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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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INTERNATIONAL STANDARD ISO 17289:2014(E)

Water quality — Determination of dissolved oxygen —
Optical sensor method

WARNING — Persons using this International Standard should be familiar with normal laboratory
practice. This International Standard does not purport to address all of the safety problems, if
any, associated with its use. It is the responsibility of the user to establish appropriate safety and
health practices and to ensure compliance with any national regulatory conditions.

IMPﬁRTANT — Itisabsolutely essential that tests conducted in accordance with this lnLernational
Standard be carried out by suitably trained staff.

1 $cope

This|International Standard specifies an optical method for the determination of dissolvgd oxygen in
watelr using a sensor working on the basis of fluorescence quenching.

Meagurement can be made either as a concentration of oxygen in’ milligrams per litre| percentage
saturation (% dissolved oxygen), or both. Depending on the~instrument used, detectipn limits of
0,1 mpg/l or 0,2 mg/1 can be reached according to the manufa€turer’s manual. Most instruments permit
meagurement of values higher than 100 %, i.e. supersaturation.

NOTH Supersaturation is possible when the partial pres§ure of oxygen is higher than in air. Esp¢cially in case
of strjong algae growth, supersaturation up to 200 % and fyere is possible.

If wdters with a saturation higher than 100 % dfe measured, it is essential to make arrapgements to
prevent the outgassing of oxygen during the-handling and measurement of the sample. Similarly, it is
impqgrtant that the transport of oxygen into the sample is prevented if the saturation is below 100 %.

The fnethod is suitable for measurements made in the field and for continuous monitoring|of dissolved
oxygen as well as measurements made in the laboratory. It is one of the preferred methods for highly
coloyred and turbid waters, and«also for analysis of waters not suitable for the Winkler titration method
becapise of iron- and iodine-fixing substances, which can interfere in the iodometric methpd specified
in ISP 5813.

The method is suitable for drinking waters, natural waters, waste waters, and saline waters. If used
for saline waters suehZas sea or estuarine waters, a correction for salinity is essential for cqncentration
meagurement of gxygen.

2 Normative references

The following documents, in whole or in part, are normatively referenced in this docunient and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

ISO 3696, Water for analytical laboratory use — Specification and test methods

3 Principle

Optical sensors that measure luminescence/fluorescence lifetime or luminescence/fluorescence phase
shift are normally composed of a luminophore or fluorescent dye situated in a sensor cap, a light source
[e.g. a light emitting diode (LED)], and a photodetector. The pulsed or modulated light from the source
causes excitation of the luminophore, which is quenched in the presence of oxygen. The photodetector
converts the resulting light emission into an electrical signal that can be sampled and processed to

© ISO 2014 - All rights reserved 1
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compute the phase shift or fluorescence or luminescence lifetime. This phase shift or excitation lifetime
is used to quantify dissolved oxygen concentrations.

Temperature has two different influences. The first influence relates to the variation of the quenching
process of the membrane with the temperature. So the primary signal of the probe has to be compensated
with a built-in temperature sensor. State-of-the-art meters are able to do this automatically. The second
influence is given by the sample and the temperature dependence of the solubility of oxygen in it. Also
salinity can have a significant effect.

For calculating the percentage of saturation of samples being in contact with an atmosphere, it is
necessary to take the atmospheric pressure into account. This can be performed manually or by

. . c . s e
lmplementl]ﬂs apressure-sensorroratromatc-Compensatiott:

Most sensorfs have a second LED to be used as internal reference for compensation purposes:

4 Interferences

No interfergnces in waters as described in Clause 1.

5 Reagents

During analsis (i.e. for calibration), use only reagents of analytical grade.

5.1 Water, grade 2, as specified in ISO 3696.

5.2 Sodiupm sulfite, anhydrous, NaS03, or heptahydrate,Na;S03-7H>O0.

5.3 Cobalk(II) salt, for example cobalt(II) chloride hexahydrate, CoCl-6H;0.
5.4 Ascorpic acid.

5.5 Sodium hydroxide solution, NaQH;.c'= 1 mol/L

5.6 Nitrogen gas, Ny, purity 99,995'% or better.

6 Apparatus
6.1 Meastfiring instrument, comprising the following components.

6.1.1 Measuring probe.

Probe desighsvary imthe wavetengtitof the excitation Hightand the tuminophore or {TUoTescent dye.

6.1.2 Meter to show the mass concentrations of dissolved oxygen directly and/or percentage saturation
with oxygen.

6.2 Thermometer, graduated to at least 0,5 °C.

NOTE Commonly, a temperature sensor is integrated into the instrument.

6.3 Barometer, graduated to 1 hPa.

NOTE Usually, the barometer is integrated into the instrument.

2 © ISO 2014 - All rights reserved
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7 Procedure

7.1

Sampling

7.1.1 General

Normally, the oxygen concentration shall be measured directly on-site in the water body to be analysed.

If direct measuring in the water body is not possible, the measuring can also take place in a gastight
connected flow-through device or immediately after fit for purpose sampling as a discrete sample.

Any
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7.1.2
Take

7.1.3

Conrl
the b
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NOTH
provi

7.1.4

Only
pring
samyj
shall
least

7.2

The
exan|

— 1

— 1

Hiscrete sampling procedure will result in a higher measurement uncertainty.

filling the sample vessel during sampling, oxygen uptake or oxygen stripping shall be
le transfer shall occur without any turbulence, i.e. by maintaining a laminar flow.

Dip sampling (e.g. surface waters)

the sample by carefully and slowly dipping the sample vessel.

Sampling using faucets
ect an inert sampling tube gastight to the faucet and insertthe sampling tube all the v

essel capacity.

A sampling vessel can be filled with water before the measurement of the oxygen c
ded that turbulence is avoided.

Sampling with pumps

water-displacing submersible pumps should be used. Pumps, which function acco
iple of air displacement, are not ‘suitable. Fill up the sample vessel starting with the bof]

be controlled in order torghiarantee a mainly laminar flow. Allow the water to overf]
three times the volume{of the vessel capacity.

Measuring techhique and precautions to be taken

measuring system shall be in a proper state as outlined in the manufacturer’s insty
iple:

minimized.

vay down to

ottom of the sampling vessel. Allow the water to overflow up to at least three times the volume of

bncentration,

'ding to the
tom, using a

ling tube, and discharge thewater over an overflow. During sample transfer, the voluine flow rate

low up to at

uctions. For

he sensor cap shall not be damaged; small scratches mostly do not matter (refer to majnual);

he-system has to be calibrated when necessary (refer to manual).

When a measurement is performed, ensure that the sample flows past the sensor cap with sufficient
velocity to obtain a homogenous sample and a rapid reading. This can be achieved by natural streaming,
movement of the sensor, or stirring e.g. with a magnetic stirrer (refer to manual).

Take care that there is no exchange of oxygen from a gas reservoir to the sample or vice versa. Therefore
avoid formation of any air bubbles in the samples that are measured in a vessel. When measuring on-
site, do not generate any air bubbles, as these can affect the signal.

Fors
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7.3 Calibration

7.3.1 General

The procedure is described in 7.3.2 to 7.3.3, but it is also necessary to consult the manufacturer’s
instructions.

Calibration at air saturation should be checked daily and after relevant changes of ambient conditions
(i.e. temperature or pressure).

7.3.2 Che

cking the zero

If necessaryj
11 of water
after adequ
can be adde
can be used
25 ml 1 mol
volume). St3
zero accord

WARNING A
care is necq

NOTE 1 T
acid 30 min.

The zero c}

atmosphere
NOTE2 Dy

Modern pro

can have diffferent response rates and the mandufacturer’s instruction should be consulted. If stirr

required ac
a) theresy

b) no oxyg

7.3.3 Cali

Perform the

effective caliibrationiis’possible in water vapour saturated air.

Replace the

check and, if possible, adjust the zero setting of the instrument by immersing the'pro
to which the equivalent of 1 g or more sodium sulfite is added (5.2) (the solution-is u
hte reaction time, when a stable reading is achieved). About 1 mg of cobalt[]l) salt
d to increase the reaction rate. Alternatively, 100 ml of an alkaline ascorbi€ acid sol
. The alkaline ascorbic acid solution is prepared by dissolving 2 g asgorbic acid (5.4]
/1 NaOH (5.5) in 85 ml deionised water in a suitable vessel with stepper (for total 11
rt stirring slowly; wait 3 min before use. Use a reagent that is applicable for checkin
ng to the manufacturer’s manual.

— Water soluble cobalt(II) salts are toxic to humans and.to aquatic life. Handling
P Ssary.

Ppical reaction times without cobalt(Il) are 20 min, with ¢ebalt(Il) 5 min, and with alkaline asq

lecking and setting, if possible, can also be. performed by using a pure nitrogen

y conditions are possible according to somé.manufacturer’s manuals.

bes typically achieve a stable response within some minutes. However, different p

ording to the manufacturer’s manual, carry out the stirring in such a way that
onse time is minimized-and

en from the atmosphere is mixed in.

bration at saturation

calibration(in an applicable container according to the manufacturer’s manual. Simpl¢

sensor cap when the instrument can no longer be calibrated, when the meter soft

does not ac

be in
sable
(5.3)
1tion

and
0 ml
g the

with

orbic

(5.6)

obes

ngis

b and

ware

f‘npf the sensor cap response, or when the response becomes unstable or slows (cn

b the

manufacturer’s instructions).

NOTE

Values can be checked by the Winkler titration (see ISO 5813).

7.4 Determination

Carry out the determination on the water to be analysed according to manufacturer’s instructions.

Gently agitate the sample, e.g. by stirring (see 7.2), if recommended by the manufacturer. Check the
influencing variables like sample temperature, atmospheric pressure, and salinity of sample.

NOTE 1

salinity, see Annex A.

For information on how the concentration of oxygen is dependent on temperature, pressure, and

© ISO 2014 - All rights reserved
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Immerse the measuring probe sensor in the sample, allowing an intensive contact of the sensor cap and
the temperature sensor with the water.

NOTE 2  Most instruments compensate for the temperature behavior. In %-mode, they take into account the
atmospheric pressure for the computation of the final reading. When using instruments without these automatic
functions, the influence of temperature and pressure have to be considered by the user (see Annex A).

8 Calculation and expression of results

8.1 Dissolved oxygen concentration

Expriess the dissolved oxygen concentration, in milligrams of oxygen per litre, and reportthe result to
the f]rst decimal place.

EXANPLE1 p(02) =1,5mg/l.
EXANMPLE 2  p(02) = 18,2 mg/l.

8.2 | Dissolved oxygen expressed as percentage saturation

Most) instruments are equipped with an automatic calculation. Af réquired, calculate the percentage
saturation of dissolved oxygen in water from

p(Oz)
(0, )=——%2-%100 1
( 2) p(OZ)th ()

=

whefe
Ww(02) isthe percentage saturation of dissolved oxygen in water, expressed in percent, %;

#(02) isthe actual concentration, expressed in milligrams per litre, mg/1, of dissolved oxygen
found in a water sample at:a'\barometric pressure p, at a water temperature 6;

(02)tn is the theoretical congentration, expressed in milligrams per litre, mg/1, of oxygen for that
sample at the baronietric pressure p and the temperature 6, if the sample were|saturated
with moist air (see-Annex A).

=

Repdrt the result to theurearest whole number. The water temperature 8 and barometric gressure p at
the measurement, and-salinity S of the sample when the latter was taken into account, shall e given (see
Clause 9).

EXAMPLE 1_~Sw(02) =3 %
p=1115hPa; 0=19,5°C; S=35

EXAMPEE-2—w(O7 =104

p=1005hPa; 0=22,1°C;S=3

9 Testreport
The test report shall contain at least the following information:
a) thetestmethod used, together with a reference to this International Standard (i.e. ISO 17289:2014);

b) the identity of the water samples;

© IS0 2014 - All rights reserved 5
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d)

the measuring conditions (if necessary):

— the temperature of the water when the sample was taken and when the measurement was
carried out;

— the atmospheric pressure when the sample was taken and when the measurement was carried
out;

— the salinity of the water;

the result in accordance with Clause 8;

all circymstances that might have intluenced the result.

© ISO 2014 - All rights reserved
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Physico-chemical data of oxygen in water

A.1 Salinity and conductivity

Use the values in Table A.1 if the conductivity meter in use does not measure salinity. Use a'¢onductivity
metgr to determine conductivity at reference temperature (20 °C), then use Table A:Dto ¢stimate the
salinfity to the nearest whole number.
If the conductivity meter is only able to display the conductivity at another réference temperature, the
conductivity at 20 °C has to be calculated by a correction factor (see ISO 7888).
[1“7;5]171)1( b A.1 was calculated up to the conductivity of 5,4 S/m from the Interfational Oceanogrgphic Tables.
Table A.1 — Correlation conductivity — Salinity
Copductivity Conductivity Conductivity
Salinity valuea Salinity valuea Salinity valuea
S/mb S/mb S/mb

0,5 3 2,0 13 3,5 25

0,6 4 2,1 14 3,6 25

0,7 4 2,2 15 3,7 26

0,8 5 2,3 15 3,8 27

09 6 2,4 16 39 28

1,0 6 2,5 17 4,0 29

1,1 7 2,6 18 4,2 30

1,2 8 2,7 18 4,4 32

1,3 3 2,8 19 4,6 33

1,4 9 2,9 20 4,8 35

1,5 10 3,0 21 5,0 37

1,6 10 31 22 5,2 38

17 11 3,2 22 54 40

18 12 3,3 23 — —

19 13 3,4 24 — —

a  Salinity determined from conductivity at 20 °C.

b 1S/m =10 mmhos/cm.

A.2 Barometric pressure and elevation

Table A.2 is used to estimate the true barometric pressure at certain elevations. The correspondence
is based on the assumption that at sea level the barometric pressure is 1 013 hPa. After taking the

© IS0 2014 - All rights reserved
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barometric pressure depending on the elevation from Table A.2 or more precisely from a local weather

service, enter this value into the instrument.

NOTE1  The values given in Table A.2 are an approximation according to the international barometric formula

and can differ in respect of other data based on different but also possible equations.

NOTE 2  Corrections of the barometric pressure only have to be made if the instrument does not do this

automatically.
Table A.2 — Elevation barometric pressure (example)
Elevation Barometric pressure Elevation Barometric pressure

m hPa m hPa

0 1013 1800 815

150 995 1950 300
300 979 2100 785
450 960 2250 771
400 943 2400 756
750 926 2550 742
q00 910 2700 728
1050 893 2850 715
1p00 877 3 000 701
1B50 861 37150 688
1600 846 3300 675
1650 830 — —

A.3 Condentration of oxygen in water

See Tables A.3, A.4, and A.5.

Table A.3 — Concentration of oxygen in water equilibrated with water-saturated air at

atmosphericppessure (1 013 hPa) (for salinity, see Table A.1)

Oxygen concentration (mg/l)
Temperature
. Salinity
¢ 0 9 18 27 36

0,0 14,62 13,73 12,89 12,11 11,37
1,0 14,22 13,36 12,55 11,79 11,08
2,0 15,83 15,00 12,22 11,49 10,80
3,0 13,46 12,66 1191 11,20 10,54
4,0 13,11 12,34 11,61 10,93 10,28
5,0 12,77 12,03 11,33 10,66 10,04
6,0 12,45 11,73 11,05 10,41 9,81
7,0 12,14 11,44 10,79 10,17 9,58
8,0 11,84 11,17 10,54 9,94 9,37
9,0 11,56 10,91 10,29 9,71 9,16
10,0 11,29 10,66 10,06 9,50 8,97
11,0 11,03 10,42 9,84 9,29 8,78

© ISO 2014 - All rights reserved
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Table A.3 (continued)

Oxygen concentration (mg/1)
Temperature
. Salinity

‘ 0 9 18 27 36
12,0 10,78 10,19 9,63 9,09 8,59
13,0 10,54 996 9,42 8,90 8,42
14,0 10,31 9,75 9,22 8,72 8,25
15,0 10,08 9,54 9,03 8,55 8,09

16,0 9,87 9,35 8,85 8,38 793 1)

17,0 9,67 9,15 8,67 8,21 778
18,0 9,47 8,97 8,50 805 | 763
19,0 9,28 8,79 8,34 790 |77749
20,0 9,09 8,62 8,18 775 "™\[' 735
21,0 8,92 8,46 8,02 7 7,22
22,0 8,74 8,30 788 | So47 7,09
23,0 8,58 8,14 773 4 734 697
24,0 8,42 8,00 7590 Y| 721 6,85
25,0 8,26 7,85 746 7,09 6,73
26,0 811 771 | @733 697 6,62
27,0 797 758 A I° 720 6,85 6,51
28,0 7,83 7450 | 708 6,73 6,40
29,0 769 | L332 6,96 6,62 6,30
30,0 756 M= 7,20 6,85 6,52 6,20
31,0 743C N 707 6,74 6,41 6,10
32,0 731 696 6,63 6,31 6,01
330 | (718 6,84 6,52 6,21 592
340 7 707 6,73 6,42 6,11 5,83
35057 | 695 6,63 6,32 6,02 5,74
360 6,84 6,52 6,22 593 5,65
8370 673 6,42 6,12 5,84 5,57
{0 380 6,62 6,32 6,03 5,75 5,48
«?5 39,0 6,52 6,22 593 5,66 6,40
S 40,0 6,41 6,12 5,84 5,58 5,32
41,0 6,31 6,03 5,75 5,50 5,25
42,0 6,21 594 5,67 5,41 5,17
43,0 6,12 5,84 5,58 5,33 5,09
44,0 6,02 5,75 5,50 5,25 5,02
45,0 593 5,67 5,42 5,18 4,95

© ISO 2014 - All rights reserved 9
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EXAMPLE For a pressure of 1 013 hPa:
Temperature at measurement

Measured conductivity

20°C

0,87 S/m (20 °C)

Salinity (Table A.1) 6

Oxygen concentration (20 °C), salinity: 0 (Table A.3), at 9,09 mg/1

1013 hPa

Oxygen congentration {20 °C) salinity: 9 (Table A 31 at 8,62-mg/l

1013 hPa

Increment (9,09 mg/1 - 8,62 mg/1)/9 = 0,0522 mg/1

Corrected Oxygen concentration (20 °C), salinity: 6, at 9,09 mg/1- (0,052 2 mg/lx6) = 8,78 mg/1

1013 hPa

Table A.4 + Concentration of oxygen in water vs. temperature and baremetric pressure (lgwer

range)
Barometric pressure{hPa)
Temperafure

) 733 767 800 | 833¢0) 87 | 900 | 933
¢ Oxygen concentration (mg/1)
0 10,56 11,04 11,53 12,01 12,49 12,98 13,46
1 10,27 10,74 11,21 11,68 12,15 12,62 13,09
2 9,98 10,44 10,90 11,36 11,82 12,27 12,743
3 9,72 10,16 10,61 11,05 11,50 11,94 12,39
4 9,46 9,89 10,33 10,76 11,20 11,63 12,06
5 9,21 9,64 10,06 10,48 10,91 11,33 11,15
6 8,98 9,39 9,80 10,22 10,63 11,04 11,46
7 8,75 9,16 9,56 9,96 10,37 10,77 11,17
8 8,54 8,93 9,33 9,72 10,11 10,51 10,90
9 8,33 8,72 9,10 9,48 9,87 10,25 10,44
10 8,13 8,51 8,88 9,26 9,64 10,01 10,39
11 7,94 8,31 8,68 9,04 9,41 9,78 10,15
12 7,76 8,12 8,48 8,84 9,20 9,56 9,9p
13 7,58 7,94 8,29 8,64 8,99 9,34 9,6p
14 7,41 7,76 8,10 8,45 8,79 9,14 9,48
15 7,25 7,59 7,93 8,26 8,60 8,94 9,28
16 7,10 7,43 7,76 8,09 8,42 8,75 9,08
17 6,94 7,27 7,59 7,92 8,24 8,56 8,89
18 6,80 7,12 7,43 7,75 8,07 8,39 8,70
19 6,66 6,97 7,28 7,59 791 8,22 8,53
20 6,52 6,83 7,13 7,44 7,75 8,05 8,36
21 6,39 6,69 6,99 7,29 7,59 7,89 8,19
22 6,26 6,56 6,85 7,15 7,45 7,74 8,04
23 6,14 6,43 6,72 7,01 7,30 7,59 7,88

10 © ISO 2014 - All rights reserved
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Table A.4 (continued)
Barometric pressure (hPa)
Temperature
) 733 767 | 800 | 833 | 87 | 900 933
¢ Oxygen concentration (mg/1)
24 6,02 6,31 6,59 6,88 7,16 7,45 7,73
25 591 6,19 6,47 6,75 7,03 7,31 7,59
26 5,80 6,07 6,35 6,62 6,90 7,18 7,45
27 5,69 5,96 6,23 6,50 6,77 7,05 7,32
28 5,58 5,85 6,12 6,38 6,65 692 1] 719
29 5,48 5,74 6,01 6,27 6,53 680, | 706
30 5,38 5,64 5,90 6,16 6,42 Ao’@,l{s 6,94
31 5,28 5,54 5,80 6,05 6,31 A(T,O 6,56 6,82
32 5,19 5,44 5,69 5,95 620\ 645 6,70
33 5,10 5,35 5,59 5,84 \@9’ 6,34 6,59
34 5,01 5,25 5,50 574 | %599 6,23 6,48
35 4,92 5,16 5,40 5,64, < " 589 6,13 6,37
36 4,83 5,07 5,31 5, vV 5,79 6,03 6,26
37 4,75 4,98 5,22 &&\>}6 5,69 593 6,16
38 4,67 4,90 513 [ 5,36 5,60 5,83 6,06
39 4,58 4,81 5,04&\3 5,27 5,50 5,73 5,96
40 4,50 4,73 486 5,19 5,41 5,64 5,87
41 4,43 4,65 50\4‘,88 5,10 5,32 5,55 5,77
42 4,35 4,57 Nt 4,79 5,01 5,24 5,46 5,68
43 4,27 489> | am 4,93 5,15 5,37 5,59
44 420 | w441 4,63 4,85 5,07 5,28 5,50
45 412 ()" 434 4,55 4,77 4,98 5,20 5,41
U
Table A.5 — Concentr@ﬁ of oxygen in water vs. temperature and barometric pressure (upper
(O\ range)
Q~ Barometric pressure (hPa)
Temperatur%
e O 967 | 1000 1013 | 1033 | 1066 | 1100 1133
LN Oxygen concentration (mg/1)
50 13,94 14,43 14,62 14,91 15,39 15,88 16,36
—1 13,56 14,03 14,22 14,50 14,97 15,44 15,91
2 13,19 13,65 13,83 14,10 14,56 15,02 15,48
3 12,84 13,28 13,46 13,73 14,17 14,62 15,06
4 12,50 12,93 13,11 13,37 13,80 14,24 14,67
5 12,18 12,60 12,77 13,02 13,45 13,87 14,29
6 11,87 12,28 12,45 12,69 13,11 13,52 13,93
7 11,57 11,98 12,14 12,38 12,78 13,19 13,59
8 11,29 11,69 11,84 12,08 12,47 12,87 13,26
9 11,02 11,41 11,56 11,79 12,17 12,56 12,94
10 10,76 11,14 11,29 11,51 11,89 12,26 12,64
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Table A.5 (continued)

Barometric pressure (hPa)

Temperature
) 967 1000 1013 | 1033 | 1066 | 1100 1133
¢ Oxygen concentration (mg/1)
11 10,51 10,88 11,03 11,25 11,61 11,98 12,35
12 10,27 10,63 10,78 10,99 11,35 11,71 12,07
13 10,04 10,40 10,54 10,75 11,10 11,45 11,80
14 9,82 10,17 10,31 10,51 10,86 11,20 11,54
15 9,61 995 10,08 10,29 10,62 10,96 11,90
16 9,41 9,74 9,87 10,07 10,40 1073 | 11,46
17 9,21 9,54 9,67 9,86 10,18 10,51 0" 10,43
18 9,02 9,34 9,47 9,66 998 1029° | 1041
19 8,84 9,15 9,28 9,46 977 | 10,09 10,40
20 8,66 8,97 9,09 9,28 9,58 by~ 9,89 10,19
21 8,49 8,79 892 9,10 9405 [ 970 10,0
22 8,33 8,63 8,74 892 921 | 951 9,8
23 8,17 8,46 8,58 875 | 904 9,33 9,6
24 8,02 8,30 8,42 8,59 (" 887 9,16 9,4
25 7,87 8,15 8,26 84% | 871 8,99 9,2f
26 7,73 8,00 8,11 1828 8,55 8,83 9,1]
27 7,59 7,86 797 1@ 813 8,40 8,67 89
28 745 7,72 7830 | 799 8,25 8,52 87p
29 7,32 7,59 769 7,85 811 8,37 8,6/t
30 7,20 746 |()7,56 7,71 797 8,23 8,4p
31 7,07 733 0] 743 7,58 7,84 8,09 8,3
32 6,95 700" | 731 746 7,71 7,96 8,21
33 684 | 708 7,18 7,33 7,58 7,83 8,0p
34 672 (5 697 7,07 7,21 7,46 7,70 7,95
35 6,61~ 685 6,95 7,09 7,34 7,58 7,80
36 - 6,74 6,84 6,98 7,22 7,46 7,70
37 1640 6,63 6,73 6,87 7,10 734 7,5
38| Vb 629 6,53 6,62 6,76 6,99 7,22 745
39 (& | 619 6,42 6,52 6,65 6,88 711 7,34
40 6,09 6,32 6,41 6,55 6,78 7,00 7,23
M 6,00 6,22 6,31 6,45 6,67 6,90 712
42 590 6,12 6,21 6,35 6,57 6,79 7,01
43 5,81 6,03 6,12 6,25 6,47 6,69 6,91
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