 84.8 92.6 102.0 67.4 15.2 39.3 18.6 90.7 1.4 1.3
CNO3 4.08 7.01 81.2 91.0 101.9 64.7 15.7 39.1 18.2 91.9 2.0 2.8
CNO04 4.09 7.00 82.7 91.7 104.7 65.2 15.7 40.8 18.8 91.8 1.5 2.9
1DO1 4.57 5.78 87.4 73.1 E 814 64.5 15.8 E 30.5 19.8 55.1 -11.2 -8.2
ID02 4.12 6.86 86.8 84.1 124.4 66.4 16.4 40.0 18.9 88.5 -2.3 3.6
JPO1 4.15 7.30 84.5 92.6 102.2 69.9 14.0 39.7 18.6 89.9 -0.4 -1.7
JP02 4.12 7.06 84.2 93.1 107.0 68.9 14.4 41.3 18.6 84.0 -0.8 1.3
JP03 4.15 6.99 83.2 89.3 112.0 66.8 15.1 39.8 18.4 47.3 -7.5 -1.6
JP04 4.15 7.02 82.6 91.6 109.0 76.7 15.7 45.9 20.4 90.1 27 1.4
JP05 4.06 7.19 80.9 89.0 101.0 69.2 15.6 42.9 19.0 78.5 3.1 2.1
JP06 4.15 7.02 79.3 914 98.5 70.5 16.7 40.1 18.9 98.4 3.6 0.1
JP0O7 4.14 7.38 69.0 93.3 108.0 68.2 15.5 41.2 18.7 87.2 34 -3.2
JP08 417 7.03 83.7 92.0 108.0 68.6 15.5 40.7 18.5 87.3 -1.4 -0.4
KRO1 4.12 7.26 92.3 89.2 108.5 67.1 15.2 36.1 19.2 96.3 -2.3 0.9
MYO1 4.03 7.03 93.2 88.9 E 91.1 72.0 16.7 40.6 19.4 89.6 3.3 6.0
MNO1 4.11 7.17 90.9 98.1 1111 68.2 15.3 41.4 17.8 93.6 -2.3 2.6
PHO1 4.15 6.42 84.4 91.3 102.6 66.5 15.0 E 33.0 18.6 91.1 -2.3 41
RUO1 4.09 7.18 82.0 93.5 111.0 64.9 17.5 371 18.1 89.8 -0.6 1.6
THO1 4.16 7.17 86.4 93.3 109.3 63.5 15.8 42.4 19.4 88.8 -2.0 -0.5
THO2 4.10 7.02 87.5 92.0 107.7 70.1 16.2 41.4 18.7 88.9 0.0 3.1
THO3 3.96 7.12 84.1 90.8 101.2 67.2 13.9 40.4 18.8 86.8 4.7 8.0
VNO1 4.09 7.61 85.0 78.2 113.4 |E| 481 14.5 41.6 E 22.0 86.2 -0.6 -1.8

E:Value exceeded the DQO(£15) 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,7|NOs | cr | Na* | K' | ca® | Mg* | NH," | Total
E 0 1 3 1 3 2 5 7 5 2 29
X 0 0 0 1 0 0 1 1 2 3 8
Data within DQOs| 23 22 20 21 20 21 17 15 16 18 193
Flagged(%) 00 | 43 [130] 87 [130[87 | 261 [ 34.8 [30.4 ] 21.7 | 16.1

*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), 29 analytical data out of 230 exceeded the DQOs by
a factor of 2 and flagged by "E". For Ca”, data from 7 laboratories were flagged by “E”. 8
analytical data out of 230 exceeded the DQOs more than a factor of 2 and flagged by "X".
Data flagged by “E” and “X” were 37 analytical data out of 230, shared up to 16.1 percents of all
reported data for sample No.2 (Fig.3).

Data w ithin
DQOs
83.9%

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

Number of flagged data for Sample No.2 was about twice in the rate of flagged data as
compared with Sample No.1. It indicates the difficulty of the analysis of lower concentration
sample, particularly for SO,%,CIK*,Ca** Mg®* NH,". The data on Ca?" included a high
rate(>10%)of the flagged data for the both concentration samples .



Table 11 Analytical Results of Sample No.2 (lower concentrations)

Lab. 1D pH EC SO~ NOs cr Na* K* ca® Mg?* NH," R1 R2
- (mS/m) (pmol/L) (pmol/L) (pmol/L) (umol/L) (pmol/L) (pmol/L) (pmol/L) (pmol/L) - -
CNO1 4.87 1.66 E 15.6 16.6 33.7 E 22.8 3.8 13.0 X 2.5 X 22.8 7.1 -2.2
CNO02 4.79 1.78 23.3 19.3 33.7 25.9 4.0 13.3 3.6 17.1 -1.3 1.0
CNO03 4.83 1.66 23.3 18.9 35.3 23.4 3.7 13.9 3.9 17.0 -3.2 3.3
CNO04 4.81 1.66 22.0 18.8 35.3 25.2 4.4 14.2 3.7 17.3 0.0 3.8
1D01 5.02 1.36 E 17.5 13.6 E 29.1 24.6 3.3 E 9.4 3.7 E 12.4 -1.0 -1.2
1D02 4.93 1.50 18.5 18.2 34.3 25.8 4.1 12.8 3.6 X 9.1 -3.5 0.5
JPO1 4.88 1.75 21.2 18.5 30.8 27.8 4.0 12.3 3.6 17.5 1.4 -2.9
JP02 4.84 1.72 21.5 19.1 34.1 27.6 3.5 E 15.2 3.7 15.5 1.4 0.7
JP03 4.89 1.66 21.1 19.4 34.4 26.6 3.7 12.9 3.6 18.2 -0.8 0.5
JP04 4.92 1.67 22.0 19.0 35.1 27.7 4.3 13.0 3.6 19.0 -1.0 0.3
JP05 4.87 1.75 20.5 18.5 33.1 26.9 3.7 14.8 E 4.3 17.1 3.5 -1.6
JP06 4.90 1.69 18.3 17.4 E 27.0 24.5 3.7 12.9 E 2.9 17.2 5.1 -5.1
JPO7 4.86 1.69 21.3 18.6 33.4 27.2 2.9 E 10.3 E 2.9 17.8 -3.6 -1.1
JP08 4.91 1.68 21.8 18.7 34.2 27.7 3.8 13.1 3.6 16.6 -1.4 -0.7
KRO01 4.88 1.63 24.6 18.6 31.9 27.3 5.2 12.7 4.0 X 10.1 -5.6 1.4
MYO01 4.67 1.73 23.6 17.3 E 27.9 28.1 4.0 E 11.2 3.6 16.8 3.9 5.4
MNO1 4.83 1.75 22.6 19.4 36.0 27.5 4.0 12.9 3.9 18.9 -0.8 1.3
PHO1 5.11 1.56 21.8 18.7 324 24.9 4.6 E 10.4 3.9 E 20.3 -4.7 -2.8
RUO1 4.80 1.74 21.7 19.1 33.1 25.6 4.6 E 11.0 3.7 18.7 -0.8 0.6
THO1 4.89 1.67 21.7 18.9 34.1 26.3 4.3 E 15.7 E 4.5 15.5 1.5 0.9
THO02 4.75 1.57 22.7 18.6 35.3 27.9 4.2 12.6 3.8 18.9 1.1 9.2
THO3 4.80 1.63 21.3 19.7 35.8 26.0 5.0 X 17.2 E 4.4 17.3 4.5 6.5
VNO1 4.85 1.82 E 16.6 23.7 38.2 E 21.7 7.5 11.5 X 8.7 15.2 2.0 -2.6

E:Value exceeded the DQO(£15) 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 Parameter

The general overviews of data were presented below in Figures and Tables for each analytical
parameter. The results received from each laboratory were normalized by prepared values to
evaluate a deviation. The numbers of flagged data were shown in table for each analytical
parameter.

pH
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-60 %
= Sample No.1 @ Sample No.2
Fig.4 Distribution of pH data normalized by prepared value
Table 12  Analytical method and flagged data of pH
Analytical Method
| pH meter and electrode | 2323 |

Flagged data

E X Flagged (%)
Sample No.1 0 0 0
Sample No.2 0 0 0

All participating laboratories used pH meter with glass electrode for measurement of pH.
Most of obtained data were agreed with prepared value. Many laboratories submitted slightly
higher pH values than prepared value. The relative standard deviations of the pH values for
sample No.1 and No.2 were good as a result of 0.9% [11.8% after rejecting the data which
exceeds 3 times of standard deviation from average value.
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Fig.5 Distribution of EC data normalized by prepared value

Table 13  Analytical method and flagged data of EC

Analytical Method

| Conductivity meter and cell | 23123 ]
Flagged data
X Flagged (%)
Sample No.1 1 0 4.3
Sample No.2 1 0 4.3

All participating laboratories used conductivity cell for the measurement of EC. Obtained
data were almost agreed with the prepared value. However, Lab.ID01 submitted flagged data
by “E” for sample No.1 and No.2. Most of the laboratories reported lower data than prepared
value.
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Table 14  Analytical method and flagged data of SO,

Analytical Method

lon chromatography 22/23
Spectrophotometry 1/23
Flagged data
X Flagged (%)
Sample No.1 1 0 4.3
Sample No.2 3 0 13.0

All of the participating laboratories used ion chromatography for the determination of SO4*
except for one laboratory (Lab.VNO1 ), which used spectrophotometry. Sample No1 or No2 data
of Lab.CNO1, ID01, JP0O7, VNO1 were about 15% lower than prepared value.
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Table 15

Analytical Method

Analytical method and flagged data of NOj3’

lon chromatography 22/23
Spectrophotometry 1/23
Flagged data
E X Flagged (%)
Sample No.1 2 0 8.7
Sample No.2 1 1 8.7

The both data of Lab.IDO1 (obtained by ion chromatography ) and Lab.VNO1 (obtained by
spectrophotometry) were all flagged. The results of Lab.ID01 (obtained by ion chromatography)
were about 15-30% lower than the prepared value. It seemed to be the calibration error in the
analysis. The results of Lab.VNO1 were about 15% lower or higher value than the prepared
value. It seemed to be a problem in the analytical procedure with spectrophotometry method.
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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 22/23
Titration/Spectrophotometry 1/23
Flagged data
E X Flagged (%)
Sample No.1 2 0 8.7
Sample No.2 3 0 13.0

Same as SO,* and NO;’, most laboratories used ion chromatography for the determination of
CI.  One laboratory (Lab.VNO1) used titration method for the determination of CI. Data on
sample No1 and No2 of Lab.ID01, JP06, MY01 were about 15% lower than prepared value. It
seemed to be the calibration error in the analysis.
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Table 17 Analytical method and flagged data of Na*

Analytical Method

lon chromatography 15/23
Atomic absorption / Flame (emission) photometry 7/23
Inductively Coupled Plasma - Mass Spectrometry (ICP - MS) 1/23

Flagged data

E X Flagged (%)
Sample No.1 2 0 8.7
Sample No.2 2 0 8.7

15 laboratories used ion chromatography, 7 laboratories used atomic absorption/flame
(emission) photometry, and the other one laboratory (Lab.MY01) used inductively coupled
plasma mass spectrometry (ICP-MS) for the determination of Na’. There was no clear
difference of data obtained by these three analytical methods. Most laboratories submitted
adequate data for the prepared concentration, and there was a few flagged data in this survey.
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Table 18

Analytical Method

Analytical method and flagged data of K*

lon chromatography 15/23
Atomic absorption / Flame (emission) photometry 7/23
Inductively Coupled Plasma - Mass Spectrometry (ICP - MS) 1/23
Flagged data
E X Flagged (%)
Sample No.1 0 0 0
Sample No.2 5 1 26.0

Same as Na’, 15 laboratories used ion chromatography, 7 laboratories used atomic
absorption/flame (emission) photometry, and the other one laboratory (Lab.MY01) used
inductively coupled plasma mass spectrometry (ICP-MS) for the determination of K*.

There was clearly difference of data obtained by different analytical methods for Sample No.2.
Most of the data by ion chromatography were satisfied with the DQOs. But over half of the data
by atomic absorption/flame (emission) spectrometry was flagged out of the DQOs.(Lab.ID01,

KRO01, RUO1, VNO1)
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Table 19  Analytical method and flagged data of Ca**

Analytical Method

lon chromatography 15/23
Atomic absorption / Flame (emission) photometry 6/23
Inductively Coupled Plasma - Mass Spectrometry (ICP - MS) 1/23
Other method(Titration) 1/23
Flagged data
E X Flagged (%)

Sample No.1 2 0 13.0
Sample No.2 7 1 13.0

Same as Na’and K, ion chromatography, atomic absorption /flame (emission) photometry,
ICP-MS and titration were used for the analysis of Ca®".

There was no clear difference of data obtained by these analytical methods. Lab.ID01, PHO1
(atomic absorption photometry) submitted significantly deviated 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 15/23
Atomic absorption / Flame (emission) photometry 6/23
Inductively Coupled Plasma - Mass Spectrometry (ICP - MS) 1/23
Other method 1/23
Flagged data
E X Flagged (%)

Sample No.1 1 1 8.7
Sample No.2 5 2 30.4

15 laboratories used ion chromatography, 6 laboratories used atomic absorption/flame
(emission) photometry, and one laboratory (Lab.MY01) used inductively coupled plasma mass
spectrometry (ICP-MS) as analytical instruments for the determination of M92+. 1 laboratory
(Lab.VNO1) determined the concentration of Mg®* by calculation, subtracting the concentration
of Ca*" from concentration obtained by EDTA titration method. The data obtained by the
calculation are significantly outstanding from prepared concentration (Lab.VNO1).
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Table 21

Analytical Method

Analytical method and flagged data of NH,"

lon chromatography 16/23
Spectrophotometry (Indophenol blue) 3/23
Other method (Spectrophotometry) 4/23

Flagged data

E X Flagged (%)
Sample No.1 2 3 20.8
Sample No.2 2 4 25.0

=y

19 laboratories used recommended analytical method of EANET for the determination of NH,":
16 laboratories used ion chromatography. 3 laboratories used spectrometry (Indophenol blue).

Five laboratories (Lab.CNO1,
Lab.CNO1,

IDO1,

prepared concentration. Lab.ID01 and Lab.KR01 used other method (Spectrophotometry).

ID02, JPO3, KRO1) submitted significantly different data.
IDO2 and JP03 used ion chromatography and their data were deviated from



Overall Evaluation

Data on pH and EC were less varied compared with other ionic constituents. Measured data
on pH were slightly higher than the prepared value. On the other hand, measured data on EC
were slightly lower than the prepared value. However, this discrepancy seems to be less than
previous round robin project. Analytical data of NH," were varied particularly in this project. And,
data on other cations such as K, Ca2+, and Mg2+ were varied over 10%. It is expected to
improve the quality of data that has large deviation through the QA/QC activities in each
laboratory.
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(Relative standard deviation (%) = (Standard deviation / Average) x100; Reported data after removing the outliers)

Fig.14 Relative standard deviation of each constituent






3.3 Circumstance of Sample Analysis
Methods Used

As shown in Fig.15, most of participating laboratories made use of 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. Not recommended methods of EANET were
used in some laboratories for anion & cation analysis.
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NO3-

Na+
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@ Recomended methods O Other methods

Fig.15 Ratio of recommended method used in the project



Table 22 List of methods

Code Method

0 pH meter with electrode

Conductivity cell

Titration

Atomic Absorption Spectrometry

Emission Spectrometry

lon chromatography

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

Indophenol Spectrophotometry

Inductively Coupled Plasma - Mass Spectrometry (ICP - MS)
Graphite Furnace Atomic Absorption spectrometry (GFAA)
Other method

O©CONOOOAPWN-=-

-
o

X

Table 23 Analytical Method

SampleNo.1
Method | pH | EC [SO,5|NOs | CI' [ Na* [ K™ | Ca® | Mg® | NH,"
0 23
1 23(1)
2 1 1 [1(1)
3 ] 7 Te@] 6
4
5 22221 22@)[15(1)] 15 T15(1)[15(1)] 16(1)
6
7 1 [1(1) 4(1)
8 3
9 1 1 1 1
10
X
FlaggedE] O [ 1 | 1 2T 27T 21T o] 3] 170
FlaggedX| o J o J oJ ol ol ol ol o] 112
Sample No.2
Method | pH | EC [SO,“|NOs | CcI | Na™ | K [ Ca® [ Mg* | NH,"
0 23
1 23(1)
2 1 1 [1(1)
3 74 16B)] 6
4
5 22(2)[ 22(0)] 22(3)[ 15(1)[ 15(2)] 15(4)[ 15(6)] 16(2)
6
7 1(1) | 1(1) 4(1)
8 3(2)
9 1 1 1) 1
10
X
Flagged E| O 1 3 1 3 2 5 7 5 2
Flagged X| 0 0 0 1 0 0 1 1 2 3

Reverse mesh is recommended method of EANET

(' ): Number of data, which flagged by “E” or “X”



Number of staff in charge of measurement

Number of staff in charge of measurement on rainwater samples is described in Table 24.
In thirteen laboratories, only one person carried out measurement of rainwater samples in each
Lab. In other laboratories, from 2 to 5 persons carried out measurement, and usually their
responsibilities were separated by the methods 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 10 laboratories). In
one laboratory, two staffs collaborate to analyze same constituents.

Table 24  Staff in charge of measurement
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“A”, “B”, “C”, and “D” represent individuals of staff in each laboratory who are in charge of measurement.

Reverse mesh: Flagged data of “E” or “X” in sample No.1 and/or sample No.2.



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’, same as previous surveys.

Table 25 Years of experience

Unit: year

Lab.ID pH | EC |sos*|Nos | cr | Na*| K' | ca® [Mg* | NH4"
CNO1 10 10 | 10 | 10 | 10 | 10 | 10 10 10 | 10
CNO2 5 5 10 | 10 | 10 | 2 2 2 2 6
CNO3 2 2 2 2 2 2 2 2 2 2
CNO04 6 6 6 6 6 6 6 6 6 6
D01 2 2 12 12 12 2 2 2 2 2
ID02 1 1 3 3 3 1 1 1 1 3
JPO1 17 17 | 17 | 17 | 17 | 17 | 17 17 17 | 17
JP02 2 2 2 2 2 2 2 2 2 2
JP03 4 4 4 4 4 4 4 4 4 4
JP04 13 13 | 13| 13 [ 13 [ 13| 13 13 13 | 13
JP05 5 5 5 5 5 5 5 5 5 5
JP06 1 1 1 1 1 1 1 1 1 1
JP07 5 5 5 5 5 5 5 5 5 5
JP08 1 1 1 1 1 1 1 1 1 1
KRO1 3 3 3 3 3 3 3 3 3 3
MY01 4 4 4 4 4 1 1 1 1 3
MNO1 4 4 4 4 4 4 4 4 4 4
PHO1 2 2 3 3 3 5 5 5 5 4
RUO1 4 4 4 4 4 2 2 2 2 4
THO1 1 1 3 3 3 1 1 1 1 1
THO2 1 1 1 1 1 1 1 1 1 1
THO3 1 1 1 1 1 1 1 1 1 1
VNO1 16 16 7 7 6 | 16 | 16 7 7 16

Reverse mesh: Flagged data of “E” or “X” in sample No.1 and/or sample No.2

1 year means experience with one year or less



The number of flagged data in laboratories.
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Fig.16 The distribution of laboratories with the number of flagged data

Table 26 Number of flagged data in each laboratory.

Number of flagged data Number of laboratories Share
0 8 34.8%

1 4 17.4%

2 4 17.4%
3 3 13.0%
4 1 4.3%
5~6 0 0.0%
7 1 4.3%

8 1 4.3%
9~11 0 0.0%
12 1 4.3%

In this project, the number of flagged data was 52 among a total of 460 data. The attribution of
flagged data in each laboratory was as shown in Table 26.

Number of excellent laboratories without flagged data was 8, which was equivalent to about
1/3 of the all-participating laboratories. Moreover, 16 laboratories (70% of all) submitted less
than 2 flagged data, which seemed to be managed comparatively well.  On the other hand, 2
laboratories with 7~8 flagged data and 1 laboratory with 12 flagged data need some
improvement. One of these laboratories could use neither ion chromatography nor atomic
absorption spectrometry, although they had this kind of individual equipment. Therefore, these
laboratories should make an effort for implementation of analytical procedure.



Water temperature at measurement (pH and EC)

As described in Table 27, most of the participating laboratories measured pH and EC around
25 degrees centigrade, which is the recommended condition by EANET. There were two
laboratories that water temperature was lower than 20 degrees centigrade. However, these
laboratories reported adequate data.

Table 27  Water temperature at measurement (pH and EC)

Unit: degrees centigrade

Lab.ID | pH Sample No.1 | pH Sample No.2 | EC Sample No.1| EC Sample No.2
CNO1 25 25 25 25
CNO02 19 19 19 19
CNO03 11 11 11 11
CNO04 25 25 25 25
1D01 25.6 25.6] E 25.60] E 25.6
1D02 25 25 25 25
JPO1 23.1 23.6 22.8 23.7 22.31 23.0 22.31 22.9
JP02 25 25 25 25
JP03 24.8 24.8 24.8 24.8
P04 24.5 24.6 24.9 25
JP05 22.5 22.5 22.5 22.5
JP06 25 25 25 25
JPO7 25 25 25 25
JP08 25 25 25 25
KRO1 25 25 25 25
MYO1 23.7 22.7 25.1 24.1
MNO1 25 25 25 25
PHO1 25 25 25 25
RUO1 25 25 25 25
THO1 24.5 25 24.5 25.5
THO2 25 25 25 25
THO3 25 25 25 25
VNO1 25 25 25 25

E: E flagged the data (Value exceeded the DQO(+15%)
X: X flagged the data (Value exceeded the DQO(+30%)




4. COMPARISON OF 1% 2™ 3 AND 4" SURVEY

The inter-comparison surveys were carried out 4 times, so far their results of the number of
flagged data are shown in Fig. 17. For the first survey (1998), the rate of data that satisfied the
required data quality objectives (DQOs) was about 75-78%. On the 2" (1999), 3" (2000), and
4™ (2001) survey, the rates of DQOs were up to 84-93%. The data quality seemed to be
improved by accumulating experiences. However, the results of the 2", 3“and 4"survey remain
at almost same levels. This seems to be a room to be improved taking into account the
laboratories, which have inadequate using condition of equipment or apparatus. Contamination
from used instrument, measurement apparatus and so on might be considered, especially, for
the low concentration sample (Sample No.2), which contains about 16% flagged data, all above
should be reduced to improve the data quality. It is also important to secure the reduction of
background noise and to keep the linearity of calibration curve in analytical process.

Sample No.1 |Sample No.2
100% / 10, 100% = 5.7 6.4
| ) 8.6 8.1 12.
11. !
80%F sowp” |[:
60%V 60%}"
] 1 85. 85. 83,
a0%l | 78 aout” |l
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T 0% |
0% 1st ond - ath 1st. 2nd. 3rd. 4th.
Atten;pt Attem.pt Atten;pt Attem.pt Attempt  Attempt  Attempt  Attempt
‘ 0 Data within DQOs @E OX O Data within DQOs @E OX

Fig. 17 Comparison of 1%, 2",3™ and 4™ inter-laboratory comparison project



5. FOR IMPROVEMENT OF MEASUREMENT PRECISIONS
The following fundamental matters should be taken into account in measurement, analysis,
and data control processes.

5.1 Fundamental measurement and analysis matters

Clearance from contamination of the apparatus, materials and reagents used for measurement
and analysis must be confirmed beforehand; blank values of target substances should be as low
as possible. Measurement and analysis should be conducted by persons who are well trained.

To maintain high analytical quality, SOPs must be prepared for the management of apparatus,
materials and reagents.

Other details on measurement and analysis of samples are as follows.

1) Deionized water

Water with a conductivity less than 0.15mS/m is acceptable for measurements, analyses,
dilution of precipitation samples and cleaning.
2) Certified materials and certified samples

The measurements are evaluated by comparison of measured results of samples and certified
materials. In order to assure the reliability of measurements, the certified solutions and certified
materials that were certified for traceability should be used as much as possible.

3) Pretreatment of samples at analytical laboratory

Conductivity and pH should be measured as soon as possible after sample receiving, and
checking agreement of samples and sample list.

Effort should be made to start analysis of the other parameters within a week of sample arrival
in the laboratory and to complete the data sets by measuring EC, pH and all other chemical
parameters.

4) Adjustment of analytical instruments

Each of the analytical instruments must be calibrated when they are used, and they should be

adjusted as appropriate.

5.2 Evaluation of reliability
1) Sensitivity fluctuation of analytical instruments

While numerous samples are measured, measurements should be continued after confirming
that the sensitivity fluctuation is within the prescribed range.
a) For example, lon chromatography

A new calibration should be performed not more than 30-sample measurements. Reference
materials should be measured after the calibration. It should also be done once or twice before
the next calibration. Control charts should be applied for the measurement of the reference
materials. Standard solutions and reference solutions must be prepared from different stock
solutions in order to be independent. If the results of the control solutions are outside of 3
standard deviations, or out of 15 % from the expected value, the reasons should be found and
corrections will be made, and reference solution will be measured again.

If the retention time changes slowly while the separator column is deteriorating, then adequate
actions could be taken as appropriate. If it changes significantly in a relatively short time, the
reasons should be found and removed, then the reference material must be measured again.

5.3 Data control
1) Data check in analysis organizations
When the sensitivity of instruments is not stable, when the results of duplicate analyses or



re-measurements are significantly different, or when the ratio of a theoretical value to that for
determined data in ion balances and electrical conductivity is significantly different from 1.0,
measurement should be repeated since reliability is low. When samples seem to be obviously
contaminated, these data should be treated as unrecorded data.

Abnormal or unrecorded data can corrupt research results. So, careful checks are needed to
avoid data of inadequate quality. When abnormal or unrecorded data appear, the process
should be carefully reviewed to prevent the occurrence of the same problem in the future.
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APPENDIX 1 Contact address of participating laboratories

1. CHINA

DMt LIAO (CNOD)
Drector,

Zhuhai Environmental Monitoring Station
No. 1 Xiangzhou Xinguangli, Zhuha,
519000 PR.Chima

Tel: +86-756223-5824

Fax: +86-7562256754

2)Mr: GAO Chengfie (CN®2)
Director,

Environmental Monitoring Station of Xiamen
No.56 South Hubin Road, Xiamen,

361004 PR China

Tel: +86-59-22204424

Fax: +86-59-22204424

3)Ms. LIU Juan

Deputy dirctor (N03)
Xi’an Environmental Monitoring Station
No.&4 Youyi East Road, Xi’an,

710054 PR. China

Tel: 86297844834

Fax: +86-29-7834837

4)Ms ZHANG Weidong (CNO4)
Director,

Chonging Institute of Environmental Science
37 Jialing V.G~ Jiangbei District, Chongging
400020PR. Chire,,

Tel+8623.6785-5302
Fax:+86:23-6785-0069

2.INDONESIA

5)Mt: Hery HARJANTO (IDo1)

Chief,

Meteorological and Geophysical Agency (BMG)
JLAngkasa No2 KEMAYORAN, Jakarta, 10720,

Indonesia
Tel: +62-21-424-6321
Fax:+62-21424-6703

6)DrsimamHendargoALMA.+ (IDO2)

Assistant Deputy,

Center for  Envionmental Impact  Control — Facilities
(PUSARPEDAL)

Environmental Impact Management Agency (BAPEDAL),
Kawasan PUSPIPTEK J1. Raya Puspipick,

Serpong Tangerang 15314, Indonesia

Tel: +62-21-756-0229/0562

Fax:+6221-756:02303115

3.JAPAN

7)M: Tzumi NOGUCHI (JPO1)
Hokkaido Institute of Environmental Sciences

Kita-19 Nishi-12 Kita-ku, Sapporo-shi, 060-0819 Japan
Tel:+81-11-747-211
Fax:+81-11-7473254

8) M Takahiro MORITA JP2)
Deputy Director,

Tto Kogai Research Co. Ltd.

1-226-8 Omori Kita, Otaku, Tokyo, 11430016 Japan
Tel:+81-3-3761-0431

Fax: +81-3-3768-5593

9)Mt: Morio KAWAMURA JP03)
ChiefResearcher;

Nagano Research Institute for Health and Pollution

1978 Amorikomemura, Nagano-shi, 380-0944 Japan
Tel:+81-262270354

Fax: +81-26224-3415

10) Mr: Hiroshi SUMITA (JPO4)

Giftx Prefoctural research Institute of health and Environmental Science
1-1 Nakafuidougaoka, Kagaamigahara-shi, S04-0838 Japan
Tel: +81-583-80-2100

Fax:+81-583-71-5016

11) Mt Hiroko UEMATSU (JP05)

Atmospheric  ScienceSection, Kochi Prefectural Environmental



Research Center

6743 sanbashi-dori, kochi-shi, 780-8010 Japan
Tel:+81-888-33-6688

Fax:+81-888-33-8311

12) M Tatsuya SAGAWA %)
Researcher,

Atmospheric Science Section,

Shimene Prefectural Institue of Public Health and Environmental
Science

582-1 Nishihama-sac-cho, Matsue-shi, 6900122 Japan
Tek+81852.368181

Fax:+81-85236.6683

13)M: Yoshikatsu KINJO JP07)
Research Manager and Chiefof Air Pollution Section,
Okinawa Research Institute of health and Environment
2085 Ozato, Ozato-muira, Okinawa, 901-1202 Japan
Tel:+81-98- 94540781

Fax: +81-98-945-9366

14) DrTsumugu TOTSUKA (JPO3)
Director General,

Acid Depositon and Oxidant Research Center (ADORC)
1182 sowa, Niigata-shi, 9502144  Japan

Tel: +81-25263-0550

Fax: +81-25-263-0567

4. Republic of KOREA

15) D JinsSeok Han (KRO1)

Director,

National Institute of Ervironment Research (NIER)

2-1 Kyongseo-Dong, Seo-Gu, Incheon,404-170  Korea
Tel: +82-32-560-7108

Fax:+82-32-568-2039

5. Malaysia

16)Ms Wong Fook Lian (MYOI)
Head, Environment Section,

Division of Einvironmental Health,

Departmentof Chemistry Malaysia,

Jalen Sultan 46661 Petaling Jaya, Selangor, Malaysia
Tk +60:3-7956.9522

Fax:+60:3-7955-6764

6. Mongolia

17)Ms Bulgan Tumendermberel (VNOI)
o

Central Laboratory of Environmental Monitoring,

National Agency for Meteorology, Hydrology and Ennvironmental

Mo

Ministry of Neture and Environment

Chingisavenue-10, Khan-Uul district-3, Ulaanbeataar-36 Mogolia
Tel+976-11-341-818
Fax:+976-11-321401

7. PHILIPPINES

18)Ms. EllaS. Deocadiz (PHO1)

Environmental Management Bureau (EMB),

Department of Environment and Natural Resources (DENR)

EMB Bldg, DENR Compound, Visayas Ave,, Diliman, Quezon City
1100 Philippines

Tel+63-2928-1185

Fax: +63-22920-2263

8.RUSSIA

19)Dr Tarmara V.KHODZHER RUOT)

Vice Director;

Limnological Istitute of the Russian Academy of Sciences/Siberian
BranchRAS/SB)

Ulsn-Batorskaya 3 , Irkutsk, 664033, RussianFederation

Tel: +7-3952-460502

Fax:+7-3952-460405

9. THAILAND

20) M. Phaka SUKASEM (THO1)
Environmental Research and Training Center (ERTC),

Department of Environmental Quality Promotion

Technopolis, Klong 5, Klong Luang, Pathunmthani 12120
Thailand

Tel:+66-2-577-1136

Fax:+66-2-577-1138

21) Mt Phunsak Theramongkol (THO2)
AirQuality and Noise Management Division,

Pollution Control Department (PCD),

Ministry of Science Technology and Environment (MOSTE)



92 Sol Phahon Yothin 7, Phehon Yothli
Rd, Sam senNel, Phayathai, Bangkok, 10400 Thailand
Tk 1662298239
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APPENDIX 2

Original data
Sample No.1(higher concentrations)

Lab. ID pH | EC [so, [ Nos | ¢ | Na* | K | ca®™ | Mg™ | NH,
- mS/m | ymol/L | ymol/L | ymol/L | ymol/L | ymol/L | pmol/L | pmol/L | pmol/L

CNO1 411 | 720 | 81.7 | 81.7 | 111.4]| 554 | 16.2 | 349 | 126 | 91.6
CNO02 407 | 736 | 84.8 | 926 [ 102.0] 674 | 15.2 | 39.3 | 18.6 | 90.7
CNO03 408 | 701 ] 81.2| 91.0 [101.9] 64.7 | 15.7 | 39.1 | 18.2 | 91.9
CNO0O4 4,09 | 7.00 | 827 | 91.7 [ 104.7] 65.2 | 15.7 | 40.8 | 18.8 | 91.8
IDO1 457 | 578 |1 874 | 731 | 814 | 645 | 15.8 | 30.5 | 19.8 | 55.1
ID02 412 |1 6.86 | 86.8 | 84.1 [124.4] 664 | 16.4 | 40.0 | 18.9 | 88.5
JPO1 4151 7.30 | 84.5| 926 [102.2] 69.9 | 14.0 | 39.7 | 18.6 | 89.9
JP02 412 |1 7.06 | 84.2 | 93.1 [107.0] 689 | 144 | 413 | 18.6 | 84.0
JP03 4151 6.99 | 83.2 | 89.3 [112.0] 66.8 | 15.1 | 39.8 | 18.4 | 47.3
JP04 4151 7.02 |1 826 | 91.6 [ 109.0] 76.7 | 15.7 | 45.9 | 20.4 | 90.1
JP05 406 | 7191 80.9 | 89.0 [101.0] 69.2 | 15.6 | 429 | 19.0 | 78.5
JP06 415 | 702 | 793 | 914 | 985 | 705 | 16.7 | 40.1 | 189 | 98.4
JPO7 414 | 7.38 | 69.0 | 93.3 | 108.0] 68.2 | 155 | 41.2 | 18.7 | 87.2
JP08 412 | 7.26 | 92.3 | 89.2 | 108.5] 67.1 | 15.2 | 36.1 | 19.2 | 96.3
KRO1 417 | 7.03 | 83.7 | 92.0 | 108.0] 68.6 | 15.5 | 40.7 | 18,5 | 87.3
MYO01 403 | 703 ] 932|889 | 911 ]| 720 | 16.7 | 406 | 19.4 | 89.6
MNO1 411 | 717 | 909 | 98.1 | 111.1] 68.2 | 153 | 414 | 17.8 | 93.6
PHO1 415 ]| 642 | 84.4 | 91.3 |102.6] 66.5 | 150 | 33.0 | 18.6 | 911
RUO1 409 | 718 | 820 | 935 |111.0] 649 | 175 | 37.1 | 18.1 | 89.8
THO1 416 | 717 | 86.4 | 93.3 | 109.3] 63.5 | 158 | 424 | 19.4 | 88.8
THO2 410 | 7.02 | 87.5 | 92.0 | 107.7] 701 | 16.2 | 414 | 18.7 | 88.9
THO3 396 | 712 | 84.1 | 90.8 | 101.2| 67.2 | 13.9 | 404 | 18.8 | 86.8
VNO1 409 | 761 | 850 | 78.2 |113.4]| 481 | 145 | 416 | 22.0 | 86.2
Preparedvalue | 4.10 | 7.45 | 85.0 | 93.3 [ 108.4]| 684 | 158 | 41.1 | 18.7 | 87.8

Data count 23 23 23 23 23 23 23 23 23 23
Average 413 | 7.05| 84.2 | 89.6 [105.5]| 66.5 | 15.6 | 39.6 | 18.7 | 86.2
Minimum 396 | 5781 69.0 | 73.1 | 814 | 481 | 139 | 305 | 12.6 | 47.3
Maximum 457 | 761 | 93.2 | 98.1 |124.4| 76.7 | 175 | 459 | 22.0 | 98.4
Standard deviation| 0.11 | 0.35 | 4.74 | 540 | 817 | 545 | 0.85 | 3.27 | 1.55 | 11.54




Sample No.2(lower concentrations)

Lab. ID pH | EC |so, | NOs [ cr | Na* [ K | ca™ | Mg* [ NH,"
- mS/m | ymol/L | ymol/L | ymol/L | pmol/L | ymol/L | pmol/L | pmol/L | pmol/L
CNO1 487 |1 166 | 156 | 16.6 | 33.7 | 228 | 3.8 13.0 | 25 | 22.8
CNO02 4791 178 1 23.3 | 193 | 33.7 | 259 | 4.0 13.3 | 3.6 17.1
CNO03 4831 166 | 23.3 | 189 | 353 | 234 | 3.7 13.9 |1 3.9 17.0
CNO0O4 481 ] 166 | 220 | 188 | 353 | 25.2 | 44 142 | 3.7 17.3
IDO1 502 ] 136 | 175 136 | 291 | 246 | 3.3 94 3.7 12.4
ID02 4931 150 ] 185 | 18.2 | 343 | 25.8 | 4.1 12.8 | 3.6 9.1
JPO1 488 | 1751 212 | 185 | 30.8 | 27.8 | 4.0 123 | 3.6 17.5
JP02 484 1 1721 215 | 191 | 341 | 276 | 3.5 152 | 3.7 15.5
JP03 4891 166 | 211 | 194 | 344 | 266 | 3.7 129 | 3.6 18.2
JP04 492 1 167 | 220 | 19.0 | 351 | 27.7 | 4.3 13.0 | 3.6 19.0
JP05 487 1 1751 205 | 185 | 33.1 | 26.9 | 3.7 148 | 4.3 171
JP06 4901 169 | 183 | 174 | 27.0 | 245 | 3.7 129 | 2.9 17.2
JPO7 486 |1 169 | 213 | 186 | 334 | 27.2 | 2.9 10.3 | 2.9 17.8
JP08 4911 168 | 218 | 18.7 | 342 | 27.7 | 3.8 13.1 3.6 16.6
KRO1 488 |1 163 | 246 | 186 | 319 | 27.3 | 5.2 12.7 | 4.0 10.1
MYO01 467 | 1.73 ]| 236 | 17.3 | 279 | 281 4.0 112 | 3.6 16.8
MNO1 4831 1751 226 | 194 | 36.0 | 27.5 | 4.0 129 | 3.9 18.9
PHO1 511 ]| 156 | 21.8 | 187 | 324 | 249 | 4.6 104 | 3.9 | 20.3
RUO1 480 | 1741 21.7 | 191 | 331 | 266 | 4.6 11.0 | 3.7 18.7
THO1 489 |1 167 | 21.7 | 189 | 341 | 26.3 | 4.3 157 | 45 15.5
THO2 4751 157 | 227 | 186 | 353 | 27.9 | 4.2 126 | 3.8 18.9
THO3 4801 163 213 | 19.7 | 3568 | 26.0 | 5.0 172 | 4.4 17.3
VNO1 4851 1821 166 | 23.7 | 382 | 21.7 | 7.5 1.5 | 8.7 15.2
Preparedvalue | 4.82 | 1.76 | 21.5 | 194 | 344 | 274 | 4.0 13.2 | 3.7 16.7
Data count 23 23 23 23 23 23 23 23 23 23
Average 487 | 167 | 211 | 186 | 334 | 26.0 | 4.2 129 | 3.9 16.8
Minimum 467 | 1.36 | 156 | 13.6 | 27.0 | 21.7 | 2.9 9.4 2.5 9.1
Maximum 511 ]| 1.82 | 246 | 23.7 | 38.2 | 28.1 7.5 172 | 8.7 | 22.8
Standard deviation | 0.09 | 0.10 | 223 | 1.65 | 257 | 1.72 | 0.87 | 1.77 | 1.12 | 2.94




APPENDIX 3 Normalized values by prepared value

Normalized values by prepared value Sample No.1

pH EC | so,~ | NOoy | cr Na* K ca”" | Mg [ NH,"

CNO1 100.2 | 96.6 | 96.1 | 87.6 | 102.8 | 81.0 | 1025 | 849 | 67.4 | 104.3
CNO2 993 | 988 | 997 | 993 | 941 | 986 | 96,5 | 955 | 99.7 | 103.3
CNO3 995 | 941 | 955 | 975 | 940 | 946 | 994 | 951 | 97.3 | 104.7
CNO4 9908 | 940 | 973 | 982 | 965 | 952 | 99.1 | 99.2 | 100.6 | 104.6
IDO1 1115 | 776 | 1028 | 784 | 751 | 943 | 100.1 | 742 | 1059 | 62.8
ID02 100.5 | 92.1 | 1021 | 90.1 | 1148 | 97.1 | 103.8 | 97.4 | 101.2 | 100.8
JPO1 101.2 | 98.0 | 99.4 | 99.2 | 943 | 1022 | 886 | 96.6 | 99.5 | 102.4
JP02 1005 | 948 | 991 | 99.8 | 98.7 | 100.7 | 91.1 | 1005 | 995 | 95.7
JPO3 1012 | 938 | 97.9 | 95.7 | 1033 | 977 | 956 | 96.8 | 98.4 | 53.9
JP04 1012 | 942 | 972 | 98.2 [ 1006 | 112.1 | 99.4 | 111.7 | 109.1 | 102.6
JP05 990 | 965 | 952 | 954 | 932 | 101.2 | 98.9 | 104.4 | 101.6 | 89.4
JP06 1012 | 942 | 933 | 98.0 | 90.9 | 103.1 | 105.7 | 97.6 | 101.1 | 1121
JPO7 101.0 [ 99.1 | 81.2 | 100.0 | 996 | 99.7 | 98.1 | 100.2 | 100.0 | 99.3
JP08 101.7 | 944 | 985 | 986 | 996 | 1003 | 981 | 99.0 | 98.9 | 99.4
KRO1 100.5 | 97.4 | 108.6 | 956 | 100.1 | 98.1 | 96.2 | 87.8 | 102.7 | 109.7
MYO01 98.3 | 94.4 | 1096 | 952 | 84.1 | 105.3 | 105.9 | 98.9 | 103.7 | 102.0
MNO1 100.2 | 96.2 | 106.9 | 105.2 | 1025 | 99.8 | 96.8 | 100.8 | 95.1 | 106.6
PHO1 1012 | 862 | 993 | 979 | 946 | 972 | 949 | 80.3 | 99.5 | 103.8
RUO1 99.8 | 96.4 | 96.5 | 1002 | 1024 | 949 | 1106 | 90.3 | 96.7 | 102.3
THO1 1015 | 96.2 | 101.6 | 100.0 | 1009 | 92.8 | 99.9 | 103.2 | 103.6 | 101.1
THO2 100.0 | 942 | 1029 | 986 | 99.4 | 1025 | 102.5 | 100.7 | 100.0 | 101.3
THO3 966 | 956 | 99.0 | 974 | 934 | 983 | 881 | 98.2 | 100.7 | 98.9
VNO1 99.8 | 102.1 [ 100.0 | 83.8 | 1046 | 703 | 91.8 [ 101.2 | 1176 | 98.2
Minimum 966 | 776 | 81.2 | 784 | 751 | 703 | 88.1 | 74.2 | 67.4 | 53.9
Maximum 1115 | 102.1 | 109.6 | 105.2 | 114.8 [ 112.1 | 110.6 [ 111.7 | 117.6 | 1121
Average 100.7 | 946 | 991 | 961 | 97.4 | 97.3 | 984 | 96.3 | 100.0 [ 98.2




Normalized values by prepared value Sample No.2

Lab. ID pH EC | so,” | NOos | cr Na* K ca”" [ Mg®™ | NH,'
CNO1 1010 945 | 726 | 856 | 980 | 832 | 948 | 985 | 67.6 | 136.5
CN02 99.4 | 101.4 | 1081 | 99.4 | 979 | 946 | 99.8 | 1005 | 97.3 | 102.4
CNO3 100.2 | 945 | 1084 | 97.4 | 1026 | 854 | 925 | 105.3 | 105.4 | 101.8
CNO4 99.8 | 945 [ 1021 | 96.9 | 1025 91.9 | 108.8 | 107.3 | 98.9 | 103.4

IDO1 1041 | 773 | 814 | 69.9 | 847 | 89.7 | 833 | 715 | 1008 | 74.4
ID02 102.3 | 85.4 | 86.0 | 94.0 | 997 | 941 | 101.8| 969 | 976 | 54.5
JPO1 1012 | 99.7 | 986 | 954 | 89.5 | 1015 100.0 | 932 | 97.3 | 104.8
JP02 100.4 | 97.9 | 100.0 | 985 | 99.1 | 100.7 | 885 | 1152 | 99.7 | 92.8
JP03 1015 | 945 | 98.1 | 100.0 | 100.0 | 97.1 | 92.8 | 97.7 | 98.4 | 109.0
JP04 1021 | 95.1 | 102.3 | 97.9 | 102.0 | 101.1 | 106.5 | 985 | 96.2 | 113.8
JP05 101.0 | 99.7 | 953 | 954 | 96.2 | 98.1 | 925 | 112.1 | 115.4 | 102.4
JP06 101.7 | 962 | 851 | 89.7 | 785 | 89.4 | 935 | 97.7 | 78.6 | 103.0
JPO7 100.8 | 96.2 | 991 | 959 | 97.1 | 993 | 71.3 | 78.0 | 77.3 | 106.6
JP08 101.9 | 957 | 1014 | 96.4 | 99.4 | 101.1 | 955 | 99.2 | 98.4 | 99.4
KRO1 101.2 | 92.8 | 114.4 | 95.9 | 92.7 | 99.6 | 130.0 | 96.2 | 108.1 | 60.5
MYO1 96.9 | 985 | 109.7 | 89.1 | 81.0 | 102.6 | 100.3 | 84.5 | 97.3 | 100.4
MNO1 100.2 | 99.5 | 104.9 | 99.8 | 104.5 | 100.5 | 100.2 | 97.9 | 105.0 | 113.2
PHO1 106.0 | 88.8 | 101.4 | 96.4 | 942 | 90.9 | 115.0 | 78.8 | 105.4 | 121.6
RUO1 996 | 99.1 | 100.9 | 984 | 96.3 | 93.3 | 115.8 | 83.3 | 100.0 | 111.8
THO1 1015 | 953 | 101.0 | 97.2 | 992 | 95.8 | 107.2 | 118.9 | 121.1 | 92.8
THO2 985 | 89.4 | 1056 | 959 | 102.6 | 101.8 | 105.0 | 95.5 | 102.7 | 113.2
THO3 996 | 928 | 99.2 | 1016 | 103.9 | 95.0 | 123.8 | 130.4 | 119.3 | 103.9
VNO1 100.6 | 103.6 | 77.2 | 1222 | 111.0| 79.2 | 1875 | 87.1 | 235.1 | 91.0

Minimum 969 | 773 | 726 | 699 | 785 | 792 | 71.3 | 715 | 67.6 | 545
Maximum 106.0 | 103.6 | 114.4 | 122.2 | 111.0 | 102.6 | 187.5 | 130.4 | 235.1 | 136.5
Average 100.94| 9490 | 979 | 96.0 | 97.1 | 95.0 | 1046 | 97.6 | 105.3 | 100.6






