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Foreword

99(E)

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.

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

Draft Internatjonal Standards adopted by the technical committees are circulated to the member bodieg for voting.

Publication as

Attention is d
patent rights.

International
SC 2, Physica

This third edit]

Annex A of th

)/, chemical, biochemical methods.

s International Standard is for information only.

an International Standard requires approval by at least 75 % of the member\bodies casting a vote.

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

btandard ISO 7027 was prepared by Technical Committee ISQ/TC 147, Water quality, Subcommittee

on cancels and replaces the second edition (ISO 7027:1990), which has been technically fevised.
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Introduction

Measurements of turbidity can be affected by the presence of dissolved light-absorbing substances (substances
imparting colour). Such effects can be minimized, however, by performing measurements at wavelengths greater
than 800 nm. Only a blue colour, which can be found in certain polluted waters, slightly affects measurements of
turbidity in this region of the spectrum. Air bubbles can also interfere with measurements, but such interference can
be minimized by careful handling of the samples.

It should b¢ investigated whether, and to what extent, particular problems will require the specification of additional
marginal cgnditions.

© 1SO 1999 — All rights reserved \
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INTERNATIONAL STANDARD ISO 7027:1999(E)

Water quality — Determination of turbidity

1 Scope

This Internlitional Standard specifies four methods for the determination of turbidity of water.

Two semiq

a) measyrement of turbidity using the transparency testing tube (applicable to pure andlightly pollut

b) measy

Two quanti

c) measyrement of diffuse radiation, applicable to water of low turbidity)(for example drinking water)

Turbid|ty measured by this method is expressed in formazin nephelometric units (FNU); results t
betwee¢n O FNU and 40 FNU. Depending on the instrument;design, it may also be applicablg
higher|turbidity.

d) measyrement of the attenuation of a radiant flux, maré’applicable to highly turbid waters (for exal
polluted waters).

Turbid

betwe¢n 40 FAU and 4000 FAU.

2 Normptive references

The followi

this International Standard.CFor dated references, subsequent amendments to, or revisions of,
publications do not apply.However, parties to agreements based on this International Standard are ¢
investigate|the possibility, of applying the most recent editions of the normative documents indicats
undated referencesthe latest edition of the normative document referred to applies. Members of

maintain r

ISO 3864:1984 ,\Safety colours and safety signs.

Liantitative methods, employed for example in field work, are specified:

fative methods, using optical turbidimeters, are specified:

ty measured by this method is expressed in formazin attenuation units (FAU); results t

Ng normative documents contain provisions which, through reference in this text, constitute

isters«@ficurrently valid International Standards.

bd water);

rement of turbidity using the transparency testing disk (especially applicable to surface water).

ypically range
to waters of

mple waste or

ypically range

provisions of
any of these
ncouraged to
ed below. For
ISO and IEC

ISO 5667-3:1994, Water quality — Sampling — Part 3: Guidance on the preservation and handling of samples.

CIE Publication No. 17:1987, International Lighting Vocabulary.

3 Terms and definitions

For the purposes of this International Standard, the terms and definitions given in CIE Publication No. 17 and the
following apply.

3.1
turbidity

reduction of transparency of a liquid caused by the presence of undissolved matter

© 1SO 1999 — All rights reserved
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4 Sampling and samples

Maintain all containers that come into contact with the sample in a scrupulously clean condition. Wash with
hydrochloric acid or surfactant cleaning solution.

Collect samples in glass or plastics bottles, and carry out the determinations as soon as possible after collection. If
storage is unavoidable, store the samples in a cool, dark room but for not longer than 24 h. If the samples have
been stored cool, allow them to come to room temperature before measurement. Prevent contact between the

sample and a

ir, and avoid unnecessary changes in the temperature of the sample.

5 Semiqu
5.1 Measu

5.1.1 Appar

51.1.1 Tl
internal diame

qQ

3

51.1.2

5.1.1.3 =
of characters
with the appa

5.1.1.4
(5.1.1.3).

g

5.1.2 Proce

It is absolute
qualified staff

Thoroughly m

until the print
from the grad

5.1.3 Expre

prtitative methods of torbidity measurement
rement using the transparency testing tube

ntus

ransparency testing tube , consisting of a colourless glass tube 600-mm + 10 mm |
ter 25 mm + 1 mm, graduated in divisions of 10 mm.

hield , close-fitting, to protect the transparency testing tube from lateral light.
rint sample to place under the tube (5.1.1.1), consisting of black print on a white backgro
3,5 mm; line width 0,35 mm) or a test mark (for example, a black cross on white pape

atus.

onstant light source , 3 W low voltage tungsten lamp, to illuminate the print sample o

Hure

y essential that tests conducted according to this International Standard be carried out

ix the sample and transfer-it-to the transparency testing tube (5.1.1.1). Steadily lower the s
sample or test mark (5.1:1.3) is clearly recognizable as viewed from above. Read the li
Lations on the tube.

Esion of results

Report the measured(liguid height, to the nearest 10 mm, together with the apparatus used (na

manufacturer).

5.2 Measu

bng and of

und (height
), provided

r test mark

by suitably

hmple level
guid height

me of the

rement using the transparency testing disk

NOTE Thi

s method is intended primarily for testing bodies of water in situ.

5.2.1 Apparatus

521.1
attached to a

NOTE

Transparency testing disk

chain or rod.

diameter 120 mm.

© 1SO 1999 — All ri

made of cast bronze and coated with white (see ISO 3864) plastics,

A typical design comprises a disk of diameter 200 mm with six holes, each of diameter 55 mm, on a circle of

ights reserved


https://standardsiso.com/api/?name=851db4b2dd5cf7351e0abdcedb28553c

ISO 7

5.2.2 Procedure

027:1999(E)

It is absolutely essential that tests conducted according to this standard be carried out by suitably qualified staff.

Lower the disk, on its chain or rod, into the water until the disk is barely visible when viewed from above. Measure
the length of immersed chain or rod. Repeat the test several times.

Ensure that no interference arises from reflection at the water surface.

5.2.3 Expression of results

Report the

For values
the nearest

6 Quan

6.1 Gen

It is absoly
qualified st

A water sa

+la £ . +
ClJl.II Ul nmrmrrcT olutt.

less than 1 m, report the result to the nearest 10 mm. For values greater than 1 m{repo
0,21 m.

fitative methods of turbidity measurement using optical turbidinieters

bral principles

tely essential that tests conducted according to this International Standard be carried 0
hff.

mple coloured by dissolved substances is a homogenegus system that only attenuates rad

through thg¢ sample. A water sample containing undissolved:substances attenuates the incident rag

addition th
diffusion of
is the sum

“A)

To obtain t
order to de
in some c3a
results of th

The intens
angle, and

In measursg
£, of the ra

When mea

a}

insoluble particles which are present diffuse the radiation unequally in all directions
radiation by the particles affects the attenuatiofi’so that the common spectral attenuation o
Df the spectral diffusion coefficient s(1) and the spectral absorption coefficient a(1):

= S(4) + o(4)

ne spectral diffusion coefficient.s(4) alone, the spectral absorption coefficient o(1) needs tg
fermine the spectral absorption*coefficient of the dissolved substance, the undissolved su
ses, be removed by filtration; but this may cause interferences. Therefore, it is necessary
e determination of turpidity in comparison to a calibration standard.

ty of the diffuse radiation depends upon the wavelength of the incident radiation, the
the shape, opti€al Characteristics and particle size distribution of the particles suspended ir

ments ofthg attenuation of transmitted radiation, the measured value depends upon the 3
(diant efficiency arriving at the receiver.

t the result to

ut by suitably

ation passing
iation, and in
The forward
oefficient u(1)

(1)
be known. In

pstances can,
to report the

measurement
the water.

perture angle

suring the diffuse radiation, the measured values depend upon the angle 6 and the apert

Lire angle 2.

The angle @ is that enclosed by the direction of the incident radiation and the direction of the measured diffuse
radiation (see Figure 1).

©1S0 1999 -
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Y

Application td
parameters id
the suspende

NOTE 1 Ins|
Standard and tl

NOTE 2 Th
Jackson turbidi

6.2 Reage

Use only res
accordance w

6.2.1 Wate
Soak a memi
water. Filter 2
twice through

6.2.2 Form
Dissolve 5,0

Dissolve 0,5 ¢

Qs

Figure 1
the measurement of the concentration of undissolved substances mwould be possible
entified above were known. In general, this information is not available,"So the mass conc
[ particles cannot be calculated from the value of turbidity.

rument-to-instrument comparisons are possible only if apparatus /s used in accordance with this
ne same measuring principle is applied.

e Jackson candle turbidimeter was originally the standard-instrument for turbidity measurements
y units (JTU) cannot be related to other turbidity units.

Nts

gents of recognized analytical grade, and store in hard glass bottles all reagents f
ith this International Standard.

, for the preparation of the formazine calibration suspensions.
rane filter of pore size 0,14im (of the type used for bacteriological studies) for 1 hin 100 m
60 mi of distilled water thredgh it and discard the water. Then pass a two-litre volume of dis

the membrane and reserve this water for the preparation of the formazine suspensions.

hzine (C,H4Ny)stock | suspension (4 000 FAU)
of hexamethylenetetramine (CgH1,N,4) in approximately 40 ml of water (6.2.1).

of hydrazine sulfate (N,HgSO,) in approximately 40 ml of water (6.2.1).

only if the
entration of

International

In general,

repared in

| of distilled
tilled water

WARNING —Hydrazine suifate IS poisonous and may be carcinogenic.

Quantitatively pour the two solutions into a 100,0 ml volumetric flask, dilute to the mark with water (6.2.1) and mix
well. Leave for 24 h at 25 °C £ 3 °C.

This suspensi

6.2.3

on is stable for about four weeks if stored at a temperature of 25 °C + 3 °C in the dark.

Formazine (C,H4N,) stock Il suspension (400 FAU)

Pipette 10,00 ml of the stock | formazine suspension (6.2.2) into a 100,0 ml volumetric flask and dilute to the mark
with water (6.2.1).

This suspension is stable for about 4 weeks if stored at a temperature of 25 °C + 3 °C in the dark.

© 1SO 1999 — All ri
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6.2.4 Diffuse-radiation calibration suspensions (0 FNU to 40 FNU)
Dilute the formazine stock Il suspension (6.2.3) with water (6.2.1) using pipettes and volumetric flasks to obtain
calibration suspensions with turbidities (FNU) in the range of interest for diffused radiation measurements (see

6.3.2). These suspensions are stable for one day.

Alternatively, use proven commercially available standardsy), such as styrene divinylbenzene bead suspensions,
subject to them being verified as being equivalent to freshly prepared formazine suspensions. These standards are
indicated to be stable for a period of one year. Verification of proven commercial standards against formazine shall
be performed once every six months. Criteria for acceptable verification shall be based on parallel triplicate testing
of the proven secondary standards at five suspension levels. The objective of the verification is to prove that the

measured

average hias and precision of the secandary standard is no greater than the proven ave

age bias and

precision o

Commercig
measured

the secondary standard as determined by interlaboratory studies (see annex A).

| standards with designated FNU values do not necessarily result in equivalent, FAU
hgainst formazine in the attenuated mode; their use therefore shall be confined\to the d

values when
ffuse method

only.

6.2.5 Attpnuated radiation calibration suspensions (40 FAU to 4 000 FAU)

Dilute the formazine stock | suspension (see 6.2.2) with water (see 6.2.1) using pipettes and volumetric flasks to
obtain caliljration suspensions with turbidities (FAU) in the range of interest for attenuated radiation measurements

(see 6.4.2)| Suspensions in the range 40 FAU to 400 FAU are stable fof\about one week while thosg in the range
400 FAU tg 4 000 FAU are stable for about four weeks if stored at a temperature of 25 °C + 3 °C in th¢ dark.

6.3 Meapurement of diffuse radiation

6.3.1 Apparatus

6.3.1.1 Turbidimeter complying with the following@requirements:

a) the wayelength, A, of the incident radiation2\:shall be 860 nm 3);

With somd apparatus, the influence of stray light or the noise level (background radiation) is guch that it is
impossible|to measure very small degrees of turbidity, and it is preferable to operate at a wavelength of 550 nm

with a ban d at different

wavelength

dwidth of 30 nm. In such cases, the water sample shall be colourless. Results obtaing
s cannot be compared with those obtained at a wavelength of 860 nm.

b) the spdgctral bandwidth, A ‘of the incident radiation shall be less than or equal to 60 nm;

c) there s all not exceed

1,5°;

hall be no divergence from parallelism of the incident radiation, and any convergence sh

1) AMCO AEPA-1® Standards available from Advanced Polymer Systems, 123 Saginaw Drive, Redwood City, CA 94063, USA
were evaluated in an international collaborative trial. The results and details of the trial are supplied in annex A. This information is
given for the convenience of users of this International Standard and does not constitute an endorsement by ISO of these products.

2) Tungsten lamps fitted with monochromators and filters, diodes and lasers may be used as sources of monochromatic radiation.
However, some older apparatus fitted with tungsten lamps, but without monochromators or filters, are still in use (polychromatic
sources) and, while the reproducibility of such apparatus may be less than that of apparatus providing monochromatic radiation,
they can be used for the daily control and monitoring of turbidity at waterworks and treatment plants. Results cannot, however, be
compared when using different apparatus.

3) Measurements at 860 nm show a lower intensity of diffuse radiation in comparison with measurements at lower
wavelengths.

© 1SO 1999 — All rights reserved
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d) the measuring angle, 6, between the optical axis of the incident radiation and that of the diffused radiation shall
be 90 £ 2,5°;

e) the aperture angle, 2, should be between 20°and 30° in the water sample.

6.3.2 Calibration

Set up the instrument in accordance with the manufacturer's calibration instructions.

After instrument set-up, perform a method calibration using the dilution water (6.2.1) as a blank and at least five
formazine standard calibration suspensions (6.2.4) of turbidity equally spaced over the range of interest. In the

absence of a
prepare a cali

6.3.3 Proce

Perform a mgasurement, in accordance with the manufacturer's instructions, on a well-mixed sample

turbidity valug
as calibrated

6.3.4 Expre
Report the res
a) iftheturb
b) if the turb

c) if the turb

6.3.5 Testrg
The test repo
a) areferen
b) the result

c) details of
6.4 Measu

6.4.1 Appar

pration curve.

Hure

from the prepared calibration curve or directly from the instrument scaleif the scale has bs
see 6.3.2).

Esion of results

ults, in formazine nephelometric units, as follows:

dity is less than 0,99 FNU, to the nearest 0,01 FNU;

dity is between 1,0 FNU and 9,9 FNU, to the nearest 0,1 FNU;
dity is between 10 FNU and 40 FNU, to the.nearest 1 FNU.
port

t shall include the following infermation:

e to this International Standard;

expressed in accordance with 6.3.4;

any circumstances that might have influenced the result.
rement of attenuated radiation

ntuS

precalibrated scale or where a precalibrated scale is shown to differ from the calibration values,

. Read the
ben verified

6.4.1.1 Turbidimeter complying with the following requirements:

a) the wavelength, 4, of the incident radiation?) shall be 860 nm3);

b) the spectral bandwidth, A4, of the incident radiation shall be less than or equal to 60 nm;

c) there shall be no divergence from parallelism of the incident radiation and any convergence shall not exceed

2,5%

d) the measuring angle (tolerance on deviation of the optical axis) of the incident radiation and that of the diffuse

radiation

shall be 0° + 2,5°;

e) the aperture angle, £, should be between 10° and 20° in the water sample.

© 1SO 1999 — All rights reserved
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6.4.2 Cali

Set up the i

1ISO 7027:1999(E)

bration

nstrument in accordance with the manufacturer's calibration instructions.

After instrument set-up, perform a method calibration using the dilution water (6.2.1) as a blank and at least five
formazine standard calibration suspensions (6.2.5) of turbidity equally spaced over the range of interest. In the
absence of a precalibrated scale or where a precalibrated scale is shown to differ from the calibration values,

prepare a c

alibration curve.

6.4.3 Procedure

Perform a
turbidity va
as calibrate

6.4.4 Exp
Report the
a) ifthety
b) if the ty
6.45 Tes

The test re

reastrementi-aceordance—with-the—mandfactarers—instraetions—onea—welmixed-sam
ue from the prepared calibration curve or directly from the instrument scale if the scale-hag
d (6.4.2).

ression of results
results, in formazine attenuation units, as follows:
rbidity is between 40 FAU and 99 FAU, to the nearest 1 FAU,

rbidity is greater than 100 FAU, to the nearest 10 FAU.

t report

bort shall include the following information:

a) arefergnce to this International Standard;

b) theres

c) details

Lilt, expressed in accordance with 6.4.4;

of any circumstances that might haverinfluenced the result.

©1S0 1999 -
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Annex A
(informative)

Results of an interlaboratory collaborative trial to evaluate the suitability of
a synthetic polymer for use as a secondary standard to formazine
in turbidity measurements

Al Generslil
An interlaboratory collaborative trial was conducted in 1996 among thirty-three participants./The objettive of the
trial was to evaluate the suitability of using a synthetic polymer as a secondary standard to férmazine. The trial was
conducted in accordance with the criteria given in ISO 5725-1 and ISO 5725-2.
The study was designed so that formazine and the synthetic polymer, AMCO.AEPA-1%, could be evaluated
simultaneously and under repeatability conditions. Five concentration levels were ‘designated for the forinazine and
the synthetic polymer. Concentrates of the formazine suspensions were prepared and dispatched to participating
laboratories with documented instruction on dilution prior to measurement./The synthetic polymer was|dispatched
at the designated concentration levels.
All suspensiops were randomly coded. Participants were requested to\test the suspensions in triplicate. [The results
of the trial arg expressed in Table A.1.
Table A.1 — Results of an.jaterlaboratory trial
Formazine AEPA-1
Level Level
1 2 3 4 5 1 2 3 4 5
Number of |aboratories 26 27 31 31 31 32 32 32 32 32
Number of dutliers 3 1 4 4 2 6 1 3 1 3
Theoretical yalues (FNU) 0,8 3,2 8,0 16,0 32,0 0,8 4,0 8,0 15,0 35,0
Mean value [FNU) 0,825 | 3,304 | 7,918 | 16,697 | 33,255 | 0,824 | 4,147 | 8,374 | 16,052 || 36,916
Repeatabilit 0,008 | 0,067 | 0,056 | 0,094 0,21 | 0,007 | 0,038 | 0,043 | 0,237 0,226
Standard_ Qeviation of s = 0,006 x + 0,018 s = 0,007 x + 0,024
repeatability|( s)
Reproducibility 0,065 | 0,224 | 0,445 | 0,866 | 1,613 | 0,065 | 0,264 | 0,500 | 0,939 | 2,630
Standard deviation-of S =0,047XF 0,057 S =0,07TX=0,067
reproducibility ( sg)
Bias 0,025 | 0,104 |-0,082| 0,697 | 1,255 | 0,024 | 0,147 | 0,374 | 1,052 1,916
% Bias +3,1% | +3,2% [-1,0% | +4,4% | +3,9 % | +3,0 % |+3,7 % |+4,7 % | +7,0% | +55%
Significant at o =5 %? No Yes No Yes Yes No Yes Yes Yes Yes

The trial proved the polymer to have a bias and precision which, overall, was not significantly different to that
obtained with the use of formazine standards. The polymer was found to be stable 18 months after manufacture at
turbidity levels between 0,8 FNU and 40 FNU.

8 © 1SO 1999 — All rights reserved
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