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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

This method has been developed to assess the ability of a product to deliver potential neutralization
capacity, i.e. to neutralize protons or acidic cations in soils and consequently maintain or increase its
pH. It relies on the measurement of hydrochloric acid consumption when a liming material is mixed in
solution with hydrochloric acid in excess.

Two different procedures are described (method A and method B) because the titration to pH 7,0 is not
applicable to silicate liming materials due to the precipitation of compounds at this pH value.

Inm

For darbonaceous liming materials the difference in the consumption of sodium hydroxide

back
This

same as in AOAC 955.01 and BNQ 0419-070: 2011.

The following changes have been made to the EN 12945:2014+A1 edition;
— ¢xpression of results is allowed as CaCO; equivalent, not only as CaO“or HO~ equivalent
— AMAnnex B has been completed accordingly to present all the ne€cessary conversion tableg;
— 3 new ISO international ring test was performed in 2017 te/determine precision data (se

— Annex A was revised accordingly.

© ISO

ethod B, the turning pointat pH 4 8 on the titration curve is taken as the end-point of the titration.

titration between the titration end-points of pH 4,8 and pH 7,0 is negligible.
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Liming material — Determination of neutralizing value —
Titrimetric methods

1

Scope

This document specifies two methods for the determination of the neutralizing value (NV) of liming

mat

Meth

NOTH
chalk

Meth

Neither method correctly takes into account the potential neutralizing value of materia
more
P;05

NOT]H
Furth

NOTH
Form
acidif

2 Normative references

The following documents are referred*to in the text in such a way that some or all of t
constitutes requirements of this,document. For dated references, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme
IS0 3310-1, Test sieves — Technical requirements and testing — Part 1: Test sieves of metal wi
ISO 3696, Water for analytical laboratory use — Specification and test methods

ISO §157, Fertilizers\and soil conditioners — Vocabulary

[SO 14820-2Fertilizers and liming materials — Sampling and sample preparation — Pa
preparation

3 Ferms-and-definitions

TTats:
od A is applicable to all liming materials except silicate liming materials.

1  Examples of hard liming materials are limestone and dolomite. Examples of soft liming
, marl and burnt lime.

od B is applicable to all liming materials.

EN 1498418l is used to determine the liming efficiency.

2 The methods described in ISO 6598 and ISO 7497 can.bé used for the determination of
er information on P analyses is given in References [5] and\6].

3 Carbonate consumes H* and removes acidity insolution with subsequent dissociation to
s of orthophosphate can consume H* but are not dissociated to molecular forms that remov
y is back titrated with alkali causing an underestimation of NV.

than 3 % P,0:. For a more accurate agronomic assessment of pyoducts containing mg

materials are

| containing
re than 3 %

P,0; content.

H,0 and CO,.
e acidity. The

heir content
applies. For
hts) applies.

re cloth

't 2: Sample

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

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

4

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

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

Principle

Dissolution of the sample in a specified quantity of hydrochloric acid standard solution. Determination
of the excess acid by back titration with a sodium hydroxide standard solution.

© IS0 2020 - All rights reserved
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For products containing iron, a preliminary oxidization is necessary in method B.

5 Reagents

During the analysis, unless otherwise stated, use only reagents of recognized analytical grade.

NOTE

Commercially available solutions can be used.

5.1 Water, according to ISO 3696, grade 3.

5.2 Hydrdchloric acid standard solution, c(HCI) = 0,5 mol/I.

J

This solutign can be purchased from a chemical supply company certified to have a concentrption
within a 0,4|% variance (0,498 M to 0,502 M).

If preparing|from concentrated HCI, determine the exact concentration of the solution:by titration{with
sodium hydfoxide standard solution (5.3) using phenolphthalein solution (5.4) as indicator.

Apply the appropriate correction factor in the calculation of the results (see Clause 9).

In case of afly doubt about the concentration of the HCl solution, measuping’the neutralizing valug¢ of a
precipitated calcium carbonate (PCC, 5.6) is recommended.

53 SOdiT hydroxide standard solution, c(NaOH) = 0,25 mol /1

This solutign can be purchased from a chemical supply cenipany certified to have a concentrption
within a 0,2|% variance (0,249 5 M to 0,250 5 M).

If preparing|from NaOH pellets, determine the exact concentration of the standard solution by titration
against appfoximately 2 g of dried potassium hydregen phthalate (KHCgH,0,4), weighed to the neprest
0,001 g.

The solution shall be stored in a polyethylehe bottle and absorption of carbon dioxide during stgrage
should be ayoided.

NOTE 1 |ml of 0,25 mol/l sodium hydroxide solution is equivalent to 51,055 mg of potassium hydfogen
phthalate.

Apply the appropriate correction’ factor in the calculation of the results (see Clause 9).

In case of arfy doubt about the concentration of the NaOH solution, measuring the neutralizing valug of a
precipitated calcium casbonate (PCC, 5.6) is recommended.

5.4 Phen¢lphthalein indicator solution.

Dissolve O,JS g/of phenolphthalein in 150 ml of ethanol with a mass fraction of 93 % and dilutefwith

water to 250 ml.

The phenolphthalein solution (5.4) is a colour indicator to determine when the end point pH is reached
and is only suitable in Method A with an end point pH of 7. The indicator is not required if a pH electrode
is used to monitor end point pH.

NOTE

solution (changes at pH 8,3) and pH end point with pH meter (7,0).

5.5 Hydrogen peroxide solution.

Dilute one volume of hydrogen peroxide [p (H,0,) = 30 g/100 ml] with four volumes of water.

Hydrogen peroxide is used in Method B to oxidize any reduced iron in slag liming materials.

If there is a buffering capacity in the sample, a deviation can occur between phenolphthalein indicator

© IS0 2020 - All rights reserved
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5.6 Precipitated calcium carbonate.

Precipitated calcium carbonate of recognized analytical grade, minimum 99 % CaCO;.

Quality control check by using precipitated calcium carbonate and blank solution should be used in
each series of measurements.

6 Apparatus

Usual laboratory apparatus and, in particular, the following.

6.1 | Test sieve, conforming to the requirements of ISO 3310-1, of maximum aperture siz&)250 pm.

6.2 | pH meter, minimum sensitivity 0,05 pH units, with a suitable glass electrode”and @ calomel or
other reference electrode or a combined electrode, calibrated using two buffek solutions whose pH
valugs cover the range pH 4 to pH 7.

A pH|meter is not required if using phenolphthalein to determine end pointpH of 7 in Methpd A.
6.3 | Mechanical stirrer, e.g. magnetic stirrer.

6.4 | Desiccator.

7 $ampling

Samjpling is not part of the method specified in this document. Recommended sampling fnethods are
described in ISO 14820-1 and ISO 14820-3.

Preppre the sample of the liming materials in‘accordance with ISO 14820-2.

8 Procedure

8.1 | Preparation of the test'sample

Dry the test sample at (205/+ 2) °C to constant mass. Record the as-received (m,,) and dry (jm,) masses.
Gringl the sample so thatit passes the 250 pm test sieve (6.1).

NOTH A smaller-sieve size depending on material type can be used such as 150 pm/Mesh 100 fpr slags.
Mix thoroughly:

Perform‘the following when titration is not processed immediately.

— In case of burnt lime, store the prepared test sample 1n a desiccator (b.4) until the effective
measurement.

— Otherwise, store the prepared test sample in a waterproof plastic bag.
8.2 Determination
8.2.1 Method A

8.2.1.1 Test portion

Weigh about 0,5 g, to the nearest 0,001 g, of burnt or hydrated lime or 1 g of ground limestone or ground
marl (prepared according to 8.1) into a 250 ml suitable flask.

© IS0 2020 - All rights reserved 3
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tration

Add 50 ml of the hydrochloric acid standard solution (5.2) with continuous shaking and boil gently for
5 min (10 min for hard materials) using boiling granules.

Cool down to 20 °C to 25 °C. Add a few drops of phenolphthalein solution or insert pH and reference
electrodes (6.2) into the solution. Stir (6.3) the solution.

Titrate with the sodium hydroxide standard solution (5.3) with moderate stirring (avoid splashing)
until a pH of 7,0 or pink colour of phenolphthalein are stable for 1 min while stirring is maintained.

8.2.2 Method B

8.2.2.1 Tqg

Weigh abou

st portion

£ 0,5 g, to the nearest 0,001 g, of the prepared test sample (8.1) into a 250 ml'suitable f

8.2.2.2 Titration

Rinse the in
Add 35mlo

Heat and bd
down to bet

Add 5 ml of
NOTE F¢
OH- consump

reaction.

Transfer qu

side walls of the flask with 10 ml of water.
f the hydrochloric acid standard solution (5.2) with continudus shaking.

il gently for 10 min to dissolve the sample using boiling granules. Stir continuously.
ween 20 °C to 25 °C, then dilute with water to about, 100 'ml.

hydrogen peroxide solution (5.5).
rrous ions from silicate liming materials can oxidize and consume OH- during titration. To

tion by ferrous ions, hydrogen peroxide is added which forms ferric and ferrous ions in a ng

hntitatively into a 200 ml graduated,flask; make up the volume with water and mix.

through a diry filter into a dry container, dis¢arding the initial portion. Pipette an aliquot porti

100 ml of th|

e solution into a 250 ml beaker:

Insert the electrodes of the pH meter (6)2) and a stirrer (6.3).

Titrate with
until a pH of

9 (Calcul

9.1 Calcul

the sodium hydroxide‘standard solution (5.3) with moderate stirring (avoid splas
4,8 is stable for 1umin (while stirring is maintained).

ation and.éxpression of results for method A and method B

ate theneutralizing value of the dried product, Ny, according to Formula (1):

ask.

Cool

avoid
utral

Pass
bn of

hing)

MKV, X f; X A= M, XV, X f, )x100

m, XA

M
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where

¢ isthe factor to convert hydrochloric acid standard solution into CaO or CaCO5 or HO~ equivalent;

¢ = 0,028 when neutralizing value should be expressed as Ca0
¢ = 0,050 when neutralizing value should be expressed as CaCO5

¢ = 0,017 when neutralizing value should be expressed as HO~

M, is the molarity of hydrochloric acid standard solution (5.2), in mol/l;

V; is the total volume of hydrochloric acid standard solution (5.2), in millilitres;

Jli is the factor of hydrochloric acid standard solution (5.2);

A isequalto 1 for method A, and the factor of the taken aliquot is 0,5 formethod B;

M, is the molarity of sodium hydroxide standard solution (5.3), in mioly1;

V, is the volume of sodium hydroxide standard solution (5.3), in\millilitres;

Jl, is the factor of sodium hydroxide standard solution (53);

m, is the mass of the test portion in the aliquot portiohtaken, in grams.

9.2 | Calculate the neutralizing value of the “as-received” product, N, according to Formul4
_Namq
N, =
mW
where

N4 is the neutralizing value of the dried sample;
my is the mass of the sample after drying, in grams;

m,, is the mass of the.ssample before drying, in grams.

The result shall be taken as the arithmetic mean of at least two determinations.

If the difference-between the two results seems higher than expected, check good m3
laboratory practice.

Expriessions of results do not contain any correction factor to take into account material w
of P,Pehigher than 3 %.

1 (2):

(2)

nufacturing

th a content

According to the required unit of expression, and as specified under d) in Clause 11, the result of
neutralizing value measurement shall be expressed as follows:

10

xx (eq Ca0) and/or yy (eq CaCO3) and/or zz (eq HO).

Precision

10.1 General

The precision of the method was established by an inter-laboratory trial carried out in 2017 in
accordance with ISO 5725:1994 with 8 laboratories worldwide.

© IS0 2020 - All rights reserved
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The values obtained for repeatability limit and reproducibility limit are expressed for the 95 %
probability level are not applicable to concentration ranges and matrices other than those given.

According to the method, each elementary result is the mean of 2 measurements.
According to the ISO procedure to calculate r and R values, 4 repetitions were made.

Suspect values, obviously out of range, due to method errors, bad reporting or bad final calculation
have been considered as outliers and consequently removed before r and R calculation.

Gypsum is not a liming material. It has a calcium content, but it has no neutralizing value. This product
was however included in the interlaboratory trial to show that the method, though rather unprecise for
this materiT with values nearby zero, is anyway able to detect an absence of neutralizing valueq

NOTE The repeatability limits and reproducibility limits obtained from the inter-laboratory trial for] each
product being tested are given in Annex A.

10.2 Repeptability

The absolutg difference between two independent single test results, obtainedusing the same method,
on identicall test material, in the same laboratory, by the same operator, usiiig the same equipment,
within the ghortest feasible time interval, exceeds the repeatability limit (k) on average not more(than
once in 20 cases in the normal and correct operation of the method.

The repeatapility value r is depending on the tested material and is\given in Table 1 below.

Table 1 — Repeatability limits (r) for neutralizing value measurement

. Ca0 | MgO Numbéer Mean NV | Std. Dev. r [

Level (Material) (rel)

(%) | (%) | oflaboratories | (CaO eq.) (%) (abs.) o

A PCC CaCO3 Control 55,60 | 0,01 8 55,9 0,445 0,799 | 1,430
B MgO Control 0,22 | 99,86 8 1329 0,215 0919 | 0,692
C Limestone 54,10 | 0,49 7 55,0 0,404 0,714 | 1,298
D Dolomite 31,25-\20,41 8 58,8 0,553 1,046 | 1,778
E Burntlime 9184 | 0,52 8 88,7 1,860 5,304 | 5980
F Chalk 48,79 | 0,35 8 51,9 0,366 0,610 | 1,176
G Wood ashgs 42,42 | 3,69 8 48,1 0,984 1,530 | 3,181
H Sugar factpry lime 46,43 | 2,32 8 471 0,609 0,922 1,959
[ CaCO3 fronp paper industry 41,56 | 1,78 8 50,5 0,689 1,119 2,214
] BOF Slags 47,88 | 4,82 7 55,7 0,954 1,707 | 3,064
K Gypsum 3198 | 0,04 8 1,0 13,194 0,413 | 42}414
L Mixed product 35,14 | 4,04 7 Lz 0,738 T,045 | 2,369

10.3 Reproducibility

The absolute difference between two independent single test results, obtained using the same method,
on identical test material, in different laboratories, with different operators using different equipment,
will exceed the reproducibility limit (R) on average not more than once in 20 cases in the normal and
correct operation of the method.

The reproducibility value R is depending on the tested material and is given in Table 2 below.

6 © IS0 2020 - All rights reserved
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Table 2 — Reproducibility limits (R) for neutralizing value measurement

Std. R
Ca0 MgO Mean NV
Level (Material) %) (:/i) l;\]l:lolz‘l:&r;_;’; (Ca0 eq)) Dev. (ags.) (rel)

(%) (%)
A PCC CaCO3 Control 55,60 | 0,01 8 55,9 0,445 | 1,768 3,165
B MgO Control 0,22 | 99,86 8 132,9 0,215 | 2,677 2,014
C Limestone 54,10 | 0,49 7 55,0 0,404 | 1,522 2,765
D Dolomite 31,25 | 20,41 8 58,8 0,553 | 1,654 2,811
E BufntTime 91,64 0,52 o 00,/ 1,660 16,45'1 18,526
F Chpalk 48,79 | 0,35 8 51,9 0,366 4,81d! 9,269
G Wqgod ashes 42,42 | 3,69 8 48,1 0,984 6,764 14,069
H Sugar factory lime 46,43 | 2,32 8 471 0,609 2,248 4,778
[ Ca¢03 from paper industry 41,56 | 1,78 8 50,5 0,689 | 12,156 | 24,050
] BOF Slags 47,88 | 4,82 7 55,7 0,954 | 8,14( 14,618
K Gypsum 31,98 | 0,04 8 1,0 13,194 | 2,098 | 215,486
L Miked product 35,14 | 4,04 7 441 0,738 5,14(b 11,657

11 Test report

The test report shall contain at least the following information:

a) all data necessary for the identification of the sample;

b) areference to this document, i.e. ISO 20978:2020;

c) the method used (method A or methaod BJ;

d) the results and the units in whiclthe results have been expressed;
e) 4ny particular points observed in the course of the test;

f) ¢ptionally a statement that correction factors for materials containing more than 3 % P,0; are not
included;

g) any operations notspecified in the method or regarded as optional which might have jaffected the
fesults.

© IS0 2020 - All rights reserved 7
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Annex A
(informative)

Results of an interlaboratory trial to determine the neutralizing

value

An interlaberatery—trial-was-erganizedin—2017-by1SO/TC134-L N C4to-obtainprecision-datafor the

¥ L ANC A to-obtainprecisiondata
method spegified in this document.
In this trial| 8 laboratories from 5 participating countries determined the neutralizing‘value ¢f 12
types of product. The values derived from this interlaboratory trial for the repeatability limif and
reproducibility limit of each product being tested are given in Table A.1.

Table A.1 +— Repeatability limits and reproducibility limits derived from interlaboratory trial

Nb- std
Neutraliging Ca0 Mgo of Mean . ) . . d
Value¢ labo Dev. @bs) | (abs)
() 0 - aps. abps. 0 0
Level (Material) (%) (%) rato- (Ca0eq) (%) (%) )
ries

APCC CaC03 55,60 0,01 8 559 0,445 0,799 1,768 1,430 3,1p5
Control

B MgO Contrjol 0,22 99,86 8 132,9 0,215 0,919 2,677 0,692 2,014

C Limestone 54,10 0,49 7 55,0 0,404 0,714 1,522 1,298 2,7p5

D Dolomite 31,25 20,41 8 58,8 0,553 1,046 1,654 1,778 2,811

E Burnt lime 91,84 0,52 8 88,7 1,860 5304 | 16,431 | 5,980 18,326

F Chalk 48,79 0,35 8 51,9 0,366 0,610 4,810 1,176 9,2p9

G Wood ashgs 42,42 3,69 8 48,1 0,984 1,530 6,766 3,181 14,969
ﬁrrslggar factpry 46,43 | 2,32 8 471 0,609 | 0922 | 2,248 | 1959 | 4,7)8

1 €aCo3 from 41,56 | ‘1778 8 50,5 | 0,689 | 1,119 | 12,156 | 2,214 | 24,450
paper industry

] BOF Slags 47,88 4,82 7 55,7 0,954 1,707 8,146 3,064 14,418

K Gypsum 31;98 0,04 8 1,0 13,194 | 0,413 2,098 | 42,414 | 215486

L Mixed prodluct 35,14 4,04 7 441 0,738 1,045 5,140 2,369 11,457
8 © IS0 2020 - All rights reserved


https://standardsiso.com/api/?name=c982235a22e7ba8e4da389bd675bb70a

IS0 20978:2020(E)
Annex B
(informative)

Conversion tables

Tables B.1 to B.6 give the conversion factors between Ca0, CaCO; and HO".

— Table B.1:  CaO to HO- HO~ = Ca0 x 0,606 56
— TableB.2:  HO~to CaO Ca0 =HO~/0,606 56

— Table B.3: = CaCOztoCa0 CaO =CaCO3 x 0,560 29
— Table B4:  CaOtoCaCO; CaCOz=Ca0/0,560 29
— TableB.5:  CaCO;to HO- HO-=CaCO5 x 0,339 85
— TableB.6:  HO-toCaCO; CaCO;=H0-/0,339 85

The [converting factors are only depending on charge and“mass of elements, considergd with five

signilficant digits.
In Tables B.1 to B.6, the values are calculated with five!'digits after the decimal place and then rounded
to two digits after the decimal place.

Table B:1 — Ca0 -» HO~

CaO HO- CaO HO- CaO HO-
15 9,10 50 30,33 85 51,56
16 9,70 51 30,93 86 52,16
17 10,31 52 31,54 87 52,77
18 10,92 53 32,15 88 53,38
19 11,52 54 32,75 89 53,98
20 12,13 55 33,36 90 54,59
21 12,74 56 33,97 91 55,20
22 13,34 57 34,57 92 55,80
23 13,95 58 35,18 93 56,41
24 14,56 59 35,79 94 57,02
25 15,16 60 36,39 95 57,62
26 15,77 61 37,00 96 58,23
27 16,38 62 37,61 97 58,84
28 16,98 63 38,21 98 59,44
29 17,59 64 38,82 99 60,05
30 18,20 65 39,43 100 60,66
31 18,80 66 40,03 101 61,26
32 19,41 67 40,64 102 61,87
33 20,02 68 41,25 103 62,48
34 20,62 69 41,85 104 63,08
35 21,23 70 42,46 105 63,69

© IS0 2020 - All rights reserved 9
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10

Table B.1 (continued)

Ca0 HO- Ca0 HO- Ca0 HO-
36 21,84 71 43,07 106 64,30
37 22,44 72 43,67 107 64,90
38 23,05 73 44,28 108 65,51
39 23,66 74 44,89 109 66,12
40 24,26 75 45,49 110 66,72
41 24,87 76 46,10 111 67,33
42 2548 77 4671 112 67,93
43 26,08 78 4731 113 68,54 (]/Q
44 26,69 79 4792 114 69,15 q/Q
45 27,30 80 48,52 115 6975 _§O°
46 27,90 81 49,13 116 70,36 )
47 28,51 82 49,74 117 7097 b~
48 29,11 83 50,34 118 1,57
49 29,72 84 50,95 119 | %7218
50 30,33 85 51,56 120 <]~ 72,79
HO- = Ca0 x 0,606 56 Q\)
»
Table B.2 — HO- - Ca0"”
HO- Ca0 HO- O | Ca0
10 16,49 45 74,19
11 18,14 _ 46 75,84
12 19,78 |7 47 77,49
13 2143 o 48 79,13
14 23,08 . 49 80,78
15 2423 50 82,43
16 (26:38 51 84,08
17 (7)28,03 52 85,73
18 IND 2968 53 87,38
19 OF 3132 54 89,03
200 32,97 55 90,68
2 34,62 56 92,32
o 22 36,27 57 93,97
23 3792 58 95,62
24 39,57 59 97,27
25 41,22 60 98,92
26 42,86 61 100,57
27 44,51 62 102,22
28 46,16 63 103,86
29 47,81 64 105,51
30 49,46 65 107,16
31 51,11 66 108,81
32 52,76 67 110,46
33 54,41 68 112,11
34 56,05 69 113,76
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Table B.2 (continued)

IS0 20978:2020(E)

HO- Ca0 HO- Ca0

35 57,70 70 115,40

36 59,35 71 117,05

37 61,00 72 118,70

38 62,65 73 120,35

39 64,30 74 122,00

40 65,95 75 123,65

49 6759 76 125,30

42 69,24 77 126,95 ~(1/Q

43 70,89 78 12859

44 72,54 79 13024 AO°

45 74,19 80 131,890

Ca0 = HO- / 0,606 56 O‘ v
Table B.3 — CaCO; > Ca0 & ™
o
CaLo; | €a0 | caco;, | ca0 | caco; | ca0 | €aco, | ca0 | caco, Ca0

15 14,01 60 33,62 95 53,23 [ 130 72,84 165 92,45
16 14,57 61 34,18 96 53,795 131 73,40 166 93,01
17 15,13 62 34,74 97 54,35 132 73,96 167 93,57
18 15,69 63 35,30 98 | *64,91 133 74,52 168 94,13
19 16,25 64 35,86 99. g, 5547 134 75,08 169 94,69
30 16,81 65 36,42 1000 | 56,03 135 75,64 170 95,25
31 17,37 66 3698 | 101 56,59 136 76,20 171 95,81
32 17,93 67 37,540 102 57,15 137 76,76 172 96,37
33 18,49 68 38,107 | 103 57,71 138 77,32 173 96,93
34 19,05 69 |3866 | 104 | 5827 | 139 | 7788 | 174 97,49
35 19,61 70 39,22 105 58,83 140 78,44 175 98,05
36 20,17 70y | 3978 106 59,39 141 79,00 176 98,61
37 2073 | 72 40,34 107 59,95 142 79,56 177 99,17
38 21,29 {7 73 40,90 108 60,51 143 80,12 178 99,73
39 2185 | 74 41,46 109 61,07 144 80,68 179 100,29
40 | S24 75 42,02 110 61,63 145 81,24 180 100,85
41, 22,97 76 42,58 111 62,19 146 81,80 181 101,41
42| 23,53 77 43,14 112 62,75 147 82,36 182 101,97
43 27,00 78 73,70 113 63,31 148 82,02 183 102,53
44 24,65 79 44,26 114 63,87 149 83,48 184 103,09
45 25,21 80 44,82 115 64,43 150 84,04 185 103,65
46 25,77 81 45,38 116 64,99 151 84,60 186 104,21
47 26,33 82 45,94 117 65,55 152 85,16 187 104,77
48 26,89 83 46,50 118 66,11 153 85,72 188 105,33
49 27,45 84 47,06 119 66,67 154 86,28 189 105,89
50 28,01 85 47,62 120 67,23 155 86,84 190 106,46
51 28,57 86 48,18 121 67,80 156 87,41 191 107,02
52 29,14 87 48,75 122 68,36 157 87,97 192 107,58
53 29,70 88 49,31 123 68,92 158 88,53 193 108,14
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