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1. INTRODUCTION 
Water is used for a number of different purposes in the food industry. It 
may be an integral component of the final product, as in soft drinks and beer 
for example; it may come into intimate contact with the product during the 
manufacturing process, as in the washing of butter; it is used for cooling 
purposes, for washing equipment, for the conveyance of materials, and in 
boilers and heating systems. 

Most of these uses necessitate certain standards of quality, although in 
some cases, for example, where water is used for transporting materials, un-
treated river water may be suitable. In many cases, water of the standard of 
public supplies is quite satisfactory, although for certain industries water 
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of a more specialized standard than that of some public supplies may be 
required. 

Methods for testing and assessing water quality have generally developed 
from the need for ensuring wholesome public supplies. Analytical data 
and standards for public water supplies are first considered. Some branches 
of the food industry, where water of a specialized standard is required, are 
next discussed. It is not possible, within the limits of this chapter, to cover 
exhaustively every branch of the food industry, but some of those industries 
in which, in the experience of the authors, problems connected with water 
quality most often arise, have been selected. No attempt has been made to 
cover the treatment and control of water for boilers and heating systems, 
because these subjects are already fully covered in the literature (e.g. Nordell1 

and Hamer et al2) and in the relevant British Standards and in trade publica-
tions. 

Finally, a section has been included on the increasingly important subject 
of standards and methods of treatment of waste waters from the food 
industries. 

2. ANALYTICAL DATA FOR WATER USED 
FOR PUBLIC SUPPLY PURPOSES 

Waters are generally examined for four types of characteristics: physical, 
chemical, bacteriological and biological. 

The analytical methods used in the United Kingdom are generally based 
on those given in "Approved Methods for the Physical and Chemical 
Examination of Water'V referred to subsequently as "Approved Methods", 
and in "The Bacteriological Examination of Water Supplies",4 referred to 
subsequently as "Report 71". In the United States the methods given in 
"Standard Methods for the Examination of Water and Wastewater",5 

referred to subsequently as "Standard Methods", are generally followed. 

A. Physical Characteristics 

The main physical characteristics for which a water is examined are: 
appearance, colour, turbidity, odour, taste and temperature. Colour and 
turbidity are capable of being measured instrumentally. The determination 
of appearance, odour and taste, on the other hand, depends on human 
sense perception and judgment. A test for appearance is not included in 
"Standard Methods" ;5 "Approved Methods'^ discusses odour and taste 
only from the qualitative aspect. "Standard Methods"5 discusses qualitative 
description of odours and in addition lays down a technique for obtaining 
a threshold odour number. An analogous test can be used for obtaining a 
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threshold taste number, and in certain cases both tests are very useful, as it is 
possible to have waters in which the odour is more pronounced than the taste 
and conversely, those in which the taste is stronger than the odour. 

B. Chemical Characteristics 

Chemical characteristics may be divided rather arbitrarily into a number 
of groups, which grouping has been found from experience to be practically 
convenient. 

7. Physicochemical Characteristics 
These are pH value and electrical conductivity (specific conductance). 

2. Main Mineral Constituents 
Most natural waters contain essentially four main cations: calcium, 

magnesium, sodium and potassium, and four main anions: bicarbonate, 
sulphate, chloride and nitrate. 

The "alkalinity" (mentioned later in connection with soft drinks) refers 
to titration with acid to about pH 4-5. It normally measures the bicarbonate 
present but in hard waters is equivalent to the carbonate hardness expressed 
as mg calcium carbonate per litre. The German term Säurebindungs-
vermögen (acid binding power) expresses this concept more exactly than the 
English word. 

Formerly it was common practice to report mineral analyses in the form 
of a table showing the concentration of anions and cations in parts per 
million (milligrams per litre) and also to give the totals of mineral constitu-
ents expressed as "hypothetical combinations" combining Ca, Mg, Na, and K 
successively with bicarbonate (expressed as CO3), S04, Cl and NO3. 

An advantage of this method is that the sum of the weights of the "hypo-
thetical combinations" plus any silica (expressed as S1O2) could be compared 
with the total dissolved solids found by weighing. Any marked discrepancy 
in the two figures, unless otherwise explained, would mean that the analysis 
should be re-checked. 

Modern practice, however, is to express the anions and cations as milli-
equivalents per litre. In these units, of course, the sum of the anions should 
theoretically equal the sum of the cations and in practice a good approxima-
tion is obtainable. 

To cover the possibility of a balancing of errors in the analysis, each ion 
found (expressed as milliequivalents per litre) can be multiplied by a factor 
and the sum of the resulting figures can be compared with the conductance 
experimentally found, the sample being diluted if necessary with boiled dis-
tilled water so that the conductance lies within the range 90 to 120 micromhos/ 
cm. 
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"Standard Methods'^ states that if the computed diluted conductance is 
more than 1-5% greater or more than 2% lower than the measured value of 
the diluted conductance, the chemical analysis should be re-checked. This 
method is not applicable to waters that have initial conductance lower than 
90 micromhos/cm or where the pH is less than 6 or greater than 9 or to 
samples containing significant quantities of ions other than those listed 
above. 

From a practical point of view, a mineral analysis, with cross-checking of 
the results as outlined above is often very valuable, especially where a new 
source of supply is being investigated. 

3. Constituents Relating to the Organic Quality of the Water 
Ammoniacal nitrogen ("free" ammonia), albuminoid nitrogen, nitrate 

nitrogen, nitrite nitrogen, dissolved oxygen, permanganate value, bio-
chemical oxygen demand, chemical oxygen demand, anionic surfactants, 
carbon chloroform extract are the main characteristics determined. 

The organic quality of a water which is not grossly contaminated has been 
in British practice, mainly judged in the past on the figures for albuminoid 
nitrogen and permanganate value (oxygen absorbed from permanganate in 
4 hr at 27°C). Ammoniacal nitrogen may also be an indication of pollution 
in surface supplies, and some underground supplies. However, its occurrence 
in certain deep underground sources from under an impermeable stratum 
is also common. American practice has not favoured the use of the per-
manganate-value determination. For water containing greater amounts of 
organic matter the biochemical oxygen demand (BOD) and chemical oxygen 
demand (or dichromate oxygen demand) tests are used. The traditional 
methods of judging organic quality have been found very useful for natural 
and treated waters. The permanganate value is regarded as a rough indication 
of the content of organic matter, and it is found in practice, in waters in which 
the organic matter is mainly of vegetable origin, that the value is about one 
tenth of the colour of the water expressed in Hazen units. (One Hazen unit 
is the colour produced by an aqueous solution containing 1 mg/1 platinum 
in the form of chloroplatinate ion, and 2 mg/1 of crystallized cobaltous 
chloride, C0CI2.6H2O.) Again, in a water substantially free from colour it is 
often found that the permanganate value is approximately ten times the value 
for albuminoid nitrogen, 

These rules are of course only very rough guides, but often some obvious 
alteration in the quality of a water can be correlated with an alteration in 
the usual ratios. To quote an example: a water derived from a surface source 
and treated by softening and coagulation gave on analysis over a period of 
years a fairly constant ratio of albuminoid nitrogen to permanganate value 
of approximately 1 : 10. Due to a heavy growth of a particular green alga 
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in the impounding reservoir from which the supply was derived, a very un-
pleasant musty taste and odour developed. The permanganate value remained 
normal, but the albuminoid nitrogen figure almost doubled, giving a ratio of 
albuminoid nitrogen to permanganate value of 1 : 6 compared to the usual 
1 : 10. After the growth had died away the ratio returned to its usual value. 

The vastly increased use of synthetic detergents has resulted in tests for 
anionic surfactants being included in both "Approved Methods"3 and 
"Standard Methods".5 

Increasing industrialization has resulted in the possibility of many different 
organic chemicals reaching waters used for drinking purposes. In order to 
effect a closer control of organic matter in waters the carbon chloroform 
extract (CCE) test has been suggested. The method is described in "Standard 
Methods".5 

4. Metals 
Apart from the main cations present in water, i.e. Ca, Mg, Na and K, the 

following metals may be found: iron, copper, zinc, lead, manganese. In 
addition, aluminium is often present in small amounts in waters that have 
been subjected to coagulation with aluminium sulphate, and chromium is 
very occasionally found. 

5. Residual Germicides 
The commonest bactéricide used is of course chlorine, and methods for 

its determination are given in both "Approved Methods"3 and "Standard 
Methods".5 

6. Miscellaneous Substances 
In addition to the analyses mentioned above it is often necessary to deter-

mine some of the following for special purposes: arsenic, boron, bromide, 
carbon dioxide, cyanide, fluoride, iodide, phenols, phosphate, selenium (does 
not occur naturally in Great Britain, but is used in industry) and sulphide. 

C. The Bacteriological Examination of Water 

The subject of the bacteriological examination of water is covered, as 
regards British practice, in "Report 7Γ'4 and a full discussion of the subject 
is also given by Windle Taylor.^ "Standard Methods"5 gives details of Ameri-
can practice. 

For routine control purposes, the direct search for the presence of specific 
pathogenic bacteria is impracticable, water being examined for evidence of 
pollution by excremental matter of human or animal origin. The assumption 
is made that if this type of pollution occurs, the water must be regarded as 



6 R. C. HOATHER AND E. ENGLISH 

potentially dangerous. Attention is mainly paid to bacterial species of known 
excremental origin, particularly Escherichia coli 1 (and other members of the 
coliform group), Clostridium welchii, and sometimes faecal streptococci. 

In British practice tubes of MacConkey broth incubated at 37° C for 48 hr 
are normally used for the "presumptive coliform examination". For con-
firmation, positive tubes may be subcultured on to MacConkey agar plates 
and the plates observed for the development of coliform colonies. Differential 
IMViC tests, including a confirmatory lactose fermentation test at 44°C, 
can then be applied to individual colonies. 

if a quick determination of the presence or absence of Escherichia coli 1 is 
required, fermented tubes of the presumptive coliform examination can be 
subcultured direct into tubes containing lactose bile-salt medium and the 
tubes incubated at 44°C for 24 hr. In practice it has been found that over 90 % 
of the tubes that ultimately produce acid and gas at this temperature do so in 
6 hr. Peptone-water tubes for the indole test can be incubated at the same time. 

In water bacteriology, Clostridium welchii is usually tested for by the litmus 
milk method, positive tubes giving the typical "stormy clot" when incubated 
at 37°C for at least five days. The sulphite-reduction method may also be 
used. 

Search for faecal streptococci is not recommended as a routine procedure 
in water bacteriology, but if it is required to demonstrate their presence in 
water advantage is taken of the fact that they will grow in the presence of 
potassium tellurite or sodium azide. 

In addition, counts are made on plates of Yeastrel nutrient agar (yeast 
extract agar), the plates being incubated at 22°C for 3 days, and at 37°C for 
1 and 2 days. 

In recent years much attention has been devoted to the development of 
the membrane filter technique as a more rapid and economical test for 
members of the coliform group, than the multiple-tube fermentation test. 
The membrane filter technique is now an alternative standard method in 
the United States and the method is used for some types of samples in the 
laboratories of the Metropolitan Water Board in England.?-!! This technique, 
at the time of writing, has certain limitations (it is unsuitable for turbid samples 
with low counts, and for samples containing few coliform organisms amongst 
large numbers of non-lactose fermenters growing on the membrane), but it 
can be regarded as a most important development in routine water bacterio-
logy. 

D. The Biological Examination of Water 

The biological examination of water is concerned with certain types of 
bacteria, algae, fungi, and moulds and forms such as certain types of worms, 
insects and crustaceans. 
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Generally speaking, unpolluted water from underground sources should 
be free from biological contamination, although where pollution does gain 
access extensive growths of filamentous bacteria such as Leptothrix and 
Beggiatoa can occur.12 Surface waters, such as rivers, natural lakes and 
impounding reservoirs may contain very large numbers of plant and animal 
forms, and one object of the treatment process is to remove these. 

Ideally, a treated water for public supply should contain no forms of 
animal or vegetable life, but this ideal cannot always be attained in waters 
derived from surface sources. Small numbers of diatoms and other algae are 
common in public supplies derived from such sources and, although these 
constitute no danger to the health of people drinking the water, they are 
undesirable in water used in certain industries, e.g. soft drinks. 

A wide variety of animal forms has been found at various times in water 
mains and the more commonly occurring types have been described by Eng-
lish.13 Fortunately, most of these organisms rarely pass through consumer 
taps, but Nais may sometimes be a cause of complaint.14 There are no definite 
standards for biological quality of potable waters, although the numbers of 
organisms are kept to a minimum. Further treatment of some publicly 
supplied waters may, however, be necessary for certain food industries, such 
as soft drinks. 

Details of methods for the collection, concentration and counting of bio-
logical organisms found in water are given by Windle Taylor6 and in "Stan-
dard Methods'^ 

Many algae, when present in large numbers in a water source, can impart 
characteristic tastes and odours to the water which are not always com-
pletely eliminated by the treatment processes given in public waterworks. 
Where an odourless and tasteless water is required in a food product it may be 
necessary, therefore, to give further treatment, such as filtration through a 
granular carbon filter. Also, certain types of algae can yield metabolic pro-
ducts which give a flocculent deposit on acidification of the water. This 
latter phenomenon is dealt with in further detail in Section 9. For further 
details of taste- and odour-producing algae, reference may be made to Palmer.15 

3. STANDARDS FOR DRINKING WATER 

A. Physical and Chemical Requirements 

No standards are laid down in Britain but standards have been published 
by the World Health Organization1^ and the United States Public Health 
Service.17 A comparison of these standards is given in Table 1. 

The interpretation and use of such standards must, however, depend on 
the circumstances. The U.S.P.H.S. standards17 are enforceable for "inter-
state" carriers. Few standards are given for organic quality. However, from 
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TABLE 1. Comparison of standards for drinking water 

Test 

Colour (Hazen or 
platinum-cobalt 
scale units) 

Turbidity units 
Odour 

Taste 
Iron (Fe) 
Manganese (Mn) 
Copper (Cu) 
Zinc (Zn) 
Calcium (Ca) 
Magnesium (Mg) 
Sulphate (S04) 
Chloride (Cl) 
Phenols 
pH range 

Alkyl benzene 
sulphonates 

Carbon chloroform 
extract 

Nitrate (NO3) 
Fluoride (F) 

W.H.O. 
Max. acceptable 
concentrationf 

5 
5 

Unobjectionable 

Unobjectionable 
0-3 mg/1 
0-1 mg/1 
1-0 mg/1 
5-0 mg/1 
75 mg/1 
50 mg/1 

200 mg/1 
200 mg/1 

0-001 mg/1 
7-0-8-5 

0-5 mg/1 

0-2 mg/1 
— 

lmg/1 

Max. allowable 
concentrationf 

50 
25 
— 

— 
1-0 mg/1 
0-5 mg/1 
1-5 mg/1 
15 mg/1 

200 mg/1 
150 mg/1 
400 mg/1 
600 mg/1 

0-002 mg/1 
Less than 6-5 
or greater 
than 9-2 

1-0 mg/1 

0-5 mg/1 
45 mg/lj 
1-5 mg/1 

U.S.P.H.S. 

not exceeding 15 
not exceeding 3 
not exceeding threshold 
odour number of 3 units 

— 
not exceeding 0-3 mg/1 
not exceeding 0-05 mg/1 
not exceeding 1-0 mg/1 
not exceeding 5-0 mg/1 

— 
— 

not exceeding 250 mg/1 
not exceeding 250 mg/1 
not exceeding 0-001 mg/1 

not exceeding 0-5 mg/1 

not exceeding 0-2 mg/1 
not exceeding 45 mg/1 
1-7 mg/1 (at average max. 
daily air temperature of 
50-54°F) down to 0-8 mg/1 
(at temperature of 79-3-
90-5) 

Test 

Arsenic (As) 
Barium (Ba) 
Cadmium (Cd) 
Chromium (Cr^+) 
Cyanide (CN) 
Lead (Pb) 
Selenium (Se) 
Silver (Ag) 

Maximum allowable 
concentration 

W.H.O. 
Toxic substances 

0-05 mg/1 
1-0 mg/1 

0-01 mg/1 
0-05 mg/1 
0-2 mg/1 

0-05 mg/1 
0-01 mg/1 

— 

U.S.P.H.S. 

0-05 mg/1 § 
1-0 mg/1 

0-01 mg/1 
0-05 mg/1 
0-01 mg/1 
0-05 mg/1 
0-01 mg/1 
0-05 mg/1 

t "Maximum acceptable concentration" applies to a water generally acceptable by 
consumers. "Maximum allowable concentration:" values greater than those listed would 
markedly impair the potability of the water. 

% "May give rise to infantile methaemoglobinaemia" 
§ Arsenic should not be present in a water supply in excess of 0-01 mg/1 where other 

more suitable supplies are or can be made available.17 
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the practical point of view it may be said that it is desirable for a potable 
water to have an albuminoid nitrogen figure of less than 0-1 mg/1 and un-
desirable for the figure to exceed 0-2 mg/1. Also it is desirable that the per-
manganate value should not exceed 1-0 mg/1. If the value exceeds 2-0 mg/1, 
as it may when the water contains appreciable colour, further treatment may 
be desirable for certain industries, although the water may be quite potable. 

B. Bacteriological Standards 
"Report 7Γ'4 states that with chlorinated supplies leaving the treatment 

works, coliform bacteria should be absent from 100 ml of water. With non-
chlorinated piped supplies, standards and classification of water, based on 
the presumptive findings, have been suggested as follows: 

Presumptive coli-aerogenes 
count per 100 ml 

Class 1 Highly satisfactory Less than 1 
Class 2 Satisfactory 1-3 
Class 3 Suspicious 4-10 
Class 4 Unsatisfactory Greater than 10 

The presence of Escherichia coli 1 places the sample in Class 4. 
Throughout the year, at least 50% of samples should fall into Class 1; 

at least 80% should not fall below class 2; and the remainder should not fall 
below Class 3. 

The World Health Organization16 has published recommended standards 
of bacteriological quality for drinking water supplies. 

No standards are suggested for the presence of Clostridium welchii, faecal 
streptococci, or for the numbers of bacteria growing on nutrient agar. The 
chief value of the Clostridium welchii test is as an indicator of the possibility 
of remote pollution, as the spores are capable of surviving in water for a 
longer time than organisms of the coliform group. 

The results of plate counts may be of value in assessing the suitability of 
water for certain food processes, as high counts may indicate the possi-
bility of the presence of bacteria which may cause spoilage of food. The 
number of colonies growing on plates can vary greatly in waters from 
different natural sources. In general, low counts are obtained on water 
from underground sources, while high counts may be found in waters 
derived from rivers, natural lakes and impounding reservoirs. Chlor-
ination, in the doses usually used in waterworks treatment, destroys the 
majority of vegetative forms, but has less effect on spore-forming types. It is 
not uncommon therefore—although not desirable—for quite high counts to 
be found in drinking water supplied from works that treat raw water derived 
from surface sources. 
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4. THE DAIRY INDUSTRY 

Both chemical and bacteriological aspects of water quality are important 
in water used in dairy farms and in larger plants for milk bottling and butter 
and cheese making. 

From the chemical point of view the limits quoted on p. 8 are usually 
taken as a guide but in water used for butter making it is also important that 
the copper content should be low (a figure not exceeding 0-1 mg/1 as Cu is 
desirable) as the presence of copper would tend to give an oxidized flavour 
to butter. It is also desirable that the water should be of good organic quality. 
In one large dairy the following limits are taken as a guide when assessing 
water quality. 

Nitrates not exceeding 0-5 mg/1 
Nitrites absent 
Ammoniacal nitrogen not exceeding 0-06 mg/1 
Albuminoid nitrogen not exceeding 0Ό6 mg/1 

These standards are not of course always attainable in practice even with 
fully treated public supplies. Where water is used for bottle washing and plant 
cleaning it is desirable that soft water should be used for the final rinse, to 
obviate build-up of scale, so in large plants it is usual to use softened water 
if the supply is hard. Bacteriologically it is desirable that coliform bacteria 
should be absent in 100 ml, i.e. the water should be of the quality of a public 
supply. In addition, where butter making is concerned, and relatively large 
volumes of water come into contact with the product when the butter granules 
are washed in the churning operation, the absence of certain psychrophilic 
organisms in the water is important. Pseudomonas fragi, for example, is a 
common cause of tainted flavour in butter due to its proteolytic action and 
it is desirable to test water used for butter washing for absence of taint-
organisms. A relatively simple test for taint-organisms is to plate the water on 
to milk agar and incubate the plates at 20°C for 5 days and then observe any 
odour of the agar: the presence of Pseudomonas fragi is indicated by a 
typical "fruity" smell. 

It has been mentioned above that it is desirable that the final rinse water 
should be soft; it is also usual to maintain a small chlorine residual in the final 
rinse water (e.g. 0-2 ppm) for disinfecting purposes. 

In large organisations with effective laboratory facilities quality control of 
water is usually fairly straightforward. The sources of water are probably 
already of a standard suitable for public supplies, and staff and facilities for 
the efficient operation of further treatment such as softening, chlorination 
etc., will be available; most problems arise in dairy farms and small dairies 
and creameries. 
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Where a piped supply of mains water is available to a dairy farm the chief 

question likely to arise (if hard water is involved) is the use of suitably blended 
detergents to prevent build up of scale on utensils. Although many farms 
now have mains supplies in England and Wales (a figure of 68 % for 1959 is 
quoted by Scarlett,18) there are still milk producers dependent on their own 
private source from a well, borehole, spring or surface source. 

The Milk and Dairies (General) Regulations, 1959, Part V Section 12 (l)u 
state that "all registered premises shall be provided with a supply of water 
suitable and sufficient for the requirements of these regulations" and it is 
left to the discretion of the Milk Sub-committees to decide whether a supply 
is suitable. Many private supplies can often be improved at a reasonable cost 
but it may be necessary in certain cases for the producer to treat all water 
used for dairying purposes with hypochlorite or other suitable disinfectant, 
or a bacterial filter—e.g. "Sterasyl"—is often best for a fairly small supply. 
Failure to use a suitable supply of water can result in many defects in milk; 
for further details reference may be made to Davis.20 

5. THE FISH INDUSTRY 

A. Bacteriological Considerations 

1. Fish other than Shellfish 
Water used for washing and cleaning such items as fish boxes, filleting 

troughs, tables, factory floors etc., should be of potable quality. Generally 
speaking there are no specific requirements laid down, but the Department 
of Fish in Canada21 has specified that "an adequate supply of safe, sanitary 
water of mean probable number of coliform bacteria of 2 or less per 100 ml 
or of water from an approved source, under a minimum operating pressure 
of 20 lb/in2 shall be provided for all uses in an establishment. If non-approved 
water is supplied to an establishment for fire protection, boiler or auxiliary 
services, there shall be no cross connection between the auxiliary water 
system and the system carrying the approved water". 

Psychrophilic bacteria such as Pseudomonas and Achromobacter liable to 
cause spoilage are always present on the slime on the skin, the gills and often 
in the intestines of newly caught fish. Water, provided that it is of a potable 
standard should not be a source of these organisms, but contaminated ice 
may be a source of spoilage organisms.22 Castell and Triggs2^ reported counts 
as high as 5 x 106 per g on ice from the bunkers of commercial trawlers and 
Castell et al.24 obtained counts of lOMO? per g on trawler ice. 

2. Shellfish 
It is important that shellfish such as oysters, clams and mussels should not 

be grown in grossly polluted waters. United States practice is described25 in 
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Public Health Service Publication No. 33. In this it is stated inter alia "a 
sanitary survey shall be made of each growing area prior to its approval by 
the States as a source of market shellfish" . . . "All actual and potential 
growing waters shall be classified as to their public health suitability for the 
harvesting of market shellfish". On the basis of sanitary survey information 
actual and potential growing waters are classified as approved, conditionally 
approved, restricted, or prohibited. In the sanitary survey, bacteriological 
examination of the growing waters is an important component, and generally 
in approved areas the coliform median MPN of the water should not exceed 
70 per 100 ml. 

In Britain, standards are not laid down for the bacteriological quality of 
water in which shellfish are grown, approval of the suitability of shellfish for 
consumption being in the hands of the Medical Officer of Health acting 
for the appropriate local authority in the area in which the shellfish are 
marketed. 

After removal from a growing area, shellfish may be cleansed by 
conditioning in bacteriologically pure water whereby any possibly patho-
genic bacteria are voided from the shellfish. Regarding treatment of 
the water it is stated :25 "Many of the earlier investigators suggested that 
purification be accomplished in tanks using water which had been subjected 
to a treatment process. The analogy with water treatment was carried to the 
point of recommending a chlorine residual in the purification tanks. However, 
fishery biologists have shown that shellfish pumping is decreased or inhibited 
by even small quantities of chlorine." 

In view of the sensitivity of shellfish to chlorine, a recent tendency in Britain 
has been to disinfect by ultraviolet light the water used for self purification. 
Since ultraviolet radiations leave no by-products, the sterilization of the water 
can take place at the same time as the shellfish are cleansed. By circulating 
the water through a sterilizing unit a number of times the period of exposure 
may be increased as desired—a separate water storage tank is not required.26 

The usual period to allow for self-purification is 48 hr. 

B. Chemical Considerations 

It has been suggested that if possible sea-water should be avoided for 
washing fish before canning. This is believed to prevent or slow down 
considerably the formation of struvite (magnesium ammonium phosphate) 
crystals in canned fish. For instance, in lobster meat there are usually plenty 
of phosphorus and ammonia compounds, but not usually sufficient mag-
nesium for struvite formation, but this latter element will be supplied from 
sea-water unless removed by a fresh water wash. However, struvite formation 
can be prevented by the use of sequestering agents.2? 
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6. VEGETABLES AND FRUIT (FRESH AND CANNED) 

A. Fresh Fruit and Vegetables 

The risk of disease through eating fresh fruit and vegetables contaminated 
with pathogenic organisms is of course very real in tropical countries with 
low standards of hygiene, but is not usually a problem in temperate zones. 
However, the great increase of spray irrigation for vegetable crops in the 
United States and parts of England for instance, has raised certain questions 
in connexion with hygiene. 

When water from a clean river is used in temperate countries for spray 
irrigation there is probably little hygienic risk, but where waters highly 
polluted with sewage effluent or sewage effluents themselves are used, the 
problem of a health hazard may arise. Obviously, where fruits or vegetables 
which will be eaten raw, such as lettuce, are concerned, there will be a greater 
hazard than in the case of vegetables or fruit which are to be subsequently 
heat-treated. 

The use of sewage effluent for irrigation was mentioned in an O.E.E.C. 
Report28 in which it was stated: "In areas where the rainfall is light and the 
climate warm, settled sewage is being used with success for the irrigation of 
crops in America. Wartime Studies by Dr. Rudolfs and Professor Heukele-
kian of Rutgers University have indicated that if sewage irrigation ceased 
thirty days before the crop is to be harvested, no contamination of the crop 
was noted." 

In the U.K., where spray irrigation of crops such as lettuce by river water 
which may be polluted is practised, the supply is sometimes chlorinated. A 
marginal dose of chlorine (e.g. 1 ppm) which will be dissipated before the 
water reaches the crops, is given at the source and although this will only 
probably destroy a proportion of the bacteria, nevertheless a useful reduction 
can be achieved, which will materially reduce the chances of any infection 
from the crop. 

The practice of washing and packaging fresh fruit and vegetable crops for 
the market has greatly increased of recent years and clearly it is desirable that 
water of a potable standard should if possible be used for washing purposes. 

B. Canning 

1. Chemical Aspects of Water Quality 
The hardness of water is important in the canning of leguminous vegetables 

such as peas, Lima beans and other kinds of beans. Excessively hard water 
will cause hardening of the skins, while water containing no hardness may 
cause a too soft testure of the product and cloudiness of the brine. 
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The skin of leguminous vegetables is said to act as a base-exchange mem-
brane and in excessively hard waters calcium and, to a lesser extent, mag-
nesium may exchange for sodium and potassium in the skin, resulting in 
hardening. Conversely, with a very soft water the reverse exchange occurs 
and calcium and magnesium are removed from the skin, resulting in soften-
ing. Optimum limits for the hardness of water used vary with several factors 
but generally it has been found that water with a total hardness of 85-170 mg/1 
is best for peas, succulent Lima beans, field peas and most dry beans, while 
for dry Lima beans water of hardness of 170-255 mg/1 is preferable.29 

The greatest effect of the water is noticed during soaking and blanching 
operations. The length of time, temperature and proportion of water to 
vegetable are the main factors influencing the ion-exchange process. For 
example, constant change of water during soaking or blanching replenishes 
the supply of calcium, magnesium or sodium in the water and increases the 
action on the texture of the vegetable. 

The use of hard water for canning beet may result in the appearance of 
white crystals of calcium salts on the surface of the cut vegetable. Apart 
from these effects, hardness in water does not usually have a deleterious effect 
on canned fruit and vegetables. 

Water for canning should be of good chemical quality with regard to odour 
and taste, and iron and manganese should not be present in significant 
quantities. Soft waters with excess alkalinity are undesirable for cooling 
cans, as the tin will tend to be removed in the form of surface "spangling" 
or stripping and even partial removal of the coating will render the tins liable 
to rusting during subsequent storage. Chromâtes are sometimes used as 
corrosion inhibitors. 

2. Bacteriological Aspects of Water Quality 
It is generally accepted that cans cooled in water containing a high 

bacterial population have a higher rate of spoilage than when water of good 
bacterial quality is used, and the Aberdeen typhoid outbreak in 1964, high-
lighted the danger to health of using untreated river water for cooling 
purposes. 

After filling, cans are cooked under pressure in autoclaves to ensure the 
sterilization of the entire contents. At the end of this process the cans are 
cooled and, during this cooling, the pressure of the cold water probably 
exceeds the internal pressure of the can. The report of the Departmental 
Enquiry into the Aberdeen typhoid outbreak of 196430 stated on page 21 : 
"It seems to us, however, that to subject any can to a very high temperature 
and considerable pressure for a period of hours must impose a certain 
amount of strain on the can's construction. On this particular point we have 
taken evidence from microbiologists intimately concerned with the canning 
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industry. They have put forward the view, which is supported by their personal 
observations and experience, that while the cans are being sterilized, they 
may develop minor defects such as small leaks in the seams and pin holes in 
the tin plate itself. As described in the previous chapter, after sterilization, 
the cans are cooled by introducing under pressure cold water into the auto-
claves. At this point we believe that the risk of contamination is greatest. 
When the cooling water is of potable quality, the chance of an infective risk 
to consumers seems to us to be negligible, but where the water is drawn 
direct from a river which, even under the most favourable circumstances, 
will certainly be polluted, the risk of contamination is, in our view, so high 
as to be unacceptable." 

The Report of the Departmental Committee of Enquiry3*) concluded 
(page 42) that "the cause of the original infection in Aberdeen was most 
probably a can of corned beef infected by the typhoid bacillus during the 
manufacturing process; and that such contamination was caused by polluted 
river water gaining access to the can during the cooling process"; it recom-
mended (page 43) "It should therefore be a condition of acceptance of such 
canned meats that the water used during the canning processes would be of a 
bacteriological standard equivalent to that of safe drinking water." 

The subject of the bacterial quality of cooling water had been discussed in 
several publications prior to the Aberdeen typhoid outbreak. For example, 
Scott31 and Bashford,32 described studies of the effects of chlorinating water 
used for cooling, while the Continental Can Company,29 discussing the re-use 
of water in canning factories, emphasized that all water received and in-
tended for re-use in either the same equipment or in other operations should 
be chlorinated and stated: "this is particularly important for water intended 
for re-use in can cooling equipment to prevent excessive bacterial build-up 
and resulting spoilage of processed cans." 

7. FROZEN DESSERTS 
The absence of chlorine in water used for making certain frozen desserts 

is important. Thus the syrup used for making iced lollies is liable to contain 
small amounts of a phenolic substance which will react to give a chlorphenolic 
taste. 

Where sodium alginate is used as a stabilizer in the manufacture of water 
ices a certain minimum concentration of calcium ions must be present in the 
water for gel formation to take place as this depends on the formation of 
calcium alginate. The critical ratio is approximately 1 part of calcium to 2 
parts of sodium and although certain water supplies (e.g. the London, 
Metropolitan Water Board supply) contain sufficient calcium for gel forma-
tion, soft waters may not. 



16 R. C. HOATHER AND E. ENGLISH 

In such cases it is necessary to add calcium ions to the system and this may 
be done by the following methods, (i) By mixing a sparingly soluble calcium 
salt with a solution of soluble alginate. The rate of solution must be so slow 
that the calcium salt can be uniformly dispersed through the solution before 
gelling starts, (ii) To use as a source of calcium, a salt which is insoluble in a 
neutral solution but soluble in acids, (iii) To use a retarding agent which will 
delay the liberation of calcium ions. Various phosphates are most commonly 
used. Combinations of two, or even all three methods are often used in practice. 

8. BREWING 

Quality of the production water used in brewing, termed the "liquor", 
varies with the type of drink being produced. During the mashing stage a 
conversion of starch occurs by enzymic action to simpler carbohydrates 
including glucose, fructose, maltose, maltotriose, maltotetrose and dextrins. 
These enzymic reactions are very pH dependent. 

A most important characteristic of the liquor at this stage is the bicarbonate 
and calcium content. Calcium ions tend to precipitate insoluble tri-calcium 
phosphate with the liberation of hydrogen ions and hence to increase the 
acidity of the liquor by decreasing the pH. 

2 (HP04)2" +3Ca2+->Ca3(P04)2+2H+ 
Bicarbonate acts in the reverse direction. An increase in bicarbonate con-

tent shifts the equilibrium 
H++HC03-^H20 + C02 

from left to right, with a resultant pH increase due to abstraction of hydrogen 
ions from the system.33 

Enzyme systems operating at mashing include α-amylase with a pH 
optimum at 5-7, ß-amylase with an optimum at 4-7 and proteolytic enzymes 
with optima 4-6-5-0. With a liquor having relatively high calcium ions 
content and a low bicarbonate concentration increased saccharification and 
proteolysis will occur. With a water containing a high concentration of bi-
carbonate ions, less saccharification occurs with resulting decrease in wort 
fermentability and more undegraded proteinaceous matter.33 

At the boiling stage, a lower pH water leads to less extraction of bitter 
material from the hops and less colour development, the reverse occurring 
at a higher pH. 

Originally, certain types of beers and stouts were produced at centres where 
the water supply was suited to a particular type of drink—the pale ale produced 
by the highly gypsous waters at Burton-on-Trent being well known, for 
instance. Harris33 quotes the typical figures in Table 2 for well-known 
centres. 
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TABLE 2. Mineral contents of brewing waters 

ratio 
Total Salts calcium+magnesium 

Type (ppm) carbonate 

Burton-on-Trent (Pale Ale) 1230 100/25 
Dortmund 1010 100/60 
Edinburgh 800 100/70 
Dublin and Munich 270 100/97 

9. THE SOFT DRINKS INDUSTRY 
The chemical requirements for production water used for soft drinks and 

carbonated beverages are among the most exacting of any branch of the food 
industry. The ideal for water used in this industry is that it should be clear 
and bright in appearance, free from colour (where colourless drinks are 
concerned, a colour not greater than 5 Hazen units is often stipulated), 
odourless and tasteless and as free as possible from organic matter. In 
addition it is often undesirable for the alkalinity to be greater than 50-
100 ppm as CaCOß. Many public water supplies, although quite wholesome 
and potable, are not up to the standard required for soft drinks manufacture, 
or if generally up to standard may drop below it at times. In order, therefore, 
for the manufacturer to be able to produce at all times a beverage of uni-
formly high quality, further treatment of many public supplies is necessary. 

A. Treatment of Water for the Soft Drinks Industry 

If the public mains supply is derived from a surface source such as an 
impounded upland water, a river, or an impounded lowland source—as 
public supplies increasingly are—a full treatment consisting of coagulation 
(usually in conjunction with superchlorination) followed by sand filtration with 
a final passage through a bed of granular activated carbon is often adopted. 
A continuous process involves dosing the incoming water with a coagulant 
and chlorine and possibly an alkali as well, retention in a settlement tank 
(often of the "sludge blanket" type) followed by pressure sand filter and 
carbon filters. The coagulants most commonly used are aluminium sulphate 
or ferrous sulphate (copperas), which latter is oxidized to a mixture of ferric 
sulphate and ferric chloride by chlorine before application to the water. For 
ease of control the use of chlorinated copperas with the addition of lime to 
raise the pH is often preferred to aluminium sulphate, especially where waters 
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of low alkalinity are concerned. Although generally the lower the pH at 
which coagulation is carried out the better the removal of colour and organic 
matter, the pH range at which an aluminium hydroxide floe is successfully 
formed is often quite narrow, e.g. from 5-5 to 6-0. If, because of deficiency 
of natural alkalinity in the water, lime or soda ash is used with the aluminium 
sulphate, the dosage needs to be very strictly controlled otherwise aluminium 
is liable to pass through the filters. If this subsequently deposits out as very 
fine floe it is liable to cause great difficulties in bottling carbonated beverages. 
The very fine particles act as nuclei for the liberation of carbon dioxide and 
the whole foams over (a process known as "fobbing") resulting in grossly 
underfilled bottles. 

With chlorinated copperas and lime the pH range for successful floccula-
tion is not nearly as critical, so this process tends to have become standard 
for soft drink treatment plants, although, as stated above, it is not so efficient 
for removing colour and organic matter. However, it is usual to add 
sufficient chlorine to give a high residual after sand filtration—at least 
6 ppm34—which will tend to bleach any colour not removed by the ferric 
hydroxide floe. A further advantage of this process is that any iron or 
manganese present in the water will also probably be removed at the high 
pH and if the raw water alkalinity is too high, sufficient lime can be added to 
reduce this to the required figure. 

It is important that chlorine should not be present in the final water or off-
flavours may result and an activated carbon filter filled with a grade of carbon 
specially designed to remove chlorine is usually preferred, as it is automatic 
in action. The use of sulphur dioxide for dechlorination (as is usually used in 
public supplies) would require very close control and so would not be favoured. 
It is necessary to be able to backwash the filters regularly and also, in the 
case of carbon filters, to sterilize them periodically with steam to prevent 
proliferation of bacteria in the carbon. In order to prevent any particle of 
carbon reaching the final water, a layer of sand may be placed under the 
carbon, or paper disc filters may follow the carbon filters. 

The above method of treatment is the most comprehensive and is installed 
at the largest soft drinks manufacturing plants. However, in many smaller 
plants simpler methods of treatment may be adopted, concerned mainly 
with filtration and disinfection. 

Several types of filter may be used such as porous candles (filters im-
pregnated with finely divided silver which are self-sterilizing are now avail-
able), kieselguhr (or diatomaceous earth filters) where an element supports 
a cake of kieselguhr which forms the filter medium, and cloth and paper 
filters, in addition to the sand and carbon filters mentioned above. With 
kieselguhr filters a positive pressure must continually be operated on the 
cake and intermittent operation is unsuitable for this type of filter. 
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For disinfection, chlorine is the most commonly used agent, but ozone 

and ultraviolet radiation may also be employed. Ozone is often effective in 
reducing the colour of peaty waters and it will also remove certain tastes and 
odours, but is unsuitable if appreciable manganese is present in the water. 
Ultraviolet radiation has the advantage that no chemicals are introduced 
with the water, but waters must be perfectly clear and free from colour for 
this form of treatment to be successful. 

B. Organic Matter in Water 

In waters from upland sources where the main organic matter is associated 
with peaty colour, there is usually little difficulty in removing the major 
part of the organic matter with the colour, by means of coagulation. On the 
other hand, a supply from a lowland source may often be clear and colourless 
and yet at times have sufficient organic matter in solution to cause trouble. 
Cases occurred during the dry summer of 1959 where prolific growth of the 
blue-green alga Microcystis in reservoirs caused the presence of organic 
matter in the mains water, especially where this had been treated by slow 
sand filtration or softening. On lowering of the pH this organic matter 
slowly flocculated out resulting in spoiled batches of product, and this 
type of spoilage, where the appearance of the floe is slow, is naturally of 
great concern to the manufacturer. The bulk of this organic material can be 
removed by flocculation with aluminium sulphate at a low pH, followed 
by filtration and this method had to be adopted as an interim measure. A 
batch process can often be improvised, using two tanks holding a day's 
supply of process water. One of the main problems is to start treating the 
water at an early enough stage to prevent wastage of batches of beverage and 
as mentioned below, liaison with the public authority supplying the water 
can often be of help here. 

C. Alkalinity Reduction 

Except where soda water is involved, when a medium hard water is 
claimed to be superior, alkalinity in a water used for soft drink manufacture 
is undesirable, as it will neutralize some of the acidity of the beverage. The 
addition of excess acid to neutralize high alkalinity in a water is open to 
objection, and excess alkalinity is best removed by lime treatment or ion 
exchange^4 The former can be operated as a combined softening and co-
agulation process; if the latter process is used a cation ion exchanger operat-
ing on the hydrogen cycle can be used. All the water may be treated using 
the "starvation" process when only the bicarbonates are converted into 
carbonic acid, and chloride and sulphate pass through unchanged. This can 
be followed by degassing if desired. Alternatively, part of the water may be 
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treated so that all the salts are converted into acids. This is then followed by 
blending with the remainder of the untreated water to give the desired 
alkalinity. 

Total solids reduction is required only where brackish waters are con-
cerned. In this case the water is treated by cation-anion exchange resins in 
series or in mixed beds, by ion-exchange membrane systems, or by distilla-
tion. This type of treatment will normally only be given in countries where 
fresh water is scarce (e.g. the Middle East). 

D. Standards for Product Water 

In addition to requirements for alkalinity, colour, odour and taste men-
tioned above, Moore34 gives the following desiderata 

Total dissolved solid Not greater than 800 ppm 
Chloride (Cl) Not greater than 250 ppm 
Sulphate (SO4) Not greater than 250 ppm 
Iron and manganese Not greater than 0-3 ppm 

Preferably not greater than 
0-1 ppm 

Aluminium Not greater than 0-05 ppm 

Copper may catalyse the oxidation of flavours, cf. Section 4. 
As in dairying, it is important that the final rinse should be soft or chemicals 

such as the polyphosphates, should be added to the water if it is not softened, 
to avoid the formation of scale on the bottles. Again, the rinse water should 
be disinfected either by chlorine, quaternary ammonium compounds, or 
ultraviolet radiation. 

10. WASTE-WATERS FROM THE FOOD INDUSTRIES 

A. Introduction 

Industrial effluents have normally to be discharged to an inland river, or 
to an estuary or the sea, or to the sewer of a local authority and increasingly 
throughout the world, these discharges are having to conform to standards 
of quality imposed by regulating authorities. The standards vary considerably 
from country to country and may be appreciably different in different parts 
of the same country. Thus, for example, for effluents discharged to inland 
rivers the quality required is likely to be highest where the dilution afforded 
by the stream is small, or where the water supports a fishery or is used for 
domestic supply. Again, the standard imposed by a local authority for an 
industrial effluent discharged to its sewers is likely to depend on how big a 
proportion this is of the total load to be treated, and on the standard of 
quality of the sewage effluent imposed by the River Authority. Thus methods 
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of treating waste-waters from the food industries (as from other manufacturing 
processes) range from those giving complete treatment, to yield an effluent 
which can be discharged into a small stream, to those giving partial treatment 
only, producing an effluent which a local authority will allow to be discharged 
to its sewer, or which perhaps will be suitable for discharge to the saline 
reaches of an estuary. 

Many of the more difficult industrial effluents to dispose of are those which 
contain substances toxic to bacteria or to fish, or constituents which are not 
decomposed, or are decomposed only slowly, by the microbiological processes 
used in the treatment of sewage. Generally, waste-waters from the food 
industries do not contain substances of this kind; their constituents—mainly 
organic substances of natural origin—undergo bacterial degradation at 
much the same rate as those of domestic sewage. The chief difficulty in dis-
posing of them is that in some the weight of organic matter discharged is 
very great, and the cost of removing it to give an effluent which can be dis-
charged to an inland stream, correspondingly high. 

B. Standards for Effluents 
In Great Britain the standard of quality most likely to be applied by River 

Authorities to effluents from the food industries discharged to inland rivers 
would be substantially the same as would be imposed on sewage effluents 
in similar circumstances, the most important requirements being that the 
rate of discharge should not exceed a stated value, that the biochemical 
oxygen demand (BOD) in five days at 20°C should not exceed 20 mg/1, and 
that the concentration of suspended solids should not be greater than 
30 mg/1. These limitations for example are the basis of the standards normally 
imposed by the Trent River Authority35 who require in addition that the 
temperature shall not be higher than 30°C, that the pH value shall be between 
5 and 9, and that the permanganate value shall not exceed 20 mg/1. In a few 
areas where rivers are already too polluted to contain fish the standards 
imposed maybe less stringent than this; in others, particularly where rivers 
are used for domestic supply, they may be more severe. Recently, a survey 
was reported by Wheatland3^ covering 384 dairies in Great Britain handling 
58 % of the total milk produced; 311 discharged their waste-waters to sewers 
and of the 73 others, 54 operated their own effluent treatment plants; of 
the 42 which had to comply with a River Authority's standard for effluent, 
in 36 cases the standard imposed was the "normal" one (biochemical oxygen 
demand not exceeding 20 mg/1) and in the other cases it was more stringent. 

Most of the determinations included in the chemical examination of efflu-
ents give an unambiguous result. With effluents of good quality, however— 
as for example from the biological treatment of milk wastes—the figures 
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returned for biochemical oxygen demand may be misleading if oxidation of 
ammonia occurs during the 5-day period of incubation.37 Methods of analysis 
are generally similar to those used for the examination of water, but it is 
becoming usual to include a determination of chemical oxygen demand 
(oxidation with dichromate) as a measure of total organic matter present. 
Direct tests of toxicity to fish are not normally required with effluents from 
the food industries. The methods of chemical analysis commonly used in 
Great Britain are those recommended by the Ministry of Housing and Local 
Government38 and the Society for Analytical Chemistry.39 In the United 
States, analytical methods given for waste waters in "Standard Methods"5 

are used. 

C. Reduction of Polluting Load at Factory 

In view of the large amount of organic matter to be disposed of from the 
food industries, it is important to reduce as far as possible the quantity 
allowed to pass forward for treatment in the waste waters. This has been 
done, for example, at many dairies and milk products factories, where losses 
have been reduced from the equivalent of more than 1 % of the milk handled 
to around 0-2% by such measures as thorough draining of churns, and rinsing 
vessels with a small volume of water and disposing of the concentrated rinsings 
separately, before the washing process proper. Very large reductions in 
organic load for disposal are now usually made also at slaughterhouses and 
meat products plants, by recovery of blood, skimming off fat from separating 
tanks, separate disposal of paunch manure and the like. It is sometimes 
possible to reduce considerably the strength of waste-waters by preventing 
organic substances already in a solid state from being washed into them; 
an instance is the collection of dried whey spilt on floors. 

In some industries recovery of solid saleable products has been found to be 
the cheapest form of disposing of material that would otherwise require 
treatment. Examples are the concentration of "pot ale" at whisky distilleries 
and recovery of solid material as animal feeding stuff, and the recovery of 
yeast from waste-waters from breweries. In the recovery of sugar from sugar-
beet the most economical solution of the otherwise very formidable problem 
of effluent disposal has been found to be separate re-use of both process 
water for extracting the sugar, and of the much larger volumes of water used 
for the hydraulic transport and washing of the beet; a well-documented 
account of this has been given by Henry.40 As with recirculation techniques 
in other industries handling organic materials, measures have to be taken to 
prevent the build-up of bacteria and their metabolic products, both by design-
ing the recirculation system to minimize stagnation and by applying some 
form of disinfection—chlorination, pasteurization and addition of sulphuric 
acid have been adopted at different sugar factories. 
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In order to plan and experiment with any system of reduction of loss in a 
factory it is of course first necessary to determine the volume and strength 
of the usually numerous waste liquids which make up the total plant effluent. 
It is sometimes economic to segregate strong wastes from dilute, treating 
each by a different process (as for example, in the manufacture of whisky, 
concentration and drying of the residue from distillation, but biological 
treatment of the comparatively weak washing waters), and a reduction in 
volume can often be made by excluding cooling water and surface water from 
the plant effluent. 

D. Methods of Treatment 

In the food industries the method of effluent treatment used, whether by 
the manufacturer or a local authority, is almost certain to be biological. 
Treatment plants of this kind operate best when there is as little variation as 
possible in the volume and composition of the incoming liquid. Where, as is 
often the case, effluents are produced intermittently (from dairies during 
the daytime only, for example, or strongly alkaline wastes when equipment 
is cleaned) it may be essential to provide a balancing tank (which it may be 
necessary to aerate, mechanically or by bubbles of air to prevent septicity) 
before the treatment plant or before discharge to a sewer. 

In some food industries, particularly those dealing with vegetables and 
fruit, a large part of the organic matter in the waste-waters is initially present 
as solid matter from which, however, soluble substances are leached out 
during continued contact with the liquid. Some form of screening is usually 
provided, but it is often possible to increase the quantity of solid matter 
recovered by using coarse and fine screens in succession. The greater the 
quantity of solids recovered at this stage, the smaller will be the amount of 
liquid sludge when the effluent is passed through sedimentation tanks in the 
next stage of treatment. 

It is generally found, in Great Britain, that where a trade effluent can be 
discharged to the sewer of a local authority, the charge levied by the authority, 
representing the additional cost incurred by them, is less than would have 
been incurred by the manufacturer in treating the effluent in his own plant. 
Treatment plants moreover are not always free from nuisance—from small 
flies from percolating filters for example, and particularly from smell from 
the drying of sludge. This latter is often the most troublesome part of the 
whole process of treatment. If the industrial load is very large, however, or 
if the trade effluent is very strong, it may be necessary, or financially desirable, 
for the manufacturer to pre-treat it before discharge to a sewer. In that case, 
since the object is to remove organic matter as cheaply as possible without 
having to produce an effluent of good quality, efficient, high-rate, methods 
of partial treatment can be used. Examples of these are the anaerobic digestion 
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of slaughterhouse wastes, giving a reduction of about 90% in BOD41 

and aerobic treatment in high-rate percolating filters or by the activated 
sludge process. The use of plastic packings in high-rate filters to minimize 
ponding is increasing. Loadings up to six or more pounds BOD per cubic 
yard per day have been employed as compared with values usually not 
greater than 0-2 pound per cubic yard per day in conventional treatment. 
Examples are quoted by Chipperfield,42 of which a typical one is the treat-
ment of vegetable processing waste at an average loading of 2-75 pounds per 
cubic yard per day, the BOD being reduced by 82% from 1645 mg/1 to, 
329 mg/1. Similarly, in a recent test of a form of the activated sludge process 
("contact stabilization") at a loading about 15 times as great as would be 
used in the conventional treatment of sewage, the BOD of a dairy waste was 
reduced from about 1500 mg/1 to 500 mg/l.4^ 

Both biological filtration and the activated sludge process are used in the 
treatment of wastes from the food industries where it is necessary to produce 
a final effluent of good quality for direct discharge to a stream. In a comparison 
of the two methods treating dairy effluent some years ago, however, it was 
found that the operation of filters was less upset than was the activated sludge 
process by the sudden fluctuations in strength of the waste-waters which 
sometimes occurred at the milk products factory. From this work treatment 
by "alternating double filtration", a modification of the conventional filtra-
tion process, was recommended, the purpose of the modification being to 
prevent ponding by the luxuriant surface growths of fungi and bacteria which 
occurs when liquids containing milk are treated. Of the 54 treatment plants 
in Great Britain, previously referred to, 53 were using this process and only 
one the activated sludge process. Recently, prefabricated activated sludge 
plants made of steel have become available and another development is the 
use of the "oxidation ditch" (e.g. for treating effluent from malting4^) 
reported to be cheaper than plant of conventional construction. Whatever 
form of treatment is used, it is likely that if the final effluent has to comply 
consistently with a standard more stringent than the "normal" (BOD below 
20, suspended solids below 30 mg/1) some form of tertiary treatment to reduce 
the concentration of suspended solids will be necessary. Several forms of 
tertiary treatment are used, including passage over grassland or through a 
lagoon, slow or rapid sand filtration, microstraining, and upward-flow 
flocculation; their relative performance has been observed by Truesdale and 
Birkbeck.44 

Waste-waters from some food industries, e.g. from canning vegetables and 
fruit, have a large seasonal fluctuation in volume and it is difficult to provide 
a treatment plant at an economic cost. Where a large area of land is available 
they have been disposed of satisfactorily by spray irrigation but it is im-
portant to ascertain that the quality of water from wells in the vicinity will 
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not be impaired, either by organic matter gaining access to them, or as a 
result of the establishment of anaerobic conditions below ground. 

One other peculiarity of some food wastes (effluent from cider making is an 
example) is that their content of nitrogenous compounds may be too low to 
allow satisfactory treatment by biological processes; in such cases an am-
monium salt (usually the sulphate) and sometimes phosphate also are added 
before the biological stage of treatment. 

11. CONCLUSION 
A brief survey has been given of the uses of water for various purposes in 

the food industry, but a word may be said about the problems which are 
arising due to increasing industrialization. In Great Britain originally many 
public supplies were derived either from underground sources, and were 
usually of a high degree of organic purity, or from upland gathering grounds 
where any organic material was usually associated with peat staining which 
could be very effectively removed by coagulation and filtration. With the 
ever increasing demand for water both for domestic and industrial purposes, 
more and more river sources have to be relied upon, either by the use of direct 
river abstraction schemes or by pumping or gravitating from rivers into open 
storage reservoirs. At the same time as these rivers are being used as sources 
of supply, more waste waters are being returned to the rivers either via 
municipal sewage treatment plants or treated effluents from industry. It 
follows therefore, as has been emphasized in considering the treatment of 
waste-waters in various industries, that efficient treatment of effluents is 
becoming as important to these industrialized communities, as efficient 
treatment of water is for domestic and industrial use. 

Although water undertakings do endeavour to give satisfaction to in-
dustrial consumers, it should be appreciated that their main statutory 
obligation in the present context is to supply a wholesome water. The quality 
of their supplies cannot always meet the special requirements of particular 
industries. Very often these waters are suitable for many industrial uses 
without further treatment, but there are two types of circumstance where 
further treatment may be required. This may either be continuous, for example 
where treatment has to be given to a naturally very hard water to reduce the 
hardness for certain purposes (e.g. to prevent scaling of boilers), or it may be 
intermittent. An example of the latter was given in discussing the soft drinks 
industry where the sudden growth of a particular alga in a reservoir resulted 
in the production of a carbohydrate which flocculated out in the product at its 
lowered pH. Another example is where a public supply at a particular point 
may normally have a negligible chlorine residual but that due to some con-
tingency at the waterworks this residual has to be increased. This aspect was 
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discussed under Frozen Desserts and Soft Drinks. Where these unusual 
variations occur it would seem that on occasion time, money and labour 
could sometimes be saved by greater liaison between the industrialist and the 
water engineer than at present always occurs. Nothing exhaustive is suggested, 
but it would appear to be useful if an industrial works manager or works 
chemist had a general knowledge of the water sources and treatments from 
which his supply is derived, and also what problems are likely to arise at the 
waterworks from time to time. The water engineer or chemist will generally 
be the first person to know of any abnormality or unusual characteristic of 
his product and a timely word with any industrialist in his area likely to be 
affected might often obviate difficulties with, or spoilage of batches of pro-
duct, by enabling suitable corrective action to be taken at the factory in time. 
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