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1. INTRODUCTION

This inter-Jaboratory comparison project (round robin analysis survey of uniformly prepared
artificial rainwater samples) was conducted among the analytical laboratories in participating
countries 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
cther 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 technigues,

Artificial rainwater samples contained major ions, were prepared and distributed by the
Network Center (NC) at the end of 2003. All of the participating laboratories submitted their
analytical data to NC. Obtained data for pH, EC and concentrations of 8042', NOs, CI, Na’, K',
Ca2+, Mg2+ and NH," were compared with prepared values and stafistically treated. List of the
participating laboratories, individval analytical data with their |aboratory'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 (27 laboratories frem 12 countries)

Fig.1 Laboratories participated in the Inter-comparison project 2002 of the EANET



2. PROCEDURE
2.1 Participating Laboratories

Twenty-seven laboratories in charge of chemical analysis in 12 countries of EANET
participated in this survey. The Network Center (NC) shipped the artificial rainwater samples to
all of these 24 laboratories, and all of them submitted their analytical data to NC. The names
and contact addresses of the pariicipating laboratories are presented in APPENDIX 1.

2.2 Dispatched Rainwater Samples

Two kinds of artificial rainwater samples (of both higher concentration and lower
concentration) were distributed to the laboratories (See Table 1), The information on the
analytical precision and accuracy on individual parameters can be obtained through the
statistical freatment of submitted analytical data of 100 times diluted samples.

Table 1 Outline of artificial rainwater samples

Number
Amount of .
Name each sample Container of Note

samples

e . Known amount

Artificial rainwater samples . Poly-propyl One
No.021 (higher concentration) Approximately ene bottle bottle of reag?nts are
No.022 (Jower concentration ) 100mi 100ml each gissolvedin
: deionized 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 samples 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. The participating laboratories were informed that congcentration of each parameter
was within range described in Table 3.

Table 2 Reporting units of analytical parameters

Analyte Reporting Units
pH pH Unites -
EC milli siemens/meter mS/m
S0,.% micro mole/liter wmol/L
NOsy micro mole/liter wmol/L
cr micro mole/liter umol/L
Na* micro molefliter umol/L
K* micro mole/liter umol/L
ca?* micro molefliter umol/L
Mg?* micro mole/liter wmal/L
NH," micro mole/liter umal/L

Table 3 Concentration range of the artificial rainwater samples*

Parameter Range Parameter Range
pH 4.0-5.5 Na* 1-50umol /L
EC 1.0 - 10.0 m8/m K* 1-50umol /L
S02 5-100umol/L Ca> 1-50umol /L
NOs 5—100umol /L Mg®* 1-50umol /L
cr 5—150umol /L NH," 3-100umol /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 “Quality Assurance/Quality Control (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
S0 lon Chromatography
NOsy Spectrophotometry
Cr
Na'
; lon Chromatography
* Atomic Absorption/Emission Spectrometry
Mg2+
NH,* lon Chromatography
Spectrophotometry {Indophenol blue)




2.5 Data Checking Procedures
a) Calculation of ion balance {R;)

{1} Total anion (A) equivalent concentration (i eq/ L) is calculated by summing the
concentrations of all anions (C: wmolf L) .
A {zeql) = ZnCy (umol D) =2C (80,5 +C (NOg) +C (€D
Ca: electric charge of ion and concentration (g mol L") of anion .

(2) Total cation {C) equivalent concentration {xeq L") is calcutated by summing the
concentrations of all cations (C: wmol L) .
C (neql) = ZnCq (umol L") =10 ™ 4 ¢ (NH,) +C (Na") +C (K)
+2C (Ca®) +2C (Mg™)
Cci: electric charge of ion and concentration {wmol /L) of cation “i".

(3) Caleulation of ion balance (Ri)
Ri =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 Ry in different concentration ranges

C+A (meq/lL) R, (%)
< 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 {(Acale) should be calculated as follows;
Acalc (uScm™) ={349.7x10 ®*™ + 80.0%2C (SO,%) +71.5C (NO3)
4+76.3 C (CI) +73.5C (NHs) +50.1C (Na") +73.5XC (K"
+ 59.8X2C {Ca®") +53.3x 2C (Mg® ] 10000
C: Molar concentrations {gmol L") of ions in the parenthesis; each constant value is ionic
equivalent conductance at 25°C.

{(2) Ratio (Rp) of calculations (Acale) to measurements (Ameas) in electric conductivity
should be calculated as follows;
Ry =100 X {Acalc -Ameas)/ (Acalc + Ameas)

{3) R, which is calculated using the above equation, should be compared with standard value’s
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 ranges of EC

Ameas (mS/m) Rz (%)
< 0.5 +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 27 laboratories in the participating
countries of EANET, and received the data on analytical results from all 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). Oullying 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 values/concentrations within a range of
—4 to +8%. But there are few laboratories that submitted measured values of considerable
differences with prepared concentrations.

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

Constituents P"?\‘jg;ed A‘g’:)ge V;’.,%p SD. N Min.  Max.
[S‘:‘Jﬂp'e"'“m” 452 457 1 0.09 2 440 483
EC(mS/m) 3.44 3.32 -3.6 0.22 26 2.78 4.07
S04~ umoli) 44.7 43.9 -1.9 2.88 24 36.0 51.1
NO, (4 mol/L) 30.9 31.1 0.7 2.83 25 25.1 38.1
CI'(moliL) 66.0 65.5 -0.7 7.99 25 452 86.2
Na'(moliL) 46.1 46.2 0.3 5.05 25 33.0 59,7
K*( wmol/L) 6.9 6.7 2.6 0.79 25 4.1 8.8
Ca“ (i moliL) 20.5 19.8 3.5 2.13 25 14.8 26.3
Mg“" (. moliL) 7.0 6.9 -1.2 0.76 25 5.3 9.2
NH," (& moliL) 48.3 47.0 -2.6 6.02 25 27.9 61.8
[Sp?_lmp'e'\'°'°32] 480 486 . 0.10 25 468 511
EC(mS/m) 148 1.44 2.7 0.11 26 1.25 1.79
SO,~ wmoliL) 12.0 12.3 2.6 142 24 10.1 7.4
NO5 (1 mol/L) 21.3 21.4 0.2 1.68 24 18.1 26.3
CI( L moliL) 29.6 29.3 1.1 3.43 25 23.8 38.8
Na'( 1 mol/L) 25.6 25.1 2.0 3.09 25 17.5 33.5
K"( e mol/L) 2.5 2.7 8.8 0.44 25 2.2 3.9
Ca“" (1 mol/L) 4.4 4.6 3.7 0.70 25 3.6 6.3
Mg*" (1 moliL) 3.4 3.6 4.8 0.39 25 2.9 43
NH; (& moliL) 15.1 14.9 1.7 2.99 26 7.3 20.6

{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 in chapter 2.5 .

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.031 (higher concentrations) and No.032 (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.031 and No.032 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.031 (higher concentrations)

Table 8 Numbers of flagged data for the Sample No.031 (higher concentrations)

*

Flag pH EC S0, NO* Cf Na'° K'  ca® Mg® NH,' | Total
E 1 2 1 5 2 3 1 5 3 3 26
X 0 1 1 0 2 0 2 1 2 2 11

Data within DQOs 26 24 23 20 21 22 23 20 21 21 2
Flagged(%) 3.7 111 80 200 16.0 120 115 231 192 19.2 | 143

(Total data=258)

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

For sample No.031(higher concentrations), 26 analytical data out of 258 exceeded the DQQOs
by a factor of 2 and flagged by "E". 11 analvtical data out of 258 exceeded the DQOs more
than a factor of 2 and flagged by "X Data flagged by "E" and "X" were 37 out of 258, shared
about 14.3 percents of all reported data for sample No.031 (Fig.2).

Especially measured values of Cas’, NO3, Mgz’“,K+ and NH," have many results with flags.

Data within
DQOs
85.7%

Fig.2 Percentage of flagged data for Sample No.031
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Sample No.032 ({lower concentrations)

Table 10 _Number of flagged data for the Sample No.032 {lower concentrations)

Flag pH _EC SO NO* cf Na' K ca® Mg* NH, | Total
E 0 A T T (R TR 3 4 6 4 | 26
X 0 1 i b 2o 2 5 3 1 4 | 2

Data within DQOs 27 24 21 22 22 21 18 19 19 18 211

Flagged(%) | ©0 111 160 120 120 160 30.8 269 269 308 | 182

(Total data=258)
*E : Value exceeded the DQO by a factor of 2
*X : Value exceeded the DQO more than a factor of 2

For sample No.032 (lower concentrations), 26 analytical data out of 258 exceeded the DQOs
by a factor of 2 and flagged by "E". 21 analytical data out of 239 exceeded the DQOs more than
a factor of 2 and flagged by "X'. Data flagged by “E” and “X” were 47 analytical data out of 258,
shared up to 18.2 percents of all reported data for sample No.032 (Fig.3).

Many data on K" Ca®"Mg?*, NH," are marked with flags E or flags X.(Table 11)

Data within
DQOs
81.8%

Fig.3 Percentage of flagged data for Sample No.032

Evaluation

The ratio of flagged data for sample No.031 was 14.3%, and this value was almost the same
as the result in the sample No.021(2002). Both of them had almost same concentration for each
ion. In the sample with low concentration, the ratic of flagged sate in the sample No.032 was
18.9% and No022(2002) was 29.6%. The concentration of ion in the sample No.032 was higher
than the sample No.022 in the range from 1.3 to 5 times.

In general terms, this indicate the difficulty of analysis would depend on the concentration in
the sample especially on the trace analysis.

b
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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 their deviation. The numbers of flagged data were indicated in table for each

analytical parameter.
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Fig.14 Distribution of pH data normalized by prepared value

Table 12 Analytical method and flagged data of pH

Analytical Method

| pH meter and electrode [ 27727

Flagged data

E X Flagged (%)
Sample No.031 1 0 3.7
Sample No.032 0 0 4]

All participating laboratories used pH meter with glass electrode for measurement of pH.
Most of obtained data was 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.031 and No.032 were good to be 1.9% and 2.0% correspondently.
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Fig.15 Distribution of EC data normalized by prepared value

Table 13 Analytical method and flagged data of EC

Analytical Method
t Conductivity meter and cell | 27/27

Flagged data

E X Flagged (%)
Sample No.031 2 1 11.1
Sample No.032 2 1 11.1

All participating laborateries used conductivity cell for the measurement of EC. Obtained
data were almost agreed with the prepared values. However, Lab.CA01 submitted results
flagged by “X. There would be some problem in measurement. 74% of the Laboratories
reported lower data than prepared value for Samples including Sample No.031 and No.032.



S0~

S%IF N - MYO1 |
45 % = — :
30% | o2 ] —
CNO2 - v f
15 % - — _KRO1 ST S :
’ mﬁh iJPm P03 P05 gy alll o “_‘Rif‘[h
0% 'J Jn‘ [F'1'=.ﬂ“uq*t1' -ﬂ' -u—n'
L CNig Y | - | e e —— THD4
5% JPoz TP MNo1 RUDM
JPOS THO2
-30% k- - 12, 1 > i
45% F - - _
-60% — - P P —

Iﬂ Sample No.031 8 Sample No.032 |
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Table 14 Analytical method and flagged data of 8042'

Analytical Method

lon chromatography 24/25
Other method (Nephelometry) 1/24
Flagged data
E X Flagged (%)
Sample No.031 1 1 8.0
Sample No.032 2 2 16.0

All of the participating laboratories used ion chromatography for the determination of SO,
except for one laboratory (RUO2 }, which used Nephelometry.
In the Lab.IDO1, the straight line was applied as a calibration curve, even though the plot
points for the calibration draw a curve. As the result the data of sampleNo.031 and No.032
would exceed the range of DQOs value. This would be improved by using quadratic curve for
the calibration curve.
Lab.MYO01 reported the values approximately twice as much as the prepared value for both
Samples. It seemed to be a problem in the calculations.



NOjs

60 %
1D

45% — — —

— = MDY
30 % 1002

CNO3 m‘:ﬁ
8% POt JPOT oaHor
’ J " JPO7 [k
S “"T'WW [l in il
RuUo
5% [ —CMM_&—poy—ypeeJFOR- {l

-30% =

45% F —

-60 %

B Sample No.031 @ Sample No.032

Fig.17 Distribution of NOs data normalized by prepared concentration

Table 15 Analytical method and flagged data of NO;

Analytical Method
lon chromatography 24/25
Other method (Colorimetry} 1/25

Flagged data

E X Flagged (%)
Sample No.031 5 0 20.0
Sample No.032 2 1 12.0

The data flagged by “E” were increased approximately twice as much as the project 2002 for
the sample with high concentration.

The data of the Lab.ID01 (obtained by ion chromatography} were flagged in Sample No.031
and No.032. The reason would be the same as the data of sulfate. It seemed to be the
calibration error.

The results of the Lab.MY01 exceed +15% than the prepared value for the both samples
No.031 and No.032. The plot point for the calibration is relatively on the calibration curve. So
there is a possibility to have some problems in pretreatment of the standard solutions or in the
dilution of the artificial rain samples.
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Table 16 Analytical method and flagged data of CI°

Analyticai Method
lon chromatography 24125
Titration 1/24

Flagged data

E X Flagged (%)
Sample No.031 2 2 16.0
Sample No.032 1 2 12.0

Same as 8042' and NOj3, 24 laboratories used ion chromatography for the determination of
CI. The Lab.RUO02 used titration method for the determination of CI.

As for the sample No.031, the data of four Lab. (ID01,ID02, KR0O1,MY01) exceeded 15% or
30%. The reason why the data of the Lab ID01 was flagged would be the same as the data of
sulfate and Nitrate ion. In the Lab 1D02, KR0O1 and MY01, plot points for the calibration were
not on the line. There would be some problems in the preparation of standard solution.

As for the sample No.032, the data of three Lab. (JP06, KRO1, MY(1) exceeded 15% or 30%.
The flagged data for KRO1 and MY01 would be caused by the preparation of standard solution.
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Table 17 Analytical method and flagged data of Na*

Analytical Method

lon chromatography 21125
Atomic absorption spectrometry 3125
Flame (emission) spectrometry 1/25
Flagged data
E X Flagged (%)
Sample No.031 3 0 12.0
Sample No.032 2 2 16.0

21 laboratories used ion chromatography, 3 laboratories used atomic abserption photometry
{Lab.KRO1, PHO1, RUO1), and 1 Laboratories used flame (emission) photometry (Lab.RU02)
for the determination of Na*,

As for the sample No.031, 3 laboratories (Lab. IDO1, MY01, VNO1) have the date flagged “E” .
The plot points not on the calibration curve were observed in the data of ID0O1 and MY(1.
Regarding the 1D01, quadratic curve for the calibration curve would give good results.

And it is observed in the date from VNO1 that peaks were broadened and the separation of the
peaks Na® and NH4* were not good enough for the determination.

It seemed to be the same reason explained in the item NOj" that the results of IDO1and MY01
exceeded below -30% or above +30% of the prepared value for the sample No.032.
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Table 18 Analytical method and flagged data of K

Analytical Method

lon chromatography 22/26
Atcmic absorption spectrometry 326
Flame (emission) spectrometry 1/26

Flagged data

E X Flagged (%)
Sample No.031 1 2 11.5
Sample No.032 3 5 30.8

22 laboratories used ion chromatography, 3 laboratories used atomic absorption and one
laboratory used flame (emission) photometry, for the determination of K'.
There were many flagged data than the result of Na’. The concentrations of the sample
No.031 and No.032 were almost the same as that of the sample No.021 and No.022
respectively, But the ratio of the flagged data in this project decreased one half for both
samples.Obviously there were many flagged data in the sample No.032 of which concentration
is low than the sample No.031.
It seemed that the results depend on whether the calibration curve was made precisely or not
as explained in parameters S0.%, NO3, Cl'.,and Na".
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Table 19 Analytical method and flagged data of Ca**

Analytical Method

lon chromatography 22126
Atomic absorption photometry 4/26
Flagged data
E X Flagged (%)
Sample No.031 5 1 23.1
Sample No.032 4 3 26.9

22 laboratories used ion chromatography, 4 laboratories used atomic absorption for the

determination of Ca®".

One fourth of the data were flagged in both samples. Though the concentration of ca® (4.4

#mol/L) in the sample No.032 is lower than that of the project 2002, ratio flagged date was

improved from 41.7%(2002) to 26.9%.

As for the result of ID02 by ion chromategraph in the sample No.032, though the calibration
curve were made well and the blank wlue in the deionized water also was low enough, the
data was flagged by “X. There is a possibility to have the problems for preparing the standard

solutions.



24
Mg

80% x =
cam

lyu - — ————— -

D02 WAVD1

30% - 4
ﬂ:.m

CNO2 CNOo4 THOZ

Lk El El J l JPI]B MNG1

0% i A T

FN01CN°3 JPOS ez F.H.m " ﬂu THO1

“156% o 1 E—
JPO3

THO4 THOS | THOS5
-30% |
1D01

_45% - .- B ———

£0% : = —

Sample No.031 B Sample No.032

Fig.22 Distribution of Mgz" data normalized by prepared concentration

Table 20  Analytical method and flagged data of Mg**

Analytical Method
lon chromatography 2226
Alomic absorption spectrometry 4/26

Flagged data

E X Flagged (%)
Sample No.031 3 2 19.2
Sample No.032 6 1 26.9

lon chromatography, atomic absorption were used in the analysis of M92+ same as for
ca".
One fifth of the data was flagged in the sample No.031 and one fourth of the data was flagged
in the sample No.032.
Due to the low concentration of Mg2+ (1.75umol.~L) in the sample No.022 (project 2002},
there were many fagged data with the ratio of 54.2%. In this project 2003, the ratio of flagged
data decreased to 26.9% by being affected higher concentration with 3.4 mol/L.
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Table 21 Analytical method and flagged data of NH,"

Analytical Method

lon chromatography 21/26
Spectrometry (Indopheno! blue) 3/26
Other method (Spectrometry) 1/26
Other method (Colorimetry) 1126

Flagged data

E X Flagged (%)
Sample No.031 3 2 19.2
Sample No.032 4 4 30.8

24 laboratories used recommended analytical method of EANET for the determination of
NH;: 21 laboratories used ion chromatography; 3 laboratories used spectrometry
(Indophenol blue). one laboratory used spectrometry without using indophenol blue method;
one laboratory used Colorimetry.

Both the ratios of flagged data sample No.031 and No.032 were almost the same as the
project 2002, even though the concentration of sample No.032(3.4xmol,/L) was 3 times as
high as the sample No.022 (project 2002).

In the data of ID01, both results were below the —30% of prepared values. The calibration

curve was drowned fairly good. This would lead a estimation that injection volume of the
sample wasn't exact.

Regarding the data of VNO1, the peak of NH," wasn't separated well from that of Na*,



Overall Evaluation

The concentrations of anions and cations in the samples No.031 were approximately as
same as the sample of project 2002 except CI' and Na*. On the other hand, in regarding to the
sample with low concentration, the concentration of ions in the sample No.032 was higher than
the project 2002 except Ca®'in the range of 1.3 times to 5 times.

The relative standard deviation (R.S.D) of the sample No.031 and No.032 are shown in the
figure 14. The R.S.D of each parameter in the sample No.032 with low concentration
diminished comparing to the project 2002.

Comparing the ratio of the Flagged data, the ratios of the sample No.021(2002} and the
sample No.031, with high concentration were 13.8% and 14.2% respectively. As for the ratio of
the sample no.022(2002) and No0.032, with low concentration were 29.6% and 18.2%
respectively.

As reported in “the Report of the Inter-laboratory Comparison Project 2002 on Wet deposition”
ratio of flagged data was affected by the concentration of the ions.

In this project, as mentioned in the chapter 3.2, there are some laborateries having problems in
the determination of the ions and the measurement of pH and EC.

Principal cause of the flagged data depends on the calibration curve. The person in charge of
analysis should confirm the calibration curve drown on the chart. And before the analysis of the
rain samples, the reliability of the calibration should be examined by using the working
standard. This practice would avoid the acquisition of low-trust data.

(Relative standard deviation (%) = (Standard deviation / Average)} x100; Reported data after removing the outliers)
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Fig.24 Relative standard deviation of each constituent data



3.3 Circumstance of Sample Analysis
Methods Used

As shown in Fig.25, most of participating laboratories made use of recommended methods
of EANET. Regarding the determination of anions, 24/25 laboratories used a ion
chromatography.

Nephelometry, Colorymetry, and Titrometration were used in the determination of 8042', NO;
and CI respectively.

As for determination of the catios, 21/25(Na”), 22/26(K*, Ca;", Mg®"),and 21/26(NH,")
laboratories used an ion chromatography. 3 laberatories used atomic absorption spectrometry
(Na®, K"}, 4 laboratories used atomic absorption spectrometry Ca;’, Mg*"), Regarding the
NH,", 3 laboratories used the Indophenol Spectrophotometry, and one laboratory used the
Colorymetry.

ot R — — ]

0% 20% 40% 60% 80% 100%

B Recomended methods 0 Other methods

Fig.25 Ratio of recommended method used in the project



Table 22 List of methods

Code Method

pH meter with electrode

Conductivity cell

Titration

Atomic Absorption Spectrometry

Emission Spectrometry

lon chromatography

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

Indophenol Spectrophotometry (NH; ')

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

XoOO~NOOWhWNNaO

Tahle 23 Number of laboratories used different analytical method

SampleNo.031
Method | pH [ EC [SO, NOs | C | Na'[ K' [ Ca®™ [Mg” |NH
0 27(1)
1 27(3)
2 1
3 4 Jahia)] 4
4 1] 1
5 24(2)] 24(4) 124(4)]21(3) | 22(3) | 22(5) | 22(5)] 21(4} |
8
7 1 1(1)
8 3(1)
9
10
X 1(1) 1
FlaggedE| 1 | 2 | 1 | 5 [ 2 | 3] 1] 5| 3] 3
FlaggedX| 0 | 1 | 1 ] o { 2 | o] 2 [ 1] 2 ] 2|

Sample No.032
Method | PH | EC |80, N0, | o | Na* | K™ | ca® | Mg™ |NH,*

0 27

1 27(3)

2 1

3 3(1) § a1y | 460 1 a()

4 1) 1 1)

5 24(4)] 242) [ 24(3)| 22(2)| 22(6) | 22(6) | 22(6) | 21(7)

6

7 1 1(1)

8 3(1)

9

10

X 1(1) 1
Flagged E| 0 2 | 2 2 | 1 2 31 4] 6 4
Flagged X] 0 1 2 1 2 2 5 3 1 4

Reverse mesh is recommended method of EANET { ) Number of data flagged by “E’ or “X”



Number of staff in charge of measurement

The number of staff in charge of measurement on rainwater samples is described in Table
24. In 17 laboratories only one person carried out measurement of rainwater samples. In 6
laboratories two persons carried it. In one laboratory three perscns carried it. And in 3
laboratories, three persons carried it.

In the laboratories that more than 2 persons carried out measurement, usually their
responsibilities were separated according to the methods used for analysis such as pH and
EC-ions{MNOD1), pH-EC and ions(TH05,VNO1).

Table 24 Staff in charﬂe of measurement
EC | s04 | Nog | o | N&

+

&)N

Lab.ID | Total

_CNO1
CNO2
CNO3
CNo4
D01
D02
__JPO1
JPO2
| P03
| JPO4
JPO5
JPOB
JPO7
JPC8
KRO1
MYD
MNO1
PHO1
RUO1
RUG2
THO1
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Reverse mesh: Flagged data of “E" or “X” in sample No.031 and/or sample No.032.
Reverse mesh with dark are flagged data of both sample No.031 and No.032



Years of experience (Acid rain)

According fo 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 except CAO1 and LAO1.

Regarding the Lab.ID CAO1 and LAD1, the project in this time was the first experience for
them. There would be some problems in measurement of pH, EC (and ions).

Table 25 Years of experience
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The number of flagged data in laboratories.

35% ——————————————— - —

]

w
<
&«

25%
20% :
15% .

The rate of laboratones

5% _ﬂ i _
L L Im i
0 1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 18
The number of flagged data

Fig.26 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 labaralories Share
0 7 26%
1 8 33%
2 4 17%
3 2 8%
4 0 0%
5 2 8%
5 1 4%
7 0 0%
8 0 0%
9 0 0%

10 0] 0%
11 1 4%
12 1 4%
13 0 0%
14 0 0%
15 0 0%
16 1 4%

In this project, the total number of flagged data was 84(E52, X32) among the whole set of
516 data. The attribution of flagged data in each laboratory was presented in Table 26.

The rumber of excellent laboratories without flagged data was 7, which was equivalent to
about 26% of the all-participating laborataries. The number of laboratories that submitted less
than 2 flagged date were 6 (24%) during the comparison test carried out in 2002,but there were
19 (76%) laboratories this time.

There were three laboratories that produced more than 11 flagged data. These laboratories
should make more efforts for preparing standard solutions and also for the operation of the
equipment,



Water temperature at measurement {pH and EC)

As described in Table 27, 19(70%) laboratories measured pH and EC at temperature around
25 C as recommended condition by EANET. One laboratory was found with the data
flagged by “E” on pH measurement. As for the EC measurement, 4 laboratories had the data
with flagged by “E” or “X'. Unfortunately, even though measure temperature was around 25 °C

, 2 laboratories had the flagged data in EC measurement.

Table 27 Water temperature at measurement (pH and EC)

Lab.lD | pH No.031| pH No.032 I EC No.031 | EC No.032
CNO1 25 25 25 25
CNOD2 21 21 21 21
CNO3 15.0 15.0 15.0 15.0
CNO04 23.0 23.2 23.1 23.2
D01 25 25 25 25
D02 25.0 25.0 25.0 25.0
JPO1 23.6 24.1 23.4 23.9
JPO2 25.0 25.0 25.0 25.0
JPO3 24.8 24.8 24.5 24.5
JP04 24.6 24.6 24.6 24.6
JPO5 23.7 23.7 23.7 23.7
JP06 25.0 _25.0 25.0 25.0
JPO7 24.6-25.0 | 24.6-25.0 | 24.6-25.0 | 24.6-25.0
JP08 25.0 25.0 25.0 25.0
KRO1 25 25 25 25
MYO1 23.1 23.2 24.8 24.8
MNO1 25 25 25 25
PHOT | 249 24,9 24,7 252
RUO1 25 25 2b 25
RUO2 25 25 25 25
THO1 25 25 2b 25
THO2 25 25 25 25
THO4 25 25 25 25
THO5 25 25 25 25
VNOA1 25 25 25 25
CAO01
LOO1

Reverse mesh with light are flagged data of 'E"
Reverse mesh with dark are flagged date of "X"

comment : The measurement temperatures of CAQ1 and LOO% are now asking for them.

Unit: degrees centigrade




4. COMPARISON OF 1% 2" 3™ 4% AND 5" SURVEY

The inter-comparison surveys were carried out 6 times, so far their results of the number of
flagged data are shown in Fig. 27. The rate of data that satisfied the required data quality
objectives {DQOs) increased from 75-78% to 84-93% until the 4" (2001) survey. The data
quality seemed to be improved by accumulating experiences. But on the g" project (2002),
both DQOs on the sample No.01 (High concentration) and the sample No.02{Low
concentration) decreased because the ion concentrations were a half of their content in the
samples of previous projects.

In the sample No.01 (correspond to the sample NO.031 m g" project), DQOs of 8" project
was almost the same as the project 8" which the concentration is almost the same. On the
other hand, in the sample No.02 (correspond to the sample NO.032 on g project), the DQOs
increased, it seems that it would be the reason for the sample No.032 that the concentration of
ions were higher than the sample No.022 already mentioned in “Overall Evaluation™.

Considering that the concentrations of the ions in the sample No.032 were still lower than the
sample on 4" project, even though the DQOs was almost the same, it seems that the level for
the analysis of ions was improved in many laboratories.

100%:
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20%

|2 Data within D@os BE DX |

Fig. 27 Comparison of 1%, 2"°,3™ , 4"and 5" inter-laboratory comparison project



Table 28 The prepared values of each parameter in artificial rainwater of inter
—laboratory comparison projects of EANET

pH EC |5042-| NO3- Cl- Na+ K+ Ca2+ | Mg2+ | NH4+

(—) | (mSm) | (wmolD| wmolH)] umelD)] (wmelD (umol/M{ (umol) | (umol/}] (umolN)
1998 No.981] 4.05 7.94 83.5 93.3 129 95.8 11.1 41.1 13.1 84.8
No.982| 4.51 2.82 29.1 36.1 45.1 335 7.42 14.3 4.6 20.5

1999 No.991| 4.14 6.38 67 75.0 104 77.0 8.9 33.0 11.0 68.0
No.992| 4.59 2.30 24.0 27.0 38.0 28.0 3.2 12.0 3.8 25.0
2000 No,001| 4.10 6.23 59.7 63.3 101.3 51.3 0.9 294 11.7 60.5
No, 002 4.85 1.55 20.1 27.5 15.5 8.7 49 11.0 7.8 18.2

2001 No.011] 4.10 7.45 85.0 93.3 108.4 68.4 15.8 41.1 18.7 87.8
No.012] 4.82 1.76 21.5 19.4 34.4 274 4.00 13.2 3.7 16.7

2002 No. (21| 4.30 3.75 40.3 51.0 33.7 13.7 6.92 19.1 7.02 424
No022| 5.15 0.69 8.88 8.49 9.13 5.13 1.98 6.6 1.75 4,54
2003 No.031] 4.52 3.44 44.7 30.9 66.0 46.1 6.9 20.5 1.0 48.3
No.032]1 4.80 1.48 12.0 21.3 29.6 25.6 2.5 4.4 34 15.1




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 fow 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, reagents, and procedure of operation.

? 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.

? Ifthe 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.

? iIf 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 gquality. 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

1) Mr. LIAO (CNO1)
Drecter,

Zhuhai Environmental Monitoring Station

No. 1 Xiangzhou Xinguangti, Zhuhsi,
519000 P.R. China

Tel: +86-75-6223-5824

Fax: +86-75-6225-6754

2) Mr. GAO Chengtie (CNO2)
Director,

Environmental Monitoring Station of Xiamen

No. 56 South Hubin Road, Xiamen,

361004 P. R, China

Tel: +86-59-2220-4424

Fax: +86-59-2220-4424

3) Ms.LIU Juan

Deputy director, (CN03)
Xi'an Environmental Monitoring Station

No.84 Youyi East Road, Xi'an,

710054 P.R.China

Tel: +86-29-784-4834

Fax +86-29-788-4887

4) Ms. ZHANG Weidong (CNOD4)
Directar,

Chongging Institute of Exivironmenital Science

37 Jialing VLG-1 Jiangbei District, Chongging
400020 P. R. China, ,

Tel: +86-23-6785-5302

Fax +86-23-6785-0069

2. INDONESIA

5) Mr. Hery HARJANTO (DoY)
Chief,

Analysis Division,
Metecralogical and Geophysical Agency (BM(3)
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APPENDIX 2 Original data

Sample No.031 (higher concentrations)

pH EC S0~ NO, Cr Na* K Ca™ Mg NH,"
- mS/m pumaol/L _pmol/L pmol/L pmol/L pumoliL wmol/L umol/L umoliL
CNO1 4.56 3.26 428 30.6 63.9 478 6.5 205 74 45.4
CND2 4.56 3.30 487 317 71.8 48.7 6.6 21.0 7.5 42.6
CNOD3 4.58 3.15 43.6 315 683.0 46.0 6.5 19.9 7.6 46.5
CNO4 4,58 3.15 43.2 30.5 63.8 48.3 6.9 19.3 6.9 48.1
D01 4.80 3.27 36.0 355 452 33.0 6.5 14.8 5.3 279
D02 4.57 3.32 447 36.6 75.4 47.5 7.8 20.6 9.2 48.3
JPO1 4,59 3.37 43.2 31.2 63.9 46.1 7.2 18.3 6.7 46.8
JPO2 4,57 3.30 43.9 30.7 64.7 46,3 71 21.3 7.1 44.1
JPO3 4.53 3.35 45.3 30.2 68.3 457 6.3 17.3 6.1 48.6
JPO4 457 334 435 29.3 61.3 49.0 8.7 19.5 7.3 47.8
JPOS 4.53 3.38 432 29.4 63.4 44.4 8.5 20.1 6.8 46.3
JPO6 4.58 3.22 41.3 29.3 56.1 44,1 8.5 207 6.8 49.6
JPO7 452 347 445 30.0 63.2 44,0 4.1 19.6 6.9 48,7
JFPO8 4.56 340 444 30.1 65.0] 46.4 6.7 21.8 7.1 48.9
KRO1 4.70 3.16 45.3 325 BO.7 48.7 7.4 8.6 7.5 48.1
MY01 4.40 4.07 73.5 3s.1 B6.2 58.2 8.8 26,3 6.2 61.8
MNO1 4.62 2.99 394 27.3 55.5 41.6 6.8 17.4 8.5 44.3
PHOA 4.51 3.34 44.8 31.9 59.6 398 6.8 17.3 8.7 50.5
RUO1 4.51 3.44 42.3 30.5 69.8 482 71 184 7.4 48.1
RU0Z 4.59 317 47.4 25.1 68.9| 41.3 7.6 18.7 7.8 46.4
THO1 4.56 3.36 43.2 30.8 65.4 45.0 8.5 20.2 6.9 49.4
THO2 4.55 340 42.9 29.3 64.1 45.9 8.5 20.5 6.9 56.1
THO4 4.40 3.60 41.9 29.6 59.1 44.6 6.3 19.6 56 46.3
THOS 4.76 3.19 46.3 301 69.1 457 8.0 23.0 59 50.4
VNO1 4.54 XY 51.1 364 708 59.7 6.4 201 7.3 80.8
CAO1 3.76| 11837 I 212| 345|221 34.7
LOO1 4.83 2.78 ' T
Prepared va| 4.52 3.44 44.7 30.9 6.0 461 6.9 20.5 7.0 483
Data count 27 27 25 25 25 25 26 26 26 26
Average 4.54 7.58 45.05 31.13 65.53 46.23 7.28 20.36 7.50 48.32
Minimum 376 2.78 36.00 25.10 45.23 32.97 4.07 14.76 5.31 27.95
Maximum 4.83 118.37 73.50 38.10 86.20 59.70 21.20 34.50 22.10 B0.80
Standard de| 0.18 21.73 6.46 2.83 7.99 5.05 2.89 3.652 3.01 8.78




Sample No.032 (lower concentrations)

Lab. ID pH EC SO NOy cr Na® K ca™ Mg® NH,'
- mS/m pmoliL umo¥l pmolil pmaolil umol/L pmoliL pmal/L pmolL
CNO1 4.86 1.41 128 22.0 30.3 26.4 2.6 42 35 14.6
| CNo2 4.85 1.40 13.2 22.3 32.3 26.8 27 3.8 3.8 13.3
__CNo3 4.85 1.42 12.8 22.3 30.7 259 26 43 3.8 14.9
CNp4 4.79| 1.44 12.8 219 29.8 26.1 27 5.0 4.0 16.2
D01 5.37 1.35 174 312 255 17.5 3.9 4.0 29 8.4
| D02 | 4.86 1.40 14.4 18.2 28.3 223 3.6 6.3 43 10.7
JPO1 | 4.89] 1.48 11.8 22.0 289 25.8 27 36 3.3 15.2
- JPO2 4.85 1.44 1.1 21.1 289 26.1 2.9 53 39 13.2
JPO3 | 478 1.49 12.6 22.2 30.1 252 2.2 4.1 33 16.0
JPO4 4.87 1.43 11.9 20.7 27.3 26.5 25 48 39 15.1
JPO5 478 1.48 115 20.6 275 25.0 23 43 34 16.0
JPO5 4.87 143 10.6 20.3 23.8 24.4 2.3 42 33 15.8
JPO7 4.86 153 11.8 21.0 28.5 26.6 24 40 36 17.8
~ JPOB 483 1.47 11.2 20.9 287 26.2 25 48 37 15.8
KRO1 494 1.35 12.9 237 387 26.7 33 6.2 37 14.0
MY01 468 1.79 27 26.3 38.8 335 2.9 49 43 20.0
MND1 4.86 1.30 10.7 19,0 25.4 22.0 22 39| 3.3 13.3
PHO1 479 144 11.2 21.2 26.3 18.5 24 3.8 3.0 16.9
RUO1 483 153 12.1 21.5 305 26.2 25 4.0 3.6 15.9
RUOZ2 5.01 1.25 12.0 18.1 29.4 21.7 3.1 5.0 4.1 16.5
THO1 4.80 152 12.9 226 287 25.0 22 45 35 1.7
THO2 4.81 137 10.1 20.3 28.2 24.9 24 4.0 4.0 18.9
THO4 4.68 1.66 12.0 214 26.9 24.0 23 42 2.9 14.5
THO5 4.94 1.34 12.0 20.7 203 25.8 27 53 3.1 14.0
VNO1 5.11 143 128 230/  209) 294 33 5.1 4.0 20.6
CAO1 4.34| 52867 } 11.4 24.2 164 7.3
LOO 5.06 1.30
Prepared va 4.80 1.48 12.0 21.3 29.6 25.6 2.5 4,4 34 15.1
Data caunt 27 27 25 25 25 25 26 26 26 265
Average 4.86 3.34 12.7 21.8 28.3 251 3.0 53 4.1 14.9
Minimum 4.34 1.25 10.1 18.1 23.8 17.5 2.2 3.6 29 7.3
Maximum 537 5267 227 31.2 38.8 33.5 11.4 24.2 16.4 20.6
Standard dg| 0.17 9.68] 2.47 253 3.34 3.09 1.73 3.84 2.49 2.99




APPENDIX3 Normalized values by prepared value

Normalized by prepared value Sample No.03
Lab, ID pH EC SOF NOy cr Na* i< Ca™ Mg NH,"
CNO1 100.9 94.8 95.7 99.0 96.8 103.3 942 100.0 105.7 94.0
CNO2 100.9 95.9 108.9 102.6 108.8 105.6 857 102.4 107.1 88.2
CNO3 101.3 91.8 97.4 101.8 855 99.8| 94.5 97.1 108.7 96.2
CNOod4 101.3 91.6 96.6 98.6 96.7 104.7 100.0 94.3 98.0 99.6
DO 101.8 95.1 80.5 115.0 88.5 715 93.9 72.0 75.8 57.9
D02 1011 96.5 100.0 118.4 114.2 103.0 1135 100.5 131.4 100.0
JPtn 101.5] 98.0 96.6 100.9 96.9 100.1 104.1 89.3 95.0 96.9
JPo2 1011 95.9 98.2 99.4 98.0 100.4 102.8 103.9 100.9 91.3
JPO3 100.2 97.4 101.3 97.7 103.5 99,1 90.9| 84.4 87.4 100.6
JPO4 101.1 97.1 97.3 94.8 92.9 106.3 97.1 95.1 104.3 99.0
JPOS 100.2 98.3 96.6 95.1 96.1 96.3 93.6 98.0 96.9 95.9
JPUB 101.3 93.6 92.4 94.8 85.0 957 94.5 100.8 97.1 102.7
JPO7 100.0 100.9 99.6 g7.1 95.8 954 59.0 95.6 99.0 100.8
Jros 100.8 98.8 99.3 97.4 98.4 100.6 97.4 106.2 101.2 101.1
KRO1 104.0 91.9 101.4 105.3 122.2 105.6 107.2 90.7 107.1 99.5
MY01 87.3 118.3 164.4 123.3 130.6 126.2 1271 128.3 87.9 128.0
MNO1 102.2 86.9 88.1 88.3 84.1 90.2 98.6 849 92.9 91.7
PHO1 90.8 97.1 100.2 103.2 90.3 86.3 98.6 84.4 85.7 104.6
RUM 99.8 100.0 94.5 98.6 105.7 104.4 102.8 89.8 101.0 99.6
RUOZ 101.5 922 106.0 81.2 104.4 89.6 110.1 91.2 111.4 96.1
THO1 100.9 97.7 96.6 99.7 99.1 97.6 94.2 98.5 98.6 102.3
THO2 100.7 98.8 96.1 94.8 97.1 99.6 94.3 100.1) 98.6 116.0
THO4 97.3 104.7 93.8 95.8 89.5 96.7 91.9 95,6 80.6 95.8
THOS5 105.3 927 103.6 97.5 104.7 99,1 a7.4| 112.0 84.6 104.3
VNO1 1004 99.1 114.3 117.8 107.3 129.5 928 98.0 104.3 167.3
CAM 83.2| 34410 307.2] 1683 315.7 71.8
LO01 106.9 80.8
Minimum 83.2 80.8 80.5 81.2 68.5 71.5 59.0 72.0] 75.8 57.9
Maximum 106.9 | 3441.0 164.4 123.3 130.6 129.5 307.2 168.3] 3157 167.3
Average 100.5 220.2 100.8 100.7 99.3 100.3 105.5 99.3 107.2 100.0




Normalized by pre

ared value Sample No.032

Lab. ID pH EC 80, NO, cr Na* K Ca® Mg NH,*
CNO1 101.3 95.3 105.4 103.1 102.3 103.0 105.3 85.5 101.7 96.6
CNO2 101.0 94.6 110.4 104.5 109.0 103.7 109.3 86.4 110.5 88.0|
CNO3 101.0 95.9 106.8 104.3 102.6 100.9 105.7 109.5 111.3 98.3
g4 99.8 97.3 107.3 102.7 100.7 101.7 100.3 1138 116.9] 1073
IDO1 111.9) 91.2 145.1 146.1 86.1 68.1 156.6 90.1 85.7 55.6
ID02 101.3 94.5 120.4 85.3 95.5 87.0 144.5 1439 123.5 70.8|
JPO1 101.9 100.0 98.8 102.8 97.5 100.7 110.9 82.5 94.5 100.5
JPO2 101.0 97.3 82.8 98.9 97.5 101.8 117.4 119.3 114.2 87.3
JPO3 89.6 100.7 105.4 104.0 101.6 98.3 90.3 93.2 96.2 105.8
JPo4 101.5 96.8 99,5 97.0 92.1 103.4 100.0 109.8 1125 99.9
JPO5 99.6 100.0 96.2 96.5 92.8 97.5 93.9 97.3 97.4 105.8
JPOB 1015 96.6 86.6 95,1 80.3 95.2 94.3 96.1 96.5 104.5
JPO7 101.3 103.4 98.7 98.4 96.2 103.7 97.6 90.0 103.5 116.4
JPO8 100.6 99.3 93.9 a7.7 96.7 102.1 99.6 108.2 106.5 104.4
KRO1 102.9 91.2 107.9 110.9 130.7 104.1 133.6 140.9 107.6 92.6
MY01 97.5 120.9 189.8 123.2 130.9 130.7 119.0 1116 125.0 132.3
MND1 101.3 87.8 89.5 89.0 85.7 85.8 89.1 88.6 95.9 88.0
PHO1 99.8 97.3 93.6 29.3 88.8 72.2 97.2 86.4| B7.2 111.8
RUO1 100.6 103.4 101.3 100.7 103.0 102.1 102.0 91.4 103.2 105.0
RUO0Z 104.4 84.5 100.3 84.8 89.2 84.6 125.5 1136 119.2 109.1
THO1 100.0 102.7 107.9 105.9 96.9 97.5 89.1 1023 1017 77.4
THO2 100.2 92.6 84.5 95.2 95.3 97.0 98.0 90.7 116.9 124.7
THO4 97.5 112.2 99.9 100.5 90.8 93.5 91.1 94.3 85.5 95.8
THO5 102.9 90.5 100.2 97.0 89.0 99.7 109.7 1214 90.1 92.6
VNOA 106.5 96.6 107.0 107.8 100.9 114.7 133.6 1159 116.3 136.2
CAD1 90.4| 3558.8 461.5| 5500, 4767 48.3
LOOM 105.4 87.5 | | :

Minimum 90.4 84.5 84.5 84.8 80.3 68.1 89.1 82.5 85.5 48.3
Maximum 111.9] 3558.8 189.8 146.1 130.9 130.7] 461.5] 550.0] 476.7 136.2
Average 101.20] 22551 108.04] 102.04 98.93 97.96] 122.39] 120.88] 11909] 9826




