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PREFACE

ForLrLowing the appearance of my book ¢ Aspects of River Pollution’,
it was suggested in some quarters that Chapters 9and 10 of that book,
reviewing methods of detecting and determining the various forms
of pollution -and discussing the interpretation of the results, might
well form the theme of a separate publication. The preseat volume

‘ représents, therefore, a revised version of those chapters which it is
~ hoped will appeal to all interested in chemical analysis as applied

to river polluti(m problems, sewage and trade wastes. The import-
ance of analysis in helping to safeguard the purity of our rivers can
hardly be overstressed.

Since the larger work was written, two important practical hand-

“books on the analysis of effiuents have appeared in this country.,

First, late in 1956, H.M. Stationery Office issued the Ministry’s
‘Methods of Chemical Analyms as applied to sewage and sewage
effluents’, a thorough revision of the orxgmal edition of 1929.
Secondly, in 1958, there appeared for the first time in this country
‘Recommended Methods for the analysis of trade effluents’ pre-
pared by a Joint Committee of the Association of British Chemical
Manufacturers and the Society for Analytical Chemxstry, these
methods have also been published individually in ‘The Analyst’
from january 1956 to April 1958. Advam.agc has been taken
during the preparation of this book of incorporating the rgcom-
mendations of these two publications.

A bibliography of nearly 600 references has been appended, of
which no less than 87 cover work published during 1957 and 1958,
but many more would be needed for a complete literature survey.
In this connection, it may be apt te point out that the ‘ Bibliography
on water and sewage analysis’ by B. H. Weil; P. E. Murray, G. W.
‘,Reid and R. S. Ingols, published in 1948 as Special Report No. 28,
State Engineering Experiment Station, Georgiza Institute of Tech-
nology, Atlanta, Georgia, U.S.A., contains 2560 references. This
useful and invaluable indexed gulde carries the literature up to the
end of 1947 but even then does not include every paper on water
and effluent analysis. Other first-rate sources of analytical methods-

‘are the ‘Analyst’, the American ‘Analytical Chemistry’, the excel-

lent ‘Water Pollution Abstracts’ published monthly for the Water

Pollution Research Laboratory by H.M. Stationery Office, ‘Chem- |

ical Abstracts’ issued by the'American Chemical Society, and.
x F 'iv ’ .

.
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PREFACE

‘Analytical Abstracts’ published since 1954 by the Society. for
Analytu:al Chemistry,

My thanks are due to Dr. B. A. Southgate, C.B.E,, Director of
the Water Pollution Research Laboratory, for aLomxlg me to
reproduce & tahle showing the solubility of oxygen in water based
on work carried out by that lal:tomtory A similar tabie for sea-
water from a paper by G. A. Truesdale and A. L. H. Gameson has -
been reproduced by courtesy of the Secretary General of the
Bureau du Conseil International pour I’ L“,xplo*'auou de la Mer in

- whose Journal it was published.

I am also greatly indebted to Mrs 8. M. Rawson, B. ‘St it
Assistant Chernist, Mersey River-Board, for reading and criticising
‘the mnuscrq)z _ :

L. Kruiy
Manchester,

Nomber 1958



ABBREVIATIONS

ABCM—SAC Joint Committee. Association of British Chemical
Manufacturers and Society for
Analytical Chemistry Joint Com-
mittee for the analysis of trade
efluents ,

A.PHA. American Public Health Assocmtmn

B.D.H.  British Drug Houses

B.O.D. Biochemical Oxygen Demand

EDTA Ethylcnc diamine tetra-acetic acid (sodmm salt)

M Molar, i.e. a solution containing the moelecular weight
’ in grams of a substance per litre of solution
N Normal, i.e. a solution containing 1 gram equivalent of

‘substanc¢, or amount of substance equivalent to
1-008 grams of hydrogen, per litre of solution
p.p.m. parts per million (i.e. grams per million millilitres,* or -

milligrams per litre) -
% parts per thousand (grams per kilogram)
< less than
> greater than
ﬁlg/l. mdhgrams per litre
ml mxllihtres
g . grains : :
ug micrograms (i.e. millionths of a gram)

The abbreviations appearing in the Bibliography are 'taken from
World List of Samﬁﬁc Prriodicals (Buttclworths London)

-

* Definition given by Ministry of Housing and Local Govermment in Gn'cu!ar
No. 8/54, 1954. h%mhumu,uuioraﬂmnlmappmxxmmdy
equal 1o 1b. per million lb. or Ib. per 100,000 gal.
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CHAPTER 1
INTRODUCTION

Muck pollution of the rivers of this country by sewage and trade
. wastes has been going on since the days of the Industrial Revelution
over 150 years ago. The Rivers Pollution Prevention Act, 1876,
did something to improve the posltion, especially because it led to
the formation of River Authorities in certain industrial areas (c.g.
* the Mersey and Irwell Joint Committee, the Ribble Joint Cum-
" mittee and the West Riding of Yorkshire Rivers Board). Since
the Second World War, there has been a renewed interest in pollu-
tion problems owing to the expansion of industry, the growing
scarcity of sources of water, and the ever-increasing usage of water
for domestic and industrial purposes. Evidently new legislation '
was needed to replace the existing law so that better control over
pollution could be exercised. The establishment by the River
Boards Act, 1948, of River Boards covermg all the watersheds of
England and Wales and dealing with land drainage, fisheries, and
polluiion prevention was an importani step in this direction.  This
was folloyed by the passing of the Rivers (Prevention of Pollution)
Act, 1951, which gave up-to-date legal powers to these new Boards.
A similar Act for Scotland, the Rivers (Prevention of Pollution)
(Scotland) Act, 1951, set up and also provided legislation for Scottish
River Authorities which were termed ‘River Purification Boards’
since, unlike the English Boards, they dealt with pollution prevention
only.

It is obvious that since most pollutiens are of a chemical or
physical nature, chemical analysis supplemented by physxcal and
physico-chemieal procedures must play a vital part in the

_ detéction and measurement of river_polution. Many excellent
7 handbeoks giving practical details of analyticai methods suitable for
water, sewage, trade wastes and river waters”have appeared in
recent years (see references 1-25) gnd it is not the purpose of this
book 1o encroach upo,n\the ground coversd by these publications.
Rather is it the intention to provide a chemical background for, and
supplemcnt to, the information on‘analytical methods and in addi-
tion to review critically other methods which, though not officially
recommended, may nevertheless be useful in certain circumstances

. for research, control work and ficld tests.
Before commencing analytical work it is essential to have a
clear idea about the purpose of the analysis. It may be conducted

1 V



2 RIVER POLLUTION

for research prrposes or for the control and management of a scwage
disposal works or of trade premises. The dctcrmmatmn of the
strength of a sewage or trade wasie may be needed to gain'an idea
of the capacity of the varicus treatment units arnd, for trade wastes
discharging to sewers, to decide what pre-treatment is required. It
.may be vital to determine impurities likely to affect adversely sewers,
men working in sewers, or the treatment and disposal of sewage.
It may be necessary to assess the éffect of discharges upon 2 river,
to determine whether these discharges satisfy certain standards and
to carry out river surveys for these purposes.

River surveys are carried out for a number of reasons. . The sur-
veys may be merely of a routine character conducted to obtain an
idea of the quality of the stream water at various points and under
varying weather conditions, and if possible to assess the effect of
the many pollutions. In this way, valuable data can be obtained
providing a basis for a comparison of the state of the stream at
different seasons and in different years. Surveys may also be
undertaken for research purposes, or with the intention of formu~
lating by-laws or taking legal proceedings under the Rivers (Pre-
vention of Pollution) Act, 1951, or with the object of investigating
some corhplaint such as mortality amongst fish, odour nuisance, or
unsuitability of the river water for industrial and cther uses. What-.
ever the purpose in view, the detection and identification of the

_ particular pollution or pollutions followed by the application of
quantitative methads to determine the extent of the pollution must.
constitute a fundamental feature of the survey. For this purpose,
various procedures are available making use of hydrological, physi-
cal, chemical, bacteriological and biological techniques. In this
book only the chemical and physical methods are discussed.

It is rarely necessary, to undertake an elaborate survey using all
the methods and techniques reviewed here, and often a simple .
field survey utilizing a limited number of tests and methods suffices.
The choice and number of methods used will depéhd to a large

. extent upon the purposes in view, on the nature of the problems
encountered, on the staff and funds available, en the periods of
time over which- observations are taken, and on local circum-
stances. In making a cheice amongst a number of available pro-
,ccdum for a particular constituent, such factors as accuracy, the

" time taken to perform the test, the limitations of the method, the
interferences likely to be encountered, and the concmttatxon of the
desired constituent must all be considered.

The sampling for a physical and chemical examination of dis-
charges of sewage effluents and trade efffuents and of stream waters
forms an important feature of a river survey (seé references 26-35A).
Samples should be taken in clean, colourless glass bottles provided
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with ground-in glass stoppers; half-Winchester bottles holding one -
quart (or about 1 1.) are convenient for this purpose but the amount
of sample required may be more or less than this quantity depending
upon the nature and composition of the sample and upon the com-
pleteness' of the analysis. Certain determinations (e.g. dissolved .
oxygen, oil, sulphide) must be performed on a separate sample
taken specially for the purpose in another bottle. - It is 2 wise pre-
caution when sampling to rinse the bottle once or twice with the
sample. Care should .be taken to see that a representative sample
containing the true proportion of suspended matter to liquid is
obtained and it is obvious that any deposit on the bottom of the
stream, sewage fungus growing on the bed, etc., should not nor-
. mally be included- (such extraneous matter should be sepazately
collected and examined).

The taking of a sample in a bottle of absolutely clear arnd colour-
less glass facilitates a general description of the appearance of the
sample. The description of the settled sample should include the
smell, the colour, and the degree of ‘tu'rbidity of the supernatant
hqmd as well as the colour, apparent quantity and general charac-
teristics of the sediment (e.g. whether finely divided, flocculent,
sandy, etc.). The sediment, which may include dead and living
material, frequently has a characteristic appearance under the
‘microscope, consequently a microscopic examination should rarely
be omitted. Dead miterial may be chiefly of mineral origin (e.g.
sand granules from the river bed or from 2 sand washery) or it may
be predominantly organic (e.g. coal-dust, cetton fibres, wool, paper
pulp, starch granules). Living material can include algae, fila-
~ mentous organisms (e.g. ‘sewage fungus’), yeast cells (from brewery
wistes), proiozoa, crustacea, etc., and the identification of these by
biclogical methods {requently ylclds valuable information. Sewage
sludges, if present, may contain dead as well as living material. ., -
~ The observations of thmm26 are of pamcular relevance in

connection with sampling:

‘The actual collection of the water sample is a matter of con-
siderable importance, more especially as this is often done by
laymen with little knowledge of such matters. There can be few
responsible chemists who have not received a grubby bottle filled
with dirty water late on a Friday afternoon, accompanied by a
vague note dated the previous Saturday. On opening the
“sample”, it may reek to high heaven of cough mixture, *“Even-
ing in Paris”, or gin. Such efforts are completely useless.’

. The label on the sample bottle should include such information as
the type of sample (e.g. stream water, sewage effluent, trade effluent,
etc.), the source (e.g. name of stream, firm, or local authority),
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the exact position of the sampling point (an Ordnance map
reference may be necessary), the date, the time, the temperature
of the sample, the weather and particulars of recent weather con-
ditions, the visible state of the river (e.g. whether above or below
' normal flow, whether in spate), the state of the tide if the river is
tidal, whether taken in the middle, Teft or right bank, and at what
depth, and any other relevant data which might assist the analyst.
The signature. of the person taking the sample should also appear
on the label and if possible the name of the person in whose presence
the sample is taken, and the label should bear a reference number.
If 2 bacteriological analysis is requirad, a special sample should
be taken under aseptic conditions in a sterilized glass bottle (capacity
~about 200-250 ml.) provided with a ground-in dust-proof stopper;
if a river water is being sampled, the stopper is removed below the
stream surface and against the flow. Precautions to be observed
and other recornmendations in connection with sampling for bac-
teriological ‘tesis are given in a Ministry of Health report?.

River samples are often taken at 2 point halfway between the
surface and the bed of the stream, carefully avoiding the disturbance
of sediment at the bottom. Since, hoewever, the mean velocity of
a stream on any vertical is usually found at approximately 0-6 &
from the surface (where k=depth) it has been suggested that
_ sampling should be. done at that depth. Much depends upon

local circumstances and it may be necessary in some cases (especi-
ally near effluent outfalls) to take samples at different depths. For
a fuller discussion of the precautions to be taken when sampling
and of the most suitable sampling positions, the reader is referred
to the literature (see especially references 1, 2, 3, 6, 7, 14 and 27).
When it is necessary to take river, sewage and trade samples at
frequent intervals during the day, the use of automatic sampling
devices is often desirable29. 31-33, and is particularly useful at large
. sewage works recciving discharges of trade wastes33, - Samples

_should be keptin a refngcrator at about 4° C if the analysxs cannot

be carried out immediately, since it has been shown in the case of
sewage and sewage effluents34 that considerable changes in com-
position may take place on storage at ordmarv temperatures owing |
to biochemical action.

Section 15 of the River Boards Act, 1948, speclﬁa that where it is
desired to use an analysis of a sample as cwdcnce in legal proceed-
ings, the occupier of the land or the local authority must be notified

" of the fact that an analysis is to be carried out. The person taking
the sample must, divide the sample into three parts each of which
must be placed in a bottle or container and sealed. One part is
handed to the occupier of the land ‘or the local authonty, anothet

“part is kept for court mspcctlcm, and the third part is analysed.’
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‘When a river board wishes to make an application to the Minister
under the Rivers (Prevention of Pollution) Act, 1951, for consent
to take proceedings in respect of pollution of a stream by sewage
effiuent or trade effluent the stream water should he sampled,
according to a Ministry circular3*, both above and below the alleged
source of pollution, and, if at all possxblc, a sample of the effluent
itself should be taken.*

Haney and ‘Scrmor®4 have pomted out that many forms or
indications of pollution are not readily susceptible to prec:sc quan-
titative determination but nevertheless may sometimes figure
prominently in legal actions involving river pollution. Examples
are odours, froth, scum, cil, discoloration, floating masses of putre-
fying sludge, ob_lccuomtble uohds or slimes on the stream bed, and
dead fish. In many of these instances photography can be a useful
and inteiligible aid as a record of pollution and far more, persuasive
than masses of figures. The position is weil put by these authors:

‘One car efully composed well-documented photograph par-

cdarlyxf it isin colour, may be worth a hundred dissolved oxygen

samplc: in so far as securing public support or mﬂuencmg a jury
is concerned.’

1t may not be amiss to add a few words on the question of the
accuracy of the methods used in the chemical examination of
samples. The degree of accuracy normally attainable in chemical
work of this kind is of the order +5 per cent and this is sufficient for
most routine work.. For research work, a higher degree of accuracy
' is desirable and for this purpose lengthy proceedures are often neces-
sary involving the use of expensive apparatus and equipment and
careful attention to detail. . For most routine work and field tests,
time is a most important consiceration and it is desirable to use
quick straightforward methods. There is a tendency in some of
the newer methods of today to use complex procedures and-ex-
pensive equipment ‘where a simpler and more direct approach
‘might be sufficient for the purpose. A modern miethod is not
always better than an older well-tried one; indeed, the word
‘modern’ is often applied to justify something that has little other
merit. It must be remembered, too, that the accuracy of a method
is limited by the accuracy of the sampling which is generally not of
a very high order. The position is well summarized by LoverT and
Frsuls:

_“Frequently, extrems accuracy is not essential in routine testing,
and providing the limitations of a particular procedure are fully

* It may not be feasible to zeta sample of the efffuent if the outlet is submerged
or if the discharge takes place in a culvert,
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appreciated, it may be a great advantagc to make some sacrifice
regarding accuracy, particularly %‘ apprec:able saving in time
results therefrom.’ :

It is important, however, to emphasize _that this does 79/ mean that
slipshod work is condoned or that it matters little if an end-point
be overstepped by several drops of titrant. In general, then, it is
‘better to be prudent and use a simple straightforward method whose
errors and limitations are known rather than a so-called ‘improved’
procedure of doubtful soundness, Let us, therefore, adopt towards
these newer but insufficiently tested methods a somewhat cautious
attitude of mind.

Needless to say, arithmetical calculations involved in analytical
and survey work should be carefully checked either by means of a
shde rule, or by the use of books of mathcmat:cal tables4l—44,
Although the metric system of weights and measures is used where-
ever possible and chemical results are now generally expressed in
parts per million (p.pm.}*, ie. grams per million millilitres, or
milligrams per litre, large scale data are frequently determined in
the meenal system and conversion from the one system to the
other is often required.- A few common conversion factors are
.g1yen in the Appendix but a more complete list is to be found in a
publication of the British Standards Institution 37 and in handbooks
of chemical and physical constants38740,

. In the analyvls of sea, water287. 288, resylts for chlonmty, salinity
and the maJor constituents are generally expressed in parts per 1000
‘(grams per kxlogram of sea water). Another unit, however, is
coming into use in the literature, especially for the minor con-
stituents, viz mxlhgram-atoms or rmcrogram—atoms per litre of sea
water at 20° C

¢ In the U.S.A., the latest edition of the A.P.H.A. Standard Methods? recommends
themeoftbemepteaqe ‘mg, per litre’ (xmmdofppm)andthuuaho
recommended by the ABCM—SAGC Joint Committee
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PHYSICAL METHODS

A puscussion of physico-chemical methods with full details of their
practical application to all kinds of problems is given in the standard
works by ReLy and RAE45, and Gmn“ to whxch the reader is
referred for further mformat'on

TEMPERATURE

It is usually sufficiently accurate to take the temperature of a stream
-water or an effluent to the nearest half degree centigrade. For
more accurate work, especxally in connection with the calculation of
the percentage saturation of dissolved oxygen, a standardized ther-
mometer graduated in tenths of 2 degree centigrade sheuld be used.

COLOUR AND TURBIDITY

The purest natural river waters are generally colourless and the

presence of any colour at all is usually an indication of the presence

of organic matter, which may impart a straw, yellow or brownish

tint to the water. It is possible in these cases to express the colour

" in terms of the Hazen standard unit, ie. the colour given by 1
p-p-m. of platinum in the form of chloroplatinic acid modified by

the addition of 2 p-pam.. ‘of cobaltous chloride hexahydrate2 4,
This determination is muchi simplified by using the B.D.H. Lovibond
nesslerizer and a disc with nine permanent glass standards ranging
from 5 to 70 Hazen units!3% 140, - Ifmuch suspended matter is present,
the estimation of colour should be made  after settlemcnt or
centrifuging. -

With many polluted waters containing highly coloured wastes
(e.g. textile dye wastes), the colour may be green, blue, purple,
black, etc., and so cannot be determined by the simple procedure
jus _mlthned In such cases, use can be made of the Lovibond
tintometer in which the colour is matched by a suitable combination
of graded red, yellow, and blue glass filters and expressed in terms
of the internationally used Lovibond: units, -

RuvoLrs and HANLONY7 48 have described accurate spoctro-
photometric and flterphotometric methods of determining colour
in waters and industrial wastes in terms of the deminant waveléngth
(which defines the hue or kind of colour), luminance (which defines

2 : b
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the degree of brightness) and purity (w}uc.h defines saturation, i.e.
paste], pale, etc.).- The procedure is given in the latest odition of
the A.P.H.A. Standard Methods2, For most purposes, however, it is
sufficient to express the colour of a river water or trade waste in
purely qualitative terms.

,PALIN 49 has proposed a standard definition of colour in water in
terms of optical demsity. The Unit* (‘Absorptiometric Colour
Unit’) is that of aglear water having an optical density of 0-001 per_
cm depth to violet light (peak wavelength'425 my, i.e. the wave-
length ‘at which the yellow-brown colour of most natural waters
shows a maximum absorbance). When a water is both coloured
and turbid, thé colour reading must be corrected for the influence
-of turbidity (see p. 9). Various commercial turbidimeters, visual
and photoelectric, are available for the measurement of turbidity
and they dre generally calibrated against standards made up from
fuller’s earth, a correction being made for any colour in the sample 4.
In the U.S.A., the unit of turbidity was, until recently, thr turbidity
‘imparted to a water by 1 p.p.m. of fuller’s earth. This unit has now
been ‘abandoned in favour of arbitrary turbidity units fixed.in rela-
tion to a standard jackson candle turbidimeter2. * This change has
evidently been made because, as experience in this country also
shows, standards prepared from fuller’s earth vary somewhat with =
the source and grade of material used and so do not give repro-
ducible results.

A submersibie photoeleciric abaorptxonietcr specially suitable for
the measurement of high turbidities in river waters was used in the
survey of the Thames estuary by ScrAGG, Briaes and KnowLes S0,
To vbtain the calibration curve, the instrument was placed in water
free from turbidity (i.e. water of 100 per cent transmission) and by
the use of various neutral density filters, dial readings were obtained
correspondmg to a particular optical density or percentage trans-
mission. Curves showing the relation between the optical density
and various types of suspended matter of dlﬂ'crmg nature and par-
ticle size were also constructed.

The use of the Zeiss—Pulfrich nephelometcr for detcmnmng thc
turbidity of river waters has been described by Ries5!,

For rapld routine work, an inexpensive visual apparatus 1.3.52
for measuring approximately the clarity or transparency of a sample
(which is inversely related to its degree of turbidity) can be con-
structed from a colourless glass tube, 620 mm long, and of internal
diameter about 25 mm with 2 plane glass bottom on the outside of
Which a black cross (with lines 1 mm in width) is pasted. A side
tube near the bottom connects, via rubber tubmg, with'a glass
reservoir, and the depth of liquid in the tube is adfusted by raising

* This Unit is 25 umestheancnumt

\
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or lowering the reservoir until on looking down the tube, preferably
in north daylight, the black cross just dxsap'pear from sight. The
length 6f the liquid coluimn in millimetres is measiired or read off
_from graduations on the tube. If the test is performed on the settled
as well as shaken sample, the difference gives a good idea of the
agpount of suspended matter present,  With good effiuents or river
waters, the black cross may still be visible even at a depth of 600 mm,
in which case the result is recorded as >600 mm. Most satisfactory
~ sewage cifluents and good trade efBuents give settied transparency
figures of 300 mm or more. Poorly clarified sewage or trade
effluents raay give readings of less than 100 mm.

Palin4® has proposed a new Absorptiometric Unit of turbidity
which is that of a suspension having an optical density of 0-001 per
cm depth to yellow light (peak wavelength 580 my)*.. Turbidity
and colour can thus be determined photometrically using two dif-
ferent light filters, Colour can be corrected for turbidity and vice
versa by determining the values of the ratio

Optical density to violet light
‘Optical density to yellow light
at the two wavelengths for both colour and turbidity.  Palin found

that this ratio is 4-7 for natural colour in water and 1-2 for tur-
bidity (using relatively coarse fuller’s earth suspensions).

pH vALUES3-¥7

Wlde-range and narrow.range test-papers for the approximate
“estimation of pH values ranging from 2:0 to 10-5 are available
commercidlly.f These papers are convenient for rough work and
for field tests. The use of the British Drug Houses universal indi-
_cator is alse convenient for obtaining an approxiwnate idea of the
pH value of a sample, the colour obtained at various pH values
being indicated in Table 1.

Table 1. Colours obtained at various pH values with B.D.H. universal indicator

. pH value . Colour PH value Colour
30 Red 8:0 Green
4.0 - Deeper red 8:5 Bluish-green
5490 Orange-red 9:0 Greenish-blue
55 Orange 95 Blue
6-0 Orange-yellow 10-0 Violet
6'5 Yellow 105 Reddish-violet
7:0-7:5. . G-reenish—yellow 110 Deeper reddmh—vxolet

* This Unit is almost identical with the arbitrary APHA turbsdlty unit2. For
practical purposes, the difference is negligible.

- 1 For instance from the British Drug Houses, Poole, Dorset; and ﬁ o Johnsons,
chdon, London, NW4. .



10 " . RIVER POLLUTION

More accurate determinations of pH (usually to within 0-1 pH
unit over the range 0-2-10-0) can be made with the Lovibond
comparator* in which, with the aid of a series of suitable discs, the
colour obtained with 10 ml. of sample’ plus an appropnate amount
of a suitable indicator (usually 0-5,ml.) is matched agamst Lovibond
permancnt glass colour standards. With many pure river waters
and other samples which are poorly buffered (e.g. samples having a
methyl orange alkalinity, expressed as CaCOj, of less than about

20 p.p.m.), an appreciable error can be introduced due to the pH
value exerted by the indicator itself. In such cases, it is preferable
to use the B.D.H. Lovibond nesslerizer in which 50 ml. Nessler tubzs
replace the 10 ml. tubes of the comparator and a much smaller

- Table 2. Selected list of indicators suitable for the colorimatric dmmxmaman pH utlw
) range 0- 244 0 wath the Lovibond comparator or the B.D.H. Lovibond nesslsrizer

pHrangeof | oo g :
Indicator colour disc (in C=Comparator Colour change
steps of 0-2 unless . acid—salkaline
otherwise indicated) N=Nesslerizer i T8 S S
Cresol red _(acid 02-1-8 c red-—orange—
range) ) yellow
Thymol blue (acid 1.2-2.8 C N purple-red—
range . orange—ysllow
+ " Bromophenol blue 2:-8-4-47" C N yellow—purplish-
- grey—purple—
* blue L
B.D.H. ‘3046 indi- 3-0-46 4 N purpl&grcy——-
cator .
Bromocresal green . 3652 c N yelél
: ue
B.D.H. “4460" indi- 4-4-6-0 c N red—orange—
cator ] . yellow-—green
Bromocresol purple 5-2-6-8 C N yellow—grey—
g e—violet
Bromothymol blue 6-0-7-G c N i -
- ue -
Cresol red (alkaline 7-2-8-8 c N yellow—orange—
range) —violet-red
Thymol blue (alka- 8-0-9-6 c N yellow—greenish—
line range) blue
B.D.H. ‘8610’ indi- 8-6-10-0 c yellow—orange—
cator
B.D.H. ‘9011’ indi- 9:0-11-0 c N )m
catort ; violet-grey
B.D.H. ‘1014" indi- 11-:0-14-0 c N green—brovwnish—
cator? " f 1 grey—pink—
| B

P& in steps of 0
:Qm:zmmwoﬁ)S Unsuitable in presence of lime.

* Obtainable from Tintometer Lid., Salisbury, or from the British. Drug Houm,
Poole, Dorsct



