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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards

bodies (ISO

member bodies). The work of preparing International Standards is normally carried out

through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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the ISO/IEC Directives, Part 1. In particular the different approval criteria needed for the
bes of ISO documents should be noted. This document was drafted in accordande\with the
es of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

drawn to the possibility that some of the elements of this document may bé the subj¢ct of
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h endorsement.

anation on the voluntary nature of standards, the :meaning of ISO specific termqd and
related to conformity assessment, as well as information about ISO's adherence tp the
Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
so.org/iso/foreword.html.
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bnt was prepared by Technical Committee 1SO/TC 134, Fertilizers and soil conditioners.
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Introduction

Microamounts of inorganic anions such as fluoride, chloride, bromide, iodide, nitrite and thiocyanate
are usually contained in fertilizers. Excessive amounts of such inorganic anions can not only impede
the growth of crops, but can also cause harmful effects on the arable land and the environment.
Current standards around the world mostly focus on a few specific anions. This method, which uses
ion chromatography, provides a high-throughput screening and rapid determination pathway targeting
microamounts of six anions as an alternative to traditional chemical analysis.
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Fertilizers and soil conditioners — Determination of
microamounts of inorganic anions in fertilizers by ion
chromatography
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Normative references

following documents are referred to in the text in such a way that-some or all of t
fitutes requirements of this document. For dated references, enly the edition cited
ted references, the latest edition of the referenced document (including any amendme

157, Fertilizers and soil conditioners — Vocabulary

Terms and definitions

he purposes of this document, the terms and definitions given in ISO 8157 apply.

EC Electropedia: available at http://wwwi.electropedia.org/

SO Online browsing platform: available at https://www.iso.org/obp

Principle

r soluble inorganic.@nions are extracted by sonication, centrifugation and purifica
folumn and a Ba-iep/column (where applicable). During pre-treatment, the anions ar
2 um aqueous-filter. They are determined by ion chromatography. Anions are sepal

thereby eonverting the anions in the fertilizer sample to their corresponding acids
uctivity: The separated anions (in their acid forms) are measured by an electrical-
‘tor.“Anions are identified based on their retention times compared to known

titation is accaomnlished hy moacnring the pnnlz hnighf or area r‘nmpnrnd to a2 calib

nd IEC maintain terminological databasesfor use in standardization at the following 2

neir affinity(for’ the exchange sites on the analytical column. The suppressor dey
ackgroundyconductivity of the eluent to a low level by replacing the cations with the hydrogen

document specifies the ion chromatography method for the determination of miérdamounts of
r soluble inorganic anions, such as fluoride (F-), chloride (Cl-), bromide (Br-), iodidg

(I7), nitrite

heir content
applies. For
hts) applies.

ddresses:

tion using a
e filtered by
rated based
ice reduces

with higher
ronductivity
standards.
ration curve

J
rated from known standards.

5 Reagents

WARNING — Acetone and methanol are flammable and toxic. Refer to the applicable safety data
sheet (SDS). The related operations shall be performed in the fume hood. This document does
not point out all possible safety problems; therefore, the user shall bear the responsibility to

take

proper safety and health measures.

Analytical grade reagent (A.R.) chemicals shall be used in all tests, unless otherwise indicated.
The purity of water used throughout shall be understood to mean reagent water with electrical

resis
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5.1 Ultrapure water, HPLC grade water with electrical resistivity 218,2 MQ-cm.

5.2 Potassium hydroxide (G.R.).

5.3 Sodium carbonate (G.R.).

5.4 Sodium bicarbonate (G.R.).

5.5 Acetone, HPLC grade.

5.6 Methanol, HPLC grade.

NOTE Methanol is be used for the activation of SPE-C18 column (6.8).

5.7 Potassium hydroxide eluent. Dissolve 5,611 g potassium hydroxide (0,1 mol, 5.2) in water (5.1).
Dilute this splution to 1 1 with water (5.1) and mix thoroughly. The potassium hydroxide solution can also
be prepared| by automated eluent generation system (OH- type). The potassium hydroxide eluent is|used
for gradient|chromatography conditions.

5.8 Carbdnate eluent. Dissolve 0,530 g sodium carbonate (5,0 mni6l) (5.3) and 0,168 g sofdium
bicarbonate| (2,0 mmol) (5.4) in water (5.1), and add 40 ml of acetone’ (5.5) to the aqueous solution.
Dilute to 1 | with water (5.1) and mix thoroughly by ultrasonic tteatment for 10 min. The carbgnate

eluent is usd
5.9 Stock

5.9.1 Flud

Dissolve 2,2
aqueous sol

Keep the flupride stock solution in a polyethylene bottle for storage.

5.9.2 Chlg

Dissolve 1,6
aqueous sol

5.9.3 Bro

Dissolve 1,4
the aqueous

d for isocratic chromatography conditions.
solutions

ride stock solution (1 000 mg/1).

10 0 g NaF (sodium fluoride, A.R., prestreated at 105 °C for 2 h) into water (5.1). Transfg
ition into a 1 000 ml volumetrigflask, dilute it to 1 1 with water (5.1) and mix thorou

ride stock solution (1,000 mg/l1).
18 0 g NaCl (sodiuma chloride, A.R., pre-treated at 105 °C for 2 h) in water (5.1). Transfg

mide stock solution (1 000 mg/1).

D0 0 gKBr (potassium bromide, A.R., pre-treated at 105 °C for 2 h) in water (5.1). Tra
solution into a 1 000 ml volumetric flask, dilute it to 1 1 with water (5.1) and mix thoroy

r the
ghly.

r the

ition into a 1 000-ml'volumetric flask, dilute it to 1 1 with water (5.1) and mix thorouglhly.

hsfer
ghly.

Keep the br

pmide stock solution in an amber glass bottle for storage.

5.9.4 lodi

de stock solution (1 000 mg/1).

Dissolve 1,308 0 g KI (potassium iodide, A.R., pre-treated at 105°C for 2 h) in water (5.1). Transfer the
aqueous solution into a 1 000 ml volumetric flask, dilute it to 1 1 with water (5.1) and mix thoroughly.
Keep the iodide stock solution in an amber glass bottle for storage.

5.9.5 Nitr

ite stock solution (1 000 mg/1).

Dissolve 1,489 0 g NaNO; (sodium nitrite, A.R., pre-dried in a desiccator for approximately 24 h) in
water (5.1). Transfer the aqueous solution into a 1 000 ml volumetric flask, dilute it to 1 | with water

(5.1) and mi

x thoroughly.
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Nitrite is easily oxidized, especially in the presence of moisture, thus only fresh reagents are to be used.
Place approximately 2 g of NaNO3 in a 100 ml beaker and dry to constant weight (approximately 24 h) in
a desiccator. Preservation by refrigeration at 4 °C is required for nitrite.

5.9.6 Thiocyanate stock solution (1 000 mg/1).

Dissolve 1,673 0 g KSCN (potassium thiocyanate, pre-treated at 105 °C for 2 h) into water (5.1). Transfer
the aqueous solution into a 1 000 ml volumetric flask, dilute to 1 1 with water (5.1) and mix thoroughly.

5.10 Anion standard working solutions.

according to the concentration ranges listed in Table 1. Alternatively, certificated standard|solutions of

PrepEre anion standard working solutions (including F-, Cl-, Br-, I-, NO2~ and SCN-) in volurpetric flasks
singl

or mixed anions may also be used for the preparation of anion working solutions:

The [concentration ranges for standard working solutions may be adjusted/gaecording to the levels
expefcted in the samples.

Preservation by refrigeration at 4 °C is required for solutions containing nitrite.

Table 1 — Preparation of anion standard working solutions

Working F- Cl- Br- I- NO3- SCN-
splution mg/1 mg/1 mg/1 mg/1 mg/1 mg/1
Blank 0 0 0 0 0 0
Stgndard 1 0,2 0,2 0,2 0,2 0,2 0,2
Standard 2 0,5 0,5 0,5 0,5 0,5 0,5
Stdndard 3 1,0 1,0 1,0 1,0 1,0 1,0
Stqdndard 4 5,0 5,0 5,0 5,0 5,0 5,0
Stgdndard 5 20,0 20,0 20,0 20,0 20,0 20,0

6 Apparatus and materials

6.1 Ion chromatograph;.with electrical-conductivity detector.
6.2 | Ultrasonic cleaner.

6.3 | Centrifuge,‘with a rotational speed of 4 000 r/min.

NOTH Relative centrifugal force can be calculated as 0,000 001 18 times the rotational radius (in mm) times
the square of'the revolutions per minute (r/min).

6.4 High speed pulverizer.
6.5 Analytical balance, with a sensitivity of 0,1 mg.
6.6 Syringe-driven filter, with an aqueous filter membrane with 0,22 pm pores.

6.7 Ba-ion filter column, 1 ml.

NOTE The Ba-ion filter column (for example, a Ba-Polystyrene resin column) is used to eliminate excess
amounts of sulfate and phosphate from the sample which can serve as potential interference.

© IS0 2017 - All rights reserved 3
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18 column, 1 ml.

which can serve as potential interference.

6.9 Ag/H

NOTE
The Ag/H filt

7 Test p

7.1 Gene

Two replicaf

filter column, 1 ml.

er column is used to eliminate excess amounts of chloride to more accurately measure nitrite.

rocedure

The SPE-C18 column is used to eliminate interfering amounts of organic compounds from the sample

Since chloride and nitrite elute very closely together, they are potential interferences for each other.

ral

e experiments shall be done for the determination.

7.2 Preparation of test sample

Prepare a te
a sieve of ap

7.3 Activ

7.3.1 Acti

Flush the B4
than 3 ml/n

7.3.2 Acti

First, flush

3 ml/min. T
3 ml/min. K
after activat

7.3.3 Acti

Flush the A
than 3 ml/ny

7.4 Prep;

Accurately

5t portion by reducing the fertilizer sample to 100 g. Grind the samplé until it passes thr

htion of the filter columns

vation of the Ba-ion filter column

-ion filter column with 10 ml water (5.1) beforé use, keeping the water outflow velocity
in. The column shall be kept in stand-by mode after activation.

vation of the SPE-C18 column

'he SPE-C18 column with 5 ml miethanol, keeping the methanol outflow velocity less
hen, flush the column with 15 ‘mI'water (5.1), keeping the water outflow velocity less

ion.

vation of the Ag/Hfilter column

b /H filter colummn with 10 ml water (5.1) before use; keep the water outflow velocity
in. The column shall be kept on stand-by after activation.

hration of the test solution

erture size 0,5 mm and mix until homogenous. Place in a clean and dry bottle with a lid.

ough

’ less

than
than

ep the column flat for 20 min'while it activates. The column shall be kept in stand-by mode

r less

veigh to 0,000 2 g an appropriate amount (1 g to 2 g) of the ground test portion i

nto a

100 ml volu

metric flask and add water (5.1) to near 10U ml mark.

Choose a sample weight that ensures the concentrations of ions of interest lie within the following
ranges: F- (10 mg/kg to 2 000 mg/kg), Cl- (10 mg/kg to 20 000 mg/kg), Br- (20 mg/kg to 2 000 mg/kg),
I- (20 mg/kg to 2 000 mg/kg), NO2~ (10 mg/kg to 2 000 mg/kg), SCN- (40 mg/kg to 2 000 mg/kg).

Dissolve using an ultrasonic bath for 30 min, and then allow the contents of the volumetric flask to
reach the room temperature.

Dilute to volume with water (5.1), and mix thoroughly by shaking.

Centrifuge a 10 ml portion of the solution at a rotational speed of 4 000 r/min for 5 min to 10 min.

Remove 5 ml of supernatant from the centrifuge tube and filter with syringe-driven filter (6.6).

© ISO 2017 - All rights reserved
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Filter the solution with tandem filter columns of SPE-C18 column (activated), Ba-ion filter column
(activated) and Ag/H filter column (activated) respectively, keeping the solution outflow velocity less
than 3 ml/min.

Discard the first 3 ml of filtrate and keep the remaining 1 ml to 2 ml solution for testing.

NOTE The SPE-C18 column is used to eliminate organic compounds as interferences in the test solution. The
Ba-ion filter column is used to eliminate excess amounts of sulfate and phosphate in the test solution. The Ag/H
filter column is used to eliminate excess chloride to accurately measure nitrite. The use of these filter columns is
dependent upon the sample being tested.

7 5 ooz o ol caditias A (o A ot ol s o o sl caadiis o)
] 1UIL CI1IX1 Ulllatusl apu_y CUIIUINUIVUILI N [ux dUITIIU LIl Ulllatusl apu_y \'UllulLlUllJ

7.5.1 Chromatographic column: hydroxide selective, gradient elution compatible, high capacity anion
exchange column.

7.5.4 Column temperature: 30 °C.

7.5.3 Suppressor device: membrane-based self-regenerating anion stippressor device. An equivalent
suppjressor device may be used provided that comparable method detection limits can also[be achieved
and that adequate baseline stability is attained.

7.5.4 Detector: electrical-conductivity detector with cell témperature held at 35 °C.

7.5.8 Eluent: potassium hydroxide eluent (5.6); gradient elution schedule listed in Table 2

Table 2 — Gradient elution schedule

Time OH- concentration
min (mmol-I-1)

0,00 12

13,00 12

14,00 80

46,00 80

47,00 12

54,00 12

7.5.4 Eluentflow rate: 1,0 ml/min.

7.5.71 JInjection volume: 25 pl. The injection volume can be adjusted according to the conc¢ntrations of
ions pfinterest in the test solution.

Use the same size of sample loop for all standards, samples, and fortified samples. If removal of the
background matrix is not around 100 %, increasing the sample loop size will increase the overall mass
loading to the guard and the analytical columns, potentially saturating a column’s exchange capacity
and shifting retention times for the unknowns.

© IS0 2017 - All rights reserved 5
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Ion chromatography condition B (Isocratic chromatography condition)

7.6.1 Chromatographic column: carbonate selective, high capacity anion exchange column.

7.6.2 Column temperature: 40 °C.

7.6.3 Suppressor device: self-regenerating anion suppressor device. An equivalent suppressor device

may be use

provided that comparable method detection limits can also be achieved and that ade

uate

baseline sta
7.6.4 Dete
7.6.5 Elug
7.6.6 Elug

7.6.7 Inje
ions of inter

7.7 Detel

7.7.1 Detq

Use F-, Cl-,
working sol
correspondj

Filter the mij
of SPE-C18 ¢

It is recom

the beginning and end of each set-of unknowns. Additional standard curves are recommended for
(>20) sets of unknowns.

7.7.2 Determination of'sample test solutions

Test a blank solution ahd the sample test solutions under the same conditions as the standards

pility is attained.

ctor: electrical-conductivity detector with cell temperature held at 35 °C.

nt: carbonate eluent (5.7), isocratic elution.
nt flow rate: 0,7 ml/min.

‘tion volume: 20 pl. The injection volume can be adjusted aceording to the concentratig
est in the test solution.

'mination of standard working solutions and ‘sample test solutions

ermination of standard working solutions

Br-, I, NO2~ and SCN- standard solutions (5.10) to prepare the mixed-anion stan
itions given in Table 1. Plot the standarddurves using the concentration of inorganic an
ng to the peak heights/areas obtained-in the test.

olumn (activated) and Ba-ion filter column (activated), if necessary.

ended to run a minimum-ef two standard curves for each set of unknowns, preferal

ns of

dard
ions,

xed-anion standard working solutions with syringe-driven filter and tandem filter coldmns

ly at
arge

Use

the retentiopn times-to identify the inorganic anions, and derive the concentrations of inorganic anions

in the test splutions from the standard curves. Typical ion chromatograms are shown in Annex H
gradient chijomatography conditions) and Annex C (for isocratic chromatography conditions).

b (for

The blank solution is prepared in the same manner as the test solutions, except for adding any test

samples.

If the response value (peak height/area) of any anion in a test solution exceeds the linear calibration
range of a standard solution, appropriate dilutions should be prepared.

For the determination of anions in liquid fertilizer, the instrumental detection limit (IDL, D.3) should be
verified before the analysis of the sample. For the determination of anions in liquid fertilizer containing
NO3-, the proposed method (7.5 and 7.6) shall be carried on very carefully, and anions standard working
solutions (5.10) shall be injected to identify the retention time of Br-.

© ISO 2017 - All rights reserved
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8 Calculation and expression of results

8.1

General

IS0 20702:2017(E)

The mass fraction of fluoride (F-), chloride (Cl-), bromide (Br-), iodide (I-), nitrite (NO2-) and
thiocyanate (SCN-), w, in the unit of mg/kg, is calculated using Formula (1):

= PPV XS

m

where

(D

The

m

rounded off to three significant figures.

is the dilution factor of the test solutions;

is the mass of the test portion, expresses in grams (g,

V' is the volume of the test/blank solutions, expressed in millilitres)(ml);

is the mass concentration of fluoride (F-), chloride (Cl-), bromide (Br-), iodide (I5); n
and thiocyanate (SCN-), expressed in milligrams per litre (mg/1)of the test solutions;

is the mass concentration of fluoride (F-), chloride (Cl-), bromide (Br-),dadide (I-), n
and thiocyanate (SCN-), expressed in milligrams per litre (mg/1) of®he’blank solut

letermination result is the arithmetic average of two. parallel determination results,

trite (NO2-)

trite (NO27)
on;

and shall be

8.2 | Precision
8.2.1 Ring test
Detajls of ring test on the precision of-thie' method are summarized in Annex A.
8.2.2 Repeatability, r
Anions F- Cl- Br- I- NO2- SCN-
Repegtability limit, = = = = =
L A 10,424 0,015X +9,685 | 0011X +1,336 | 0,050X +2310 | 0,339X 0882 ||0,140X 0,802
8.2.3 Reproducibility, R
Anions F- Cl- Br- I- NO2- SCN-
Regjroducibility — = = ¥ 20,020 %
limjit{ Bymig/kg 0,484 X 0,889 0,137 X + 16,564 0,056 X + 29,554 0,255 X + 11,595 ’ O,1|68 X +11,155
1|

9 Testreport

The test report contains the following information, at a minimum:

a)
b)

c)

all information necessary for the complete identification of the sample;

test method used with reference to this document, i.e. ISO 20702:2017;

test results obtained (signal-to-noise ratio plots per unknown, instrument detection limits and

percent recoveries are suggested to be presented, if necessary. An explanation of these statistical
indices is provided in Annex D);

d)

© ISO
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e) date of analysis completion;
f)  whether or not the requirement of the repeatability limit is fulfilled;

g) all operating details not specified in this document, or regarded as optional, together with details of
any incidents occurred when performing the method, which might have influenced the test results.

8 © IS0 2017 - All rights reserved
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Annex A
(informative)

Ring test report — Report of international laboratories ring test

A.1 Overview

The |nternational laboratories ring test of this document has been accomplished during March 2017
to My 2017. Fifteen laboratories participated in the two parallel tests on four test sgmples. This
international ring test was conducted by Shanghai Research Institute of Chemicaldndtstry, Co. Ltd. and
Shanghai Entry-Exit Inspection and Quarantine Bureau, P. R. China. The statistician analypis and final
repoft was prepared by Shanghai Research Institute of Chemical Industry, Cd, Ltd.

The following are the 15 laboratories that participated in the two parallel tests on four samples:

— (entral Institute for Supervising and Testing in Agriculture, Natiohal Reference Laboratpry, Division
f NRL Brno, Czech Republic;

— (F Industries Technical Service Laboratory, USA;

— China National Supervision and Testing Centre of Fine*¢hemicals;

— Hunan Testing Institute of Product and Commodity Supervision, P. R. China;
— Institution of Supervision and Inspection Prgduct Quality of Guizhou Province, P. R. Chfna;
— Metrohm China Limited;

— INingbo Entry-Exit Inspection and-Quarantine Bureau, P. R. China;

— Office of Indiana State Chemist, USA;

— IProduct Quality Supervising and Inspecting Centre of Taizhou city, P. R. China;
— $haanxi Entry-Exit Inspection and Quarantine Bureau, P. R. China;

— $handong Institute for Product Quality Inspection, P. R. China;

— $hanghai Research Institute of Chemical Industry, Co. Ltd., P. R. China;

— $hanghaiEntry-Exit Inspection and Quarantine Bureau, P. R. China;

— Thermo Fisher Scientific Inc.;

— Yunnan Chemical Product Quality Supervision & Inspection Station, P. R. China.

NOTE Participating laboratories are listed in alphabetic order, which has no relation to the sequences listed
in the tables below.

The test method described in this document was adopted for the determination of fluoride, chloride,
bromide, iodide, nitrite and thiocyanate contents in the fertilizer samples.

Four different types of fertilizer samples were used during the ring test, each with several mean
levels. The test samples were: sample A (ammonium phosphate), sample B (nitro-compound fertilizer),
sample C (complex fertilizer) and sample D (potassium sulfate). The six anion contents to be determined
and involved in the statistics in the four fertilizer samples generally lie in the range of 10 mg/kg to
1 700 mg/kg, and the standard working solutions in the standard were designed to cover the range of
0 mg/kg to 2 000 mg/kg.

© IS0 2017 - All rights reserved 9


https://standardsiso.com/api/?name=5c1f01ac3d0d5a706d1830b2df70d028

IS0 20702:2017(E)

The precision

of the test results was evaluated based on ISO 5725-2.

A.2 Statistical analysis of the test results of fluoride (F-) contents

A.2.1 Original test results

Fourteen laboratories participated in the determination of fluoride (F-) contents in fertilizer test
samples. The results are listed in Table A.1. The fluoride (F-) contents in fertilizer sample B was
determined to have the mean value over 2 000 mg/kg, which were used as training data and was not
included in the statistics and calculation.

Talble A.1 — Original test results of the determination of fluoride (F-) contents

Level j
Laboratory Column
i used A B C D
mg/kg mg/kg mg/kg mg/kg
1 AS-18 255,2 2574 / / 164,0 157,0 58,95 70,05
2 AS-18 252,6 265,1 / / 209,8 245,5 83,90 94,30
3 MetrosepA | 2517 | 2534 1873 1907 | 76,55 | 7762
Supp 5 / /
4 AS-19 2079 208,5 / / 152,8 155,4 81,20 81,46
5 AS-19 197,7 195,1 / / 122,4 127,6 70,08 7491
6 AS-18 224,0 233,0 / / 187,0 194,0 74,00 74,00
7 AS-19 245,3 245,9 / / 162,2 165,4 76,00 6945
8 AS-18 246,0 249,2 / / 193,1 190,3 84,32 83,16
9 AS-18 249,5 249,7 Va / 168,2 168,3 79,92 7998
10 AS-18 249,2 249,3 / / 168,1 168,3 79,99 7998
11 AS-18 2439 245,6 / / 161,7 163,1 81,68 85,58
12 MetrosepA | 1672 | 1250 1393 | 1393 | 64,67 | 64,07
Supp 7 / /
13 AS-19 2354 250,0 / / 165,6 159,5 70,63 72,47
14 AS-18 / / / / 3251 | 301,3 | 82,59 | 7322
A.2.2 Cell means by laboratory
The cell me3gns (means ofithe analyses) by laboratory for the determination of fluoride (F-) contents are
listed in Table A.2.
Table A.2 — Cell means of the determination of fluoride (F-) contents
Laboratory —
; A B C D
mg/kg mg/kg mg/kg mg/kg
1 256,30 / 160,45 64,500
2 258,85 / 227,65 89,100
3 252,55 / 189,00 77,085
4 208,20 / 154,10 81,330
5 196,40 / 125,00 72,495
6 228,50 / 190,50 74,000
7 245,60 / 163,80 72,725
8 247,60 / 191,70 83,740
10 © IS0 2017 - All rights reserved
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Table A.2 (continued)

IS0 20702:2017(E)

Level j
Laboratory

; A B C D

mg/kg mg/kg mg/kg mg/kg
9 249,60 / 168,25 79,950
10 249,25 / 168,20 79,985
11 244,75 / 162,42 83,630
12 146,10 / 139,30 64,370
13 242,70 / 162,55 71,550
14 / / 313,20 77905

A.2.3 Cell absolute differences of the analyses by laboratory

The [cell absolute differences of the analyses by laboratory for the determiination of fluoride (F-)

cont¢nts are listed in Table A.3.

Table A.3 — Cell absolute differences of the determination ‘effluoride (F-) contents

Level j
Lalporatory

i A B C D

mg/kg mg/kg mg/kg mg/kg
1 2,20 / 7,00 11,10
2 12,50 / 35,70 10,40
3 1,70 / 3,40 1,07
4 0,60 7 2,60 (4,26
5 2,60 / 5,20 483
6 9,00 / 7,00 0,00
7 0,60 / 3,20 6,55
8 3,20 / 2,80 1,16
9 0,20 / 0,10 4,06
10 0,10 / 0,20 q,01
11 1,70 / 1,38 3,90
12 42,20 / 0,00 0,60
13 14,60 / 6,10 1,84
14 / / 23,80 9,37

A.2.4 Evaluation of the results for consistency and outliers

Graphical evaluations of the analytical results for consistency by Mandel’'s h and k staltistics were

studied.

The inter-laboratory consistency statistic h and the intra-laboratory consistency statistic k, for each
level of each laboratory were calculated. The h and k values for each cell for the respective laboratories
were plotted to obtain the Mandel’s h and k graphs shown in Figures A.1 to A.12.

The Mandel’s inter-laboratory consistency statistic h graph (Figure A.1) indicated that laboratory 12
had one outlier on level A and laboratory 14 had one outlier on level C.

The Mandel’s intra-laboratory consistency statistic k graph (Figure A.2) exhibited rather large
variability between replicate test results for laboratory 12 on level A (outlier) and laboratory 2 on
level C (outlier); while laboratory 14 had one straggler on level C, and laboratory 1 and 2 both had one
straggler on level D.

© IS0 2017 - All rights reserved 11
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cation of Cochran’s testled to the values of the test statistic C given in Table A.4.

Table A.4 — Values of Cochran test statistic, C

Figure A.2 — Mandel’s intra-laboratory ¢onsistency statistic, k, grouped by laborfatories

Level j A B C D Type of fest
Before scrutihy
C (Cochran) 0,788 / 0,624 0,303 Cochran’g test
statist]cs
Stragglers 0,515 (p =13, / 0,492 (p = 14, 0,492 (p = 14, Cochrap’s
n=2) n=2) n=2) critical values
G %) > )
Outliers 0,624 (p =13, / 0,599 (p = 14, 0,599 (p = 14, Cochran’s
(1%) n=2) n=2) n=2) critical values
Level j A B C D Type of test
After scrutiny
C (Cochran) 0,445 / 0,244 0,303 Cochran’s test
statistics
Stragglers 0,541 (p=12, / 0,541 (p=12, 0,492 (p = 14, Cochran’s
(5 %) n=2) n=2) n=2) critical values
Outliers 0,653 (p=12, / 0,653 (p=12, 0,599 (p = 14, Cochran’s
n=2) n=2) n=2) critical values
(1 %)

© IS0 2017 - All rights reserved
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If the test statistic is greater than its 5 % critical value and less than or equal to its 1 % critical value,
the item tested is regarded as a straggler.

If the test statistic is greater than its 1 % critical value, the item tested is regarded as an outlier.

Cochran’s test showed that the test statistic reached 0,788, calculated by the maximum cell absolute
difference (42,20) from laboratory 12 on level A.

Cochran’s critical value at the 1 % significance level was 0,624, for p = 13 and n = 2; therefore, the test
result from laboratory 12 on level A is an outlier, which should be discarded here.

Cochran’s test showed that the test statistic reached 0,624, calculated by the maximum cell absolute

difference ($5,70) from laboratory 2 on level C.

Cochran’s ctfitical value at the 1 % significance level was 0,559, for p = 14 and n = 2; therefore) the test
result from |aboratory 2 on level C is an outlier, which should be discarded here.

Accordingly} for laboratory 12, level A was eliminated from their results, and for laboratory 2, level C

was eliminated from their results.

Cochran’s tgsts (p = 12, n = 2) were repeated on the remaining tests values\ftom the 12 laboratpries
on level A. The test statistic obtained this time was 0,445. The values is déss than Cochran’s crjtical
value at the|l % significance level (0,653, p = 12, n = 2). This confirmed thatno outlier existed in level A

anymore.

Cochran’s tgsts (p = 13, n = 2) were repeated on the remaining tests values from the 13 laboratpries
on level C. The test statistic obtained this time was 0,739, whichis still larger than Cochran’s crjtical
value at the|l % significance level (0,624, p = 13, n = 2), caused\by the maximum cell absolute difference
(23,80) from laboratory 14 on level C this time. Therefore,\the test result from laboratory 14 on lgvel C
is also an ouytlier, which should be discarded here.

Cochran’s tgsts (p = 12, n = 2) were repeated onythe remaining tests values from the rest of the 12
laboratoried on level C. The test statistic obtained this time was 0,244. The values are less |[than
Cochran’s cifitical value at the 1 % significancelevel (0,653, p = 12, n = 2). This confirmed that no ofitlier
existed in level C anymore.

Grubbs’ tesjt

Grubbs’ test]is primarily a test of inter-laboratory variability. The test data used herein are those which

have passed

Application

Cochran’s test.

of Grubbs’ testto-cell means led to the values of the test statistic G shown in Table A.5,

Table A.5 — Application of Grubbs’ test to cell means

Levelj|; p Single low Single high Double low Double high Type of test

A; 17 2,254 0,973 0,8350 0,156 8
B / / / / Grubbs’ test
C;12 1,987 1,359 0,6259 0,405 8 statistics
D; 14 1,711 1,750 0,647 5 0,486 2
Stragglers (5 %)
p=12 2,412 2,412 0,2537 0,2537
p=14 2,507 2,507 0,311 2 0,311 2 Grubbs’ critical
Outliers (1 %) values

p=12 2,636 2,636 0,173 8 0,173 8
p=14 2,755 2,755 0,228 0 0,2280

For Grubbs’ test for one outlying observation, outliers and stragglers give rise to values which are larger
than its 1 % and 5 % critical values respectively.

14
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For Grubbs’ test for two outlying observation, outliers and stragglers give rise to values which are
smaller than its 1 % and 5 % critical values respectively.

Application of Grubbs’ test to our cell confirms that there was no outlier.

A.2.5 Calculation of the general mean and standard deviations

Calculation of the general mean, s;, sg of fluoride (F-) contents in each sample listed in Table A.6.

Table A.6 — Calculation results of the general mean, s;, sg of fluoride (F-) contents

Sampie/Ltevet A B € D
Number of laboratories 13 / 14 14
Outliers 1 / 2 0
General mean, x , mg/kg 240,03 / 164,61 76,60
Repeatability standard 4,47 / 2,89 3,81
deviation, s, mg/kg

Reproducibility standard 19,61 / 26,04 7,64
deviation, sg, mg/kg

A.2.6 Dependence of precision on general mean (level)) x

As shown in Table A.6, the repeatability standard deviations, sy, have shown no significdnt linear or
logatiithmic-linear relationship with the general mean (level), x, so for all levels, the mean|value of the
repeptability standard deviation, s, is represented astlie average value of s, listed in Table]A.6.

The reproducibility standard deviations, sg, show*a logarithmic-linear relationship with{the general
mean (level), x : logsg = 0,889logx - 0,761, R2=\0,882

For all levels, the repeatability standard deviation, s, is 3,723.

For 4l levels, the reproducibility standard deviation, sg is 0,173 x 0,889,

A.2.7 Final values of precision
The precision of the fluoride'(F-) contents measurements were discerned from Table A.6.

The ¢onclusions above\were determined from a uniform-level experiment involving 14 labpratories, in
which one test value-from laboratory 12 on level A, one test value from laboratory 2 and one test value
from|laboratory 14.on level C have been discarded as outliers.

The precisiomtof the fluoride (F-) contents measurement method should be quoted as folloys:

— 1fepéatability standard deviation: 5= 3,723,

Q00
7

. s1e . . A ara — N0
— reproducibitity standard deviatiom sg=0;173x 998

A.3 Statistical analysis of the test results of chloride (Cl-) contents

A.3.1 Original test results

Fifteen laboratories participated in the determination of chloride (Cl-) contents in fertilizer test
samples. The results are listed in Table A.7. The chloride (Cl-) contents in fertilizer sample B was
determined to have the mean value over 2 000 mg/kg, which were used as training data and was not
included in the statistics and calculation.
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Table A.7 — Original test results of the determination of chloride (Cl-) contents

Laboratory Levelj
i Column used A B C D
mg/kg mg/kg mg/kg mg/kg

1 AS-18 1592 | 1591 / / 142,8 | 1442 | 6491 | 61,11
2 AS-18 1514 | 1561 / / 1484 | 133,3 | 84,80 | 68,30
3 g{f;;ossep A 1493 | 1493 / / 1291 | 128,3 | 62,18 | 63,21
4 AS-19 1495 | 1495 / / 138,1 | 139,5 | 74,98 | 75,30
5 AS-19 1673 | 1642 / / 1594 | 163,0 | 53,90 |.5399
6 AS-18 1503 | 1506 / / 1350 | 133,0 | 60,00} 60,00
7 AS-19 1520 | 1522 / / 130,8 | 130,2 | 5741V 5719
8 AS-18 1581 | 1599 / / 132,2 | 1284 |16873 | 6360
9 AS-18 1661 | 1661 / / 115,5 | 11581127505 | 75,08
10 AS-18 1661 | 1661 / / 1154 | 1157 | 6510 | 65,08
11 AS-18 1511 | 1518 / / 136,1 |N38,6 | 62,24 | 62,69
12 g/lue;;";ep A 1378 | 1392 / / 1272 1 1272 | 70,04 | 66,23
13 AS-19 1581 | 1592 / / 1373 | 1478 | 61,12 | 7247
14 g{:*;;ossep A 1460 | 1463 | / / / /

15 AS-18 1482 | 1563 / / 163,0 | 167,0 /

A.3.2 Cell means by laboratory

The cell means (means of the analyses) by laboratory for the determination of chloride (Cl-) confents
are listed in|Table A.8.

Table A.8 — Cell means of the determination of chloride (Cl-) contents

Level j
Laboratory

; A B C D

mg/kg mg/kg mg/kg mg/kg
1 15915 / 143,50 63,010
2 15375 / 140,85 76,550
3 1493,0 / 128,70 62,695
4 1495,0 / 138,80 75,140
5 16575 / 161,20 54,945
6 1 5045 # 134;00 60-006
7 1521,0 / 130,50 57,300
8 1590,0 / 130,30 66,165
9 1661,0 / 115,65 75,065
10 1661,0 / 115,55 65,090
11 1514,5 / 137,35 62,465
12 1385,0 / 127,20 68,135
13 1586,5 / 142,55 66,795
14 1461,5 / / /
15 1522,5 / 165,00 /
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The cell absolute differences of the analyses by laboratory for the determination of chloride (Cl-)

contents are listed in Table A.9.

Table A.9 — Cell absolute differences of the determination of chloride (Cl-) contents

Level j
Laboratory

; A B C D

mg/kg mg/kg mg/kg mg/kg
1 1 / 14 80
2 47 / 15,1 16,50
3 / 0,8 1,03
4 / 1,4 4,32
5 31 / 3,6 2,09
6 / 2,0 q,00
7 / 0,6 {22
8 18 / 3,8 413
9 / 0,3 4,03
10 / 0,3 4,02
11 / 2,5 4,45
12 14 / 0,0 381
13 11 / 10,5 11,35
14 3 / / /
15 81 by 4,0 /

A.3.4 Evaluation of the results for consistency and outliers

Grap|

The
level
werg

The

The
varis
laboj

hical evaluation of the analytical\ésults for consistency by Mandel’s h and k statistics were studied:

nter-laboratory consisteney:statistic h and the intra-laboratory consistency statisti¢ k, for each
of each laboratory, werg calculated. The h and k values for each cell for the respective |aboratories
plotted to obtain the'Mandel’s h and k graphs.

Mandel’s inter-laboratory consistency statistic h graph (Figure A.3) indicated that laboratory 12
had ¢ne straggler oh'level A and laboratory 15 had one straggler on level C.

Mandel’s~intra-laboratory consistency statistic k graph (Figure A.4) exhibited rather large
bility between replicate test results for laboratory 2 on level C (outlier) and level D (putlier), and
atory5 on level A (outlier); while laboratory 13 had one straggler on level C.
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cation of Cochran’s testled to the values of the test statistic C given in Table A.10.

Table A.10 — Values of Cochran test statistic, C

Figure A.4 — Mandel’s intra-laboratory.consistency statistic, k, grouped by laboratories

Level j A C D Type of fest
Before serutiny
C (Gechran) 0,628 0,574 0,589 Cochran’s test
statistjcs
Stragglers 0,471 (p = 15, 0,492 (p = 14, 0,515 (p =13, Cochrap’s
=23 =23 =23 eritiealvalues
(5 %) J J J
Outliers 0,575 (p =15, 0,599 (p = 14, 0,624 (p =13, Cochran’s
(1%) n=2) n=2) n=2) critical values
Level j A C D Type of test
After scrutiny
C (Cochran) 0,569 0,574 0,589 Cochran’s test
statistics
Stragglers 0,492 (p = 14, 0,492 (p = 14, 0,515 (p =13, Cochran’s
(5 %) n=2) n=2) n=2) critical values
Outliers 0,599 (p = 14, 0,599 (p = 14, 0,624 (p =13, Cochran’s
n=2) n=2) n=2) critical values
(1 %)
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If the test statistic is greater than its 5 % critical value and less than or equal to its 1 % critical value,
the item tested is regarded as a straggler.

If the test statistic is greater than its 1 % critical value, the item tested is regarded as an outlier.

Cochran’s test showed that the test statistic reached 0,628, calculated by the maximum cell absolute

difference (1 482, 1 563) from laboratory 15 on level A.

Cochran’s critical value at the 1 % significance level was 0,575, for p = 15 and n = 2; therefore, the test
result from laboratory 15 on level A is an outlier, which should be discarded here.

Accordingly, for laboratory 15, level A was eliminated from their results.

Cochran’s te
on level A.
value at the
anymore.

Grubbs’ testt

Grubbs’ test]
have passed

Application

sts (p = 14, n = 2) were repeated on the remaining tests values from the 15 laborat]
[he test statistic obtained this time was 0,569. The values is less than Cochran’s cr
1 % significance level (0,599, p = 14, n = 2). This confirmed that no outlier existed in l¢

is primarily a test of inter-laboratory variability. The test data used’herein are those W

Cochran’s test.

of Grubbs’ test to cell means led to the values of the test statistic G shown in Table A.11.

Table A.11 — Application of Grubbs’ test'to cell means

ories
itical
vel A

rhich

Levelj|; p Single low Single high Doubletow Double high Type of test
A; 14 1,989 1,397 0,658 1 0,559 0
B / / / / Grubbs’ test
C; 14 1,472 2,001 0,3759 0,620 7 statistic
D; 1] 1,584 1,615 0,557 4 0,6131
Stragglers|(5 %)
p =1] 2,462 2,462 0,283 6 0,283 6
p=14 2,507 2,507 0,311 2 0,311 2 Grubbs’ critlical
Outliers (1 %) values
p=1 2,699 2,699 0,201 6 0,201 6
p=14 2,765 2,755 0,228 0 0,228 0
For Grubbs’ ftest for one.oGtlying observation, outliers and stragglers give rise to values which are larger

than its 1 %

For Grubbs’

and 5 %(ritical values respectively.

test for two outlying observation, outliers and stragglers give rise to values whicl

smaller thalll its,1 % and 5 % critical values respectively.

1 are

Application of Grubbs’ test to our cell means confirmed that there was no outlier.

A.3.5 Calculation of the general mean and standard deviations

Calculation of the general mean, s, sg of chloride (Cl-) contents in each sample listed in Table A.12.

20
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Table A.12 — Calculation results of the general mean, s, sg of chloride (Cl-) contents

Sample/Level A B C D
Number of laboratories 14 / 14 13
Outliers 1 / 0 0
General mean, x, mg/kg 1547 / 136,5 65,64
Repeatability standard

deviation, s, mg/kg 11,78 / 3,77 4,22
Rep_rocliuc1b111ty standard 81,95 / 14,48 738
deviation, sp. mg/Kkg

A.3.

As shown in Table A.12, the repeatability standard deviations, s, show a linear.relationsl

gene

’llhe
X: S

For 4

For a

A.3.]
The j

The
whid

The j
— 1

— 1

A4

A4.

Fifte
samyj
detel

b Dependence of precision on general mean (level), x

ral mean (level), x : s,=0,005x + 3,459, R2= 0,991

reproducibility standard deviations, sg, show a linear relationship with“the general 1
=0,049x +5916, R2=0,998

11 levels, the repeatability standard deviation s, is 0,005 x + 3,459.

11 levels, the reproducibility standard deviation sg is 0,049%)+ 5,916.

/ Final values of precision
brecision of the chloride (Cl-) contents measurenients were discerned from Table A.12

conclusions above were determined from a uniform-level experiment involving 15 lab
h one test value from laboratory 15 on level A has been discarded as outliers.

brecision of the chloride (Cl-) contents-measurement method should be quoted as follo
epeatability standard deviationt.s}= 0,005 x + 3,459.

eproducibility standard deviation: sg= 0,049 x + 5,916.

Statistical analysis of the test results of bromide (Br-) contents

|l Original tésttesults

en laboratories participated in the determination of bromide (Br-) contents in fe
les. Thewresults are listed in Table A.13. The bromide (Br-) contents in fertilizer s4

inclulded in the statistics and calculation.

'minéd-to have the mean value over 2 000 mg/kg, which were used as training data
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Table A.13 — Original test results of the determination of bromide (Br-) contents

Laboratory Levelj
i Column used A B C D
mg/kg mg/kg mg/kg mg/kg
1 AS-18 1609 1601 / / 119,2 118,8 62,51 65,28
2 AS-18 1543 1558 / / 90,20 90,90 37,00 36,50
3 Metrosep A 1530 1531 / / 1141 1143 | 5762 | 5544
Supp o 4 4

4 AS-19 1577 1579 / / 97,25 97,81 51,07 51,43
5 AS-19 1615 1628 / / 94,65 96,38 52,34 52,18
6 AS-18 1521 1511 / / 101,0 101,0 52,00 53,00
7 AS-19 1559 1559 / / 117,7 118,6 71,26 71,86
8 AS-18 1620 1648 / / 105,7 108;2 48,21 4998
9 AS-18 1542 1542 / / 112,1 112,2 44,84 4490
10 AS-18 1542 1542 / / 112,0 112,2 44,74 4477
11 AS-18 1601 1607 / / 10852 108,3 51,56 5131
12 2/{1";;"75"" A 1487 | 1505 / / 49116 | 1116 | 7394 | 6381
13 AS-19 1551 1550 / / 106,2 1329 48,78 44,77
14 lg/[etrosep A Supp 1846 1782 / / / / /

15 AS-18 1215 1186 / / 67,46 69,74 31,14 31,32

A.4.2 Cell means by laboratory

The cell means (means of the analyses) by laboratory for the determination of bromide (Br-) con

are listed in|Table A.14.

Table A.14 — Cell means of the determination of bromide (Br-) contents

tents

Level j
Laboratory

; A B C D

mg/kg mg/kg mg/kg mg/kg
1 1°605,0 / 119,00 63,895
2 1550,5 / 90,550 36,750
3 1530,5 / 114,20 56,530
4 15780 / 97,530 51,250
5 1621,5 / 95,515 52,260
6 1516,0 / 101,00 52,500
7 1559,0 / 118,15 71,560
8 1634,0 / 106,95 49,095
9 1542,0 / 112,15 44,870
10 1542,0 / 112,10 44,755
11 1604,0 / 108,25 51,435
12 1496,0 / 111,60 68,875
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Table A.14 (continued)
Level j
Laboratory
; A B C D
mg/kg mg/kg mg/kg mg/kg
13 1550,5 / 119,55 47,775
14 1814,0 / / /
15 1200,5 / 68,600 31,230

A.4.3 Cell absolute differences of the analyses by laboratory

The fell absolute differences of the analyses by laboratory for the determination of brpmide (Br-)
contents are listed in Table A.15.
Table A.15 — Cell absolute differences of the determination of bromide)(Br-) contents
Level j
Lalporatory
; A B C D
mg/kg mg/kg mg/kg mg/kg

1 8 / 0,4 2,77

2 15 / 0,70 @,50

3 / 0,2 118

4 / 0,56 4,36

5 13 / 1,73 (4,16

6 10 / 0,0 1,00

7 0 / 09 d,60

8 28 / 2,5 1,77

9 / 01 d06

10 / 0,2 0,03

11 / 0,1 d,25

12 18 / 0,0 10,13

13 1 / 26,7 2,01

14 64 / / /

15 29 / 2,28 (4,18
A.4.4 Evaluation of the results for consistency and outliers
Graphical evaluation of the analytical results for consistency by Mandel’s h and k statistics were studied.
The Inter:laboratory consistency statistic h and the intra-laboratory consistency statisti¢ k, for each

£ 1.1 1 1 ph s al ) L L 1 £ 1 11 £ 1 - :
level'ofeachtaborator Yy, WeTT carcuratet T e rana Rk varues foreacncenforther capcutlvc aboratories

were plotted to obtain the Mandel’s h and k graphs.

The Mandel’s inter-laboratory consistency statistic h (Figure A.5) graph indicated that laboratory 15
had one outlier on level A and one outlier on level C, laboratory 14 had one straggler on level A.

The Mandel’s intra-laboratory consistency statistic k (Figure A.6) graph exhibited rather large
variability between replicate test results for laboratory 12 on level D (outlier), laboratory 13 on level C
(outlier); and laboratory 14 on level A (outlier).
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Cochran’s test

Cochran’s test is the test of the intra-laboratory variability and should be applied first, then any
necessary action should be taken, and also with repeated tests if necessary.

Application of Cochran’s test led to the values of the test statistic C given in Table A.16.

Table A.16 — Values of Cochran test statistic, C

Level j A B C D Type of fest
Before scrutiny
C (Cochran) 0,616 / 0,978 0,827 COSC?JSL‘{ et
Stragglers 0,471 (p = 15, / 0,492 (p=14, | 0,492 (p=14 Cochrap’s
(5 %) n=2) n=2) n=2) critical values
Outliers 0,575 (p = 15, / 0,599 (p=14, | 0,599(px= 14, Cochrap’s
(1 %) n=2) n=2) n=2) critical values
Level j A B C D Type of fest
After scrutiny
C (Cochran) 0,330 / 0,383 0,357 Coggt";;‘t‘ Ct:St
Stragglers 0,492 (p = 14, / 0,525 (p=13, | 0,515 (p=13, Cochrap’s
(5 %) n=2) n=2) n=2) critical values
Outliers 0,599 (p = 14, / 0,624 (p=13, | 0,624 (p=13, Cochrap’s
(1 %) n=2) n=2) n=2) critical values

If the test statistic is greater than its 5 %critical value and less than or equal to its 1 % critical value,
the ifem tested is regarded as a stragglet:

If the test statistic is greater thaniits.1 % critical value, the item tested is regarded as an oytlier.

Cochfran’s test showed that the test statistic reached 0,616, calculated by the maximum ¢ell absolute
diffefrence (1 846, 1 782) fromrlaboratory 14 on level A.

Cochjran’s critical value.at the 1 % significance level was 0,575, for p = 15 and n = 2; thereflore, the test
result from laboratery“14 on level A is an outlier, which should be discarded here.

Accopdingly, forilaboratory 14, level A was eliminated from their results.

Cochfran’s tests (p = 14, n = 2) were repeated on the remaining tests values from the 14 |aboratories
on ldvelfAf The test statistic obtained this time was 0,330. The values is less than Cochran’s critical
valug at’the 1 % significance level (0,599, p = 14, n = 2). This confirmed that no outlier existied in level A
anymore.

Cochran’s test showed that the test statistic reached 0,978, calculated by the maximum cell absolute
difference (106,2, 132,9) from laboratory 13 on level C.

Cochran'’s critical value at the 1 % significance level was 0,599, for p = 14 and n = 2; therefore, the test
result from laboratory 13 on level C is an outlier, which should be discarded here.

Accordingly, for laboratory 13, level C was eliminated from their results.

Cochran’s tests (p = 13, n = 2) were repeated on the remaining tests values from the 13 laboratories on
level C. The test statistic obtained this time was 0,383. The values is less than Cochran’s critical value at
the 1 % significance level (0,624, p = 13, n = 2). This confirmed that no outlier existed in level C anymore.

© IS0 2017 - All rights reserved 25


https://standardsiso.com/api/?name=5c1f01ac3d0d5a706d1830b2df70d028

IS0 20702:2017(E)

Cochran’s test showed that the test statistic reached 0,827, calculated by the maximum cell absolute
difference (73,94, 63,81) from laboratory 12 on level D.

Cochran’s critical value at the 1 % significance level was 0,599, for p = 14 and n = 2; therefore, the test
result from laboratory 12 on level D is an outlier, which should be discarded here.

Accordingly, for laboratory 12, level C was eliminated from their results.

Cochran’s tests (p = 13, n = 2) were repeated on the remaining tests values from the 13 laboratories
on level C. The test statistic obtained this time was 0,357. The values is less than Cochran’s critical
value at the 1 % significance level (0,624, p = 13, n = 2). This confirmed that no outlier existed in level D
anymore.

Grubbs’ teJt
Grubbs’ test]is primarily a test of inter-laboratory variability. The test data used herein are those which
have passed Cochran’s test.
Application jof Grubbs’ test to cell means led to the values of the test statistic G shown in Table A.17.
Table A.17 — Application of Grubbs’ test to cell means
Level j|; p Single low Single high Double low Double high Type of test
Before scrjutiny
A; 14 3,209 0,915 / /
B / / / / Grubbs’ tdst
C; 19 2,576 1,063 0,789 9 0,268 8 statistic
D; 1] 1,831 2,041 0,426 0 0,505 3
Stragglers|(5 %)
p=14 2,507 2,507 / /
p=1 2,462 2,462 0,3112 0,311 2 Grubbs’ critlical
Outliers (|1 %) values
p=14 2,755 2,755 / /
p =1] 2,699 2,699 0,228 0 0,228 0
Level j|; p Single low Single high Double low Double high Type of test
After scrifitiny
A; 13 1,617 1,675 0,537 5 0,616 5
B / / / / Grubbs’ test
C; 19 2,576 1,063 0,789 9 0,268 8 statistic
D; 1] 1,831 2,041 0,426 0 0,505 3
Stragglers|(5-%)
p=13 2,462 2,462 0,283 6 0,283 6 Grubbs’ critical
Outliers (1 %) values
p=13 2,699 2,699 0,201 6 0,201 6

For Grubbs’ test for one outlying observation, outliers and stragglers give rise to values which are larger
thanits 1 % and 5 % critical values respectively.

For level A, the single low test statistic reached 3,209, while Grubbs’ critical value at the 1 % significance
level was 2,755, for p = 14; therefore, the smallest test result in level A (from laboratory 15) is an outlier,
which should be discarded here.

Accordingly, for laboratory 15, level A was eliminated from their results.
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Grubbs’ test for one outlying observation (p = 13) was repeated on the remaining tests values from the
13 laboratories on level A. The single low test statistic obtained this time was 1,617. The values is less
than Grubbs’ single low critical value at the 1 % significance level (2,699, p = 13). This confirmed that
no outlier existed in level A anymore.

For Grubbs’ test for two outlying observation, outliers and stragglers give rise to values which are

smal

ler than its 1 % and 5 % critical values respectively.

Application of Grubbs’ test for two outlying observation to our cell means confirmed that there was no
outlier.

A4}

V al | Lodes £l 1 o | ' o | PR . | el
LAItUIdUUIl U1 UIT gCIICHAT ITIT4All dITIU Stalludl U Uvidiulln

Calcuylation of the general mean, sy, sg of bromide (Br-) contents in each sample listed in, Tahle A.18
Table A.18 — Calculation results of the general mean, s, sgp of bromide (Br-) contents

Sample/Level A B C D
Number of laboratories 15 / 14 14
Outliers 2 / 1 1
General mean, x, mg/kg 1564 / 104,3 50,30
Repeatability standard
deviation, s, mg/kg 811 / 0,79 0,91
Rep.rO(.iucibility standard 4231 / 13,86 10,44
deviation, sg, mg/kg

A.4.(

b Dependence of precision on generabmean (level), x

As shown in Table A.18, the repeatability standard deviations, s, show a linear relationsl]

gene

The 1
SR=

For 4

For a
A4

The j

The
inw

ral mean (level), x:s,= 0,004 x + 0,477, R2=0,997

eproducibility standard deviations, sg, show a linear relationship with the general me
,020 x + 10,55, R2=0,995

11 levels, the repeatability'standard deviation s, is 0,004 x + 0,477.

11 levels, the reproducibility standard deviation sg is 0,020 x + 10,555.

/ Final values-of precision

conclusions above were determined from a uniform-level experiment involving 15 |
hich one test value from laboratory 14 and one test value from laboratory 15 on leve

valug

precision,ofithe bromide (Br-) contents measurements were discerned from Table A.1§.

hip with the

in (level), x

aboratories,
| A, one test

p ftem laboratory 13 on level C, one test value from laboratory 12 on level D have been

liscarded as

outliers.

The precision of the bromide (Br-) contents measurement method should be quoted as follows:

— repeatability standard deviation: s,= 0,004 x + 0,477.

— reproducibility standard deviation: sg= 0,020 x + 10,555.
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A.5 Statistical analysis of the test results of iodide (I-) contents

A.5.1 Original test results

Fifteen laboratories participated in the determination of iodide (I-) contents in fertilizer test samples.
The results are listed in Table A.19.

Table A.19 — Original test results of the determination of iodide (I-) contents

Level j
Laboratory Column
. 1 A B C D
1 uscu
mg/kg mg/kg mg/kg mg/Kg

1 AS-18 1850 | 1844 | 2542 | 2656 | 130,5 | 1329 | 71,55C} 7661
2 AS-18 1744 | 1759 | 221,7 | 2474 | 1132 | 1219 | 5720¥| 5490
3 Metrosep A 1633 | 1649 | 2702 | 2675 | 1342 | 1324 46321 | 6393

Supp 5
4 AS-19 1601 | 1609 | 208,8 | 204,8 | 8543 | 8610 /
5 AS-18 1525 | 1536 | 1810 | 180,0 | 1070 |~105,0 /
6 AS-18 1824 | 1796 | 2301 | 2386 | 118,0C}) 1198 | 62,76 | 6350
7 AS-18 1750 | 1751 | 2197 | 2204 | 1248 | 122,0 | 6995 | 6995
8 AS-18 1750 | 1751 | 2196 | 2203 |%4219 | 1221 | 6999 | 6995
9 AS-18 1663 | 1612 | 2400 | 229050 1357 | 1357 | 64,18 | 7094
10 Metrosep A 1626 | 1642 | 2128 | 217 | 1214 | 1214 /

Supp 7
11 AS-19 1603 | 1709 | 20045 % 2772 | 99,78 | 101,1 | 4915 | 4901
12 AS-18 1219 | 1310 7 / / / /

A.5.2 Cell means by laboratory

The cell means (means of the analyses) by.laboratory for the determination of iodide (I-) contents are
listed in Tahle A.20.

Table A.20 — Cell.means of the determination of iodide (I-) contents

Level j
Laboratory

i A B C D

mg/kg mg/kg mg/kg mg/kg
1 18470 259,90 131,72 74,080
2 1751,5 234,55 117,55 58,050
3 1641,0 268,85 133,30 63,570
4 1+665;0 266,80 85,765 7
5 1530,5 180,50 106,00 /
6 1810,0 234,35 118,90 63,130
7 1750,5 220,05 121,90 69,950
8 1750,5 219,95 122,00 69,970
9 16375 234,50 135,69 67,560
10 1634,0 213,75 121,40 /
11 1656,0 238,80 100,44 49,080
12 1264,5 / / /
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The cell absolute differences of the analyses by laboratory for the determination of iodide (I-) contents

are listed in Table A.21.

Table A.21 — Cell absolute differences of the determination of iodide (I-) contents

Level j
Laboratory
i A B C D
mg/kg mg/kg mg/kg mg/kg
1 [a) 114 2 38 06
2 15 25,7 8,70 1,70
3 16 2,7 1,80 1,72
4 8 4,0 0,67 /
5 11 1,0 2,00 /
6 28 8,5 1,80 d,74
7 0,7 0,20 4,00
8 0,7 0520 0,04
9 51 11,0 0,07 4,76
10 16 1,9 0,00 /
11 106 76,8 1,32 d,14
12 91 / / /

A.5.4 Evaluation of the results for consistency and outliers

Graphical evaluation of the analytical results for\consistency by Mandel’s h and k statistics were studied:

The |nter-laboratory consistency statisti¢-h and the intra-laboratory consistency statistif k, for each
level|of each laboratory were calculated..The h and k values for each cell for the respective Jaboratories

werg plotted to obtain the Mandel’s ixahd k graphs.

The Mandel’s inter-laboratory, eonsistency statistic h (Figure A.7) graph indicated that laporatory 12
had ¢ne outlier on level A, laboratory 5 had one straggler on level B, laboratory 4 had one gtraggler on

level|C, and laboratory 11/had one straggler on level D.

The |Mandel’s intra-Jaboratory consistency statistic k (Figure A.8) graph exhibited rpather large
varigbility between yéeplicate test results for laboratory 2 on level C (outlier), laboratory] 11 on both
level|A (outlier) and-level B (outlier); while laboratory 9 had one straggler on level D, and lgboratory 12
had ¢ne straggler on level A.
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Cochiran’s test is the test of the intrazlaboratory variability and should be applied firs
ssary action should be taken, and-also with repeated tests if necessary.
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ran’s test
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Table A.22 — Values of Cochran test statistic, C

Figure A.8 — Mandel’s intra-laboratory consistency statistic, k, grouped by labor

cation of Cochran’s test led\to the values of the test statistic C given in Table A.22.

atories

Level j A B C D Type of fest
Before scrutiny
C (Cochran) 0,471 0,853 0,804 0,607 Cochra}n, test
statist]cs
Stragglers 0,541 (p=12, | 0,570 (p=11, | 0,570 (p=11, (0.6_83 Cochrahs
5:%) n=2) n=2) n=2) np=_2)’ critical values
Outliers 0,653 (p=12, | 0,684 (p=11, | 0,684 (p=11, 0,794 (p =8, Cochran’s
(1 %) n=2) n=2) n=2) n=2) critical values
Level j A B C D Type of test
After scrutiny
C (Cochran) 0,471 0,652 0,308 0,607 Cochran’s test
statistics
Stragglers 0,541 (p=12, | 0,602 (p=10, | 0,602 (p=10, 0,680 (p=8, Cochran'’s
(5 %) n=2) n=2) n=2) n=2) critical values
Outliers 0,653 (p=12, | 0,718 (p=10, | 0,718 (p=10, | 0,794 (p=8, Cochran’s
(1 %) n=2) n=2) n=2) n=2) critical values
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If the test statistic is greater than its 5 % critical value and less than or equal to its 1 % critical value,
the item tested is regarded as a straggler.

If the test statistic is greater than its 1 % critical value, the item tested is regarded as an outlier.

Cochran’s test showed that the test statistic reached 0,853, calculated by the maximum cell absolute
difference (200,4, 277,2) from laboratory 11 on level B.

Cochran’s critical value at the 1 % significance level was 0,684, for p = 11 and n = 2; therefore, the test
result from laboratory 11 on level B is an outlier, which should be discarded here.

Accordingly

for laboratory 11, level B was eliminated from their results.

Cochran'’s te
level B. The

sts (p = 10, n = 2) were repeated on the remaining tests values from the 10 laboratorigs on
Lest statistic obtained this time was 0,652. The values is less than Cochran’s critical value at

the 1 % signlificance level (0,718, p = 10, n = 2). This confirmed that no outlier existed in level B anymore.

Cochran’s td
difference (

Cochran’s cf
result from

Accordingly

Cochran'’s te
level C. The

the 1% sig]ilficance level (0,718, p = 10, n = 2). This confirmed-that no outlier existed in level C anymore.

Grubbs’ te

Grubbs’ test]
have passed

Application

st showed that the test statistic reached 0,804, calculated by the maximum cell absplute
13,2, 121,9) from laboratory 2 on level C.

itical value at the 1 % significance level was 0,684, for p = 11 and = 2; therefore, th¢ test
aboratory 2 on level C is an outlier, which should be discarded here.

for laboratory 2, level C was eliminated from their results:

sts (p = 10, n = 2) were repeated on the remaining tests.values from the 10 laboratorigs on
Fest statistic obtained this time was 0,308. The valuesis less than Cochran’s critical value at

is primarily a test of inter-laboratory vaciability. The test data used herein are those which
Cochran’s test.

of Grubbs’ test to cell means ledtothe values of the test statistic G shown in Table A.23.
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Table A.23 — Application of Grubbs’ test to cell means

Levelj;p Single low Single high Double low Double high Type of test
A;12 2,550 1,239 0,737 5 0,248 8
B; 10 1,837 1,630 0,417 3 0,417 3 Grubbs’ test
C;10 2,012 1,132 0,708 2 0,708 2 statistics
D;8 1,929 1,214 0,664 6 0,664 6

Stmgglprc (5.94)
p=12 2,412 2,412 0,253 7 0,253 7
p=10 2,290 2,290 0,186 4 0,186 4
p=8 2,126 2,126 0,1101 0,110 1 Grubbs’ critical
Oputliers (1 %) values

p=12 2,636 2,636 0,173 8 0,173 8
p=10 2,482 2,482 0,1150 0,1150
p=8 2,274 2,274 0,056 3 0,056 3

For (rubbs’ test for one outlying observation, outliers and stragglérs give rise to values whi¢h are larger
thanlits 1 % and 5 % critical values respectively.

For (irubbs’ test for two outlying observation, outliers¢and stragglers give rise to values which are
smaller than its 1 % and 5 % critical values respectively.

Appljcation of Grubbs’ test to our cell means confirmed that there was no outlier.

A.5.5 Calculation of the general mean.and standard deviations

Calcylation of the general mean, s, sg of iodide (I-) contents in each sample listed in Table A.24.

Table A.24 — Calculation results of the general mean, s, sp of iodide (I-) cont¢nts

Sample/Level A B C D
Number of laboratories 12 11 11 8
Outliers 0 1 1 0
General méan; x , mg/kg 1657 2273 1177 64,42
Repeatability standard 3153 712 096 217
deviation, s, mg/kg ’ ! ’ ’
Reproducibility standard

deviation, sg, mg,/kg 155,31 25,97 15,89 8,10

A.5.6 Dependence of precision on general mean (level), x

As shown in Table A.24, the repeatability standard deviations, s, show a linear relationship with the
general mean (level), x:s-=0,018x + 0,825, R2=10,986

The reproducibility standard deviations, sg, show a linear relationship with the general mean (level),

Xx:sgp=0,091x +4,141,R2=0,999

For all levels, the repeatability standard deviation s, is 0,018 x + 0,825.

For all levels, the reproducibility standard deviation sg is 0,091 x + 4,141.
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A.5.7 Final values of precision

The precision of the iodide (I-) contents measurements were discerned from Table A.24.

The conclusions above were determined from a uniform-level experiment involving 12 laboratories,
in which one test value from laboratory 11 on level B, one test value from laboratory 2 on level C have
been discarded as outliers.

The precision of the iodide (I-) contents measurement method should be quoted as follows:

— repeatability standard deviation: s,= 0,018 x + 0,825.

— reprodycibility standard deviation: sp= 0,091 x + 4,141.

A.6 Statistical analysis of the test results of nitrite (NO2-) contents

A.6.1 Original test results

10 laboratories participated in the determination of nitrite (NO2~) contents in fertilizer test samn

The results

hre listed in Table A.25.

Table A.25 — Original test results of the determination of nitrite (NO2-) contents

ples.

Level j
Laboratory Column
i used A B C D
mg/kg mg/kg mg/kg mg/kg
1 AS-18 14,28 17,11 20,65 15,31 42,93 47,19 58,66 77,717
2 AS-18 12,30 11,30 15,1Q 15,80 18,70 7,70 68,00 60,40
3 Metrosep A 11507  |931 |/ / 1312 |13.62 [53.62 |5474
Supp 5
4 AS-19 14,61 14,77 14,23 12,81 14,20 14,22 / /
5 AS-18 12,27 12,07 10,96 10,08 28,11 26,74 64,50 66,38
6 AS-18 14,77 14,74 9,09 9,09 30,07 31,14 70,03 70,43
7 AS-18 14,67 14,71 9,06 9,09 30,07 30,13 70,05 70,45
8 AS-18 1,66 1,38 / / 10,46 12,61 / /
9 Metrosep A
10 AS-18 5,37 7,27 8,84 5,89 / / / /

A.6.2 Cell means:by laboratory

The cell means.(means of the analyses) by laboratory for the determination of nitrite (NO2~) con

tents

are listed in‘Fable-A-26-

Table A.26 — Cell means of the determination of nitrite (NO2-) contents

Level j
Laboratory

i A C D

mg/kg mg/kg mg/kg mg/kg
1 15,695 17,980 45,060 68,215
2 11,800 15,450 13,200 64,100
3 9,691 13,370 54,180
4 14,690 13,520 14,210 /
5 12,170 10,520 27,425 65,440
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Level j
Laboratory

; A B C D
mg/kg mg/kg mg/kg mg/kg
6 14,755 9,090 30,605 70,030
7 14,69 9,075 30,100 70,050

8 1,522 / 11,535 /

9 / / 21,040 /

10 6,320 7,365 / /

A.6.3 Cell absolute differences of the analyses by laboratory

The [ell absolute differences of the analyses by laboratory for the determination of nigrite (NO2-)

cont¢nts are listed in Table A.27.

Table A.27 — Cell absolute differences of the determination of nitrite (NO2-) contents

Level j
Laboratory
; A B C D
mg/kg mg/kg mg/kg mg/kg

1 2,83 5,34 4,26 19,11
2 1,00 0,70 11,00 7180
3 0,76 / 0,50 1,12
4 0,16 1,42 0,02 /

5 0,20 0,88 1,37 1,88
6 0,03 0,00 1,07 d,00
7 0,04 0,03 0,06 d,00
8 0,28 / 2,15 /

9 / / 0,00 /
10 1,90 2,95 / /

A.6.4 Evaluation of the)results for consistency and outliers

Graphical evaluation ‘efithe analytical results for consistency by Mandel’s h and k statistics were studied.

The |nter-laboratery consistency statistic h and the intra-laboratory consistency statisti¢ k, for each
level|of each laboratory were calculated. The h and k values for each cell for the respective |aboratories
werd plotted-to obtain the Mandel’s h and k graphs.

The Mandel’s inter-laboratory consistency statistic h (Figure A.9) graph indicated that labofatory 8 had

1 1 1A 1.1 4.1 | 1 1 1 J1.1 21 |
one str dggICT OITICVET 71, IaDOoT ator y T raa one str dggItTr OIT ICVeT T alTd [aboT ator Yy o Imaa one traggler on

level D.

The Mandel’s intra-laboratory consistency statistic k (Figure A.10) graph indicated that laboratory 1
had one outlier on level A, laboratory 1 had one outlier on level B, laboratory 2 had one outlier on level C
and laboratory 1 had one outlier on level D.
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Figure|A.9 — Mandel’s inter-laboratory consis‘@g’cy statistic, h, grouped by laboratories
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Figure A.10 — Mandel’s intra-laboratory consistency statistic, k, grouped by laboratories
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Cochran’s test is the test of the intra-laboratory variability and should be applied first, then any

necessary action should be taken, and also with repeated tests if necessary.
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Application of Cochran’s test led to the values of the test statistic C given in Table A.28.

If thd
the it

If the

Cochran’s test showed that the test statistic reached 0,823, calculated by the maximum
rence (11,00) from laboratery 2 on level C.

diffe

Cochran’s critical value at-the’l % significance level was 0,754, for p = 9 and n = 2; theref
t from laboratory 2-0w’level C is an outlier, which should be discarded here.

resu

Acco

Table A.28 — Values of Cochran test statistic, C

Level j A B C D Type of test
Before scrutiny
Cochran’y test
C (Cochran) 0,600 0,704 0,823 0,848 statistles
Stragglers 0,638 (p=9, 0,727 (p=7, 0,638 (p=9, 0,781 (p =6, Cochrap’s
(5 %) n=2) n=2) n=2) n=2) critical values
Outliers 0,754 (p=9, 0,838 (p=7, 0,754 (p=9, 0,883 (p =6, Cochrap’s
(1%) n=2) n=2) n=2) n=2) critical vglues
Level j A B C D Type of fest
After scrutiny
Cochran’§ test
C (Cochran) 0,600 0,704 0,697 0,848 statistics
Stragglers 0,638 (p=9, 0,727 (p=17, 0,680 (p.=8, 0,781 (p=6, Cochrap’s
(5 %) n=2) n=2) n=2) n=2) critical values
Outliers 0,754 (p =9, 0,838 (p=7, 0794 (p=8, | 0,883(p=6, Cochrap’s
(1 %) n=2) n=2) n=2) n=2) critical values

test statistic is greater than its 5 % critieal value and less than or equal to its 1 % c
em tested is regarded as a straggler.

rdingly, for laboratory 2, level C was eliminated from their results.

test statistic is greater than its 1" %-¢ritical value, the item tested is regarded as an outlier.

ritical value,

tell absolute

ore, the test

Cochfran’s tests\(p'= 8, n = 2) were repeated on the remaining tests values from the 8 labpratories on

level
the 1

Gruli

bs)test

C. The tést'statistic obtained this time was 0,697. The values is less than Cochran’s critical value at
% significance level (0,794, p = 8, n = 2). This confirmed that no outlier existed in leve] C anymore.

Grubbs’ test is primarily a test of inter-laboratory variability. The test data used herein are those which
have passed Cochran’s test.

Application of Grubbs’ test to cell means led to the values of the test statistic G shown in Table A.29.

Table A.29 — Application of Grubbs’ test to cell means

Levelj;p Single low Single high Double low Double high Type of test
A;9 1,360 2,273 0,236 5 0,636 1
B;7 1,156 1,576 0,251 5 0,615 7 Grubbs’ test
C;8 1,109 1,834 0,354 1 0,625 2 statistics
D;6 1,867 0,789 0,698 0 0,088 2
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Table A.29 (continued)

Levelj; p Single low Single high Double low Double high Type of test
Stragglers (5 %)
p=9 2,215 2,215 0,149 2 0,149 2
p=7 2,020 2,020 0,070 8 0,070 8
p=8 2,126 2,126 0,1101 0,1101
p=6 1,887 1,887 0,034 9 0,034 9 Grubbs’ critical
Outliers (1 %) values
p= 2387 2387 0-685% 0,085+
p=17 2,139 2,139 0,0308 0,0308
p=28 2,274 2,274 0,056 3 0,056 3
p=6 1,973 1,973 0,0116 0,0116
For Grubbs’ ftest for one outlying observation, outliers and stragglers give rise to values which are larger

thanits 1 %

For Grubbs’

and 5 % critical values respectively.

smaller than its 1 % and 5 % critical values respectively.

Application

A.6.5 Calg

Calculation

of Grubbs’ test to our cell means confirmed that there wasno outlier.

rulation of the general mean and standard deviations

pf the general mean, sy, sg of nitrite (NO2~) contenits in each sample listed in Table A.30

test for two outlying observation, outliers and stragglers give riSe to values which are

Table¢ A.30 — Calculation results of the general'mean, s, sy of nitrite (NO2-) contents
Sample/Level A B C D
Nujmber of laboratories 9 7 9 6
Ougliers 0 0 1 0
General mean, X, mg/kg 14,10 11,86 24,17 65,34
Repeatability standard 1,01 1,70 1,28 5,99
deyiation, s, mg/kg
Reproducibility standard 5,77 4,07 11,43 7,33
deyiation, sg, mg/kg

A.6.6 Dep

As shown i
relationship

endence of precision on general mean (level), x

h Table\A.30, the repeatability_standard deviatior_ls, Sr, have shown a logarithmic-linear
with the general mean (level), x : logs,=0,882logx - 0,917, R2= 0,730

The reproducibility standard deviations, sg, have shown no significant linear or logarithmic-linear
relationship with the general mean (level), x, so for all levels, the mean value of the repeatability
standard deviation s, is represented as the average value of s, listed in Table A.30.

For all levels, the repeatability standard deviation s is 0,121 x 0,882,

For all levels, the reproducibility standard deviation sg is 7,150.

A.6.7 Final values of precision

The precision of the nitrite (NO2~) contents measurements were discerned from Table A.30.

The conclusions above were determined from a uniform-level experiment involving 10 laboratories, in
which one test value from laboratory 2 on level C has been discarded as outlier.
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The precision of the nitrite (NO2~) contents measurement method should be quoted as follows:

— repeatability standard deviation: s, = 0,121 x 0,882,

— reproducibility standard deviation: sg = 7,150.

A.7 Statistical analysis of the test results of thiocyanate (SCN-) contents

A.7.1 Original test results

Fifteen labhoratories participated in the determination of thiocyanate (SCN-) contents in fertilizer test
samples. The results are listed in Table A.31.
Table A.31 — Original test results of the determination of thiocyanate (SCN-) contents
Level j
Laboratory Column
i used A B D
mg/kg mg/kg mg/kg mg/kg
1 AS-18 1548 1554 15,67 16,21 11576 1191 71,44 76,70
2 AS-18 1487 1470 28,20 36,10 100,8 104,5 64,70 63,30
3 Metrosep A 1476 | 1474 | 21,52 | 2498 | 111,8 | 1137 | 6976 | 69,32
Supp 5
4 AS-19 1284 1278 2,601 2,613 88,37 86,13 / /
5 AS-19 1565 1582 10,59 9,951 92,30 99,32 / /
6 AS-18 1472 1477 10,00 11,00 107,0 105,0 / /
7 AS-19 1544 1545 20,24 20,10 104,7 105,9 66,710 66,52
8 AS-18 1506 1515 21,90 20,90 108,9 110,2 67,88 66,05
9 AS-18 1516 1516 18,90 19,00 121,9 122,2 69,85 69,81
10 AS-18 1515 1516 18,92 18,98 122,0 122,2 69,85 69,81
11 AS-18 1529 1542 18,99 18,45 121,7 130,7 65,43 68,74
Metrosep A
12 Supp 7 1412 1427 / / 131,4 | 1314 / /
13 AS-19 1344 1292 / 87,72 87,34 / /
MetrosepA
14 Supp.3 1578 | 1521 / / / / / /
15 ASA18 1349 | 1329 / / / / / /
A.7.2 Cell'means by laboratory
The fell 'means (means of the analyses) by laboratory for the determination of thiocyaInate (SCN-)
contents are listed in Table A 32

Table A.32 — Cell means of the determination of thiocyanate (SCN-) contents

Level j
Laboratory

; A B C D

mg/kg mg/kg mg/kg mg/kg
1 1551,0 15,940 117,36 74,070
2 1478,5 32,150 102,65 64,000
3 1475,0 21,750 112,75 69,540
4 1281,0 2,607 87,250 /
5 1573,5 10,271 95,810 /
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Table A.32 (continued)

Level j
Laboratory

; A B C D

mg/kg mg/kg mg/kg mg/kg
6 1474,5 10,500 106,00 /
7 1544,5 20,170 105,30 66,610
8 1510,5 21,400 109,55 66,965
9 1516,0 18,960 122,05 69,830
10 15155 18,950 122,10 69,830
11 1535,5 18,720 126,22 67,085
12 1419,5 / 131,40 /
13 1318,0 / 87,530 7/
14 1549,5 / / /
15 1339,0 / / /

A.7.3 Cell absolute differences of the analyses by laboratory

The cell absplute differences of the analyses by laboratory for the determination of thiocyanate (§

contents arg listed in Table A.33.

Table A.33 — Cell absolute differences of the determination of thiocyanate (SCN-) contenits

CN-)

Levely
Laboratory

; A B C D

mg/kg mg/kg mg/kg mg/kg
1 6,00 0,54 3,51 5,26
2 17,00 7,90 3,70 1,40
3 2,00 0,46 1,90 0,44
4 6,00 0,01 2,24 /
5 17,00 0,64 7,02 /
6 5,00 1,00 2,00 /
7 1,00 0,14 1,20 0,18
8 9,00 0,94 1,30 1,83
9 0,00 0,04 0,30 0,04
10 1;00 0,06 0,20 0,04
11 13,00 0,54 9,04 3,32
12 15,00 / 0,00 /
13 52,00 / 0,38 /
14 57,00 / / /
15 20,00 / / /

A.7.4 Evaluation of the results for consistency and outliers

Graphical evaluation of the analytical results for consistency by Mandel’s h and k statistics were studied:

The inter-laboratory consistency statistic h and the intra-laboratory consistency statistic k, for each
level of each laboratory were calculated. The h and k values for each cell for the respective laboratories
were plotted to obtain the Mandel’s h and k graphs.
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