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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. 1ISO collaborates closely with the International Electrotechnical
Commission (IEC) on all matters of electrotechnical standardization.

International $tandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.

Draft International Standards adopted by the technical committees are circulated to the member bodieg for voting.
Publication ag an International Standard requires approval by at least 75 % of the membelbhodies casting a vote.

Attention is drawn to the possibility that some of the elements of this International Standard may be th¢ subject of
patent rights. |SO shall not be held responsible for identifying any or all such patent.rights.

International $tandard 1SO 6869 was prepared by Technical Committee 1IS@Q/TC 34, Food products, Subcommittee
SC 10, Animgl feeding stuffs.

Annex A of th|s International Standard is for information only.
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INTERNATIONAL STANDARD

ISO 6869:2000(E)

Animal feeding stuffs — Determination of the contents of calcium,
copper, iron, magnesium, manganese, potassium, sodium
and zinc — Method using atomic absorption spectrometry

1 Scop
This Intern
contents of
and zinc (Z
The metho

The limit of

K and

Ca ang Mg

Cu, F¢g

2 Norm

The followi

this Interngtional Standard. For dated references, subsequent amendments to, or revisions of,

publication
investigate
undated re
maintain re

ISO 3696:1
ISO 6498,

3 Pring

e

ational Standard specifies an atomic absorption spectrometric method for the’determ
calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), potassium (K)
n) in animal feeding stuffs.

] is applicable to all animal feeding stuffs.
determination for the elements concerned is as follows:

Na 500 mg/kg;

50 mg/kg;

, Mn and Zn 5 mg/kg.

ative references
ng normative documents contain provisions which, through reference in this text, constitutg
5 do not apply. However, parties-to agreements based on this International Standard are ¢

ferences, the latest edition(of the normative documents referred to applies. Members of
gisters of currently valid Intérnational Standards.

987, Water for analytical laboratory use — Specification and test methods.

A\nimal feeding, stuffs — Preparation of test samples.

iple

A test porti

nation of the
sodium (Na)

provisions of
any of these
ncouraged to

the possibility of applying the\most recent editions of the normative documents indicat¢d below. For

ISO and IEC

pn-is dissolved in hydrochloric acid. if necessary after ashing in a muffle furnace at (550

+ 15) °C. Any

silica compounds present are removed by precipitation and filtration. The precipitate is dissolved in hydrochloric
acid and diluted to the desired volume, then aspirated into the air-acetylene flame of the atomic absorption

spectromet

er.

The absorbance of each element is measured by comparison with the absorbance of calibration solutions for the

same elem

4 Reag

ent.

ents and materials

Use only reagents of recognized analytical grade.

4.1

© 1SO 2000 -

Water, complying with at least grade 3 in accordance with 1ISO 3696.
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4.2

4.3

4.4

4.5

Concentrated hydrochloric acid, c(HCI) = 12 mol/l (p = 1,19 g/ml).
Hydrochloric acid, ¢(HCI) = 6 mol/l.
Dilute hydrochloric acid, c(HCI) = 0,6 mol/l.

Lanthanum nitrate solution.

Dissolve 133 g of La(NO3)3:6H20 in 1 litre of water (4.1).

Another lanthanum salt may be used if the lanthanum content of the prepared solution is the same.

4.6
Dissolve 100
Another caes
4.7 Stock s
Mix 100 ml of
Weigh out the

392,9 mg

702,2 md
307,7 mg
439,8 md
Transfer the

The contents
NOTE Res
4.8 Standag
Dilute 20,0 m

The contents

Caesiuln chloride solution.

p of CsClin 1 litre of water (4.1).

um salt may be used if the caesium content of the obtained solution is the same.

olution of Cu, Fe, Mn and Zn.

water (4.1) and 125 ml of concentrated hydrochloric acid (4.2) in,a Llitre volumetric flask.
following:

of copper(ll) sulfate pentahydrate (CuSO4-5H,0);

of ammonium iron(ll) sulfate hexahydrate [(NH4)2SO4-FeSO4-6H,0];

of manganese sulfate monohydrate (MnSOz-H>0);

of zinc sulfate heptahydrate (ZnSOy4-7H50).

leighed salts to the volumetric flaskand dissolve them in water (4.1). Dilute to the mark wit
pf Cu, Fe, Mn and Zn of this_stock solution are each 100 pg/mil.

dy-prepared commercially available solutions may be used.

rd solution of €u,+Fe, Mn and Zn.

of the stockzsolution (4.7) with water (4.1) to 100 ml in a volumetric flask.

pf CusFe, Mn and Zn of this solution are each 20 pg/ml.

h water.

Prepare the s

plution fresh on the day of use

4.9

Stock solution of Ca, K, Mg and Na.

Weigh out the following:

1,907 g of potassium chloride (KCI);

2,028 g of magnesium sulfate heptahydrate (MgSOg4-7H>0);

2,542 g of sodium chloride (NaCl).

Transfer the weighed salts to a 1 litre volumetric flask.

© 1SO 2000 — All rights reserved
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Add 50 ml of hydrochloric acid (4.3) to a beaker. Weigh into the beaker 2,497 g of calcium carbonate (CaCOg).

CAUTION:

Beware of the development of carbon dioxide.

Boil for 5 min on an electric hot plate (5.4). Cool and transfer the solution to the volumetric flask containing the
weighed salts of K, Mg and Na. Dissolve the salts and dilute to the mark with dilute hydrochloric acid (4.4).

The contents of Ca, K and Na of this solution are each 1 mg/ml; the content of Mg of the solution is 200 pg/ml.

NOTE

4.10 Stan

Ready-prepared commercially available solutions may be used.

ard solution of Ca K I\/Ig and Na
-G +HHHO-AOHoa—H—Hrgalha—a-

Dilute 25,0

The conten

Prepare th¢ solution fresh in the week of use and store it in a polyethylene bottle.

411 Lant

Add 5ml o
(4.3)toal

5 Apparatus

Rinse all v|
acid (4.4) b

If dedicated
before use

Usual labo
5.1 Anal

5.2 Incin

unetched ipner surface, upper internal diameter 4 cm to 6 cm, lower internal diameter 2 cm to 2,5 cm

ml of stock solution (4.9) with dilute hydrochloric acid (4.4) to 250 ml in a volumetric flask.

ts of Ca, K and Na of this solution are each 100 pg/ml; the content of Mg of the selution is

hanum/caesium blank solution

f lanthanum nitrate solution (4.5), 5 ml of caesium chloride soldtion (4.6) and 5 ml of hyg
DO ml volumetric flask. Dilute to the mark with water (4.1).

atory apparatus and, in particular,.the following.

ytical balance, capable of weighing to the nearest 0,1 mg.
eration dishes of splatinum, quartz or porcelain, free from potassium and sodium, w
tm. Before useyboil with hydrochloric acid (4.3).
sware of hard borosilicate glass.

boil with hydrochloric acid (4.3) and rinse with water.

PO ng/mil.

rochloric acid

blumetric ware, including the pipettes used for-preparing calibration solutions, with dilut¢ hydrochloric
efore use.
incineration dishes and glassware are used, it is not necessary to boil with hydrochloric 3

cid each time

ith a smooth
and a height

ric-hot plate or gas-burner

of about 5
5.3 Glag
Before use
5.4 Elec
5.5 Boili
5.6

5.7

al
gt o

ng water bath.

Electric muffle furnace, capable of being maintained at (550 + 15) °C.

Atomic absorption spectrometer (see ISO 6956 [6]), suitable for measuring at the wavelengths specified in

8.6.1 and 8.7.1, provided with an air-acetylene flame and a facility for correction for, or measurement of,
background absorption.

5.8

Mn, Na or Zn.

5.9

© 1SO 2000 -

Filter paper which does not release minerals.

All rights reserved
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6 Sampling

Sampling is not part of the method specified in this International Standard. A recommended sampling method is
given in ISO 6497 [5].

It is important that the laboratory receive a sample which is truly representative and has not been damaged or
changed during transport or storage.

Store the sample so that deterioration and other changes in composition are prevented.

7 Prepar

Prepare the t

8 Proced

8.1 Detect]
Heat a spatul
If the test san

If the test san

8.2 Testp

Depending of
into an incine

If the test san

If the test san

8.3 Dryas

Heat the inci
carbonized. A

Transfer the d

sample for 3 h at thistémperature.

.

trormoftestsampte

t sample in accordance with ISO 6498.

ure

on of presence of organic matter
h with some test sample in a flame.
ple melts without smoke, little organic matter is present.

ple changes in colour and melting does not occur, theitest sample contains organic matter|

Drtion

the expected content, weigh 1 g to 5 g of the prepared test sample (clause 7), to the ne
ation dish (5.2).

ple contains organic matter (see 8.1), proceed in accordance with 8.3.
ple contains little or no organie matter (see 8.1), proceed in accordance with 8.4.
hing

heration dish on-a’hot plate or over a gas burner (5.4) until the test portion has been
void burning thé\test portion.

ish to the.muffle furnace (5.6) which has already been at a temperature of 550 °C for 15 n

Allow the sanpple’to cool down then moisten the contents of the dish with 2 ml of water. If many carb

arest 1 mg,

completely

in. Ash the

bn particles

are present, dry the dish over the water bath (5.5).

Ash for another 2 h in the muffle furnace set at 550 °C.

Allow to cool down then add 2 ml of water.

8.4 Decomposition

While swirling, add 10 ml of hydrochloric acid (4.3), first dropwise until effervescence (possible development of
carbon dioxide) has ceased, then faster. Swirl and heat the contents of the dish until almost dry. While drying, take
care to avoid loss by splattering.

© ISO 2000 — All r

ights reserved
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Dissolve the residue by heating with 5 ml of hydrochloric acid (4.3) and transfer the solution quantitatively with
some 5 ml portions of water to a 50 ml volumetric flask.

Allow to cool, then dilute to the mark with water and mix. Allow the particles to settle and filter (see 5.9) the solution

if it is not cl

8.5 Blan

ear after 4 h.

k solution

Prepare for each measuring series a blank solution by carrying out the procedure according to 8.2, 8.3 and 8.4

without the

test sample.

8.6 Dets

8.6.1 Measuring conditions

Adjust the
response o
Zn set the {

Cu: 3
Fe: 2
Mn: 2

Zn. 2

8.6.2 Pre

Prepare a
acid (4.4).

Measure th
subtract thg

Draw a cal
Zn.

8.6.3 Medqsurement of téstsolution

Measure p
(8.4) and th

If necessar

rmination of copper, iron, manganese and zinc

atomic absorption spectrometer (5.7) in accordance with the manufacturer'sinstructions.
f the instrument for measurement with the air-acetylene flame. For the determination of C
ollowing wavelengths:

P4.8 nm;

18,3 nm;

79,5 nm;

13,8 nm.

paration of calibration curve

series of appropriate calibration solutions by diluting the standard solution (4.8) with dilut

e absorbance of the hydrochloric acid (4.4). Measure the absorbance of the calibration
b absorbance measured for the‘hydrochloric acid (4.4).

arallel tosthe calibration solutions, under identical circumstances, the absorbance of thg
e blank-solfution (8.5). Subtract the latter absorbance from the first absorbance.

Optimize the
I, Fe, Mn and

e hydrochloric

solutions and

bration curve by plotting the corrected absorbances against the respective contents of Cu, Fe, Mn and

test solution

) to obtain an

y¢dilute a quantity of the test solution and blank solution with dilute hydrochloric acid (4.4

absorbanc

Proceed in

© 1SO 2000 -

wHtha-lhnaor nort oFf 1 ealibration-—eries
T oremCalpart U aietanoranorr Curves

accordance with clause 9.
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8.7 Determination of calcium, magnesium, potassium and sodium

8.7.1 Measuring conditions

Adjust the atomic absorption spectrometer in accordance with the manufacturer's instructions. Optimize the
response of the instrument for measurement with the air-acetylene flame. For the determination of Ca, K, Mg and
Na set the following wavelengths:

Ca: 422,6 nm;
K: 766,5 nm;
Mg: 28%,2 nm;
Na: 589,6 nm.

8.7.2 Preparation of calibration curve

Dilute the stahdard solution (4.10) with water (4.1). Add per 100 ml of diluted standard solution 5 ml of
nitrate solutign (4.5), 5 ml of caesium chloride solution (4.6) and 5 ml of hydrochloric acid (4.3). (
dilutions so that appropriate calibration solutions are obtained.

Measure the

Measure thg
lanthanum/cal

Draw a calibr|
Na.

bsorbance of the lanthanum/caesium blank solution (4.11).

absorbance of the calibration solutions and subtract the absorbance measure
psium blank solution (4.11).

ation curve by plotting the corrected absorbanges against the respective contents of Ca,

8.7.3 Measlirement of test solution

Dilute a quar
solution 5 ml
acid (4.3).

tity of the test solution (8.4) and“blank solution (8.5) with water (4.1). Add per 100 m
of lanthanum nitrate solution.(4.5), 5 ml of caesium chloride solution (4.6) and 5 ml of H

Measure parallel to the calibration( solutions, under identical circumstances, the absorbance of the

solution and t

If necessary,
to obtain an 4

9 Expres

e diluted blank solution. Subtract the latter absorbance from the first absorbance.

dilute a quantity.of the test solution and blank solution with lanthanum/caesium blank sol
bsorbance in.the linear part of the calibration curve.

5ion. of results

lanthanum

Choose the

d for the

K, Mg and

| of diluted

ydrochloric

Hiluted test

ition (4.11)

Calculate the content of each of the elements calcium, copper, iron, magnesium, manganese, potassium, sodium
and zinc starting from the calibration curve and taking into account the mass of the test portion and the dilutions

applied.

Round the result in accordance with Table 1 and express the result in milligrams per kilogram or grams per

kilogram.

© ISO 2000 — All r

ights reserved
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Table 1 — Rounding of the calculated content

ISO 6869:2000(E)

Content
Round to
from to
5 mg/kg 10 mg/kg 0,1 mg/kg
10 mg/kg 100 mg/kg 1 mg/kg
100 mg/kg 1 g/kg 10 mg/kg
1 g/kg 10 g/kg 100 mg/kg
10 g/kg 100 g/kg 1 g/kg

10 Prec

10.1 Inte

sion

laboratory tests

Details of ipterlaboratory tests on the precision of the method are given in annexzA<The values derived from these
tests may rjot be applicable to concentration ranges and matrices other than these given.
10.2 Repegatability
The absolute difference between two independent single test results, obtained using the same methqd on identical
test materigl in the same laboratory by the same operator using the same equipment within a short interval of time,
will in not npore than 5 % of cases exceed the repeatability limit.(r) mentioned in or derived from Table|2 or Table 3.

Table 2 — Repeatability limit (r) and\reproducibility limit (R) for premixes

Values in milligrams per kilogram
Element content
Element r R
from to

Ca 3 000 300 000 0,07 x W 0,20 x W

Cu 200 20 000 0,07 x W 0,13 x W

Fe 500 30 000 0,06 x W 0,21 x W

K 2 500 30 000 0,09 x W 0,26 x W

Mg 1000 100 000 0,06 x W 0,14 x W

Mh 150 15 000 0,08 x W 0,28 x W

Na 2 000 250 000 0,09 x W 0,26 x W

Zn 3500 15 000 0,08 x W 0,20 x W

W is the mean of the two results, in milligrams per kilogram.

© IS0 2000 — All rights reserved 7
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Table 3 — Repeatability limit (r) and reproducibility limit (R) for animal feeds

Values in milligrams per kilogram

Element Element content . R
from to
Ca 5000 50 000 0,07 x W 0,28 x W
Cu 10 100 0,27 x W 0,57 x W
Cu 100 200 0,09 x W 0,16 x W
Fe oU 1 oUU U,0o X W U,3Z2 X W
K 5000 30 000 0,09 x W 0,28 x W
Mg 1000 10 000 0,06 x W 0,160% W
Mn 15 500 0,06 x W 0,40 x W
Na 1000 6 000 0,15 x W 0,23 x W
Zn 25 500 0,11 x W 0,19 x W

=l

is the mean of the two results, in milligrams per kilogram.

NOTE InT
and for the ind
exceptional ca
samples have
concerned (see€

10.3 Repro
The absolute
in different la
the reproduci
11 Testre
The test repo

all inform,

the samp

Able 2 and Table 3, the repeatability and reproducibility limits are given in the form of a formula for &

cated range. The factor in this formula is an average over<the investigated samples in the indicaf

bes higher values have been obtained for the determination of a specific element in specific sam

not been taken into account. Most likely cause of;these deviations is lack of homogeneity of
annex A).

jucibility

difference between two single testuresults, obtained using the same method on identical t¢

!

oratories by different operators using different equipment, will in not more than 5 % of ca
ility limit (R) mentioned in or-derived from Table 2 or Table 3.

bort

t shall specify:;

ation necessary for the complete identification of the sample;

ling method used, if known;

ach element
ed range. In
ples. These
he samples

bst material
bes exceed

the test method used, with reference to this International Standard;

any incidents which may have influenced the test result(s);

the test result obtained, or the two test results obtained if the repeatability has been checked.

© ISO 2000 — All r
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Annex A
(informative)

Results of interlaboratory tests

Starting in 1983, the precision of the method has been tested by several interlaboratory tests carried out on mixed

feeds and premixes in accordance with ISO 5725:1986 [2]. The statistical results of a first series
published in reference [7]. As a consequence of the results of these tests, the method was modified.

of tests were
The precision

of the modified method was established by Two interlaboratory 1ests.

In the first [est (in the period 1986-1987) 26 laboratories from 7 countries participated. Samples wer
of a premix, two mixed feeds, barley, wilted silage, milk powder and pigs’ faeces. In view of the
results for premixes, it was decided to amend the method for premixes. The precision of (the" amend
premixes was established by an additional interlaboratory test.

b investigated
unsatisfactory
ed method for

In this secpnd test (in the period 1987-1988), 13 laboratories participated. Samples were investigated of eight

premixes (five of which contained organic matter).

The statistial results of the two interlaboratory tests are summarized in Tahles A.1 to A.8.

© 1SO 2000 — All rights reserved
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Table A.1 — Statistical results for calcium

Parameter P
Sample 2 ny Ny ng W S CVr r SR CVR R
mg/kg mg/kg % mg/kg mg/kg % mg/kg
P1 12 0 24 51 000 1413 29 4 000 5 654 10,9 16 000
P2 12 2 22 292 000 | 6007 2,1 17 000 16 254 5,7 46 000
P3 12 2 22 136 000 | 2120 1,6 6 000 12 367 9,0 35000
PO1 12 0 24 156 000 2120 1.3 6 000 10247 6.5 29 000
PO2 12 2 22 11 900 389 3,2 1100 636 55 1800
PO3 12 2 22 3 000 106 3,8 300 247 8,6 700
PO4 12 0 24 7 900 177 2,1 500 530 6,9 1500
PO5 12 0 24 5700 141 2,4 400 318 5,9 900
B 21 8 34 592 62 10,4 175 179 30,3 507
WS 21 8 34 4 860 130 2,7 369 604 12,4 1710
MFH 21 10 32 7 650 195 2,6 552 753 9,8 2130
MP 21 6 36 13 300 417 3,1 1180 1484 111 4 200
PF 21 2 40 33 200 565 177 1600 6 855 20,6 19 400
MFL 21 9 33 47 400 1106 2,3 3130 3424 7,2 9690
a p1 is premix;
P2 is premix;
P3 is premix;
PO1  is premix containing organic matter;
PO2  is premix containing organic matter;
PO3  is premix containing organic matter;
PO4  is premix containing organic matter;
PO5  is premix containing organic matter;
B is parley;
WS is wilted silage;
MFH  is mixed feed H;
MP is milkpowder;
PF is pigs’ faeces;
MFL  is mixed feed L;
b is fhe number of taboratories with results;
n, is fhe numberof putliers;
ng is fhe number-of accepted results;
W is fhe mean calcium content of the sample;
s is fheTrepeatability standard deviation;
CVvr is the repeatability coefficient of variation;
r is the repeatability limit [r = 2,8 x s];
R is the reproducibility standard deviation;
CVR s the reproducibility coefficient of variation;
R is the reproducibility limit [R= 2,8 x sg].

10 © 1SO 2000 — Al rights reserved
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Table A.2 — Statistical results for copper
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Parameter

Sample 2 ny n, N W S CVr r SR CVR R
mg/kg mg/kg % mg/kg mg/kg % mg/kg
P1 13 0 26 900 25 2,7 70 64 7,0 180
P2 13 0 26 1000 28 2,8 80 67 6,8 190
P3 13 0 26 17 400 212 1,2 600 495 29 1400
PO 13 0 26 4 540 78 17 220 152 3.3 430
PO? 13 0 26 217 6,4 2,9 18 10 4)¥ 29
PO 13 2 24 1050 57 54 160 141 135 400
PO4 13 0 26 6 660 251 3,8 710 293 4.4 830
POj 13 0 26 39 100 495 1,2 1400 1555 31 4 400
B 22 6 38 6 0,4 8,4 X 1,4 213 4
WS 22 4 40 14 11 7,0 3 2,1 15)9 6
MFH 22 4 40 15 2,1 14,5 6 3,5 23|8 10
MP| 22 4 40 2 0,4 19,4 1 1,4 61)7 4
PF 22 10 34 224 4,9 2,2 14 11 5,0 32
MFL 22 4 40 118 53 4,6 15 7,4 6, 21
a b see Table A.1, except that W is the mean copper content,
Table A.3 — Statistical results for iron
Parameter P
Sample 2 n Ny Ng W S cvr r SR CVR R
mg/kg mg/kg % mg/kg mg/kg % mg/kg
P1 12 2 22 7 500 141 1,9 400 565 7.8 1600
P2 12 2 22 22 600 565 2,5 1600 1555 6,9 4 400
P3 12 0 24 31 000 707 2,4 2000 2473 8,b 7 000
PO] 12 0 24 4000 106 3,0 300 318 8,8 900
POJ 12 0 24 500 18 3,7 50 28 6,0 80
POJ 12 0 24 9 600 212 2,2 600 636 6.y 1800
PO 12 4 20 18 600 177 0,9 500 1166 6.2 3300
PO5 12 0 24 19 000 353 2,6 1000 2120 111 6 000
B 21 4 38 79 2,8 3,7 8 11 13,9 31
WS 21 8 34 599 10 1,7 29 70 11,6 197
MFH 21 2 40 362 59 16,2 166 85 23,5 241
MP 21 4 38 8 2,5 30,5 7 5,7 68,5 16
PF 21 4 38 3430 86 2,5 244 491 14,4 1390
MFL 21 6 36 1290 40 3,1 113 111 8,6 315

a,b gee Table A.1, except that W is the mean iron content.

© 1SO 2000 — All rights reserved

11


https://standardsiso.com/api/?name=6419725634ec27cac166e0d3f15b4503

ISO 6869:2000(E)

Table A.4 — Statistical results for magnesium

Parameter P
Sample 2 ny Ny ng W S CVr r SR CVR R
mg/kg mg/kg % mg/kg mg/kg % mg/kg
P1 12 0 24 111000 | 2120 1,9 6 000 5654 5,2 16 000
P2 12 2 22 18 000 106 0,5 300 742 4,2 2100
P3 12 0 24 2050 53 2,5 150 152 7,4 430
PO1 12 2 22 5770 113 20 320 145 25 410
PO2 12 2 22 1640 28 1,7 80 49 332 140
PO3 12 0 24 1 000 32 3,2 90 67 6,6 190
PO4 12 0 24 1670 42 2,5 120 110 6,6 310
PO5 12 2 22 1650 28 1,6 80 71 4,2 200
B 22 10 34 1200 34 2,8 95 58 4,8 163
WS 22 8 36 2 260 80 3,5 226 128 5,7 363
MFH 22 8 36 1640 45 2,7 126 120 7,3 340
MP 22 4 40 1250 94 7,5 265 147 11,8 417
PF 22 8 36 9980 128 13 362 576 5,8 1630
MFL 22 10 34 3040 27 0,9 76 143 4,7 405

a b see Tablp A.1, except that W is the mean magnesium content;

Table A.5 — Statistical results for manganese

Parameter P
Sample § Ny Ny g W s cvr r SR CVR R
mg/kg mg/kg % mg/kg mg/kg % mg/kg
P1 13 0 26 2600 71 3.3 200 318 12,0 900
P2 13 0 26 4800 106 2,6 300 742 15,6 2100
P3 13 0 26 10 100 247 2,4 700 883 8,8 2500
PO1 13 0 26 1700 71 4,2 200 212 12,6 600
PO2 12 0 24 159 5 3,1 14 18 11,2 50
PO3 13 2 24 13 200 353 2,8 1000 989 7,5 2800
PO4 13 4 22 4870 78 1,6 220 166 3,4 470
PO5 13 0 26 5600 141 2,3 400 530 9,5 1500
B 22 6 38 16 0,4 2,4 1 3,2 19,8 9
WS 22 4 40 174 2,5 1,4 7 14 8,2 41
MFH 22 4 40 65 2,1 3,1 6 11 17,1 32
MP 22 8 36 1 0,4 26,6 1 0,7 52,0 2
PF 22 2 42 417 8,1 2,0 23 66 15,8 187
MFL 22 4 40 361 35 1,0 10 35 9,8 100

a,b gee Table A.1, except that W is the mean manganese content.
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