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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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Introduction

Owingto the variation of basic phosphate component, character and processing technology, traditionally,
different extraction solutions and methods have been utilized for the determination of the phosphorus
content of phosphate fertilizers. Extraction solutions currently employed for phosphorus content
determination include alkaline ammonium citrate (i.e. Petermann’s solution), neutral ammonium
citrate, citric acid, ethylene diamine tetraacetic acid (EDTA) and citric acid, or just EDTA. Each of these
extractants is designed to target specific phosphate components of phosphorus-based fertilizers.

Due to rapid developments in the modern fertilizer industry, especially with the formulation of
competuhdteomplextfertiizersmanyphosphatefertiizersmayhave-multiple-phospherus-containing
components. The co-existence of these various phosphorus sources in a compound/complex fertilizer
can domplicate the effective extraction and determination of the phosphorus content:

© IS0 2021 - All rights reserved v
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Fertilizers, soil conditioners and beneficial substances —
Determination of EDTA soluble phosphorus content in
inorganic fertilizers

1

This|document specifies the method for the determination of the EDTA soluble phosphg
of inprganic fertilizers. The method is applicable for fertilizers composed of or blendedAT
sourges such as superphosphate, ammonium phosphate, triple superphosphate, and/ornitr

Itis

2
The

consfitutes requirements of this proposed standard. For dated referénces, only the edition d

For

appl
ISO §157, Fertilizers and soil conditioners — Vocabulary

ISO 8358, Solid fertilizers — Preparation of samples for‘chemical and physical analysis

ISO

prepqiration

ISO

3

For the purposes of this preposed standard, the terms and definitions given in ISO 8157 ap

ISO dnd IEC maintainterminological databases for use in standardization at the following g

4

3

Scope

ot suitable for fertilizers containing calcium magnesium phosphates.

Normative references

following documents are referred to in the text in such a way, that some or all of t

:Imdated references, the latest edition of the referenced de€ument (including any a
ies.

[4820-2, Fertilizers and liming materials —2Sampling and sample preparation — Pa

Terms and definitions

IEC Electropedia: available at http://www.electropedia.org/

ISO Onlixie browsing platform: available at https://www.iso.org/obp

rus content
om multiple
ophosphate.

heir content
ited applies.
mendments)

't 2: Sample

725-2, Accuracy (trueness and precision) of measurement methods and results — Part 2: Basic method
for the determination of repeatability and.reproducibility of a standard measurement method

ply.

ddresses:

Principle

The EDTA soluble phosphorus content in inorganic fertilizers (calcium magnesium phosphate excluded)
is extracted by ethylene diamine tetraacetic acid disodium salt solution. Phosphorus content in the
extracting solution in the form of orthophosphate reacts with quimociac reagent in the acid medium
to form yellow quinolinium molybdophosphate precipitate. The EDTA soluble phosphorus content is
determined by gravimetric quinolinium molybdophosphate method.

5

Reagents

WARNING — Nitric acid is both corrosive and toxic. Refer to the applicable safety data sheet
(SDS). Quinoline is irritating to the eyes, skin and respiratory system. Refer to the applicable
SDS. The related operations shall be performed in the fume hood. This document does not point
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out all possible safety problems, and the user shall bear the responsibility to take proper safety
and health measures.

NOTE Related laws and regulations of corresponding countries and/or regions can apply to these operations.

Analytical grade reagent (AR) 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 resistivity
> 18,2 MQ-cm.

5.1 Ethylene diamine tetraacetic acid disodium salt dihydrate (C,,H,;4N,Na,04-2H,0) solution
(37,5 g/, eq. 0,1 mol/1).

Dissolve 37,p g of EDTA with a certain amount of deionized water in a 1 000 ml beaker. Dilute by adding
deionized witer to the 1 000 ml marking. Mix well.

5.2 Quimpciac reagent.

The reagentjs used in the preparation of quimociac reagent:

— sodiumfmolyddate (Na,Mo0,.2H,0, CAS: 10102-40-6);

— citric adid (C4HgO,.H,0, CAS: 5949-29-1);

— nitric agid (HNO;, 65 - 68 %, CAS: 7697-37-2);

— quinoline (2-azabicyclo[4.4.0]deca-1(6),2,4,7,9-pentaene, CoHzN, CAS: 91-22-5);
— acetone|(C3HgO, CAS: 67-64-1).

To make solpition a, add 70g sodium molybdate (Na,MoQ%s2H,0) into a 400 ml beaker. Add 100 ml water
and stir to dissolve.

To make solution b, add 60 g citric acid (C4gHgO»H,0) into a 11 beaker. Add 100 ml water and sfir to
dissolve, the¢n add 85 ml nitric acid (HNO3, 65'%to 68 %).

To make solition ¢, add solution a into solution b, and mix well.

To make solution d, mix 85 ml nitrie-aeid (HNO;, 65 % to 68 %) with 100 ml water in a 400 ml beaker,
then add 5 ml quinoline (2-azabigyclo[4.4.0]deca-1(6),2,4,7,9-pentaene, CoH,N,CAS: 91-22-5). Mix well.

Add solution d into solution g, mix well and stand overnight. Filter the mixed solution with filter paper,
add 280 ml pf acetone intathe filtrate, then dilute the solution by adding water to 1 1. The as-prepared
quimociac reagent should’be stored in a polyethylene bottle and preserved in a dark place to avoid|light
and heat.

NOTE If|the colour of quimociac reagent turns to light blue (caused by light), an appropriate amoynt of
potassium brjomate 'solution (KBr0O3, 10 g/1) can be added into the quimociac reagent until the colour disapgears.

5.3 Nitric acid solution (HNO;, 1 + 1).

Dilute a certain volume of 65 % to 68 % nitric acid (p = 1,39 g/ml to 1,40 g/ml) with equal volume of
water.

6 Apparatus and materials
6.1 Ordinary laboratory apparatus.

6.2 Electric thermostatic drying oven, temperature can be maintained at 180 °C * 2 °C.
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Glass filtering crucible, type IV (pore size: 5 pm to 15 pm), volume of 30 ml.

6.4 Thermostatic water bath oscillator, equipped with reciprocating oscillator or rotating oscillator
which temperature can be maintained at 60 °C + 2 °C.

7 Test procedure

7.1

Repl

General

cate pvpprimpnfc shall be done for the determination

7.2

Prep

7.3

Weigh the appropriate amount of the test portion (accurately to 0,000 2 g) to obtain betweg

200§

7.4

Acco
put i

ther
(sett
samy
on th
dowsl
the fi
phos

7.5

Draw
beak
and |
glas{
close
beak

Preparation of test sample

are the test samples for analysis in accordance with ISO 8358 and ISO 14820<2-
Weigh of test portion
mg P,0c.

Extraction of EDTA soluble phosphorus

rding to 7.3, weigh the appropriate amount of the‘test portion on the filter paper 4

n 100 mg to

ind wrap it,

f into a 250 ml volumetric flask. Add 150 ml EDTA’solution (5.1), plug the flask tight

voluI:etric flask to break apart the filter paper and disperse the sample into the solution, the
ostatic water bath oscillator (6.4) pre-set at;60 °C + 2 °C, oscillate for 1 h at constant femperature
he oscillation frequency to make the samplé-in volumetric flask can flip over freely, and to keep the
le suspended in the extracting solution’while avoiding collection of excessive amounfs of sample

e upper portions of the interior of the volumetric flask). Then take the volumetric fl3
I to ambient temperature, dilute:the solution by water to scale, mix well and dry fi
irst part of the filtrate. Label the remaining filtrate as solution I for determining E
phorus content.

Determination of the’EDTA soluble phosphorus content

y, shake the
putitinthe

sk out, cool
ter. Discard
DTA soluble

f the appropriatesafount of solution I (volume of v;) by single-line pipette, place i

hold for 2 min_to 3 min, remove and add 35 ml quimociac reagent (5.2), then cover

Filter

o a 500 ml

er, add 10 ml nifric acid solution (5.3), dilute by water to 100 ml, heat on the hot platg¢ till boiling,

ith a watch

. Continue ‘heating on the hot plate for 1 min or place covered-beaker into water bath pre-set at
to boilkuntil the precipitation is complete and the precipitate has settled to the bgttom of the
er. Remove the beaker from the hot plate or water bath and allow to cool to ambient temperature.

i by glass filter crucible (6.3), which was pre-dried to constant weight in dryling oven at

180 °C £ 2 °C beforehand. Filter the supernatant first, and then wash the precipitate by decantation 1
to 2 times, use 25 ml of water each time, then transfer the precipitate to the glass filter crucible with
water and wash with an additional water, the total amount of water was 125 ml to 150 ml. Place the
glass filter crucible containing the precipitate in the drying oven pre-set at 180 °C * 2 °C, drying for
45 min after the temperature reach 180 °C, take it out and transfer it into a desiccator and cool it down
to ambient temperature, weigh the precipitation together with the filter.

7.6

Blank test

Except for not adding samples, the blank test should be carried out exactly the same as the sample test
using the same amount of reagent by identical analysis procedures.
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8 Calculation and expression of results

8.1 General

The EDTA soluble phosphorus content (w,) is expressed by a mass fraction percentage of P,0; as given
in Formula (1):

Wy

my is tI
m, ist

he weight of test portion used during the sample test for determination of EDTA solluble

m, ist

m, —m, )x0,03207
:( 1 =my) %100

|41
My X———
A7250

€y

phosphorus content, in g;

vy ist]

phasphorus content, in ml;

250 is the total volume of test solution I, in ml.

The reporte
aliquots, an

8.2 Precision

8.2.1 Rin

Details of ri

> test

8.2.2 Repleatability, r

For EDTA s
percentage.

8.2.3 Reproducibility, R

For EDTA sd
percentage.

9 Testr

The test rep

a) allinformation necessary for the complete identification of the sample;

b) test method used with reference to this document, i.e. ISO 22018:2021;

e weight of quinolinium molybdophosphate precipitation during the sample test,in g;

e weight of quinolinium molybdophosphate precipitation during the blanktest, in g;

hg test on the precision of the method are summarized in Annex A.

e volume of test solution I used during the sample test for determination of EDTA sdluble

d value is the arithmetic average of two parallel determinations using separate solid sajmple
1 shall be rounded off to two significant figures after the decimal point.

luble phosphorus content of all levels, the repeatability limit r is 0,25, in a mass fragtion

luble ph@sphorus content of all levels, the reproducibility limit R is 0,50, in a mass fragtion

port

ort shall contain at least the following information:

c) testresults obtained;

d) date of sampling and sampling procedure (if known);

e) date when the analysis was finished;

f) whether the requirement of the repeatability limit has been fulfilled;

4
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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.
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Annex A
(informative)

Ring test report

A.1 Overview

The interna
to May 201

l:ional laboratories ring test of this document has been accomplished during Margch
D. Sixteen laboratories participated in the two parallel tests on five test samples.

international ring test was organized, and the statistician analysis/final report wascaccompl
by Shanghdi Research Institute of Chemical Industry, Co., Ltd., P. R. China. Sixteen- particip
laboratorieq around the world which have successfully participated in the ring test afe listed as fol

— Anhui Sierte Fertilizer Industry, Co., Ltd., P. R. China

— Heilongjiang Research Institute of Quality Inspection & Test, P. R. China

— Institutd
China N

— Institut]
— Jiangsu

— Jiangsu

— Shandof
— Shanghg
— Sichuan
—  Sino-Ar{

— Stanley

of Agricultural Resources and Regional Planning, Chinese Academy of Agricultural Scie
ntional Center for Quality Supervision and Test of ChemicalFertilizers(Beijing), P. R. Ching

on of Supervision and Inspection Product Quality of Guizhou Province, P. R. China
fHHuachang Chemical, Co., Ltd., P. R. China

Products Quality Supervising & Testing Reseaich Institute, P. R. China

g Institute for Product Quality InspectionP. R. China

ii Research Institute of Chemical Industry, Co. Ltd., P. R. China

Province Dangerous ChemicakSubstances Quality Supervision & Inspection Institute, P. R.
b Chemical Fertilizers, Co.Ltd., P. R. China

Ugriculture Group, Goy Ltd., P. R. China

— Technicql Center of Qingdao Customs, P. R. China

— Tessend
— Thorntg
— Xinjiang

— Yunnan

erio Kerley,nc, Arizona, USA

n Laboratories Testing & Inspection Services, Inc, Florida, USA

2019
This
shed
ating
ows:

nces/

China

Uygur Autonomous Region Product Quality Supervision & Inspection Institute, P. R. Chinc

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

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

The test method described in this document was adopted here for the determination of EDTA soluble

phosphorus

content in inorganic fertilizer samples.

Five different types of fertilizer samples were used during the ring test, each with its well-designed
mean level of EDTA soluble phosphorus content. The test samples were: sample 22018-A (compound
fertilizer), sample 22018-B (calcium superphosphate), sample 22018-C (complex fertilizer), sample
22018-D (monoammonium phosphate), sample 22018-E (diammonium phosphate).

© ISO 2021 - All rights reserved
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The EDTA soluble phosphorus content (percentage content, mass fraction %) to be determined and
involved in the statistics in the five fertilizer samples generally lie in the range of 5 % to 50 %.

The precision of the test results shall be evaluated in accordance with ISO 5725-2.

A.2 Statistical analysis of the test results of EDTA soluble phosphorus contents

A.2.1 Original test results

Sixteen laboratories ha

ve participated in the determination of EDTA soluble phosphorus contents in the
five fert rete aF ; A etion-pereants

A o a ol a ada a A o
6 - H 3 a oy, T 3 3 v, . ee.

Tdble A.1 — Original test results of the determination of EDTA soluble phosphorus|contents

. Level j
Lalp i
A B C D E
1 10,20 10,26 16,86 16,91 25,36 25,28 45,45 45,55 47,22 47,28
2 10,06 10,12 17,23 17,14 25,42 25,33 45,45 45,57 46,94 4712
3 10,55 10,44 16,58 16,51 25,42 25,45 45,88 4591 47,33 47,38
4 10,13 10,12 16,95 16,94 25,32 25,31 45,68 45,67 47,27 47,22
5 10,26 10,22 17,00 17,08 25,53 25,42 45,44 45,32 47,14 47,25
6 10,14 10,15 16,92 16,92 25,27 25,27 45,66 45,73 47,25 47,16
7 10,02 10,10 15,13 16,21 24,29 24,70 45,33 45,83 44,34 44,28
8 10,09 10,05 16,80 16,85 25,38 25,20 45,84 45,77 47,07 47,14
9 10,26 10,21 17,04 17,00 25,37 25,40 45,65 45,77 47,18 47,30

1( 10,22 10,26 16,73 16,87 25,43 25,49 45,86 45,94 47,53 47,61
11 10,02 10,14 16,93 16,87 25,44 25,25 45,79 45,81 47,17 4715
17 10,36 10,36 16,92 1708 25,46 25,51 45,47 45,53 46,94 46,97
13 10,04 10,09 16,86 16,67 25,35 25,15 45,77 45,59 47,22 47,10
14 10,25 10,27 17,06 17,12 25,33 25,28 46,08 46,20 47,44 47,40
1] 10,26 10,34 16,96 17,06 25,30 25,36 45,26 45,40 47,04 47,16
16 10,30 10,34 16,81 16,81 25,54 25,62 45,60 45,44 46,77 46,81

A.2.2 Cell means-by each lab

The ¢ell means (means of the analyses) by each Lab for the determination of EDTA soluble[phosphorus
conté¢nts arelisted in Table A.2, in mass fraction percentage.

Table A.2 — Cell means of the determination of EDTA soluble phosphorus conllents

. Level j
Lab i
A B C D E
1 10,23 16,89 25,32 45,50 47,25
2 10,09 17,19 25,38 45,51 47,03
3 10,50 16,55 25,44 4590 47,36
4 10,13 16,95 25,32 45,68 47,25
5 10,24 17,04 25,48 45,38 47,20
6 10,15 16,92 25,27 45,70 47,21
7 10,06 15,67 24,50 45,58 44,32
8 10,07 16,83 25,29 45,81 4711

© IS0 2021 - All rights reserved 7
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Table A.2 (continued)

. Level j
Lab i
A B C D E
9 10,24 17,02 25,39 45,71 47,24
10 10,24 16,80 25,46 45,90 47,57
11 10,08 16,90 25,35 45,80 47,16
12 10,36 17,00 25,49 45,50 46,96
13 10,07 16,80 25,25 45,68 47,16
14 1026 710 25:3+ 4644 4747
15 10,30 17,00 25,33 45,33 47,10
16 10,32 16,80 25,58 45,52 46579
A.2.3 Cell absolute differences of the analyses by each lab
The cell abpolute differences of the analyses by each Lab for the determination of EDTA soluble
phosphorus| contents are listed in Table A.3, with the unit of percentage content, in mass fraftion
percentage.
Table A.3 — Cell absolute differences of the determination of EDTA 'soluble phosphorus confents
) Level j
Lab i
A B C D E
1 0,06 0,05 0,08 0,10 0,06
2 0,06 0,09 0,09 0,12 0,18
3 0,11 0,07 0,03 0,03 0,05
4 0,01 0,01 0,01 0,01 0,05
5 0,04 0,08 0,11 0,12 0,11
6 0,01 0,00 0,00 0,07 0,09
7 0,08 1,08 0,41 0,50 0,08
8 0,04 0,05 0,18 0,07 0,07
9 0,05 0,04 0,03 0,12 0,12
10 0,04 0,14 0,06 0,08 0,08
11 0,12 0,06 0,19 0,02 0,02
12 0,00 0,16 0,05 0,06 0,03
13 0,05 0,19 0,20 0,18 0,12
14 0,02 0,06 0,05 0,12 0,04
15 0,08 0,10 0,06 0,14 0,12
16 6;04 6,66 6,68 6;16 6;04

A.2.4 Evaluation of the results for consistency and outliers

The graphical evaluation of the analytical results for consistency by Mandel’s h and k statistics have
been represented in Figures A.1 and A.2.

© ISO 2021 - All rights reserved
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Figure A.1 — Mandel’s inter-laboratory consistency statistic, h, grouped by laborfatories

k \
A\

4

35
3
2,5
2

1,5

1

11 12 13 14 15 1¢ i

Key | &
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i laboratory
Figure A.2 — Mandel’s intra-laboratory consistency statistic, k, grouped by laboratories

The Mandel’s inter-laboratory consistency statistic h graph indicated that laboratory 3 may have one
straggler on level A, laboratory 15 may have one straggler on level D and laboratory 7 may have three
outliers on level B, C and E.

The Mandel’s intra-laboratory consistency statistic k graph did exhibit some variability between
replicate test results for laboratory 2 on level E (straggler), laboratory 11 on level A (straggler), and
laboratory 7 on level B, C and D (outlier).

© IS0 2021 - All rights reserved 9
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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.

The application of Cochran’ s test led to the values of the test statistic C given in Table A.4.

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

Before scru- Level
. e of test
tiny A B C D E Typ
C (Cochran) 0,2462 0,90352 0,51932 0,60042 0,2559 | Cochran’s test
statistics
Stragglers | 0452 (p=16, | 0452 (p=16, | 0452 (p=16, | 0452 (p =16, | 0,452 (p = 16, | Cochran'slcrit-
(5 %) n=2) n=2) n=2) n=2) n=2) icalyvalyes
Outliers | | o553 (p=16, | 0,553 (p=16, | 0,553 (p=16, | 0,553 (p=16, | 0,553 (p = 16, Cochran’slerit-
(1 %) n=2) n=2) n=2) n=2) n=2) ical vales
After scrut Level j
tiny A " o D+ v Type of fest
C (Cochran| 0,2462 0,2897 0,2571 0,1947 02696 | Cochran’stest
statistigs
Stragglers | 0452 (p=16, | 0471 (p=15, | 0471 (p=15, | 0471 (p 1S, | 0,452 (p = 16, | Cochran'slerit-
(5 %) n=2) n=2) n=2) n=2) n=2) ical vales
Outliers 0,553 (p=16, | 0,575 (p=15, | 0,575 (p=15, | 0,575.(p =15, | 0,553 (p = 16, | Cochran’s|crit-
(1 %) n=2) n=2) n=2) h=2) n=2) ical valyes
p : number of |aboratories.
n : replicates faken in the test.
a  These thiee data have not passed the first round of Coghiran test, so another round of Cochran test was performed
hereafter, with new data sets of B¥, C* and D*.
If the test sffatistic is greater than its 5 % cxitical value and less than or equal to its 1 % mass fraftion
critical valup, the item tested is regarded as a straggler.
If the test stptistic is greater than its 1 % critical value, the item tested is regarded as an outlier.
Cochran’s tgst showed that the tést statistic reached 0,9035, calculated by the maximum cell absplute

difference f1

The Cochraj
test results

Cochran’s td
difference fi

om laboratory 7 endevel B.

1's critical valiieat the 1 % significance level was 0,553, for p = 16 and n = 2, therefor

e the

The Cochra

from laboratory 7 on level B is an outlier, which should be discarded here.

st showed that the test statistic reached 0,5193, calculated by the maximum cell absplute
omdaboratory 7 on level C.

1’3 Cr;t;»ul v'uluC at thC 1 g/ cignificanca lavual vazac N CCD A+ +hAa O 0/ cignificancna lavua was

O STS T ICOICCICVCT vvaos U, 000, at tiat-O— 70 ST rcactTIey T

0,452, for p = 16 and n = 2, therefore the test results from laboratory 7 on level C is a straggler, which

should be di

scarded here.

Cochran’s test showed that the test statistic reached 0,6004, calculated by the maximum cell absolute
difference from laboratory 7 on level D.

The Cochran’s critical value at the 1 % significance level was 0,553, for p = 16 and n = 2, therefore the
test results from laboratory 7 on level D is an outlier, which should be discarded here.

Accordingly, for laboratory 7, levels B, C and D were eliminated from their results.

Cochran’s tests (p = 15, n = 2) were repeated on the remaining tests values from the remain fifteen
laboratories on level B. The test statistic obtained this time was 0,2897. The values is less than the
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Cochran’s critical value at the 5 % significance level (0,471, p = 15, n = 2). This confirmed that no outlier
existed in level B by Cochran’ s test anymore.

Cochran’s tests (p = 15, n = 2) were repeated on the remaining tests values from the remain fifteen
laboratories on level C. The test statistic obtained this time was 0,2571. The values is less than the
Cochran’s critical value at the 5 % significance level (0,471, p = 15, n = 2). This confirmed that no outlier
existed in level C by Cochran’ s test anymore.

Cochran’s tests (p = 15, n = 2) were repeated on the remaining tests values from the remain fifteen
laboratories on level D. The test statistic obtained this time was 0,1947. The values is less than the
Cochran’s critical value at the 5 % significance level (0,471, p = 15, n = 2). This confirmed that no outlier

2 pa 1 LD L ral L. 2 i i
existeemrevero py-Cotntran—stestattynore:

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

The application of Grubbs’ test to 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 ineans

L;\;el Single low Single high Double low Double high Tylpe of test
A;16 1,1759 2,2994 0,4891 0,7963
B;15 2,3799 1,7256 0,6539 0,4688
G;15 1,3820 2,1873 0,4975 0,7524 Grubbbs’ test sta-
D;15 1,5541 2,1555 0,5317 0,6565 tistics
E;16 3,65372 0,7630 0,9319 0,03962
E3;15 2,1099 2,0529 0,5269 0,5128
Stragglers (5 %)
p=15 2,585 2;585 0,3367 0,3367 Grupbs’ critical
p=16 2,549 2,549 0,3603 0,3603 values
Oputliers (1%)
p=15 2,852 2,852 0,2530 0,2530
p=16 2,806 2,806 0,2767 0,2767
a2 These three data have not-passed the first round of Cochran test, so another round of Cochran test was performed
heredfter, with new data séts-of B*, C* and D*.

For the Grubbs’ testfor one outlying observation, outliers and stragglers give rise to valug¢s which are
largqr than its 1% and 5 % critical values respectively.

For the Grubbs’ test for two outlying observation, outliers and stragglers give rise to valug¢s which are
smallerthan its 1 % and 5 % critical values respectively.

The apphication of the Grubbs Testto the cell means indicated that the test Tesutts from laboratory 7
on level E is an outlier, which should be discarded here. After discarding this data, re-apply the Grubbs’
test to the remaining data confirmed that there was no more outlier.

A.2.5 Calculation of the general mean and standard deviations

The calculation of the general mean m, repeatability standard deviation s, reproducibility standard
deviation sp of EDTA soluble phosphorus contents in each sample is listed in Table A.6, in mass fraction
%.
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