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ABSTRACT
The food processing industry is involved with the total environment from
the farm to the consumer. Particular emphasis is placed upon the need for
precise sanitary control in order to assure that water reuse and reclamation
programmes provide maximum protection for the safety and quality of the
product. Various means to minimise water use such as counter-flow systems,
temperature control. pH control, turbidity control and chlorination control
are reviewed. Design of equipment is a factor in effective sanitary conditions
and proper water utilisation.

Abatement of waste water pollution load must start in the plant and be
integrated with proper water utilization technique to reduce waste. Wherever
possible, waste solids should be handled dry and not flumed. Consideration
should be given to segregation of particularly concentrated waste streams
within a plant for separate treatment in order to reduce overall treatment costs
or surcharges from the municipalities.

Interesting concepts for utilizing the land as a sink for treatment processes
and solid waste disposal are discussed. A new concept of spray irrigation by
overland flow wherein the waste water is spread in a thin sheet to have a good
interaction zone with soil humus and the microbiological activity of the soil
organisms purify to achieve 99 per cent BODreduction, in a travel of approxi-
mately 225 feet. This is accomplished on relatively impervious soils with slopes
of approximately two to six per cent.

Solid waste disposal is a source of much concern now and especially for the
future. There is an interdependence with this problem between the grower,
the processor and the consumer. More research work has to be conducted to
reclaim the nutritional value in food wastes and to avoid unsanitary conditions
both on the farm, at processing plants, and in municipalities. There is a need for
attacking these problems on a regional basis and the possibility of centralising
recovery areas of wastes for by-product reclamation purposes in order to
achieve a more economical, feasible programme may be necessary, especially
for smaller processors. Our goal should be the elimination of transporting
any waste solids in any form in the various steps from the farm to the processor
to the consumer. Ideally, only perfect crops without culls, trims or rejects
should reach the food processor. In turn, the food processor should develop
convenience foods in edible packages, thus eliminating solids disposal at the
home.

INTRODUCTION
A food processing industry is involved with the total environment from the
farm to the customer. It is dependent upon good quality water and therefore
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is aware of water as a commodity which must be used as efficiently and
effectively as possible. Water is absolutely necessary for many steps in the food
processing industry. At present, there is no economical substitute. Conse-
quently, water conservation and water reuse are necessary and most of the
industry practices this in order to conserve this vital natural resource and
reduce operating costs. By practising conservation and reuse, the amount
of liquid waste is reduced as is also the pollution potential from food pro-
cessing operations.

REQUIREMENTS, REUSE AND SEGREGATION
The food industry as a whole uses prodigious quantities of water, but this

is not a consumptive use. The canning industry in the United States requires
approximately 40 billion gallons of water to pack approximately 800 million
cases of food each year. The water is required for fluming, washing, blanching,
pasteurizing, cleaning of process equipment, and cooling of finished product.

The quality of water that touches the product is of extreme importance. At
Campbell Soup Company, water purchased from a community or city
always goes through further treatment such as carbon filtration in order to
assure complete freedom from taste and odour. A uniform standard of
water is essential in order to be assured that the product made in any state
in the United States, and, in fact, any country in the world, has the same
quality and taste.
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Figure 1. Comparison of water replacement on the growth of mesophilic bacteria at 90°F.
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Historically, little consideration was given to the reuse of water both
because of its abundance and also because reuse was considered to be
hazardous because of the problems of bacterial contamination with subse-
quent spoilage of cans. An example of water use to maintain sanitary con-
ditions is shown in Figure 1 where the relationship of water exchange to
bacteriological conditions shows that unless 40 per cent of the water is
exchanged each hour, the growth rate of bacteriological organisms is
extremely high. Of course, in order to overcome this, other means of control
must be used such as chlorination. By development of new techniques such
as chlorination, reuse of water could be considered, but even so, quality is
the most essential factor and therefore sanitary conditions of operation
are the controlling criteria for the reuse of water. Much study and research
are required to ascertain the limitations of chlorine as a benefit in order to
prevent bacterial problems in the final product. The National Canners
Association has set up four principal conditions governing the use of re-
claimed waters in contact with food products. They are as follows: (1) that
the water be free of microorganisms of public health significance, (2) that the
water contain no chemicals in concentrations toxic or otherwise harmful to
man, (3) that the water be free of any materials or compounds which could
impart discolouration, off-flavour, or odours to the product or otherwise
adversely affect its quality, and (4) that the appearance and content of the
water be acceptable from an aesthetic viewpoint.

Water conservation can be achieved through the use of counter-flow reuse
systems. Such a system is shown in Figure 2 outlining a counter-flow system
for reuse of water in a pea cannery. At the top of the system, fresh water is

Spray

Tank
no 1

Legend
First use of waker

— *-Second use of water
— —* Third use of water

Wasted Wasted * Fourth use of water
— — Conc, chlorine water

Figure 2. Diagram of 4-stage counterfiow system for reuse of water in a pea cannery.

145



L. C. GILDE

used for the final product wash before the peas are canned and from this
point the water is reused and carried back in successive stages for each
preceding washing and fluming operation. As the water goes counter-current
to the product, the washing and fluming water can become more contamina-
ted and therefore it is extremely important, as shown in Figure 2, to add
chlorine in order to maintain satisfactory sanitation conditions. At each
stage, sufficient chlorine should be added to completely satisf' the chlorine
demand of the organic matter in the water. With this arrangement, satis-
factory bacteriological conditions should exist in each phase of the washing
and fluming program. The importance of chlorination to maintain satisfac-
tory sanitary conditions is graphically shown in Figure 3. When chlorination
was discontinued, the bacterial count more than doubled. As soon as
chlorination resumed, the bacterial counts were again brought under control.

—

I I I I I I I

AM 10 10 12 3 7 12 8
PM 13 24 2 5 13

Figure 3. Effect of chlorine concentration (reused water).

Proper design of the system is not only important from the standpoint
of water use and conservation but also from the standpoint of sanitary
conditions. Figure 4 shows a water reuse system in which the bacteriological
counts actually increase as the tomatoes move through the system. A much
better system is shown in Figure 5 where the condition of the tomatoes is
improved due to the use of sprays before changing from one flume system to
another. Many factors determine the final effectiveness. As an example,
tomatoes spray-washed on a roller belt where they are turned are almost
twice as clean as the same tomatoes washed on a belt of wire mesh construc-
tion. Also, warm water is approximately 40 per cent more effective in removing
contaminants as is the same volume of cold water.

Another recent development in the effective removal of contaminants has
been the use of detergents. Normally, drosophila eggs are extremely difficult
to remove from tomatoes with just conventional washing. These eggs are
laid in fresh cracks in the fruit and during certain weather conditions become
an extreme problem. It was found that water at approximately 140°F
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Warm water
1200 F

I

Product
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Warm Water
110°F

Tomatoes
After final wash
)Spore count:

I
7per lb Tomatoes

After belt:
Tomatoes ._ Spore count
After second flume

/ 26 per lb
Spore count: _______________
106 perlb

_____________ Belt

[fl I Flume
Recirculated water
total bacteria count:
2 790 000 per ml

Warm water
110°F
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Tomatoes
After first flume
,Spore count:
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Flume -J
overflow
total bacteria count:
8500000 per ml

Figure 5. Recommended arrangement of flumes, sprays and water use when dumping section can
be separated from remainder of washing system.
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Figure 4. Reuse and recirculation of water in tomato washing and Iluming. Recirculation of
water in the first flume caused an increase in spore count for tomatoes leaving the flume.

containing a low-foam, highly alkaline detergent at approximately pH 12
will remove more than 90 per cent of the eggs. Adequate spray-rinsing after
the detergent wash reduced the residue to a level much lower than could
be detected by any known chemical method of analysis.
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The previous paragraphs have highlighted the importance of the inter-
relation of process and water use. There always has been and will continue
to be a delicate balance between water conservation and sanitation. There
is no straightforward simple formula to obtain the least water use. Each case
and each food process has to be evaluated with the equipment used in order
to come up with satisfactory procedures involving water use, chlorination,
and other factors such as detergents. Unfortunately, the industry is faced with
counter demands. There is more and more a tendency towards bulk handling
of food, which then—based on our limited knowledge today—requires
seemingly larger fluming systems with more water to handle these large bulk
quantities of food. It is apparent, however, that the most effective means of
abating water pollution are in-plant modifications to reduce water consump-
tion under sanitary conditions and to prevent water-conveying of solid
wastes.

The discussion up to this point has been limited primarily to the fluming
and washing of foods. After limited processing, such as peeling, it is frequently
necessary to flume cut fruit such as peaches. This flume water is a source of
large water use and a potential waste load. Recently, it has been determined
that by controlling the pH by the addition of citric acid, it possible to reduce
the water use and also have no increase in bacterial numbers. As shown in
Figure 6, a pH of 4 will maintain optimum conditions with cut fruit, such as

800 pH 7.0

700

600° pH6.0
• 500

400

300
C

Uc 200

pH 5.0
100

0

1 2 3 4 56
Number of hours

Figure6. Effect of pH control on the growth of bacterial cells.

peaches. Figure 7 shows a typical system for controlling and monitoring the
conveying of cut fruit to maintain a constant pH of 4. The system not only
reduces the total volume of water required and therefore the amount of
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waste water discharged, but increases the product yield as a result of decrease
in the loss of solids due to leaching of sugar and acids. Consequently, there is
a reduction in the total pounds of organic pollutants in the waste water.
Another advantage is improved flavour and colour of the canned fruit due to
better retention of soluble solids.

It is not possible to cover all the concepts and ramifications inherent in
various food processing industries to reduce water and at the same time
maintain product quality while also reducing waste loads. Wherever possible,
the food should be handled by either a mechanical belt or pneumatic dry
conveying system. If possible, the food should be cooled by an air system
rather than the normal water cooling system. An outstanding example of
water conservation and waste reduction was described by Mr. Granville
Perkins of Artichoke Industries Inc. in Castroville, California at the recent
National Symposium on Food Processing Wastes in Portland, Oregon in
April, 1970. This operation, over a ten year period of time while the volume
of product processed increased, was able to reduce the volume of waste load
from 400000 gallons per day with a BOD of 1500 ppm to a present output of
40000 gallons per day with 1200 ppm BOD. This was accomplished by many
unique systems such as using fog nozzles for wetting product in order to reduce
the oxidation rather than flooding the product with sprays or fluming it in
water. Pneumatic separators replaced rod reel washers. Trimming machines
were redesigned to incorporate pneumatic separation at the point of cutting.
At every step, where possible, waste was separated from product and handled
dry. Product cooling water for the freezer line is recirculated, screened,
refrigerated and used over and over. A low-pH citric acid solution minimizes
bacterial buildup at the 50°F temperature. Blancher make-up water is held
to an absolute minimum since this is the highest BOD water within the plant.
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There certainly is a need for more innovative attacks throughout the food
processing industry such as has been accomplished in this plant.

The segregation of waste within a plant can be important to optimizing
the least-cost approach towards waste treatment. Figure 8 shows a typical
brewery and the fact that three per cent of the flow contains 59 per cent of the

Cooling and J Yeast and
cold storage fermenter

O°/0BOD 59°I BOO
flow

Hçf
Low

BOD. In a case such as this, it is normally less expensive to treat this small
flow separately rather than to mix it with the entire plant waste flow. This
can be of value when a plant treats its own wastes, or in cases when it releases
its waste to a municipality where surcharges might be required for high-
strength waste.

WASTE TREATMENT

The National Canners Association developed Table 1 to show the different
types of waste and how they can be treated. The asterisk indicates which of
these methods have been studied under special research projects by the NCA.
Figure 9 shows the complexity of waste treatment in a waste treatment maze
and the number of decisions and types and methods of treatment for a food
processing waste. There is no simple rule of thumb to guide the food processor
into the most practical and economical method of treatment. Each type of
system and approach may have merit, depending upon the peculiarity of
the local conditions or circumstances. The food processor, if he does not
have his own sanitary engineering staff, has to depend upon consulting
engineers and should be sure that those whom he calls upon to perform
such services have wide-spread knowledge in the area of the characteristics
of food processing wastes and how they can be treated in order that he can
receive through this service the most economical system possible.

Literature is well documented with most of the conventional methods of
food processing waste treatment systems. For this reason, this paper will
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MEASURES AGAINST WATER POLLUTION IN FOOD INDUSTRY

humus and, in particular, with the microbiological activity and the organisms
within the soil structure.

The pitch of slope in Paris ranges from less than one per cent to more than
12 per cent. Studies led to the conclusion that a flat slope encourages puddling
and subsequent anaerobic conditions while the retention time on a steep
slope was insufficient for complete degradation at normal application rates.
This established a design criterion of no more than six per cent slope but not
less than two per cent.

The area had been planted to Reed Canary Grass, Fescue, and Red Top
Basically any water-tolerant grass can be utilized but it has been found that
where the areas stay wetted, Reed Canary Grass will predominate. Reed
Canary Grass yields a large quantity of exceptionally high quality hay which,
according to nutritional analysis, approximates the value of first quality
alfalfa. The crude protein ranges up to 23 per cent and the mineral content
was nearly double the quantity found in other good quality hay. The harvest-
ing of hay provides an efficient method of reclaiming part of the plant
nutrients which are released when the vegetable matter contained in the
effluent decomposes. Sale of the hay realizes approximately an eight per cent
return on the operating costs.

The overland flow system has the outstanding capability of handling
shock loads on the one hand and periods of long shutdowns and immediate
start-ups on the other, producing excellent results in either case. In addition,
wide variations in effluent character such as occur during night cleanup
produce no adverse effects. As an example, the effluent flowing off the slope
never varies from 6.8 to 7.0 pH. whereas each night the waste applied on the
slope reaches a pH of 12 for approximately one hour and sometimes for as
long as three hours. Figure 11 provides dramatic evidence of this, showing the

Diurnal variation o.f electrical
conductivity of waste water

Diurnal variation of electrical
conductivity of field effluent
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Figure ii. Diurnal variation of electrical conductivity of waste water and of field effluent.
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diurnal variations of electrical conductivity on the slope for each of the
seasons of the year. The higher conductivity in the runoff during the summer-
time is due to the increase in evapotranspiration and the decrease in the
volume of runofil Analysis of ground water samples showed that while
mineral salts had increased markedly over a five-year period of time, the
total accumulation was not critical and there was some indication that the
rate of increase might be less. Based on the data accumulated to date, no
significant disturbance is anticipated to the soil structure for perhaps 35 to
50 years and an equilibrium stage due to rainfall will be reached some-
time in the interim.

If a single terraced slope is accidentally overloaded or suffers a mechanical
failure, the effluent treatment continues in the long terraces and waterways
before the effluent reaches the receiving stream. In other words, a great deal
of fail-safe capacity is built into the system.

The system is outstandingly successful even during the wintertime and
sub-freezing weather during which ice has accumulated on the ground
beneath the sprinklers. Until recent microbiological studies were made, the
exact explanation for this was not known. It is a well-known fact that the
respiration of microorganisms slows down as the temperature decreases.
However, in the system as this occurs and as winter comes along, the numbers
of organisms in the areas where the waste is applied increased many-fold
over the decreased metabolism rate of the organisms present, therefore
accounting for the excellent treatment. This is shown in Figure 12 where

1968 1969

Figure 12. Total microbial population on controls and test lots.
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MEASURES AGAINST WATER POLLUTION IN FOOD INDUSTRY

during the winter months the total number of organisms on the treatment
areas exceeds by many times the total number of organisms in the control area.

The overland flow surface filtration technique has been developed to the
point that an exceptionally high degree of waste purification has been
demonstrated. The system at Paris, Texas has averaged in excess of 99 per
cent reduction in BOD for over five years. Table 2 shows the efficiency of

Table 2. Treatment efficiency of the overland flow system

Parameter

Mean concentration, mg/I Per cent removal

Waste water Section Concentration Mass
effluent basis basis

Total suspended solids 263 16 93.5 98.2
Total organic carbon 264 23 90.8 —
Biochemical oxygen demand 616 9 98.5 99.1
Total phosphorus 7.6 4.3 42.5 61.5
Total nitrogen 17.4 2.8 83.9 91,5

the system for one year. The BOD applied has averaged less than 10 ppm
BOD. This unique technique of treatment now extends the highly efficient
performance to areas of impermeable soil where spray irrigation use was
formerly considered impossible or impractical.

Another example of adapting waste treatment systems to the natural
environment and geographical conditions is the poultry processing operation
of Campbell Soup Company in Sumter, South Carolina. At this site, the soil
had a high infiltration capability for the first five to seven feet and then a
denser clay structure was encountered. The land was absolutely flat and any
heavy dosage of waste would have created a quagmire or marsh. The entire
field was under-drained at 200-foot spacings with perforated pipe wrapped
in fiber glass matting. This pipe conducted the drainage to a natural lagoon
which is known locally as a Carolina Bay or savannah. This is shown
diagrammatically in Figure 13. The concept of treatment was to have com-
plete biological decomposition with the spray system and to follow up with
a polishing pond. In actual operation, the infiltration rate of the sub-soil
is sufficiently high as to keep the drainage to the lagoon at approximately
ten to sixty per cent of the applied flow depending upon the season of the
year and the amount of evapotranspiration. Of course, not all of the water is
passed off to the atmosphere. A major portion of the water infiltrates into
the ground because of the fact that the drainage field acts as a french drain
system so that although in the immediate area of application the perforated
pipe is quite active in carrying the water to the lagoon, the flow travels through
so much unsaturated area it reinfiltrates into the sub-soil and therefore there
is a water loss on the way to the lagoon.

This system has also been highly efficient. The sprays are laid out on a
permanent underground system. There is no above-ground piping. The
sprays are on a 120-foot triangular spacing. The application rate exceeds on
some days one inch per day. The etliciency of the system is 99 per cent on a
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Table 3. Production of total solid wastes—Calikrnia, 1967*

Category of waste Amounts produced
(millions of tons)

Agricultural wastes:
Animal manures 21.8
Fruit and nut crops 2.4
Field and row crops 10.7

industrial wastes
Food processing 2.1
Lumber industry 8.0
Chem. and petroleum 0.5
Manufacturing 3.1

Municipal wastes:
Residential 8.9
Commercial 9.7
Demolition 3.0
Special 1.3

Total of solid wastes 71.5

From industrial Solid Waste Production and Disposal in
California. James Cornelius. California Vector l'iews. 16, No.5;
May (1969).

tonnage of harvested crops hauled to the market. Of course, the most
significant of all farm wastes are the animal manures.

Studies by the National Canners Association have shown that to process
100 pounds of raw foods for the American housewité requires on the average
that 36 pounds of waste materials be produced in the cannery. Again, on the
average, 18 of the 36 pounds of waste are recovered as animal feed or by-
products. Of the 36 pounds of waste, ten pounds must be handled and dis-
posed of as wet solid waste. The interesting factor here is that the canner's
role in preserving raw foods is most important, for if this entire food pro-
cessing were done by the housewife, instead of more than 50per cent recovery

Table 4. Production of solid waste in the processing of each 100 pounds of selected foods

Product
Total waste
produced

(Ibs)

Utilized as
by-product

(Ibs)

Handled as
solid waste

(Ibs)

Apples 30 20 10
Beans, green 20 9 11
Beets, carrots 53 30 23
Citrus 50 43 7
Corn 65 62 3
Crab, shrimp 72 8 64
Fish 36 22 14
Olives 14 12 2
Peaches 27 5 22
Pears 36 9 27
Peas 13 9 4
Potatoes (white) 49 28 21
Tomatoes 12 21 10
Vegetables (misc.) 32 13 19
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of waste as a by-product, the 36 pounds of solid waste would be discharged
to the sewer or placed in the garbage can by the housewife, thus increasing
the waste disposal problem.

It is apparent that we, in all solid waste disposal programmes, must
recycle and find a greater amount of by-product recovery. Table 4 shows
the production of solid waste in the processing of 100 pounds of various
specific foods and the amount of by-product versus the final solid waste
to be disposed of Utilization of food processing waste as animal food is
currently a widely used method for disposal of food processing solid waste.
In some areas, the waste from seafood canning is pressed into fish meal for
animal feed or into fertilizer material. Tomatoes have been pressed and
dehydrated for use as dog food and cattle food. Pea vines, corncobs, and
corn husks have also been used in the feed market area. Citrus peel waste
may be pressed for molasses which may be processed, dried, and sold as
cattle feed. Certain types of pits and nut shells have been converted to charcoal.

There are many areas in which food waste could be reused or somehow
reclaimed, taking by-products into consideration. Among these are such
things as production of alcohol from fruit wastes and composting of fruit
waste solids. Looking at the matter practically, however, we find that the
reclaiming of waste and by-products in some cases is as far away today as it
was ten or twenty years ago because of economic factors. The simple fact
of life is that in most cases it is much cheaper to dump, land fill, spread on the
land, or discharge at sea rather than to attempt the more costly approaches
of reclamation. One has to conclude that many social and economic factors
are actively counter-current to technological attempts to reclaim wastes.
With the competitive conditions of today's marketplace, there does not appear
to be much chance of a change in the immediate future unless by legal
restrictions or some form of subsidy the prevailing economic conditions
can be altered.

With increased urbanization the problem is mounting. Increasing
numbers of landfill operations are prohibiting or drastically limiting the
inclusion of food processing waste solids. Because urbanization is taking
up more and more land, in many cases the distances between potential sites
for disposal or even areas of use of the food waste as animal feed are becoming
more and more prohibitive because of transportation costs. Problems
with animal feed from food wastes is the low protein content of the waste
in many instances, and perhaps the major problem concerning disposal
of all food waste is the timing. These operations are seasonal in nature,
creating tremendous peaks during the late summer months completely
disproportionate to actual need of possible by-product utilization. It is
evident that thorough on-going research programmes are needed under
the guidance of the best technical help. We are coming to the point in
time when these problems may not be able to be handled as isolated indi-
vidual cases but programmes will have to be looked at and solutions
developed on a regional basis wherein community boundaries cannot isolate
or thwart the progress of a unified overall approach to the resolution of
solid waste disposal. It is evident that much research is required to come up
with satisfactory solutions and there is a need for educational programmes
for the general public to point out the long-range hazards of our present
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solid waste disposal handling methods and the need to support more
realistic programmes in the future to avoid reaching a crisis state. We cannot
always expect by-product recovery to be a profitable programme and
eventually in the future will have to be satisfied that even though there is a net
cost to the industry, by-product utilization may be cheaper than other
methods of disposal. The major capital costs inherent in by-product recovery
may dictate the need for centralised recovery areas, especially for food
processing operations of rather limited volume in order to make the pro-
gramme economically feasible.

Our goal should be the elimination of transporting any waste solids in any
form in the various steps from the farm to the processor to the consumer.
Ideally, only perfect crops without culls, trims, or rejects should reach the
food processor. In turn, the food processor should develop convenience
foods in edible packages, thus eliminating solids disposal at the home.

In conclusion, we can solve our environmental problems only through a
cooperative approach of water conservation, by-product recovery and
processing revision. We must learn through a higher degree of efficiency
proper management of our two major resources—food solids and water. An
imaginative management can come up with innovations of in-plant control
and treatment adapted to local conditions that are more economical than
are most conventional treatment methods.
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