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1. INTRODUCTION

Since 1998, according to the QA/QC programs in EANET, the National Centers and the Interim Network
Center (INC) have carried out various QA/QC activities for the EANET monitoring. The Inter-laboratory
comparison project on soil samples is one of the activities on the QA/QC programs, and the results can be
used for estimation of data quality on the monitoring.

As the 2™ project, Network Center (NC) dispatched two soil samples, Sample No. 001 and 002, to
laboratories for soil monitoring in the participating countries in December 2000. 15 laboratories of 10
countries analyzed chemical properties of the soil samples, and the results were submitted to NC by mid of
November 2001.

In this report, the data from various laboratories were analyzed statistically according to the QA/QC
program for soil monitoring, and the results may be utilized for estimation of inter-laboratory variability in
soil monitoring, and provide useful information for the future activities of EANET.
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Figure 1. Laboratories participating in this | nter-laboratory comparison project of EANET
Number of parenthesis shows the number of laboratories of each country.



2. PROCEDURE

2.1. Dispatched Soil Sample

The characteristics of the samples were as follows:

Sample No. 001: Cambisols

The soil was collected from forest areain the University Forest in Aichi, The University of Tokyo (Seto
City, Aichi Prefecture).

Sample No. 002: Andosols

The soil was collected from chestnuts forest area in Tochigi Prefectural Forest Research Center
(Utsunomiya City, Tochigi Prefecture).

The soil samples were air-dried for 1-2 weeks, sieved, mixed well, bottled by 500 grams, and sterilized
using radioisotope (20kGy.). Chemical characteristics of these samples were not informed for fair
evaluation of the program.

The real values of parameters were unknown since the natural soils were used for the samples. Five
bottles for each sample were analyzed, and variations of analytical parameters among bottles were
checked (Appendix 5).

2.2. Parameters

All the participating laboratories were expected to measure the mandatory parameters and hopefully
recommended parameters (Table 1).

Table 1. Parametersto be measured

Parameters Unit Criterion
a) Moisture content wit% M
b) pH (H,0) and pH (KCl) M
¢) Exchangeable Base Cations (Ca, Mg, K and Na) cmol (+) kg™ M
d) Exchangeable Acidity cmol (+) kg™ M
e) ExchangeableAl , H cmol (+) kg™t O*
f) Effective Cation Exchangeable Capacity (ECEC) cmol(+) kg™ M
g) Total Carbon Content gkg™ 0
h) Total Nitrogen Content gkg™ 0
i) Available Phosphate Pmgg* o}
j) Sulfate Smgg* 0

M: Mandatory items; O: Optional items; *: Recommended items. ECEC could be calculated
as sum of Exchangeable cations

“Exchangeable” were abbreviated to “Ex-“ in the following report; e.g. Ex-Ca, Ex-Mg, €tc.

2.3. Proceduresfor chemical analysis

All the procedures for chemical analysis were carried out basically according to the “Technical Manual



for Soil and Vegetation Monitoring in East Asia (2™ ISAG, 2000)".

For the estimation of analytical quality in the respective laboratory, al the parameters were analyzed
twice on within-laboratory-reproducibility condition that part or al of analyst, time, and instrument are
different. Thus, al the analytical procedures should be repeated twice in each |aboratory. Moisture
contents were analyzed with three replicates, and the average was used for calculation of al the
parameters.

2.4. Satistical analysis
Data obtained from repeat analyses in the participating laboratories were statistically analyzed
according to the following procedures described in the Technical Manual for Soil and Vegetation
Monitoring in East Asia (2nd ISAG, 2000). The pH datawith 1 decimal place and other mandatory and
recommended parameters datawith 2 decimal places were used for the analysis.

1) Veification of data
Evenness of within-laboratory precision was verified by Cochran methods, then the laboratory
averages was verified by Grubbs methods.

2) Anaysis of variance and estimation of precision
Total variation among laboratories includes within-laboratory and inter-laboratories variation. As
described in the following equation, Total sum of square (Sr) can be divided into Sum of square
inter-laboratories (Sg) and Sum of square within-laboratory (Sgw).

Sr=&R+ Sw

Based on the above equation, Inter-laboratories variance and Within-laboratory-reproducibility
variance were calculated, and then the precisions were estimated.

3) Calculation of permissible tolerance
Permissible tolerances were calculated based on the above precisions.



RESULTS

Basic statistics calculated from the laboratory averages are shown in Table 2.1 and 2.2, and especialy
coefficients of variation (CVs) among laboratories were shown in Figure 2. For calculation of the
statistics, verified data by Cochran and Grubbs methods were used.

In pH (H-0) and pH (KCl), CV was lowest (less than 4%). This is the same trend as the 1% project in
1999. Simple procedure for pH may be one of the reasons for small variation athough value of pH was
log scale and relatively stable parameters. The results of Exchangeable basic cations (Na, K, Mg, Ca)
were significantly varied (CV, 46-84%), especially for Sample No.0O1. Low concentration of these
cations may be one of the causes of variation. CVs of Exchangeable acidity were relatively low,
probably due to simple procedures of analysis.

Table 2.1. Statistics of Verified data: Soil Sample No.001

Statistics PH(H,0) | pH(KCl) | Ex-Na | Ex-K | Ex-Mg | Ex-Ca |Ex-acidity] Ex-Al | Ex-H
cmol (+)/kg

Number of laboratorie 12 15 12 12 10 8 13 12 11

Total average 45 4.2 0.07 0.10 0.07 0.06 1.77 1.55 0.26
Maximum a7 44 0.19 0.18 0.18 0.14 272 2.35 0.56
Minimum 4.2 39 0.02 0.01 0.02 0.01 1.06 0.58 0.03
Standard deviation 0.1 0.1 0.06 0.05 0.06 0.05 0.46 0.54 0.19
CV (%) 3.2 35 81.2 51.7 83.6 81.0 25.7 34.7 72.1

Data has been verified by the methods of Cochran and Grubbs, and outliers have been removed. Ex-H of minus value were
also treated as outliers.

Table 2.2. Statistics of Verified data: Soil Sample No.002

Statistics pH(H0) | pH(KCl) | Ex-Na | Ex-K | Ex-Mg | Ex-Ca |Ex-acidity] Ex-Al | Ex-H
cmol (+)/kg
Number of laboratorie 13 15 11 13 11 13 12 12 10
Total average 4.9 4.3 0.12 0.13 0.14 0.87 2.14 258 0.30
Maximum 5.1 45 0.23 0.29 0.31 1.44 331 5.30 0.78
Minimum 45 41 0.02 0.03 0.03 0.09 0.69 0.64 0.05
Standard deviation 0.2 0.1 0.06 0.07 0.08 0.40 0.67 1.61 0.22
CV (%) 35 2.8 51.1 51.9 52.7 45.7 315 62.7 75.1

Data has been verified by the methods of Cochran and Grubbs, and outliers have been removed. Ex-H of minus value were
also treated as outliers.
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Figure 2. CV among laboratories
Values show the averages.

Note: Coefficient of variation (%) = standard deviation/average* 100
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3.1. Verification of data
1) Detection of outliers
The average and range (difference) of values in the respective laboratory, which were calculated from
two data of repeat analysis, were shown in Figure 3.1 to Figure 6.2 for representative parameters. The
outliers judged by Cochran and Grubbs methods were marked with asterisk ¢ and g.

Laboratories, which have remarkably large range, were judged as outliers by Cochran method
(examination of the evenness of within-laboratory precision): e.g. “1B20" and “1F02" for pH (H,0) in
No. 001 (Figure 3.1.b)). Then, laboratories, which have remarkably large average, were judged as
outliers by Grubbs method (examination of the average value in each laboratory): e.g. “1D23” for pH
(H20) in No.001 (Figure 3.1 a)). For al parameters except pH (KCI), afew outliers were detected.

Ex-H could be calculated from two steps titration for Ex-acidity and Ex-Al, and sometimes the results
could be minus value due to rough operation and/or low level of the concentration. In the laboratory
“1718", datawere minus, and the data were treated as outliers for calculation of precision.

The results of verification were shown in Table 3.1 and 3.2.

2) Analytical condition
Information on analytical conditions and staff in the respective laboratory was shown in Table 4.1 to
5.2.

For the exchangeable cations, al the laboratories used same extractants according to the Technical
Manual (Table 4.1). For elemental analyses of Ex-Na and K, Flame Emission Photometry (FEP) or
Atomic Absorption Sepectrometry (AAS) was used in most laboratories (Table 4.2). For Ex-Mg and
Ca, AAS or ICP-AES was used in most laboratories athough the laboratories “1714” and “1711” used
Titration method. Ex-acidity, Al and H were analyzed by Titration method in all the laboratories.
Temperatures for measurement of pH were varied from 17.3 to 33 °C, and most were around 20 °C.
Concerning the number of staff, one to three staffs were in charge of measurements (Table 5.1). In the
laboratory “1804”, all the parameters might be repeated by two persons, and it seems that same persons
might analyze all the parameters in 7 laboratories. The years of experiences were varied, and some of
staffs have 1 year or less than 1 year experiences (Table 5.2).

The implication between analytical conditions and outliers was not clarified. Other factors, which have
not been reported, might affect on the results.
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Table 3.1. Datatested by Cochran'sand Grubbs methods: Soil Sample No.001

ID Anaysis | pH(H0) | pH(KCl) | Ex-Na | Ex-K | Ex-Mg | Ex-Ca |Ex-acidity] Ex-Al | Ex-H
cmol(+)/kg
1619 s 45 39 0.04 010 01%c 013 2.08 153 0.55
2nd 45 39 0.04 011  0i15c 015 1.98 141 0.57
1B20 s 46c 42 0.04 0.14 0.07 0.13 272 2.24 0.47
2nd 4.7c 4.2 0.04 0.14 0.07 0.13 2.72 2.24 0.48
1F21 s 4.4 42 0.04 0.13 011 002  430'g 388g 043
2nd 4.4 4.3 0.03 0.13 0.11 003  428*'g 384g 044
1E22 s 45 4.0 0.16 0.16 007 025'g 227 2.23 0.05
2nd 45 4.0 0.16 0.16 007  025%g 227 2.23 0.05
1023 s 40%g 4.0 002 007c 017*c 066'c 112 1.08 0.05
2nd 4.0%g 4.0 002  004c 012*c  05l*c 108 1.04 0.05
1015 s 46 42 0.07 0.06 0.03 0.01 2.04 164 0.41
2nd 46 4.2 0.06 0.06 0.03 0.01 2.04 1.64 0.41
1718 s 4.4 4.0 1.60 2.30 o7
2nd 4.4 4.0 1.60 2.40 o
1810 s 46 4.4 147 0.63 0.18
2nd 46 4.4 155 0.53 0.17
1714 s 43 42 092*c 014 018  03T'c 183 160 0.23
2nd 43 4.2 103*c 013 018  020°c 175 156 0.19
1806 s 46 43 011 0.07 015 036'g 106 1.04 0.02
2nd 46 4.2 0.12 0.07 015  037*g 105 1.02 0.03
1412 s 42 4.0 0.03 0.01 0.02 0.09 159
2nd 4.2 4.0 0.03 0.01 0.02 0.08 1.64
1711 s 45 41 0.18 018  030'g 068c 180
2nd 45 4.1 0.19 018  030*g 076'c 182
1F02 s 46c 43 0.03 0.05 0.02 0.05 153 127 0.27
2nd 4.7 c 4.3 0.05 0.06 0.02 0.04 152 1.28 0.27
1804 s 47 43 0.07 0.07 0.03 0.05 177 0.16
2nd 47 4.3 0.07 0.07 0.03 0.05 1.82 0.21
1427 s 46 42 0.02 0.06 0.02 0.01 2.00 130  0.70°c
2nd 46 4.1 0.02 0.07 0.02 0.02 2.00 150 052

Note: Asterisk shows outliers judged by the methods of Cochran (c) and Grubbs (g). Ex-H of "1718" were also treated as outliers
since they were minus value.

Table 3.2. Datatested by Cochran'sand Grubbs methods: Soil Sample No.002

ID Anaysis | pH(H0) | pH(KCl) | Ex-Na | Ex-K | Ex-Mg | Ex-Ca |Ex-acidity] Ex-Al | Ex-H
cmol(+)/kg
1619 s 43 41 0.14 008 110g 110 212 178 0.34
2nd 48 4.1 0.14 009  108g 108 2.26 1.88 0.38
1B20 s 49 43 011 0.20 0.08 080 623%g 508 115'g
2nd 4.9 4.3 0.11 0.19 0.08 081  623g 506  1lr*g
1F21 s 47 4.4 0.06 0.08 0.10 057  493%g 466 0.27
2nd 47 4.4 0.06 0.08 0.10 058  484*g 453 0.31
1E22 s 49 42 0.23 0.14 0.14 125 331 316 0.15
2nd 4.9 4.2 0.22 0.14 0.14 1.27 331 3.16 0.15
1023 s 45 42 0.06 0.10 0.22 138 131 122 0.05
2nd 45 4.2 0.06 0.08 0.20 150 114 1.20 0.05
1015 s 5.0 4.4 0.17 0.10 0.12 0.75 292 254 0.38
2nd 5.0 4.4 0.16 0.10 0.12 0.75 2.79 2.41 0.38
1718 s 46 42 220 310°c 0
2nd 46 4.2 250  230*c o
1810 s 49 4.4 2.04 0.79 0.78
2nd 4.9 4.4 2.04 0.79 0.78
1714 s 47c 45 125¢ = 021 0.31 0.93 213 1.99 0.14
2nd 4.6c 45 10l*c 022 0.30 0.82 215 2.01 0.14
1806 s 5.0 4.4 0.18 011 0.21 125 0.68 0.63 0.05
2nd 5.0 4.4 0.18 0.12 0.23 1.37 0.70 0.64 0.06
1412 s 46c 43 0.01 0.02 0.03 0.09 2.07
2nd 45 4.3 0.02 0.03 0.03 0.09 2.07
1711 s 49 43 037*g 028  058c  1.08 215
2nd 4.9 4.3 03%*g 029  066*c  1.08 218
1F02 s 5.0 45 011 011 011 1.04 2.20 193 0.29
2nd 5.0 45 0.13 0.12 0.13 1.05 217 1.94 0.26
1804 s 51 45 0.14 0.12 011 0.22 536  045C
2nd 5.1 45 0.13 0.12 0.11 0.25 524  03l*c
1427 s 49 43 0.09 012 0.14 0.77 2.60 2.00 0.52
2nd 4.9 4.3 0.09 0.12 0.15 0.84 2.30 1.80 0.45

Note: Asterisk shows outliers judged by the methods of Cochran (c) and Grubbs (g). Ex-H of "1718" were also treated as outliers
since they were minus value.



Table4.1. Analytical conditions-1

ID Extractant used for the analysis
Ex-Na | ExK | ExMg | Ex-Ca |Ex-Acidity| Ex-Al,H

1619
1B20
1F21
1E22
1D23
1D15
1718
1810
1714
1806
1412
1711
1F02
1804
1427
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Note: -, Not determined; A, 1M CH;COONH, (pH 7.0); B, 1M KCI. Shadow cells mean
outliersfor No.001 and/or 002.

Table4.2. Analytical conditions-2

ID Analytical methods Temperature (°C)
- pH 1st pH 2nd
Ex-Na Ex-K Ex-Mg Ex-Ca | Ex-Acidity Ex-Al analysis analysis
1619 AAS AAS AAS AAS Titration ~ Titration 25 25
1B20 AAS AAS AAS AAS Titration  Titration 24.5 245
1F21 AAS AAS AAS AAS Titration ~ Titration 17.9 179
1E22 AAS AAS AAS AAS Titration  Titration 33 33
1D23 FEP FEP AAS AAS Titration  Titration 26-27 26-27
1D15 ICP-AES ICP-AES ICP-AES ICP-AES Titration  Titration 20 20
1718 - - - - Titration Titration 28.8 28.6
1810 - - - - Titration  Titration 22.1 21.1
1714 FEP FEP Titration Titration Titration Titration 33 33
1806 AAS AAS AAS AAS Titration  Titration 22 22
1412 AAS AAS AAS AAS Titration - 30 30
1711 FEP FEP Calc. Titration  Titration - 184 184
1F02 ICP-AES ICP-AES ICP-AES ICP-AES Titration  Titration 18.7 18.6
1804 FEP FEP AAS AAS - Titration 175 17.3
1427 AAS AAS AAS AAS Titration Titration 25 25

Note: -, Not determined; AAS, Atomic absorption spectrometry; FEP, Flame (emission) photometry; Calc., Calculation
from Ex-Ca and hardness; IC, lon chromatography. Shadow cells mean outliers for N0.001 and/or 002.




Tableb5.1. Staff in charge of measur ement

ID

Total

Moisture
content

-
ac

Ex-Na

7

K

Ex-Mg

Ex-Ca

Ex-Acidity

Ex-Al, H

1619
1B20
1F21
1E22
1D23
1D15
1718
1810
1714
1806
1412
1711
1F02
1804
1427
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Note: -, Not determined; +, No information; "A", "B", and "C" represent individual staffsin each laboratory who are in charge
of measurement. Shadow cells mean outliers for No.001 and/or 002.

Table5.2. Years of experience of staff

ID MEEAIE pH Ex-Na Ex-K Ex-Mg | Ex-Ca |Ex-Acidity| Ex-Al,H
content
1619 15 5 16 16 16 16 8 8
1B20 2 2 2 2 2 2 2 2
1F21 2 2 5 5 5 5 2 2
1E22 10 10 10 10 10 10 10 10
1D23 20 5 30 30 30 30 5 5
1D15 + + + + + + + +
1718 2 2 ; ; ; ; 2 2
1810 2 2 - - - - 6 6
1714 24 24 24 24 24 24 24 24
1806 4 4 4 4 4 4 4 4
1412 05 05 1 1 1 1 1 -
1711 1 1 1 1 1 1 1 -
1F02 5 5 5 5 5 5 5 5
1804 7-2 7:2 7:2 7:2 7:2 7:2 - 7:2
1427 1 1 1 1 1 1 1 1

Note: -, Not determined; +, No information. Shadow cells mean outliers for No.001 and/or 002.




3.2. Analysis of variance and estimation of precision
For the verified data, not including the outliers judged by Cochran and Grubbs methods,
“within-laboratory-precision” and “inter-laboratories-precision” were estimated (Table 6.1 and 6.2. For
detailed information of analysis of variance (ANOVA), see Appendix 3 and 4). Ex-H data of minus
value from the laboratory “1718" were also treated as outliers.

1) Within-laboratory-precision

Within-laboratory standard deviations were relatively small in al the parameter, and in most
parameters, the CVswere less than 10%. Especialy in pH (H,O) and pH (KCl), the CVswere less than
1%.

As similar to the results of the 1% attempt of this project, the within-laboratory-precision (CV) was
remarkably lower than the inter-laboratories precision (CV). It was suggested that the results might
include data not only in the within-laboratory-reproducibility condition, but also in the repeatability
condition. At least, it may be suggested that the participating laboratories could analyze the parameters
with their own standard procedures.

2) Inter-laboratories-precision

Inter-laboratories-precision was relatively high in pH (H,O) and pH (KCl): CVswere less than 5%. In
other parameters except in Ex-acidity, the precision was very low even if variation among the bottles
also could affect on the Inter-laboratories-reproducibility (Appendix 5). In Ex-acidity, CVs were
relatively low (26 and 31%).

In the 1% project, CV for Ex-acidity was low (12.3%) for No. 991 with higher concentration (total
average, 5.7 cmol (+)/kg), and significantly high (76.3%) for No. 992 with lower concentration (0.1
cmol (+)/kg). Sample No. 001 and 002 have moderate values. 1.8 and 2.1 cmol (+)/kg, respectively. It
seems that the precision was dightly improved for Ex-acidity. Ex- acidity was analyzed by titration
method with relatively simple procedures. It may be suggested that some of analysts have been skilled
in the procedures in recent years.

As discussed also in the report of the 1% project, soil analyses have some steps in the procedures; e.g.
extraction, instrumental analysis and/or titration. Therefore, in order to improve the analytical quality,
a the first, it should be clarified which steps were most effective. In the future program of the
inter-laboratory comparison for soil analysis, effect of each anaytica step on the variation among
laboratories should be evaluated.

3.3. Calculation of permissible tolerance
Permissible tolerances were also shown in Table 6.1 and 6.2.

In pH (H0) and pH (KCI), within-laboratory-reproducibility limits were less than 0.1, and most were
zero. It could be a reference value in the repeat analysis of same sample, as discussed in the 1% report.

For other parameters, the limits also might be available.

Concerning the reproducibility limit, inter-laboratories-precision should be improved for al the
parameters, and then the discussion should be carried out.
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Table 6.1. Estimation of precision and determination of permissible tolerance: The verified data of No.001

pH(H,0) | pH(KCI) | Ex-Na Ex-K Ex-Mg | Ex-Ca |Ex-acidity| Ex-Al Ex-H
cmol (+)/kg
Statistics Number of data 24 30 24 24 20 16 26 24 22
Number of |aboratory 12 15 11 12 10 8 13 12 11
Total sum 107.8 124.5 16 24 14 1.0 46.1 37.3 5.7
Tota average 45 4.2 0.1 0.1 0.1 0.1 18 1.6 0.3
Estimated precision Within-laboratory standard deviation (Sgy) 0.00 0.03 0.00 0.00 0.00 0.01 0.03 0.06 0.01
Inter-laboratories standard deviation (sg) 0.14 0.14 0.06 0.05 0.06 0.05 0.46 0.54 0.19
Within-laboratory precision CV (%) 0.00 0.76 6.24 4.15 0.00 11.31 1.83 3.73 577
Inter-laboratories precision CV (%) 321 3.47 83.13 51.73 83.57 81.02 25.67 34.72 72.15
Permissible tolerance  |Within-laboratory-reproducibility limit (Rw) 0.00 0.09 0.01 0.01 0.00 0.02 0.09 0.16 0.04
Reproducibility limit (R) 0.40 0.40 0.16 0.14 0.16 0.14 1.28 151 0.52
Table 6.2. Estimation of precision and determination of permissibletolerance: The verified data of No.002
pH(HO) | pH(KCI) | Ex-Na Ex-K Ex-Mg Ex-Ca |Ex-acidity| Ex-Al Ex-H
cmol (+)/kg
Statistics Number of data 26 30 22 26 22 26 24 24 20
Number of |aboratory 13 15 11 13 11 13 12 12 10
Total sum 126.4 130.0 26 34 32 22.7 51.3 61.8 5.9
Total average 4.9 4.3 0.1 0.1 0.1 0.9 21 2.6 0.3
Estimated precision Within-laboratory standard deviation (Sgy) 0.00 0.00 0.01 0.01 0.01 0.04 0.10 0.06 0.02
Inter-laboratories standard deviation (sg) 0.17 0.12 0.06 0.07 0.08 0.40 0.67 161 0.22
Within-laboratory precision CV (%) 0.00 0.00 5.10 5.02 5.55 491 4.75 250 7.19
Inter-laboratories precision CV (%) 3.52 2.85 51.10 51.89 52.75 45,72 31.45 62.67 75.07
Permissible tolerance | Within-laboratory-reproducibility limit (Rw) 0.00 0.00 0.02 0.02 0.02 0.12 0.28 0.18 0.06
Reproducibility limit (R) 0.48 0.35 0.17 0.19 0.21 112 1.88 452 0.62
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APPENDIX 1: Participating laboratories

1. CHINA

1) Chong ging Ingtitute of Environmental
Science

2) Xi'an Environmental Monitoring Station

3) Xiamen Environmental Monitoring Central
Station

4) Zhuhai Environmental Monitoring Station

2. INDONESIA
Soil and Agro-Climate Research Development
Centre

3. JAPAN
1) Agricultural Experimental Station, Shimane
Prefecture

2) Gifu Prefectural Research Institute of Health
and Environment

3) Ecological Impact Research Department,
Acid Deposition and Oxidant Research
Center (ADORC)

4. Republic of KOREA
Soil  Environmental  Laboratory,
Institute of Environmental Research

National

5. MALAYSIA
Department of Environmental Sciences,
Universiti Putra Malaysia

6. MONGOLIA
Central Laboratory of Environmental Monitoring

7. PHILIPPINES
Department of Soil Science,
University of the Philippines, Los Banos

8. RUSSIA
Limnological Institute Russian Academy of
Science/Siberian Branch

9. THAILAND
King Mongkut’'s University of Technology
Thonburi

10. VIET NAM
Water and Atmospheric Environmental Research
Center, Institute of Meteorology and Hydrology



APPENDI X 2.1. Original data: Soil Sample No.001

ID '\ggﬁ;rte pH(H,0) | pH(KCI) | Ex-Na | Ex-K | Ex-Mg| Ex-Ca | Ex-acidity | Ex-Al | ExH | ECEC| T-Cc | TN &gﬂi Sulphate
% cmol (+)/kg o/kg a/kg P-mg/kg S-mg/kg
1619 s | 19 45 39 004 010 013 013 _ 208 153 055 | 248 | 08 05 0.6 154.7
2nd 45 39 004 011 015 015 1.98 141 057 | 243 | 07 05 0.7 1496
1820 s | 23 76 42 004 014 007 013 272 224 047 | 309 | 09 0.1 11 80.3
2nd 47 42 004 014 007 013 272 224 048 | 310 | 09 0.1 1.2 81.0
1F21 S | 27 44 ) 004 013 011 002 430 388 043 | 460 | 10 05 0.4 132
2nd 4.4 43 003 013 011 003 428 38 044 | 458 | 10 05 05 13.2
1E22 s 2 45 2.0 016 016 007 025 227 223 005 | 201 | 140 04 0.6 1086
2nd 45 4.0 016 016 007 025 227 223 005 | 292 | 140 04 0.6 1103
1023 s | 15 7.0 7.0 002 007 017 066 112 108 005 | 204 | 078 005 150 153000
2nd 4.0 4.0 002 004 012 051 1.08 104 005 | 177 | 07 004 160 150000
D15 5 | 22 76 42 007 006 003 001 204 164 041 | 221
2nd 46 42 006 006 003 001 204 164 041 | 221
1718 5 | 17 44 2.0 160 230 -044
2nd 4.4 4.0 160 240 -054
1810 5 | 27 76 44 147 063 018
2nd 46 4.4 155 053 017
1714 s | 16 43 42 002 014 018 031l 183 160 023 | 338 | 19 057 0.52
2nd 43 42 103 013 018 020 175 15 019 | 329 | 19 054 0.59
1806 s | 21 76 23 011 007 015 036 1.06 104 002 | 175 | 699 458
2nd 46 42 012 007 015 037 1.05 102 003 | 176 | 768 323
1412 s | 20 42 7.0 003 00l 002 009 159 174 | o1 0.1
2nd 42 4.0 003 001 002 008 1.64 178 | 01 0.1
711 s | 15 45 71 018 018 030 068 1.80 314
2nd 45 41 019 018 030 076 182 3.25
1F02 s | 16 76 73 003 005 002 005 153 127 027 | 168 163
2nd 47 43 005 006 002 004 152 128 027 | 169 163
1804 5 | 22 47 23 007 007 003 005 177 016 | 215 | 813 109 7.16 2905
2nd 47 43 007 007 003 005 18 021 | 225 | 831 106 41 315
1427 S | 24 76 42 002 006 002 001 2.00 130 070 | 211
2nd 46 41 002 007 002 002 2.00 150 052 | 212




APPENDI X 2.2. Original data: Soil Sample No.002

ID '\ggﬁ;rte pH(H,0) | pH(KCI) | Ex-Na | Ex-K | Ex-Mg| Ex-Ca | Ex-acidity | Ex-Al | ExH | ECEC| T-Cc | TN &gﬂi Sulphate
% cmol (+)/kg o/kg a/kg P-mg/kg S-mg/kg
1619 1S | 205 78 41 014 008 110 110 212 178 034 | 454 | 1207 77 111 299.4
2nd 48 41 014 009 108 108 226 188 038 | 465 | 1203 7.8 10.9 294.6
1820 s | 278 79 23 011 020 008 080 623 508 115 | 742 | 123 58 30 90.8
2nd 49 43 011 019 008 081 623 506 117 | 742 | 120 57 29 88.6
1F21 1S | 288 47 44 006 008 010 057/ 493 466 027 | 574 | 131 76 386 154
2nd 47 4.4 006 008 010 058 48 453 031 | 566 | 140 7.7 36.5 15.7
1E22 s | 21 79 42 023 014 014 125 331 316 015 | 507 | 2122 67 34 766
2nd 49 42 022 014 014 127 331 316 015 | 508 | 2122 69 34 46.6
1023 1S | 166 45 42 006 010 022 138 131 122 005 | 307 | 1392 071 80 20000
2nd 45 42 006 008 020 150 114 120 005 | 298 | 1364 071 100 37000
D15 1S | 268 5.0 44 017 010 012 075 292 254 038 | 405
2nd 5.0 4.4 016 010 012 075 279 241 038 | 391
1718 s | 222 76 42 220 310 075
2nd 46 42 250 230 -0.60
1810 s | 287 79 44 204 079 078
2nd 49 4.4 204 079 078
1714 1S | 234 47 45 125 021 031 093 213 199 014 | 483 | 257 784 0.84
2nd 46 45 101 022 030 082 215 201 014 | 450 | 305  7.72 1.06
1806 1S | 213 5.0 44 018 011 021 125 068 063 005 | 243 | 12335 2483
2nd 5.0 4.4 018 012 023 137 070 064 006 | 260 | 12471 2094
1412 1S | 238 76 43 001 002 003 009 207 222 | 22 0.7
2nd 45 43 002 003 003 009 207 224 | 22 0.7
711 IS | 112 79 43 037 028 058 108 215 4.46
2nd 49 43 039 029 066 108 218 4.60
1F02 s | 187 5.0 45 011 011 011 104 220 193 029 | 357 200
2nd 5.0 45 013 012 013 105 217 194 026 | 360 390
1804 1S | 213 51 45 014 012 011 022 536 045 | 640 | 722 485 9.43 717.3
2nd 5.1 45 013 012 011 025 524 03l | 616 | 713 479 9.32 724.2
1427 s | 272 79 23 000 012 014 077 260 200 052 | 3.72
2nd 49 43 009 012 015 08 230 180 045 | 350




APPENDIX 3.1. ANOVA , estimation of precision and deter mination of permissibletolerance: The verified data of No.001

PH(H0) [ pH(KCl) | Ex-Na | Ex-K | Ex-Mg | Ex-Ca | Ex-acidity | Ex-Al | Ex-H
cmol (+)/kg
Statistics Number of data 24 30 24 24 20 16 26 24 22
Number of laboratory 12 15 11 12 10 8 13 12 11
Total sum 107.8 124.5 16 24 14 1.0 46.1 37.3 5.7
Total average 45 42 0.1 0.1 0.1 0.1 18 16 0.3
ANOVA Total sum of square (S;) 0.46 0.60 0.06 0.06 0.06 0.04 4.99 6.45 0.70
Sum of sguare inter-labotatories (§) 0.46 0.58 0.06 0.06 0.06 0.04 4.98 6.41 0.70
Sum of square within-labotatory (Sew = Sr- Sr) 0.00 0.01 0.00 0.00 0.00 0.00 0.01 0.04 0.00
Total degree of freedom @+) 23 29 23 23 19 15 25 23 21
Inter-laboratories degree of freedom (Pg) 11 14 10 11 9 7 12 11 10
Within-laboratory-reproducibility degree of freedom (Pry) 12 15 11 12 10 8 13 12 11
Inter-laboratories variance (Vg = Sg/®R) 0.04 0.04 0.01 0.01 0.01 0.01 041 0.58 0.07
Within-laboratory-reproducibility Variance (Vew = Srw/Prw) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Estimated precision  |Laboratory component of variance (52 = (Vg -Vw)/2) 0.02 0.02 0.00 0.00 0.00 0.00 0.21 0.29 0.03
Within-laboratory standard deviation (Sw = SQRT(V rw)) 0.00 0.03 0.00 0.00 0.00 0.01 0.03 0.06 0.01
Inter-laboratories standard deviation (% = SQRT(SOZ + sRW2/2) 0.14 0.14 0.06 0.05 0.06 0.05 0.46 0.54 0.19
Within-laboratory precision CV (%) 0.00 0.76 6.24 4.15 0.00 11.31 1.83 3.73 577
Inter-laboratories precision CV (%) 321 3.47 83.13 51.73 83.57 81.02 25.67 34.72 72.15
Permissible tolerance |Within-laboratory-reproducibility limit (Ry =D (2, 0.95) sqw) 0.00 0.09 0.01 0.01 0.00 0.02 0.09 0.16 0.04
Reproducibility limit (R =D (2, 0.95) ) 0.40 0.40 0.16 0.14 0.16 0.14 1.28 151 0.52

Note: ANOVA was carried out according to the Annex |1 of the Technical Manual for Soil and Vegetation Monitoring in East Asia (2000)




APPENDIX 3.2. ANOVA , estimation of precision and deter mination of permissibletolerance: The verified data of No.002

PH(HO) [ pH(KCl) | Ex-Na | Ex-K | Ex-Mg | Ex-Ca | Ex-acidity | Ex-Al | Ex-H
cmol (+)/kg
Statistics Number of data 26 30 22 26 22 26 24 24 20
Number of laboratory 13 15 11 13 11 13 12 12 10
Total sum 126.4 130.0 2.6 34 32 22.7 51.3 61.8 5.9
Total average 49 43 0.1 0.1 0.1 0.9 21 2.6 0.3
ANOVA Total sum of square (S;) 0.70 0.43 0.07 0.11 0.12 3.85 10.08 57.34 0.90
Sum of sguare inter-labotatories (§) 0.70 0.43 0.07 0.11 0.11 3.83 9.96 57.29 0.89
Sum of square within-labotatory (Sew = Sr- Sr) 0.00 0.00 0.00 0.00 0.00 0.02 0.12 0.05 0.00
Total degree of freedom @+) 25 29 21 25 21 25 23 23 19
Inter-laboratories degree of freedom (Pg) 12 14 10 12 10 12 11 11 9
Within-laboratory-reproducibility degree of freedom (Pry) 13 15 11 13 11 13 12 12 10
Inter-laboratories variance (Vg = Sg/®R) 0.06 0.03 0.01 0.01 0.01 0.32 0.91 5.21 0.10
Within-laboratory-reproducibility Variance (Vew = Srw/Prw) 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00
Estimated precision  |Laboratory component of variance (52 = (Vg -Vw)/2) 0.03 0.02 0.00 0.00 0.01 0.16 0.45 2.60 0.05
Within-laboratory standard deviation (Sw = SQRT(V rw)) 0.00 0.00 0.01 0.01 0.01 0.04 0.10 0.06 0.02
Inter-laboratories standard deviation (% = SQRT(SOZ + sRW2/2) 0.17 0.12 0.06 0.07 0.08 0.40 0.67 161 0.22
Within-laboratory precision CV (%) 0.00 0.00 5.10 5.02 5.55 491 4.75 2.50 7.19
Inter-laboratories precision CV (%) 3.52 2.85 51.10 51.89 52.75 45.72 31.45 62.67 75.07
Permissible tolerance |Within-laboratory-reproducibility limit (Ry =D (2, 0.95) sqw) 0.00 0.00 0.02 0.02 0.02 0.12 0.28 0.18 0.06
Reproducibility limit (R =D (2, 0.95) ) 0.48 0.35 0.17 0.19 0.21 112 1.88 452 0.62

Note: ANOVA was carried out according to the Annex |1 of the Technical Manual for Soil and Vegetation Monitoring in East Asia (2000)




APPENDIX 4.1. ANOVA , estimation of precision and deter mination of permissibletolerance: All the data of No.001

PH(HO) [ pH(KCl) | Ex-Na | Ex-K | Ex-Mg | Ex-Ca | Ex-acidity | Ex-Al | Ex-H
cmol (+)/kg
Statistics Number of data 30 30 26 26 26 26 28 26 24
Number of laboratory 15 15 13 13 13 13 14 13 12
Total sum 134.4 124.5 3.6 25 2.6 54 54.7 45.0 6.9
Total average 45 42 0.1 0.1 0.1 0.2 2.0 17 0.3
ANOVA Total sum of square (S;) 1.05 0.60 1.59 0.06 0.17 1.26 16.74 16.26 0.94
Sum of sguare inter-labotatories (§) 1.04 0.58 159 0.06 0.17 124 16.73 16.22 0.92
Sum of square within-labotatory (Sew = Sr- Sr) 0.01 0.01 0.01 0.00 0.00 0.02 0.01 0.04 0.02
Total degree of freedom @+) 29 29 25 25 25 25 27 25 23
Inter-laboratories degree of freedom (Pg) 14 14 12 12 12 12 13 12 11
Within-laboratory-reproducibility degree of freedom (Pry) 15 15 13 13 13 13 14 13 12
Inter-laboratories variance (Vg = Sg/®R) 0.07 0.04 0.13 0.01 0.01 0.10 129 135 0.08
Within-laboratory-reproducibility Variance (Vew = Srw/Prw) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Estimated precision  |Laboratory component of variance (52 = (Vg -Vrw)/2) 0.04 0.02 0.07 0.00 0.01 0.05 0.64 0.67 0.04
Within-laboratory standard deviation (Ssw = SQRT(Vgrw)) 0.03 0.03 0.02 0.01 0.01 0.04 0.03 0.06 0.04
Inter-laboratories standard deviation (% = SQRT(SOZ + sRW2/2) 0.19 0.14 0.26 0.05 0.08 0.23 0.80 0.82 0.20
Within-laboratory precision CV (%) 0.58 0.76 16.13 7.44 10.68 19.51 1.62 325 13.69
Inter-laboratories precision CV (%) 4.30 3.47 186.14 52.81 84.34 110.48 41.05 47.48 71.13
Permissible tolerance |Within-laboratory-reproducibility limit (Ry =D (2, 0.95) sqw) 0.07 0.09 0.06 0.02 0.03 0.11 0.09 0.16 0.11
Reproducibility limit (R =D (2, 0.95) ) 0.54 0.40 0.72 0.14 0.23 0.64 2.25 2.30 0.57

Note: ANOVA was carried out according to the Annex |1 of the Technical Manual for Soil and Vegetation Monitoring in East Asia (2000)




APPENDIX 4.2. ANOVA , estimation of precision and deter mination of permissibletolerance: All the data of No.002

PH(HO) [ pH(KCl) | Ex-Na | Ex-K | Ex-Mg | Ex-Ca | Ex-acidity | Ex-Al | Ex-H
cmol (+)/kg
Statistics Number of data 30 30 26 26 26 26 28 26 24
Number of laboratory 15 15 13 13 13 13 14 13 12
Total sum 144.8 130.0 5.6 34 6.6 22.7 73.6 67.2 9.0
Total average 4.8 43 0.2 0.1 0.3 0.9 2.6 2.6 0.4
ANOVA Total sum of square (S;) 0.96 0.43 2.04 011 2.05 3.85 51.96 57.69 2.26
Sum of sguare inter-labotatories (§) 0.95 0.43 2.01 0.11 2.05 3.83 51.83 57.32 2.25
Sum of square within-labotatory (Sew = Sr- Sr) 0.01 0.00 0.03 0.00 0.00 0.02 0.13 0.37 0.01
Total degree of freedom @+) 29 29 25 25 25 25 27 25 23
Inter-laboratories degree of freedom (Pg) 14 14 12 12 12 12 13 12 11
Within-laboratory-reproducibility degree of freedom (Pry) 15 15 13 13 13 13 14 13 12
Inter-laboratories variance (Vg = Sg/®R) 0.07 0.03 0.17 0.01 0.17 0.32 3.99 4,78 0.20
Within-laboratory-reproducibility Variance (Vew = Srw/Prw) 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.03 0.00
Estimated precision  |Laboratory component of variance (52 = (Vg -Vrw)/2) 0.03 0.02 0.08 0.00 0.09 0.16 1.99 2.37 0.10
Within-laboratory standard deviation (Sw = SQRT(V rw)) 0.03 0.00 0.05 0.01 0.02 0.04 0.10 0.17 0.03
Inter-laboratories standard deviation (% = SQRT(SOZ + sRW2/2) 0.18 0.12 0.29 0.07 0.29 0.40 141 155 0.32
Within-laboratory precision CV (%) 0.53 0.00 22.00 5.02 7.02 491 3.64 6.53 9.28
Inter-laboratories precision CV (%) 3.81 2.85 133.82 51.89 115.44 45.72 53.74 59.79 85.14
Permissible tolerance |Within-laboratory-reproducibility limit (Ry =D (2, 0.95) sqw) 0.07 0.00 0.13 0.02 0.05 0.12 0.27 0.47 0.10
Reproducibility limit (R =D (2, 0.95) ) 0.52 0.35 0.81 0.19 0.82 112 3.95 4.33 0.89

Note: ANOVA was carried out according to the Annex |1 of the Technical Manual for Soil and Vegetation Monitoring in East Asia (2000)




APPENDIX 5. Variation of chemical properties among bottles

Sample No Serial NO. Moisture content pH (H,0O) pH (KCI) Ex-Na Ex-K Ex-Mg Ex-Ca Ex-Al Ex-H
(%) cmol (+)/kg

No.001 001-015 2.7 4.7 4.1 0.05 0.08 0.03 0.08 1.59 0.31

001-035 2.6 4.7 4.2 0.05 0.07 0.03 0.11 1.56 0.34

001-055 2.4 4.7 4.2 0.05 0.06 0.03 0.09 157 0.33

001-075 24 4.7 4.2 0.05 0.06 0.03 0.15 154 0.31

001-095 2.5 4.7 4.2 0.05 0.06 0.03 0.09 157 0.28

Mean 2.5 4.7 4.2 0.05 0.07 0.03 0.11 157 0.31

Standard deviation 0.1 0.0 0.0 0.00 0.01 0.00 0.03 0.02 0.02

CV (%) 39 0.3 0.8 2.50 8.42 1.43 27.06 1.16 7.33

No.002 002-015 27.0 5.0 4.4 0.15 0.11 0.14 1.02 2.15 0.39

002-035 27.3 50 4.4 0.16 0.11 0.14 0.93 2.15 0.40

002-055 27.6 5.0 4.3 0.15 0.12 0.14 1.02 2.16 0.40

002-075 27.2 50 4.3 0.16 0.12 0.14 1.05 2.14 0.41

002-095 27.3 5.0 4.4 0.16 0.12 0.13 1.09 2.14 0.41

Mean 27.3 50 4.4 0.15 0.12 0.14 1.02 2.15 0.40

Standard deviation 0.2 0.0 0.0 0.00 0.01 0.00 0.06 0.01 0.01

CV (%) 0.8 0.1 0.5 2.61 4.73 144 5.79 0.39 2.08




