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INTERNATIONAL STANDARD

1SO 5814-1984 (E)

Water quality — Determination of dissolved oxygen —

Electrochemical probe method

1 Scope and field of application

This Interpational Standard specifies an electrochemical
method fof the determination of dissolved oxygen in water by
means of pn electrochemical cell which is isolated from the
sample by |a gas permeable membrane.

Depending| on the type of probe employed, measurement can
be made elther as concentration of oxygen (mg/l), percentage
saturation | (% dissolved oxygen) or both. The method
measures pxygen in water corresponding to 0 % to 100 %
saturation.|However, most instruments permit measurement of
values higher than 100 % i.e. supersaturation.

The method is suitable for measurements made in the field and
for contintious monitoring of dissolved oxygen as well as
measuremegnts made in the laboratory. It is the preferred
method fof highly coloured and turbid waters, and also for
waters cohtaining iron and iodine fixing substances, all _of
which may interfere in the iodometric method specified\-in
ISO 5813. [Gases and vapours such as chlorine, sulfur dioxide,
hydrogen sulfide, amines, ammonia, carbon dioxide,\bromine
and iodine which diffuse through the membrane, may interfere,
if present, py affecting the measured current. Qther substances
present in the sample may interfere with the imeasured current
by causing obstruction, or deterioration- of ‘the membrane or
corrosion [of the electrodes. These_inelude solvents, oils,
sulfides, carbonates and algae.

The methdd is suitable for natural, waste and saline waters. If
used for sgline waters such.as sea waters, or estuarine waters,
a correction for salinity is ‘éssential.

2 Refefence

I1ISO 5813, Water quality — Determination of dissolved oxygen

The current so produced is directly preportig
transport of oxygen through the mémbrane
electrolyte and hence to the partial.pressure
the sample at a given temperature.

Since the permeability of“the membrane v3
temperature, compensation has to be mag
matically (by using a.nomogram or a computg
regulating the apparatus, or by the inclusion

nal to the rate of
and the layer of
of the oxygen in

ries greatly with
e, either mathe-
r program}, or by
of heat-sensitive

elements in thé€lectrode circuit. Some instriments also com-

pensate forvariation in the solubility of ox
temperatures.

4~ ‘Reagents

During the analysis, use only reagents of rec
grade and only distilled water or water of eq

4.1 Sodium sulfite, anhydrous (Na,SO,)
(N32803'7H20).

4.2 Cobalt(ll) salt, for example cobalit(l
hydrate {CoCl,-6H,0).

5 Apparatus

ygen at different

bgnized analytical
Livalent purity.

or heptahydrate,

) chloride hexa-

5.1 Measuring instrument, comprising the following com-

ponents:

5.1.1 Measuring probe, either of the galy
ample lead/silver) or the polarographic type (
gold), with, if required, a temperature sensit]

anic type (for ex-
or example silver,
ve compensating

device.

— lodometric method.

3 Principle

Immersion of a probe, consisting of a cell enclosed by a selec-
tive membrane and containing the electrolyte and two metallic
electrodes, in the water to be analysed. (The membrane is prac-
tically impermeable to water and ionic dissolved matter, but is
permeable to oxygen and a certain number of the other gases
and lyophylic substances.)

Because of the potential difference between the electrodes,
caused by galvanic action or an external voltage, oxygen pass-
ing through the membrane is reduced at the cathode, while
metal ions pass into solution at the anode.

5.1.2 Maeter, graduated to show the concentration of dis-
solved oxygen directly, and/or the percentage saturation with

oxygen, or the current in microamperes.

5.2 Thermometer, graduated in divisions

5.3 Barometer, graduated in divisions of

6 Procedure

When using the measuring instrument, th
instructions should be followed.

of 0,56 °C.

10 Pa.

e manufacturer’'s
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6.1 Measuring technique and precautions to be
taken

6.1.1 Never touch the active surface of the membrane with
the fingers.

6.1.2 After changing the electrolyte and the membrane, or if
the membrane has been allowed to dry out, wet the membrane
and allow the reading to become stable before carrying out the
calibration (see 6.2). The time required depends on that
necessary for consumption of the oxygen dissolved in the elec-

Regulate the instrument.

Immerse the probe in a bottle completely filled with the sample,
prepared and standardized as described. After allowing the
probe to stabilize in the stirred solution for 10 min (see the note
to 6.2.2), adjust the instrument reading to the known oxygen
concentration of the sample, if necessary.

Replace the electrolyte and the membrane when the instrument
can no longer be calibrated or when the response becomes
unstable or slow (see the manufacturer’s instructions).

trolyte.

6.1.3 Ensure that air bubbles are not trapped in the probe
when immersing| it in the sample.

6.1.4
brane of the pro
due to depletion
tact with the me

It is essential that the sample should flow past the mem-

be to prevent the occurrence of false readings
of the oxygen in the sample in immediate con-
mbrane. Ensure that the flow rate is such that

variations in readings are not produced, and consult the instru-

ment manufactul

6.1.5 In the ca

Fer’'s instructions on this matter.

se of a discrete sample, carry out the deter-

mination in a vegsel filled to overflowing, sealed to exclude air

and containing a

stirrer, for example a magnetic bar. Adjust the

stirring rate such that the reading remains stable after reaching

equilibrium, and

there is no entrapment of air.

In the case of a {lowing sample, such as a water course, check

the flow rate to
move the probe
and treat it as d

6.2 Calibrati

ensure that it is sufficient. if not, then either
about in the sample or take a discrete sample
pscribed in the previous paragraph.

pn

The procedure ig described in 6.2.1 to 6.2.3, but it is necessary
to consult the instrument manufacturer’s(instructions.

6.2.1 Regulati

on

Adjust the electrjcal zero of the'instrument. Some instruments
are zero comperjsated and ne€d no adjustment.

6.2.2 Checkin

Check, and if po!

g the zero

t

NOTES

1 If previous experience has shown that the bubbling timpe and the air
flow rate used provide a sample saturated with>air, the iodometric
determination may be replaced by consultation of the tables 1 and 2.

2 Many instruments allow calibrationvin(air.

6.3 Determination

Carry out the determination on the water to be analysed follow-
ing the instrument/manufacturer’s instructions.

After immersion. of the probe in the sample, alloyv sufficient
time for the'probe to attain the water temperature pnd reach a
stable reading. If necessary, because of the type off instrument
used *and the result required, check the water femperature
and/or the atmospheric pressure.

7 Calculation and expression of results

7.1 Dissolved oxygen concentration, (mp/1)

Express the dissolved oxygen concentration in mjilligrams of
oxygen per litre and report the result to the first degimal place.

if the reading on the sample was made at a temgerature dif-
ferent from that at which the instrument was calibrated, correct
the value given by the instrument to allow for thi$. Some in-
struments make this correction automatically. Thi$ correction
makes allowance for the difference in the solubility ¢f oxygen at
the two temperatures. Calculate the real value by|multiplying
the value read at the temperature at which the mpasurement
was made by the ratio

by immersing the probe in 1 litre of water to which about 1 g of
sodium sulfite (4.1} and about 1 mg of the cobalt{ll} salt {4.2)
have been added.

A stable response should be obtained in 10 min.

NOTE — Modern instruments only require 2 to 3 min.

6.2.3 Calibration at a value near saturation

Bubble air through water at a constant temperature so that its
oxygen content is brought to saturation or near saturation.
Leave for about 15 min at this temperature and determine the
dissolved oxygen concentration, for example by the iodometric
method specified in 1SO 5813.

Cm
c
where
C,, is the solubility at the temperature of measurement;
C, is the solubility at the temperature of calibration.
Example:
Temperature of calibration ..................... 25 °C
Solubilityat25°C ....... ... .. ... 8,3 mg/I

g
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Temperature at the time of the measurement .. ... 10 °C
Reading of theinstrument ..................... 7 mg/I
Solubilityat10°C .......... ... ... .. ... .. 11,3 mg/I
Realvalueat10°C ............ g 7,0 = 9,5 mg/I

NOTE — The values for C, and C_, expressed in milligrams per litre, in
the given example are obtainable from the “C/'" column in table 1,

ISO 5814-1984 (E)

7.4 Dissolved oxygen concentration expressed
as a percentage saturation

This is the actual concentration, expressed in milligrams per
litre, of dissolved oxygen, corrected if necessary for
temperature, as a percentage of the theoretical value as given
in table 1 or table 2.

C, (found)

— x 100
C, (theoretical)

against the fequired temperature.

7.2 Dissolved oxygen concentration {(mg/l) as a
function|of temperature and pressure

Tables 1 gnd 2 give the theoretical values for the dissolved
oxygen cdncentration both as a function of temperature at
atmospherjc pressure (table 1) and as a function of both
temperatufe and pressure (table 2).

7.3 Dissolved oxygen concentration (mg/l),
correctefl for saline samples

The solubllity of oxygen in water decreases with increasing
salinity. The relationship is reasonably linear for practical pur-
poses up o a concentration of 35 g/l salinity, expressed in
grams of tptal salts per litre of water. Table 1 gives the correc-
tion to be [subtracted, AC, for each gram per litre of salinity.
Therefore the solubility of oxygen in water having a salinjty-of
n g/l of water is given by subtracting n AC, from the corre-
sponding $olubility in pure water.

8 Test report
The test report shall include the following information:
a) a reference to this International Stanflard;
b) the result and the-method of expresgion used;

c) the temperature~of the water when| the sample was
taken and when_the measurement was carried out;

d) the atmospheric pressure when the $ample was taken
and when ‘the measurement was carried put;

el \the salinity of the water;
f) the model of instrument used;

g) any special details which may have Qeen noted during
the determination;

h) details of any operations not specified in this Inter-
national Standard, or regarded as optiongl.
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A.1 Genera

Annex

Solubility of oxygen in water in relation to temperature,
pressure and salinity

This annex indicates vaiues for the solubility of oxygen in water

in relation to t
Mortimer.[2].

Revised values W
used instead of th
be corrected acc

A.2 Solubil
temperature

See table 1.

NOTES

1 Column 2 of thdg
in milligrams of ox|
saturated with wat
a pressure of 101,3

2 Column 3 of th
total salinity of 1 g

prdingly.

kPa.!2]

.01

ere published in 1981141; if these values are
ose given in table 1, the values in table 2 must

ty of oxygen as a function of
and salinity

table gives the solubility (C,) of oxygen, expressed
ygen per litre, in pure water in the presence of air
br vapour, containing 20,94 % (V/ V) of oxygen, at

b table gives the variation of solubility (AC,) for a

The solubility of oxygen in water decreases with increasing
salinity. The relation is reasonably linear for practical purposes
up to 36 g/I, expressed in grams of total salts per litre of water.

bility in pure water.

Emperature and pressure. [T 1S oas—mﬁmmmﬁ'mmq/l is found
by subtracting the value n AC, from the corrgspoamding solu-

A.3 Correction for atmospheric pressure or

altitude

If the atmospheric pressure, p, is other than 101)3 kPa, the

solubility Cy is derived from the value of Cg at 101,3
equation

P~ Dy

C, = CiX ——
101,3 - p,,

s S

kPa, by the

where p,, is the pressure, in kilopascals, of watef vapour in

cORtact with air, at the temperature considered.

Values for Cg, in milligrams of oxygen per litre, for

pressures at

Table 1 — Solubility of oxygen in water intervals of 0,5 kPa between 77,5 and 110 kPa, are given in
as a function of temperature and salinity table 2.
Tempera- » AC, Tempera- c AC NOTE — The mean atmospheric pressure as a function of altitude can
ture ture ° s be calculated by Schassmann’s equation
°C mg /1 mg/l °C mg/| mg/|
0 14 64 0,092 5 20 9,08 0,048 1 o - lo 1013 -
1 1422 | 0,089 0 21 8,90 | 0,0467 91020 = 19810 P2 T g 400
2 3,82 | 0,0857 22 8,73 0,045 3
3 13,44 0,082 7 23 8,57 0,044 0 . . L .
4 3,09 0,079 8 24 8.41 0.042 7 \}/:/hiir;pe,;reés the mean atmospheric pressure, in kilopascals, at altitude
5 14,74 0,077.1 25 8,256 0,041 5 ! '
6 14,42 0,0745 26 8,11 0,040 4
7 14,11 00720 27 7,96 0,039 3 The following table gives some of the corresponding valjes.
8 11,81 0,069 7 28 7,82 0,038 2
9 11,53..|40,067 5 29 7,69 | 0,0372 Altitude, 4 Ph Altitude, 4 oh
10 1126 0065 3 30 7.56 0,036 2
11 11,01 0,063 3 31 7,43 m kPa m kPa
12 10,77 0,061 4 32 7,30
13 10,53 | 0,059 5 3 7,18 0 1013 1100 8.3
14 10,30 | 0,057 7 34 7,07 100 1001 1200 87,2
15 10,08 | 0,0559 35 6,95 200 98,8 1300 86,1
16 9,86 0,054 3 36 6,84 300 97,6 1400 85,0
17 9,66 0,052 7 37 6,73* 400 96,4 1 500 84,0
18 9,46 0,051 1 38 6,63 500 95,2 1 600 82,9
19 9,27 | 0,049 6 39 6,53 600 94,0 1700 81,9
*  Values not given by Mortimer!2l and calculated by the regression 700 928 1800 80.9
e ; 800 91,7 1900 79.9
quation
C 14,603 07 0,402 146 9T + 0,007 687 0372 900 %5 2000 789
s = 1% - + 0 - 9,4 2100 77,9
— 0,000 069 257 573 1000 89, i

 —
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Table 2 — Solubility, C, in milligrams per litre, of oxygen in water as a function of temperature and pressure

Tempe- Pressure (kPa)
rature

°C 775 | 780 {785 | 790 | 795 | 800 | 805 | 81,0 | 8156 | 82,0 | 825 | 830 | 835 | 840 | 845 | 85,0 | 855

0 1,17 | 11,24 |11,32 | 11,39 [ 11,46 | 11,63 | 11,61 [ 11,68 | 11,75 ;11,82 | 11,90 | 11,97 | 12,04 | 12,11 | 12,19 | 12,26 | 12,33

1 10,85 | 10,92 | 11,00 | 11,07 | 11,14 | 11,21 | 11,28 | 11,35 | 11,42 {11,458 | 11,66 [ 11,63 [ 11,70 | 11,77 (11,84 | 11,91 | 11,98

2 10,55 | 10,62 | 10,69 | 10,76 | 10,83 | 10,90 | 10,96 | 11,03 | 11,70 | 11,17 | 11,24 { 11,31 | 11,38 | 11,45 | 11,61 | 11,68 | 11,65

3 10,27 | 10,33 (10,40 | 10,47 | 10,53 | 10,60 | 10,67 | 10,73 : 10,80 | 10,87 | 10,93 | 11,00 | 11,07 | 11,13 | 11,20 | 11,27 | 11,34

4 9,99 | 10,06 10,12 | 10,19 | 10,25 | 10,32 | 10,38 | 10,45 | 10,51 | 10,58 | 10,64 | 10,71 | 10,77 | 10,84 | 10,90 | 10,97 | 11,03

5 973 | 979 | 98 | 9,92 | 9,98 | 10,05 | 10,11 | 10,17 | 10,24 | 10,30 | 10,36 | 10,43 | 10,49 | 10,55 | 10,62 | 10,68 | 10,75

6 948 | 954 | 960 967 | 973 | 979 | 98 | 991 | 998 (1004 | 10,10 [ 10,16 | 10,22 | 10,28 | 10,356 | 10,41 | 10,47

7 924 930 | 936 | 942 | 948 954 | 960 966 | 972 | 978 | 98 | 991 | 9,97 (10,03 | 10,9 | 10,15 | 10,21

8 9,01 | 907 | 913 | 919 | 925 | 931 | 937 | 943 | 949 | 9564 | 960 | 966 | 9,72 | 9,78()- 9,84 | 9,90 | 9,96

9 880 | 88 | 891 | 897 | 903 | 908 | 9,14 | 920 | 9,26 | 931 | 937 | 943 | 949 | 954,950 | 9,66 | 9,72
10 8659 | 864 | 870 876 | 881 | 887 | 892 | 898 | 9,04 | 9,09 | 915 | 921 | 9,26 |\9,32 | 9B7 | 943 | 9,49
" 839 | 844 | 850 | 855 | 861 | 866 872 877, 883 | 888 | 894 | 899 | 9057910 | 9,6 | 9,21 | 9,27
12 820| 825 | 830 | 836 | 841 | 846 | 852 85657 | 863 | 868 | 873 | 879 | 884 890 | 8p5 | 9,00 | 9,06
13 801| 807 | 812 | 817 | 822 | 828 | 833 | 838 | 843 | 849 | 854 | 859 | 864 | 870 | 85| 880 | 885
14 78| 78 | 794 799 | 804 809 | 815 | 820 | 825 | 830 | 835 | 840 () 845 | 851 8p6 | 8,61 | 866
16 767, 772|777 78 | 787 | 792 | 797 | 802| 807 | 812 | 817 | 822 | 827 | 832 | 8B7 | 842 | 847
16 750, 785 | 760 765 | 770 | 775 780 | 78| 790 | 7,95 | 800805 | 810 | 815 | 8pP0 | 825 | 829
17 73| 740 744 | 749 | 754 | 769 | 764 | 769 | 7,73 | 7,78 | 783 78 | 793 7,98 | 8p3 | 8,07 | 8,12
18 720 724 | 729 | 734 | 738 743 748 | 753 | 758 | 762 67| 772 | 777 | 781 | 7B6 | 7,91 7,96
19 705 710 | 714 | 719 724 | 728 | 733 738 742 | 747)V 52| 756 | 761 | 766 | 70| 7,75 7,80
20 691 69 | 700 705 | 7,09 | 7,14 718 | 723 | 728 | A82 | 737 | 741 | 7,46 | 750 | 7p5 | 760 | 7,64
21 677, 682 | 68 | 691 | 69 | 700 | 704 | 709 | 7134218 | 722 | 7,27 | 7,31 7,36 | 7,p0 | 7,45 7,49
22 664 | 669 | 673 | 677 ) 682 | 68 | 691 | 69 | 699 704 | 708 | 713 | 717 | 7,21 | 7p6 | 7,30 | 7,35
23 651 | 65 | 660 664 | 669 | 673 | 677 | 682 | .68 | 69 | 695 | 699 | 703 | 7,08 | 72| 7,16 | 7.21
24 639 | 643 | 647 | 652 | 65 | 660 664 | 669 )\ 6,73 | 677 | 682 | 68 | 69 | 6% | 6p9 | 703 | 7,07
25 627 631 63| 639 644 | 648 | 652 | 656 | 660 6656 | 669 | 673 | 677 | 681 | 6B6 | 6,9 | 694
26 615 | 6,19 | 623 | 628 | 632 636 | 640 644 | 648 | 652 | 656 661 | 6656 | 669 | 63 | 6,77 | 681
27 604 | 608 | 612 6,16 | 620 | 624 | 6,28(/)632| 636 | 640 | 644 | 648 | 652 | 657 | 6p1 | 6,65 | 6,69
28 593 | 597 | 601 | 605 | 609 613 617 621 | 6256 | 629 | 633 | 637 | 641 | 645 | 69 | 653 | 657
29 582 | 58 | 590 | 594 | 598 | 6,02.(606 | 610 | 613 | 617 | 621 | 625 | 629 | 633 | 6B7 | 6,41 | 645
30 572 576 | 579 | 583 | 587 | 591/ 59 | 59 | 603 | 606 | 610 | 6,14 | 6,18 | 622 | 6p6 | 6,30 | 6,33
31 62| 565 | 568 | 573 | 577 | 581 | 584 | 58 | 592 | 59 | 600 | 603 | 607 | 6,11 | 65| 6,19 | 622
32 5562 | 556 | 569 | 563 | 56Z |\570 | 574 | 578 | 582 | 585 | 58 | 593 | 597 | 6,00 | 6p4 | 6,08 | 6,12
33 542 546 | 5560 553 | 557\ 561 | 564 | 568, 572 | 575 | 579 | 583 | 586 | 590 | 5p4 | 597 | 6,01
34 533 | 53 | 540 544 (547 | 551 | 56565 | 558 | 562 | 566 | 569 | 573 | 576 | 580 | 54 | 587 | 551
35 524 | 527 | 531 | 58538 | 542 | 645 | 549 | 553 | 556 | 560 | 563 | 567 | 570 | 5p4 | 578 | 5,81
36 51| 519 | 622 | 6267 529 | 533 | 6536 | 540 | 543 | 547 | 5561 | 554 | 558 | 561 | 5p5 | 568 | 572
37 507 | 510 | 514617 | 521 | 524 | 528 | 531 | 535 | 538 | 542 | 545 | 549 | 552 | 5p6 | 559 | 5,63
38 499 | 502 | 5064609 512 | 516 | 519 | 523! 526 | 530 | 533 | 537 | 540 | 543 | 547 | 550 | 554
39 491 | 494 (»~498 ) 501 | 504 | 508 | 511 | 515} 518 | 521 | 526 | 528 | 532 | 535 | 5B9 | 542 | 545
40 4,83 487\49 | 493 | 497 | 500 504 | 507 | 510 | 514 | 517 | 520 | 524 | 527 | 5B1 | 534 | 537
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Table 2 {continued)

Tempe- Pressure (kPa)
rature

°C 86,0 |865 | 870 | 875 | 880 | 885 | 890 | 895 | 900 (%056 | 910 | 915 | 920 | 925 | 930 | 9356 | 94,0

0 12,40 (12,48 | 12,55 | 12,62 |12,70 [ 12,77 12,84 | 12,91 | 12,99 | 13,06 | 13,13 | 13,20 | 13,28 | 13,35 | 13,42 | 13,49 | 13,57

1 12,05 (12,13 [ 12,20 | 12,27 [12,34 | 12,41 | 12,48 | 12,55 | 12,62 | 12,69 | 12,76 | 12,83 | 12,90 | 12,97 13,04 | 13,11 | 13,18

2 11,72 (11,79 | 11,86 | 11,93 [12,00 | 12,06 | 12,13 | 12,20 | 12,27 }12,34 | 12,41 | 12,48 | 12,66 | 12,61 12,68 | 12,75 | 12,82

3 11,40 |11,47 | 11,54 | 11,60 | 11,67 (11,74 | 11,80 | 11,87 | 11,94 | 12,00 | 12,07 | 12,14 | 12,20 | 12,27 (12,34 | 12,41 | 12,47

4 11,10 {11,16 | 11,23 | 11,29 |11,36 (11,42 (11,49 | 11,556 11,62 |11,68 | 11,75 { 11,82 | 11,88 | 11,95 | 12,01 | 12,08 | 12,14

5 10,81 110,87 | 10,94 | 11,00 |11,06 [ 11,13 [ 11,19 | 11,25 | 11,32 | 11,38 | 11,44 | 11,61 | 11,67 | 11,63 | 11,70 | 11,76 | 11,82

6 10,63 |10,59 | 10,66 | 10,72 |10,78 | 10,84 | 10,90 | 10,97 | 11,03 { 11,09 | 11,15 | 11,21 | 11,27 | 11,34 | 11,40 | 11,46 | 11,62

7 10,27 [10,33 1 10,39 | 10,45 | 10,51 | 10,67 | 10,63 | 10,69 | 10,75 | 10,81 | 10,87 | 10,93 [ 10,99 [ 11,05 [ TT,TT [ TTN7 | 11,23

8 10,02 | 10,07 | 10,13 | 10,19 {10,256 { 10,31 | 10,37 | 10,43 | 10,49 | 10,55 | 10,60 | 10,66 | 10,72 | 10,78 | 10,84~ 10,80 | 10,96

9 9,77 | 983 | 9,89 | 9,95 |10,00 { 10,06 | 10,12 | 10,18 | 10,23 | 10,29 | 10,35 | 10,41 | 10,46 | 10,62 | 10,568,1-10,p4 | 10,69
10 954 | 960 | 966 9,71 | 977 | 982 | 988 | 994 | 9,99 |10,05 (10,11 10,16 | 10,22 | 10,27 | 10,33 | 10,89 | 10,44
1 932 ] 938 | 943 | 9,49 | 954 | 960 | 965 | 9,71 | 9,76 | 982 | 9,87 | 993 | 9,98 | 10,04 |10,09 | 10,15 | 10,20
12 911 1] 916 | 922 | 927 | 933 | 938 | 943 | 949 | 954 ; 959 | 965 | 970 | 976 | 9,81 | 98 | 9p2 | 9,97
13 8911 89 | 901 | 906 | 912 | 9,17 | 922 | 928 | 933 | 938 | 943 | 949 | 954 9569 | 964 | 90 | 9,75
14 871 876 | 881 | 887 | 892 | 897 | 9,02 | 907 | 912 | 9,18 | 9,23 | 9,28 | 9,33 ],9,38 | 943 | 948 | 9,64
15 852 | 858 | 863 | 868 | 873 | 878 | 883 | 8838 | 893 | 898 | 9,03 | 9,08 | 923! 9,18 | 9,23 | 98 | 9,33
16 834 | 839 | 844 | 849 | 854 | 859 | 864 | 869 | 874 | 879 | 884 | 8891 894 899 904 909 | 9,14
17 817 | 822 | 827 832 | 836 | 841 | 846 | 851 | 85 | 861 | 866 | 870.) 875 | 880 | 88 | 880 | 895
18 800| 805 | 810 | 815 | 819 | 824 | 829 | 834 | 838 | 843 | 848 |.853| 867 | 862 | 867 | 872 | 876
19 7841 789 | 794 | 798 | 803 | 808 | 812 | 817 | 822 | 826 | 831836 | 840 | 845 850 | 8564 | 859
20 769| 773| 72,78 782 | 7,87} 792 | 7,96 | 801 | 805 | 810 834" 819 | 824 | 828 | 833 | 837 | 842
21 754 7581 763 767 | 7,72 | 7,76 | 7,81 | 7,85 | 7,90 | 7,94¢~ 799 | 803 | 808 | 8,12 | 817 | 8R1 | 825
22 739 743 | 748 | 752 | 757 | 761 | 766 | 770 | 7,74 | 7,79 |°783 | 788 7,92 | 7,96 | 801 805 810
23 7,25 729 7,34| 738 | 742 | 747 | 751 | 755 | 760 {\764| 768 | 7,73 | 7,77 | 7,81 | 7.8 | 700 | 7,94
24 7111 716 | 720! 724 | 728 | 733 | 7,37 | 741 745 | %50 | 754 | 758 | 7,62 7,67 | 7,71 | 7015 | 7,79
25 698 702 | 706 | 711 | 715 719 | 7,23 | 7,27 | 782" 736 | 740 | 744 | 748 7562 7567 | 761 | 7,65
26 685| 68 | 693| 698 | 7,02 706 | 710 | 714 |. 798 | 722 | 726 730 | 736, 7,39 | 743 | 747 7,51
27 6,73 6,77 | 681 | 68 | 68 | 693 | 697 | 7014 705 | 709 | 713 | 717} 721 | 726 | 729 | 783 | 7,37
28 661 665| 669 | 673 | 6,77 | 680 | 684 | 6881 692 | 69 | 700 7,04 | 7,08 712 | 7,16 | 7120 | 7,24
29 649 | 653 | 657 | 661 | 664 | 668 | 6,72 -6,76 | 680 | 684 | 688 | 692 | 696 | 700 7,04 | 7)08 | 7,11
30 637 641 645 | 649 | 653 | 657 | 660\ 664 | 668 | 6,72 | 6,76 | 680 | 684 | 687 | 691 6/95 | 699
K] 626 630 | 634| 638 | 641 | 645 | 649 | 653 | 657 | 660 664 | 668 672 | 676 679 | 6/83 | 687
K 7] 615) 6,19 623 | 627 | 630 | 634\ 638 | 642 | 645 | 649 | 653 | 657 | 660 | 664 | 668 | 6]72 | 6,75
3 605| 609 | 612| 6,16 | 620 | 623, 627 | 631 | 634 | 638 | 642 | 645 | 649 | 653 | 657 | 6/60 | 6,64
34 59| 598 | 602 606 { 609 \~643 | 6,17 | 620 | 624 | 627 | 631 635 | 638 | 642 | 646 | 6]49 | 6,53
35 585| 588 | 592 | 596 | 599,|.6,03 | 606 | 6,10| 614 | 617 | 621 | 624 | 628 | 631 | 635 | 6[39 | 642
36 575| 579 | 582 | 586 |(58%| 593 | 597 | 600 | 604 | 607 | 6,11 | 6,14 | 618 | 621 | 625 | 6[28 | 632
37 566 570 | 573 | 577-\580 | 584 | 587 | 591 | 594 | 598 | 6,01 | 605| 608 | 612 6,15 | 6/19 | 622
38 557| 561 | 564 | 568.)571 | 575 | 578 | 581 | 58 | 58 | 592 | 59 | 59 | 6,02 606 | 609 | 6,13
39 549 552 | 556|569 | 562 | 566 | 569 | 573 | 576 | 579 | 583 | 58 | 590 | 593 | 597 | 6/00 | 6,03
40 541| 544 | 547 ~551 | 554 | 558 | 561 | 564 | 568 | 571 | 574 | 578 | 581 | 58 | 58 | 591 | 595

St
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1ISO 5814-1984 (E)

Table 2 (continued)

Tempe- Pressure (kPa)
rature

°C 945 | 95,0 | 955 | 960 | 965 | 970 { 975 | 980 ; 985 | 99,0 | 99,5 | 100,0 | 1005 | 101,0 | 101,5 | 102,0

0 13,64 | 13,71 (13,78 | 13,86 | 13,93 | 14,00 | 14,08 | 14,15 | 14,22 | 14,29 | 14,37 | 14,44 | 14,61 | 14,68 | 14,66 | 14,73

1 13,26 | 13,33 | 13,40 | 13,47 | 13,54 | 13,61 | 13,68 | 13,75 | 13,82 | 13,89 | 13,96 | 14,03 | 14,10 | 14,17 | 14,24 | 14,31

2 12,89 | 12,96 | 13,03 | 13,09 | 13,16 | 13,23 | 13,30 | 13,37 | 13,44 | 13,561 | 13,58 | 13,64 | 13,71 13,78 | 13,86 | 13,92

3 12,54 112,61 12,67 | 12,74 | 12,81 | 12,87 | 12,94 | 13,01 | 13,07 | 13,14 | 13,21 | 13,27 | 13,34 | 13,41 | 13,48 | 13,54

4 12,21 (12,27 12,34 | 12,40 | 12,47 | 12,53 | 12,60 | 12,66 | 12,73 | 12,79 | 12,86 | 12,92 | 12,99 | 13,05 | 13,12 | 13,18

5 11,89 | 11,956 | 12,01 { 12,08 | 12,14 | 12,21 | 12,27 | 12,33 | 12,40 | 12,46 } 12,62 | 12,59 | 12,656 | 12,71 | 12,78 | 12,84

6 11,58 11165 11171 1177 11183 11189 1195 [ 1202 1208 [ 1214 11220 | 1226 | 1233 1239 | 12,45 | 12,51

7 11,29 111,35 | 11,41 | 11,48 | 11,64 | 11,60 | 11,66 | 11,72 | 11,78 | 11,84 | 11,90 | 11,96 | 12,02 | 1208 | 12,14 | 12,20

8 11,02 { 11,08 [ 11,14 | 11,19 | 11,25 | 11,31 [ 11,37 | 11,43 | 11,49 | 11,656 | 11,61 | 11,67 | 11,72 (A1, 78 | 11,84 | 11,90

9 10,75 | 10,81 | 10,87 | 10,92 | 10,98 | 11,04 | 11,10 | 11,16 | 11,21 | 11,27 | 11,33 | 11,39 | 11,447) 11,50 | 11,66 | 11,62
10 10,50 | 10,56 | 10,61 | 10,67 | 10,72 | 10,78 | 10,84 | 10,89 | 10,95 | 11,01 | 11,06 | 11,12 | 1,17 [ 11,28 | 11,29 | 11,34
n 10,26 | 10,31 | 10,37 | 10,42 | 10,48 | 10,53 | 10,59 | 10,64 | 10,70 | 10,75 { 10,81 | 10,86 '\10,92 | 10,97 | 11,03 | 11,08
12 10,02 | 10,08 | 10,13 | 10,19 | 10,24 | 10,29 | 10,35 | 10,40 | 10,45 | 10,51 | 10,56 | 10,62 10,67 | 10,42 | 10,78 | 10,83
13 980 | 98 | 9,91 | 9,9 | 10,01 | 10,06 | 10,12 | 10,17 | 10,22 | 10,27 | 10,33 |.10,38 | 10,43 | 10,49 | 10,54 | 10,59
14 959 | 964 | 969 | 974 | 979 | 9,84 | 9,90 | 9,95 (10,00 | 10,05 | 10,10 4.10,15 | 10,21 } 10,26 | 10,31 | 10,36
15 938 | 943 | 948 | 953 | 958 | 963 | 968 | 974 | 979 | 984 | (9897 994 | 9,9 10,04 | 10,08 | 10,14
16 9,18 | 923 | 928 | 933 | 938 | 943 | 948 | 953 | 9658 | 963 |~968 | 973 | 978 | 3,83, 9,88 | 9,93
17 899 | 9,04 | 9,09 | 9,14 | 9,19 | 924 | 929 | 933 | 938 | 943 | 948 | 953 | 958 | 9,82 | 967 | 9,72
18 8,81 88 | 891 | 89 | 900 | 905 | 910 | 914 | 919 | 924 | 929 | 933 | 938 | 943 | 9,48 | 952
19 863 | 868 | 873 | 877 | 882 | 887 | 891 89 | 9014/905 | 9,10 | 9,15 | 9,19 | 9,24 | 9,29 | 933
20 846 | 851 | 856 | 860 | 865 | 869 | 874 | 878 | 883 88 | 892 | 897 | 901 9,06 | 9,10 | 9,15
21 830 | 834 | 839 | 843 | 848 | 852 | 857 | 861 | 866 | 870 | 875 | 879 | 884 | 848 | 893 } 897
22 814 | 818 | 823 | 827 | 832 | 836 | 841 845 (/849 | 854 | 868 | 863 | 867 | 841 | 876 | 880
23 799 | 803 | 807 | 812 816 | 820 | 825 | 829 | 833 | 838 | 842 | 846 | 851 | 895 | 859 | 864
24 784 | 788 792 | 7,9% | 801 | 805 | 809 | 813 | 818 | 822 | 826 | 831 | 835 | 839 | 843 | 848
25 769 | 7,73 | 7,78 | 7,82 | 786 | 790 | 7944799 | 803 | 807 | 8N 815 | 819 | 844 | 8,28 | 8,32
26 755 | 759 | 763 | 768 772 7,76 | 780 | 784 | 788 | 792 | 79 | 800 | 805 | 809 | 813 | 8,17
27 742 | 746 | 750 | 754 | 768 | 7,62 {7066 | 7,70 | 7,74 \ 778 | 782 | 786 | 790 | 7,94 | 7,98 | 8,02
28 728 | 732 | 736 | 740 | 744 | 7,48 752 | 75 | 760 | 764 | 768 | 772 | 7,76 | 780 | 7,84 | 7,88
29 715 | 719 | 7,23 | 7,27 | 7,31 | 235" 739 | 743 | 747 | 751 | 755 | 759 | 762 | 746 | 7,70 | 7,74
30 7,03 | 707 | 711 7,15 718\ 722 726 | 730 | 734 738 | 742 | 745 | 749 | 783 | 767 | 761
3 6,91 6,9 | 698 | 7,02 | 206, 7,10 | 714 | 7,17 { 7.21 725 | 729 | 733 | 736 | 740 | 744 | 7.48
32 6,79 | 683 | 687 | 690 |[«694 | 698 | 7,01 705 | 709 | 713 | 716 | 720 | 724 | 7,28 | 7.3 7,35
33 668 | 671 | 675 | 679(| )68 | 68 | 69 | 693 | 697 | 7,01 706 708 | 712 | 716 | 7,19 | 7,23
34 657 | 660 | 664 | 667y 671 | 675 | 678 | 682 | 68 | 68 | 693 | 697 | 700 | 7.4 \ 7,07 | 7.1
35 646 | 649 | 653 (( 657 | 660 | 664 | 667 | 671 | 675 | 678 | 682 | 68 | 68 | 692 | 696 | 7,00
36 63 | 639 | 643-))646 | 650 | 653 | 657 | 660 | 664 | 667 | 671 674 | 678 | 682 | 6,8 | 6,89
37 626 | 629 | 633| 636 | 640 | 643 647 650 | 653 | 657 | 660 | 664 | 667 | 6,11 | 6,74 | 6,78
38 6,16 | 6,194 623 | 6,26 | 6,30 | 6,33 | 637 | 640 | 644 | 647 | 650 | 654 | 657 | 661 | 664 | 668
39 6,07 | 6,10..6,14 | 6,17 | 6,20 | 6,24 | 6,27 | 6,31 634 | 637 | 641 | 644 | 648 | 611 6,55 | 6,58
40 598 |[~601 | 605 | 608 | 6,12 | 615 | 618 | 622 | 625 | 628 | 632 | 635 | 639 | 642 | 645 | 6,49



https://standardsiso.com/api/?name=a6b802b2e3d14ef97cc29266789e192d

