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FOREWORD

The South African Fruit and Vegetable Canners’ Association wishes to express its thanks to
the Water Research Commission which has done so much to make possible and bring to
fruition “The Guide to Water and Waste-water Management in the Fruit and Vegetable
Processing Industry”.

The industry processing fruit and vegetable products in South Africa has become
established in various regions throughout the country, and it is an industry that by the
nature of its products requires to use water in the manufacturing process.

It is therefore of importance that methods be tabulated as to the optimum usage of water
within a canning factory, and how best waste water should be disposed of by a canning
factory.

Not only do methods need to be specified as to the management of water and effluent, but,
equally important, itis necessary that there should be a monitoring process established that
can be followed by factories, as to their usage of water and the disposal of waste water,

“The Guide to Water and Waste-water Management in the Fruit and Vegetable Processing
Industry” endeavours to cover all these aspects of the matter, and it should prove to be a
necessary and useful guide to managers, engineers and other senior staff in fruit and
vegetable processing factories in South Africa.

/n/é; ol

Chairman
S.A. Fruit and Vegetable Canners’ Association (Pry) Lid.
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PREFACE

This Guide has been compiled from data collected during preliminary surveys of the
Industry by Mr W Rose of the NFPA of USA, and Binnie & Partners, during which time each
one of the major processing plants was visited to identify the problem areas. Thereafter,
detailed investigations were compieted within the production plants of Messrs Langeberg
Co-op (Ashton, Cape). Gants Foods (Somerset West, Cape), Land Harvest (Port Elizabeth,
Cape), and Irvin & Johnson (Springs. Transvaal). The results of these surveys are available
in a separate WRC Report No 96/1/86.

The work was initially steered and later co-ordinated by a committee established under the
chairmanship of the Water Research Commission, comprising representatives of the South
African Fruit & Vegetable Canners Association, the Department of Water Affairs,
Department of Health, and senior representatives of the processing plants where the work
was conducted; all these parties are thanked for their invaluable assistance.
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PROJECT LEADER
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SUMMARY

This guide identifies the need for improved water and waste-water management in the Fruit
and Vegetable Processing Industry, based on the results of a country-wide survey carried
out for the Industry.

The form and aim of the survey are summarised. For each sector of the Industry the
averaged results of the survey are given, for water usage and for the volume and quality of
the waste water discharged. Target figures for the Industry calculated from the averaged
survey results are presented.

A technique for carrying out a factory survey to collect data for comparison with the target
figures is outlined, The process stages within the industry requiring improved manage-
ment, as determined by the national survey, are given.

Factors causing excessive water usage and waste-water generation are discussed, The
water usage and effluents generated by individual process steps are given. Techniques for
saving water and reducing waste-water quantity and pollution strength are given. Methods
that can be used to pretreat effluents are described.

The amounts and types of solid wastes generated in the Industry are identified. Current
disposal routes are outlined and further opportunities for recycling materials and
recovering by-products are described. The need within the industry for a co-operative
approach to the problem of solid waste disposal is noted, and a proposed joint venture
organisation is outlined. The need for additional research into the recovery of useful
products from solid waste is highlighted.

The detailed results of the surveys uncertaken are summarised in a companion volume
entitled “Water and Waste-water Management in the Fruit and Vegetable Industry”, WRC
Report No. 96/1/86, which is available on request from the Water Research Commission
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TEIMINOLOGY

“ATER INTAKE

All vater entering 4 prenises from municipal and/or private sources.

WATER RECYCLED

Water which leaves a process or subprocess and s reused in another process
or subprocess with or without treatment.

WATER RECIRCULATED

Water which leaves a process or subprocess and (s returned to that process or
subprocess for further use,

WATER EMPLOYED

The aggregate of water intake plus water recycled plus water recirculated.

SPECIFIC WATER INTAKE

The water intake for a particular period divided by the raw material used in
production for the same period.

SPECIFIC WATER CONSUMPTION

The wvater consumption for a particular period divided by the raw material used
in production for the same period.

WATER MANACEMENT

The monitoring of water consumption and pollution at each process step and
maintaining them at the minimum value compatible with product quality.
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EFFLUENT

Liquid ocurilow from a process,

WASTE WATER

Ftﬁal faceory oucflow.

ULTRAFILTRATION

Separaction of colloidal or very fine solid materials by fileracion throug
aicroporous membranes.

REVERSE OSMOSIS

A ctechnique used in desalfnacion and waste-water <treatment; pressure L[
applied to a saline or waste solution, forcing pure water to pass from th
solution through a semi-permeable membrane chat will not pass ions or organi
molecules.
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CHAPTER |

INTRODUCTION

1.1 Background

The Fruit and Vegetable Processing Industry of the Republic of South Africa
approached the Water Research Commission in 1976, requesting that water and
vaste-water management ctechnigues and problems within thelr I[ndustry be
investigated.

The subsequent Iinvestigacions by consulting engineers involved wvisiting 19
major processing factories, o examine in general terms the water {ntake and
effluent production at each process step.

As many of the factories process a wide range of commodities si{multanecusly,
consuming water for the overall operation and producing a composite mixed
effluent whose characteristics vary depending on the commodities being
processed, the study investigated ¢ach of the major individual commodities in
turn to define the parameters relating to each one,

Water intake, waste-vater volume and waste-water polluction loads were
determined on a specific basis per ton of raw material processed and the
aggregates of these were compared with the annual total production values for
each factory. A national average value for esach major parameter was then
derived, against which the performance of the various factories could be
compared.

Two "model" factories were then chosen where detailed studies were wundertaken
with the aim of saving water and of reducing pollution, as well as operating
dissolved-air flotation, screening and membrane plants for ctesting chelr
potential for treating waste water in the Industry.

1.2 The overall situation (1982)

The Fruit and Vegetable Processing Industry in South Africa handles annually
about 21 different commodities in quancitles greater than | 000 tons. It
is estimated that a total of about 870 000 tons of raw fruit and vegetables,
of which about 86 are fruit, are processed annually by the Industry to four
main product groups including:

(a) canned products;
(b) frozen products;
(e) Jufced products;
(d) dehydrated products.
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The overall wvater and waste~-water situatfon (1982) i{s summarised in Tables |.!
(a) and (b) below:

Table 1.1}

(a) The overall water and waste-water situation

Total
Paraseter 1 Quantities Cob ! Ss
)
Potable water consumed 6,2 x 10° m*/a . | .
|

Liquid vaste discharged | 5,0 x 10° m?/a | 13 900 t/a | 2 340 t/a

Solid waste discharged | 0,3 x 10° t/a . . l
A - j

* Not applicable

(b) Nacional averages

National average specific water intake (NASWI) 7.13 a¥/c

National average specific effluent volume (NASEV)| 5,57 =%/t

National average specific COD 16,4 kg/t or
2 780 =g/@

National average specific S§S 2,75 kpg/t
or 468 =g/é&

Figure 1.1 shows the NASWI and also the varfacfon {n SWl for each major
commodity processed. The commodities having the widest variation i{n S¥I are
peaches, pears, apricots, berries and the freezing of cabbage, peas and
carrots. It should be noted that certain commodities such as peaches,
pears, pineapples and citrus produce effluents with high COD's . Treatment
methods to reduce COD are discussed i{n the Guide.
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1.3 The need for water and waste-water management

Flgure 1.l {llustrates the need for reducing to a minimum tha variation |
water intaxe between factories processing the Same commodities
Investigations have shown that water management {3 not widely practised sinc
with little exception. water of potable qualicty is selected for each malo
task, wnereas watear of lesser quality could be used (n many cases.

The following major observations governed the development of this Cuide:
(a) The SWI varies widely amongst factorles processing the same commodity;

(5) Individual process steps within the overall processing cycle consum
different quanticies of water at different factories even Aif simila
plant i3 employed;

{c) Production lines consume water related to the full design capacity an
have no facilicies for operacing at part load;

(d) Large factories processing different products have long commodit
transport stages between process steps which result {n excess wate
intake and spillages that are difficult to limic;

(e) The absence of water meters and flow recorders on each process line »
most of the factories, makes record keeping and hence control of wiute
usage difficule, if not impossible;

(£) Effluent qualicies vary widely between factories processing the sam
commodity;
(g) Unnecessary contact between water and product and between water an

solid waste together with juice and product spillages, cause highe
concentrations of COD and 55 in the effluents than are necessary;

th) The seasonal constraints imposed on the industry affect overall wate
and waste-water management;

(1) The low cost of water and of vaste~watar disposal often result in ove
usage of water;

(1) There 1s an absence of information identifying the minisum quantitie:
of water for each processing step.

This Guide sets out methods for determining or achleving the following:~-

= The target water intake for a factory;

-~ The target water intakes for various stages of processing for variow
commodities;

- Managing water intakes to achieve the target values;

= Target values for pollution loads in effluents and waste waters;

=~  Reduction of effluent organic loads;

= Pretreatment of final effluents.



i.4 The Water Act

The Water Act No 54 of 1956 was amended in 1984 by the Water Amendment Act
No. 96 of 984, This contains {mportant changes which sffect all fruit and
vegetable processing plants, Factory managesent should obtain and read a
copy of the Act. The more important provisions are as follows:

(a) The definition of industrial use of water has deen expanded to Include
the use of vater for feedlots and fish farming.

(b) Section 12, governing the quantity of water used adove which a section
12 permit s needed, has been changed so that any plant using more than
150 cubic metres per day of any water including private borehole and

sea water, s now required to apply for a permit under this section of
the Act.

(c) The Minister may ctersinate or reduce the supply of water from a
Government Vater Works or direct any suppller of water to an Industry

to terminate or reduce such supply until the Industry complies with the
requirement of the Act.

(d) The revised section 12 of the Act also requires a permit from the
Minister to authorise the construction and enlargement of any water or
effluent treatment works or process withio the works and no person
shall be allowed to operate the works unless the works are reglstered
as prescribed dy regulations in terms of the Act.

(e) Section 21 requires that any person using for Industrial pucposes
vater, {ncluding sea water, shall purify or otherwise treat the wvater
80 used and any effluent arising therefrom in accordance with such
requiresents as the Minister may prescribe from time to <time, after
consultation with the SABS. The person using water for {ndusctrial
use amongst other provisions, nust furnish the Director-General (n
writing with such particulars regarding such use and the disposal of
the purified or treated water, Including water recovered from any
effluent, as may be prescribed by regulation under section 26.

(f) Section 22 (1) states that any person who has control over land on
which any thing vas or is done which {nvolved or Involves a substance
capable of causing water pollution, whether such substance (s a solld,
l1iquid, vapour or gas or a combination thereof, shall take such steps

as may be prescrided by regulation under section 26 1in order to
prevent:

(£) any public or private water on or under that land, {ncluding
rain vater which falls on or flows over or penetrates such land,
from being polluted dy that substance, or {f that water Hhas
already been polluted, from being further polluted by that
substance; and



(g)

{(h)

(11)

any public or private water on or under any other land, or the
sea, from belng polluted, or {f that vater has already been
polliuted, from deing further polluted, by water referred to in
pacragraph (a) which became polluted In the circumstances
described in that paragraph

The Director~General may authorise any person {n writing to enter upon

any

land referred to under section 22 (l) or (b) or on which vater is

used for industrial purposes or any of the steps referred to in section
21 (1) are carried out, and to conduct on such land such {nvestigation
as the Director-Cenersl may determine

Section 26 states that the Minister may make regulations relating to:

(1)

(1L)

(141)

(iv)

(v)

(vi)

(vit)

any matter which under this Chapter is required or permitted to
be prescribed by regulation under this section;

the prevention of wastage or pollution of public water and
private water, Including underground water, of pollution of sea
water, and of damage to the environment caused by water;

the {nformation to be furnished to the ODirector-Ceneral ({n
connection with the operations of any mine or {ndustrial
undertaking in so far as such operations affect a matter ¢to
which this Chapter relates, and the persons by whom such
{inforsation is to be furnished;

the {nformation ¢to be furnished to the Director-GCeneral In
connection with water wused for {ndustrial purposes and (n
connection with the purification, treatment or disposal of water
0 used and effluent produced by or resulting from such use, and
the persons by whom such {anformation {s to be furnished;

the manner and place of disposal of water used for {Industrial
purposes and effluent, and the requirements to be complled with
i{n connection with such disposal;

the use or reuse for any purpose of water used for (Industrial
purposes and effluent;

the registration of sites or portions of sites where water used
for {ndustrial purposes or effluent contalning poisonous matter
{s disposed of, and the control over and the disposal of such
sites or portions of such sites.



CHAPTER 2

PLANNING AND CONDUCTING A FACTORY SURVEY

r P | GCeneral

Fermait applications for elther Seccion 12 or 2l of the Water Act call for a
comprehensive understanding of water and waste-water management and require
that fully detatled schematic dfagrams of manufacturing processes Se
subzicted. To assist vith the preparation of these applications and to assess
the performance of plant, methods of carrying out a survey are given in this
chapter. For continual monitoring, rvefer to cthe procedure outlined in
Appendix A,

Plant performance should be assessed and compared with the Ctarget water
consusption flows and pollution loads as given (n Table 2.1,

2.2 Preparation for the survey

The steps {nvolved in preparing for a factory survey are as follows:-

Step | ¢ Process line block diagram - (Figure 2.1}

(a) Prepare a block diagram indicating each process step as well as common
services; the interstage transportation from one process to the next
should be treated as a process step,

(b) Mark onto the block diagram all points of water supply to the process
iine, pipe diameters and how the supply is controlled e.g. B = ball
valve, V = valve, VB = valve plus ball valve, N = nozzle spray; mount
wvater meters (M) at each point of the water supply.

(c) Mark onto the block dfagram all points of effluent discharge and add

the process line rawv material throughput; add a block for flow, COD, S5
and pH measurements.

Step 2 : Main plant area (Figure 2.2)

- Divide the plant up into areas and make sketches of relative positions
of all drainage channels, gratings and plant.

Step 3 : Water survey (Figure 2.3)

- Install water meters at each point of water wusage, including sump
make-up, boiler plant, cooling tower make-up, laundry, bottle washing,
ablutions etc., and prepare a water survey log sheet.
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Step & : Effluent survey (Figure 1.4)

- install a final effluent flowmeter (chart recorder tvpe) and prepare an
effluent survey log sheect.

2.3 Flow measurement

General

Flow metering i{s the key to water and vaste-vater management; without this
data true events cannot be idencified and malpractice goes undetected, Flows
may need ¢to be measured either in open channels or in pipes. Methods of
measurements for both situacions are given in Appendix A.

Water intake

The main incoming water maeters should be fitred with 24 hour recording
equipment, enabling management to monitor these events daily and to determine
SWI.

Chare recorders can be fitted to most conventional meters and conversion xits
are available.

Metering at individual plant items not only assists with decermining the water
balance but can also provide useful planc data such as evaporation rates in
cooling towers of refrigeration plant, giving an early warning of Impending
mechanical difficulties.

Effluent flows

The flow of effluent must be continuocusly measured and recorded to determine
the overall water balance at a factory.

The metering of effluents is relatively straightforward, however the mecthod
and equipment to be used must be suitable for the quality of the effluent,
particularly the suspended solid load. See Appendix A for details of flow
metering equipment.

2.4 Carrying out the survey

The survey should be conducted for five consecutive days as follows:

(a) Read municipal water meter and all the meters Mi, M2
OOQOODOOQQ'CDQIQQM hon'ly (Ft‘ur. 2!1).

(b) Note starting and stopping of production shifes and washing =
down times (Figure 2.3).
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(¢) Read mafn effluent meter and neascre Individual effluent
filous (Figure 2.4).

(4) Sote raw =aterial chroughput t/h and t/d (Figures 2.2 and 2.13).

(o) Collect hourly sazples of each effluent; comply with sanple
storage procedures needed for analysis.

(f) Analyse aach effluent for COD (total and filtered) S8, TDS and
pH (Figure 2.3).

- . Data compilation (Figure 2.3)

The purpose of the survey is to arrive at a water and effluent balance across
the plant. The figures obtained must be compared with the target figures as
given in Table 2.1.

Inspection of the sample data sheet Figure 2.5 reveals that each process step
for the particular commodity has been examined for flow, COD, 55, TDS and pH.
The values of the various parameters have been expressed (n specific
quantities per ton of raw material processed and as & percentage of the ctotal
daily load,.

The typical daca sheet idencifies the following:

(a) 702 of the water Intake (s used {(n processing and JOI (s wused in
vashdown of the plant.

(d) 458 of che COD load occurs in 19,3X of the flow and arises from the
peeling/washing stage, which also carried 19X of the suspended solids.

2.6 Comparison of water intake and pollution loads with targets

The targets set in this Guide have been derived from a detafled survey of the
industry. All measured quantities have been averaged and these weighted
averages have been shown to be generally actainable whether dry conveving or
wet fluming or pumping is used for product transportation.

The data collected on water flows and pollution loads, should be assembled
into charts to show the distribution of the parameters along each of the
process lines. Figure 2.6 is a typical example of daca collected during a
survey.

Examination of Figure 2.6 identifies where effort is needed to achieve the
maximuas {aprovement. For example apricot processing with dry transportation
shows that more than 60% of the COD and 502 of the SS loads discharged
occurred at the peeling stage which accounted for 30X of the flow. The next
highest generator of pollution from processing was plant washdown which
accounted for a further 15X of COD and 30X of the total SS in 30T of the total

flow.
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The (nformacion <collected during the countrv-wide survevy was collated a

described above and the process stages rogquiring =management are given in Tabi
2.2

TABLE 2.2 PROCESS STAGES REQUIRING IMPROVED MANAGEMENT

COMMODITY PROCESS ! FLOW cop SS REMARKS
; CONTROL | CONTROL | CONTROL |
| T
Apricots (c) | peeling ] - x x segregation
washdown x x X treat
|
Apples (¢) | peeling - ] X x segregation
de-airing X | x x
i
I
Green (£) ist wash - - x
beans snippers - - x
blanch - x -
cooling flume X - - close circulite
Beetroot (c) | peeling - - x
retort x -
Broccoli (f) | cooling flume % x X close circuie
Carrot (£) | 1st wash % x -
peeling - x X segregaction
Peach (c) | peeling - X X segregation
pitting X x | x segregation
washdown X - | x treat
Pear (c) | peeling X x x segregation
Potato (£) | peeling x x %
¢ - canning; f - freezing; X = management needed.
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CHAPTER 13

WATER AND WASTE-WATER MANAGEMENT STRATEGY

3.1 Steps to water/vaste-water management

The steps to water and vaste-vater managenment are as follows:

PRELIMINARY

Meter all incoming water fncluding privacte supply.
Fit vater meters at every process step.

Fit effluent flow meters,

Read all nmeters daily and plot graphs.

Conduct detaliled effluent survey for each commodicy.
Compare water usage with targets.

Supply hosepipes from separate ametered main,

laprove washdown procedure.

SEGREGATION
- Segregate effluents from the following process steps and remove solids:
(a) washing;
(b) pictcing;
(¢) peeling;
(d) scrubbing.

- Fit julce trays beneath slicing, coring, dicing and fi{lling machines.

TRANSPORTATION

- Convert flumes to dry belt systems wvherever practical.
- Fit constant head and overflov tanks to all flumes and pump circuits.

CLOSE RECYCLE LOOPS

- Apply counter-current reuse along process lines vhere practical.
- All post blanch waters to be recycled after purificacion.
- Treat flume waters for solids removal and reuse.
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REVISED WASHDOWN SEQUENCE

- Pry brushing/ squeegee
- Air
- Secondary water
Chemically assiasced cleaning
- Potable water

WATER/EFFLUENT BALANCE

Draw up water/effluent balance and compare with targets as given in Tabdbie 2.1,

3.2 Factors contributing to excessive water usage and effluent generation

Factors causing excess water usage or pollution genmeration are as follows:

Water source and location of plant

Excessive water usage and effluent generatfon is often related to water
avallability and cost. Concern about the effects of poliution by effluents
{8 more widely found at remotely-sited plants who operate their own frrigation
schemes,

Lavout of the plant

Many plancs are old and have steadily been extended and the range of products
processed expanded in attempts to operate for longer periods each year. This
causes long distances between different process areas and it i3 common
practice to wuse particular items of process plant on different lines ¢to
process other products when the main process lines are out of season. This
leads rto long inter-stage transportation systems with {nherent spillage and
excessive water use if wveot syste=s are employed.

Standards of housekeeping

Whereas management at all the factories maintain housekeeping standards aimed
at promoting a high degree of product quality and hyglene, additional
housekeeping measures aimed at reducing pollution or water intake are often
overlooked probably because of a lack of awareness, For instance peach
halves falling to the floor upstream of can fillers are generally hosed into
the drain to avoid them being trodden under foot resulting in unsanitary and
slippery conditions. The use of water to dispose of the useless produce to
make the process area look clean is understandable. However,these practices
result in excess water use and Increase the water to product contact. This in
turn leads to further frufct-based substances being leached into the effluent,
thereby creating additional pollution.
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Throughout the processing shife all spile solids should be collected By brush
and spade and placed in 4 container for disposal as solld vaste.

Water monictoring

Raw =aterial Incake 1s monitored at every processing plant to ensure that
target amounts of product are recovered from the raw materials employed. As
examples of chis, Jfruit is weighed, product yileld checked, sugar/syrup
weighed, causctic soda use smonitored and coal and electricity consumption are
closely vatched.

In spite of this careful monitoring of raw material the same skills do not
seem to de applied to the use of vater, which (s in fact a raw macerial as
vital to production as the fruit or vegetable itself. As an example of poor
control over water usage Figure 3.1 shows the variation of water intake per
ton of a product over a 70 =-day period, during which time the specific water
fntake varfed from 5 co 25,2 ki/c.

The reasons for these variacions are associated with leakages. spillages,
indiscriminate wuse of hosepipes, badly maintained cooling towvers and
excessively long periods of plant washdown. Furthermore process plants
consume 4 Dbase load of water whether or not produce (s passing through the
line,

It is essential that all =management install water meters so that the amount of
water used at each process step at all times can be monitored.

Water reticulaction should be designed (See Figure 3.2) to allow wach line to
be controlled by a solenoid valve which closes when the plant is stopped.

Water meter readings must be recorded at least once per shife, This permics
managesment to fdencify a particular area or process step which is consuming
eXCESS water. It also allows monitoring of the performance of common
equipment,

Hosepipe management

Strict control over the use of hosepipes {s essential {n all processing plants
in order to minimise water vastage resulting from {ndiscriminate usage.
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Flow from Hhosepipes of different dimensions plotred againet water supply
pressure 18 glven in Figure J.J, This snhows that using nosepipes of small
diameter at high pressures delivers less water than large dismeter hoses at
low pressure.

All hosepipes should be connected to a discrete ring =maln system activated
only during times allowed by facrory management. [t &5 recommended that
hosepipes should be limited to 12,5 m= dianeter, oOperated at a pressure of at
leasc 350 %Pa,

Product to water contace

In general cterms, once the protective barrier on a commodity &5 punctured,
frult sugars, organic acids and carbohydrates will be leached {nte the water.
The greater the surface area of product exposed to the water the greater the
leaching rate.

The leaching rate reaches a maximum when the difference {n concentration of
the leached product and process water i{s greatest, ¢g. zero in the water and a
maximum {n the exposed producet, The rate steadily reduces uncil an
equilibrium {s esctablished. The presence of fruit sugars and other leachates
in the process water gives rise to organic and bacterial pollution. These
effects are graphically illustrated in Figures 3.4+ ({(aj), (b) and (c); the
bacteria in flumes can be effectively controlled provided cthe correct pH
level i{s maintained.

Botler and stea=m plant

Bofler and steam plant can consume large volumes of water and produce large
quancities of effluent. To minismise water {ntake and effluent production,
they must be efficiently operated and maintained.

The main areas of unnecessary water loss {n a steam system ure as follows:

(a) Excessive boiler blowdown;

(b) No condensate return;

(¢) Live steam injection;

(d) Steam leaks;

(¢) Inadequate lagging;

(€£) Poor steam reticulation.
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Water cooling svetems

Cooling systems =must Se designed, operated and maintained so a8 o <nsure
optimum performance and =iani=um water usaje and ¢ffluent production.

sater cooling svstems dispose of waste heat from plant items such as steas or
water vapour condensers, refrigeraction condensers, compressor and stationary
diesel engline cooling jlackets, posc-hlanch cooling svstesma, and coolers for
containers,

The main faccors leading to unnecessarily high water usage §n cooling svatems
are as follows:

(a) Blocked spray nozzles;

(b)) Damaged fans and blocked air inlec grilles;

{e) Clogged tower packing and deaiscer;

(d) Blocked vater strainers;

(e) Direy wvater sumps

(£) Leaking water sump =ake-up float valve;

(g Poor chemical treatment;

(M) Undersized tower.

3.3 Effluent segregation

ft {3 shown in Figure J.5 and Table ).l that segregation of effluents (nato
streams with high and low suspended solids concentrations, high COD
concentrations and high concentrations of dissolved salts, enables the
optimum effluent management strateégy o be applled.

This would include the separate cocllection and disposal of solid wvaste , the
drainage from all first washing, peeling, cutting and snipping operations iate
a highly conta=minated strea=m and the remainder to a separate stream,
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TABLE 3.1 SEGREGATION OF EFFLUENTS

|
Commodity |

| High SS High COD High Salces
| 1
apples C | coring blancher effluents -
apple & pear J | press wash centrifuge blowdown -
apricocs C | peeling peeling caustic lya
beetroot C | peeling peeling -

i ratort retort - ‘
corn c reception area blancher flow - ‘
green beans C | wet transport blancher flows -

| flumes | .
guavas C  peeler waste | - - :
| peaches C  peeling ! peeling & flumes caustic lve

| pears C  flume (halves) I peeling caustic lye

! washdown !

| pineapples C&J |  centrifuges |

| | |  Juice spilling

| peas C | Ilsc flumes ! blancher

| totatces C | peeling | -

|
!
broccoll F | first wash post blanch cooling
post blanch ;
| cooling |
cauliflower F | first wash |  post blanch cooling
| post blanch |

| | cooling !

| carrots ¥ | peeling/ first wash &

| scrubber scrubber
corn F l reception & blancher dehusking
green beans F | snipping snipping, cutting &

= blanching
pess F i 1 |
potatoes F | peeling & . post blanch cooling
i scrubbing { i
Legend: C = canning; J - julcing; F - freeaing.
The foregoing segregation was undertaken at one factory processing f{rozen

vegetables, after having implemented the in-house measures for water
renovation including recycling of post-blanch cooling water and counter-
current reuse along all process lines.
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3.4 Characterisation of «¢ffluents

Preparation areas - canning and freezing

Preparation areas are those in which the commodities ara prepared fo:
processing. These include dump tanks containing water, drum or sprav-washers,
drum-screen or roller-graders, both mechanical and chemical peelers and
depitting and cutting equipment.

Dung tanks

The approach to water management in dump tanks depends on the category of
the product. Cactegory | and 2 cover those root and non-root commodities which
are to be peeled at some stage of their processing and Category 3 covers the
remainder.

Products in Category ! will generally have adhering sofl to be removed (n cthe
first stage washing, whereas Categories 2 and ] will have fertiliser and
insecticidal residues {n addition to any leaching of sugars and other
product-based substances through being damaged or overripe.

Make-up water derived from downstream process or preparation steps can be used
in the dump tank for Category | products.

To avoid a continual rise in the concentration of sand/soll in the
dump tank, water should be recycled through side settlers and returned to the
dump tank as shown in Figure 3.6.

o PRODUCT OUT
' SIDE ~
SETTLER l NEXT PROCESS STE
L e |
' DUMP TANK /
SOLIDS oy
SLOPING FLOOR™ —

RECYCLE 'UUF

FIGURE 3 6 SIDE SETTLER WITH DUMP TANK




Size-grading equlisment

Vartous products need size grading either prior to or after preparation,
Water intake to graders is generally li=miced ¢to spray nozzles for
lubricacion. Spray nozzle selection to provide the correct degree of
mechanical actfon and che appropriate spray pattern $s critfcal for mini=um
water use. As would be expected the fine sprays leach sugars readily and
thus cthe COD from graders could be high. However., the flows are small and
thus the total organic load from these areas Lls generally low.

Pitting and coring

During this process water is used for lubricatcion. Tvpically, peach pitting
and fluming account for 21T of the total water {low In the process line and
the effluent carries I8% of the COD and 23R of the 5§.

All pits should be transported by dry svetems such as convevor beles.

Peeling

Peeling {5 achieved by means of mechanical (msanual or automatic),che=mfcal or
steam systems.

This stage of processing accounts for the following flows and overall
pelliution loads expressed as a percentage of total flow and iocad, as given
below:

‘ -3
Parameter apricots | beetroot | carrots I peach pear potatoes
! ] !
T Flow 25 | 14 18 19 28 | «8
% Cob i) , 25 44 - 42 53
XSS 53 lﬁ L9 84 l 14 28 86

Improved management {n this area will result in a major reduction In
pollution. For example the caustic overflows must be segregated from all
other effluents for disposal or regeneration.

The peel sludges must not be permitted to come into contact with water and
must be handled dry directly to the point of disposal. Peel orizinating from
mechanical peelers should be disposed of as solid wvaste.



siicing

The (final scage of preparacion involves some form of cutting pricr to
commencing the praocessing. The water consumption at this stage i{s coniined
to sprays and lubrication only, and the effluent becomes rich in commodity-
based substances.

Fluming

The transportation of products by water flumes has two drawbacks:-
(a) Water consumption {5 increased;

(b) The water in contact with the product leaches product-based substances
into the water.

Substitution of flumes by conveyor belts or other methods of “dry"
transportation should be (mplemented whersver possible.

In flume systems water make-up 1s provided to ensure adequate water for
convevance of the product. The major cause of water usage in a fluming
system is overflow. This is caused by varfations in the rate at which the
product 1{s {ntroduced f{nto the circulc, resuleing in make-up water being
added to the circuict.

Since limited control can be exercised over the rate of product addiction
because of variacions in the upstream processing plant, facilities 1to
collece, store and provide the balancing volume of water without using make-up
are regquired.

Blanchers

The effluents arising from blanching have a high organic strength. Typical
qualities of some blancher effluents are shown in Table 3.2.



30

TABLE 3.2 QUALITY OF SELECTED BLANCHER EFFLUENTS

. I —
| pH | 35 ; coD I Volume T of Total
| Commodity | ' . !
| | it ! ag/ ad/c | Flow | coo |
» l { l =
Apple N.A. 379 | 13 382 1,78 1w | so |
' Broccold 5.6 86 | 31 216 0.05 l B
Carrots 8,8 | & 270 | 40 000 0,26 A | 12
G/beans 5.3 47 369 0,33 § | Nea
Corn 6,8 N.A. N.A. 0,63 s y P¥ R
Peas g HW 524 | 9 095 0,85 | 13 60
Potato '
chips N.A. | 3280 | 9 570 2,9 1, 38
| |

Note: N.A. = Not available

Post blanch cooling flumes

After blanching vegetables must be cooled prior to freezing. This is done
either by a cooling flume or water sprays in order to reduce the product
temperature.

Recycling of cooling water has bdeen succesfully carried out using heat
exchangers to dump the heat removed from the primary circuit (including the
post blanch cooler) to a secondary circuit served by an evaporative cooling
tower. Such a system is shown schematically in Figure 1.7.

Coohlqg;ind cooling

The qualicy of effluent from the cooking stage warrants little actencion;
close control is however needed over the discharges of water from retort
cookers.

The cooking/cooling stage, where practical should be converted to closed
circuit whereby the cooling water from the retorts is recycled over a cooling
tower. The circuit should be identical to that shown for post blanch cooling
in Figure 3.7.
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Juicing presses, vacuum pumps and evaporators

Plant washdown water accouncs for 20T cto JIX of the total water intake.

About 30% of the COD and the SS load originates from the washing of
the presses and this proportion should be segregated for further ctreatment.
Similarly the overall plant washdown produces 43% of the overall COD and 34T
of the SS.

The removal of the gross pomace from the press area by dry methods
is preferable. Vacuum pump sSealing water and evaporator condensates should
be collected and reused.

Washing down

Washing down of production lines i{s a most important part of production and is
carried out to remove unwanted accumulated liquids and solids.



Invariably large quantiries of water are wasted In the Iirst stage of washinmge

down to dislodge sclids from crevices in planc, AS shown In Figure 3.1,
hosepipes operating at pressures nhigh enough to dislodge solids consume large
quantities of wvater. Table J.) shows a breakdown of the gquantity of wate:

employed during washdown for some commoditlies:-

TASLE 3.3 WATER EMPLOYED DURING WASHDOWN ASD POLLUTANT
GENERATED FOR SOME COMMODITIES

| |
! : Washdown
Commodity . Style | Processing
{ (T volune) |
] ' I Volume : COD 2SS
{ ‘ ! .
| Apples | ¢ 75 24 9,5 | 16,3
! Apples [ 3 20 76 51,0 | 23,5 |
Apricots | C 67 23 18,0 | 30,0 |
Seetroot ! B ; - 30 ; '
C/beans | ¢ 8 | 18 i
Guavas c | 8 ‘ 14
Peaches c | 70 ‘ 30 9.0 | 18,0
Peas C B4 i6
Pears J 20 70 !
Pears c B i6 | 20,0 17.01
Pineapples c 5 14 | ! !
, | o

Note: (1) The balance of water used is accounted for by
boiler feed and domestic usage.

(2) C = Canning; J = Juicing; B = Borcling

Washing down of process plant should be divided into three distinct stages:-

(a) Preliminary removal of solids from machinery using air hoses, an
mopping up of solids from floor: NO WATER SHOULD BE USED;

(b) Preliminary washing of all machinery using secondary quality water e.z.
water from flumes ¢treated by dissolved air flotatfen or ultra-
filtration, followed by addition of foaming antiseptic detergent;

(¢) Final wash-down with high pressure potable water.
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Proper washdown procedures (refer 3.1) can  reduce water i{ntake

substantilally and will reduce the suspended solids and COD loads {n the
effluent.

At plants wusing vacuum pumps, evaporator condensates and vacuum pump seal
wvater should be used for vashing-down purposes.

Final effluents

Table 3.4 shows the quality of some of the final effluents which are generated
by the Induscry. Implementation of the various measures recommended {n this
Guide should reduce the streagth and the quantity of the various effluents.

TABLE 3.4 FINAL EFFLUENTS

CONMODITY STYLE Ss cop
ng/e ng/t
Apples c 430 6 800
Apples J 4 148 3 095
Apricots C 390 3 646
Beans in tomato - 154 2 000
Beetroot 8 270 5 940
Citrus c&J - 6 500
Corn C 300 2 100
Green beans c 400 1 490
Guavas C 195 700
Peaches c 880 4 544
Pears c 464 293
Pears J 4 900 15 000
Peas c 120 2 000
Pineapples c 1 190 12 %00
Stravberries c - -
Tomatoes c 493 1 100
8roccoll F 50 593
Cauliflower F 274 1 950
Cacrots ¥ 4717 14 980
Corn F 100 1 000
Green beans F 100 286
Peas F 274 1 95
Potatoes ¥ 3 266 2 880 I

Legend C = Canning; F = Freezing; J = Julcing:
B = Bottling.
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CHAPTER 3

WASTE-WATER TREATMENT

.l The options for disposal of waste water

The options for discharging factory waste water are as follows:
Route

Ri Land application;

82 : Land applicaction or disposal to seas after on-site pretreatment;

23 : Discharge to municipal sewer after on-site pretreatment;

R4 : Discharge to municipal sewer after parrial treatment on site;

RS : Discharge to receiving water after full on-site industrial treatment.

Disposal route Rl

The simplest form of waste water disposal {s that of irrigation. This fors
of treatzent is likely to be the cheapest to implement in areas where land i:
relacively plentiful and cheap. The irrigacion scheme must be designed ir
accordance with Informaction Bulletin Bl/l enticled "Cuidelines for the
disposal of effluent on land in South Africa" published bv the Department ot

Agriculture (Appendix 3.). In some climactic areas, a storage dam i
required to store the factory waste water for the duration of inclement
weather. Waste waters from this Industry readily ferment, and {tr {is

therefore necessary to provide aeration to maintain aerobic conditions anc
thereby avoid unpleasant odours.

Disposal route R2

This (avolves disposal by Iirrigation or to sea with varying degrees of
pretreatment, In all cases effluents should be screened to remove gros:
solids prior to irrigacion or disposal to sea.

Disposal route RJ

Disposal to sewer requires a permit from the local authority. The permit
conditions specify acceptance limits for various pollution parameters. T
meet these limics an appropriate degree of on-site treatment will usually b

required.

Disposal route R&

To reduce municipal charges for disposal of waste vaters to sewer, the
strength of the vaste water may be reduced by additional on-site treatment.
Processes used could {nclude air flotation, sedimentation, filcracion,
chemical treatment or membrane process.



35

Disposal route R3

This fnvolves the construction on the industrial premises of a custom-desicned
treatment plant to treat the effluent to the appropriate standard for
discharge to the environment, for example direct to receiving waters, in which
case the General Standard or the Speclal Standard will apply, or w«ia land
application. In both cases, a permit is required from the Department of
Water Affairs.

“.d Balancing of effluent

Balancing (s the storage and nixing of effluent over a chosen pericd to smooth
out the volumetric discharge rate and the pollutant strength. The provision
of balancing facilities allows an effluent treacment plant to he designed for
the average f{low rather than [for instantanecus peaxs, thereby reducing the
size of the treatment plant.

The sizing of balancing facilities can be calculated using a graphical
technique consisting of plotting cumulative flow versus time for one complete
cycle, e.g. 14 hours.

Figure 4.1 illustraces the mechod. Cunulative effluent volume is ploctted
against time, {.¢. line | is drawn from the origin to the 24 - hour poinc,
Line 3 4s drawn parallel to the average line 2 through the pofnr of maxinmum
accunulative volume as shown. The vertical scaled distance represents the
volume of the balance tank required for hydraulic balancing. A farcher 252
capacity should be allowed as a contingency for future expansion.

4.) Solids removal

Definitions

Suspended material 1{n frufct and wvegetable effluents can be classified
according to their size and type:

Large solids = Objects greater than 25 =m in any dimension, comprising
pleces of whole fruit or vegetable, their stalks, pips,
leaves or fibres;

Gric - Suspended matter with a settling velocity substantially
greater than small organic particles, including sand,
soil and gravel;

Secttlieable solids

Suspended material measured by setcling;

Colloids - Substances cthat will not settle unaided as the
particles have surface charges that nust be neutralised
before particle coagulaction, flocculation and settling
wiil occur.
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FIGURE 4.1 GRAPHICAL METHOD FOR DETERMINING BALANCE VOLUME
| rlow | Accumulative | Flow ]7ACCuaula¢1vo
| Tize =3h volume m? | Time | a’/h | volume o’
' {
| 07h00 28 | 28 | 16n00 | 47 137
w0 | M |l Coammeo | 35 | 92
09h00 | 34 95 : 18h00 | &2 | 43
| tomo0 | 28 | 123 | 1900 | 37 a7l l
11500 40 163 ! 20000 | 34 505 |
| 12100 | 32 198 | 21h00 | 2 | 331 |
| 1moo | 3% | 229 | 22n00 | 35 366
] 14h00 37 | 266 22-01h00 | 0 | S66
| 13000 84 J10 [ |
| = 3 | i
UNE 3 PARALLEL

oy /mmz‘
BE M o= - - - 566 m°
% F
7
400 4 / ////,
/ o md

CUMULATIVE VOLUME (m3)
~
\

wo ¢ LINE | ’/ T AVERAGE LINE 2
/
4 3
200 / VOL OF TANK REQUIRED : 566 =370 : 196m
/ ADD 2% %% MARGIN : 248 m0

L Ll



Total suspended solida - Total amount of solids that e¢ichar Float on che
surface of, or are in suspension in vater., waste
water, or other liquids.

Scraens

Solids should be removed sequentially from the coarsest 2o the finest. The
coarsest solids should be removed by bar screens which can be provided with
suitable cleaning svstems. Fine screens are avallable in rozary, vibrating
and static versions. Static vedgevire screens are effective on'all fruit and
vegetable effluents. However, they must be cleaned regularly to maintain

efffcient operation.

Coagulacion and flocculation

Coagulation and flocculation are ofren used in conjunction with sedimentation
to enhance the process of settlement. The chemicals used are water soluble
electrolytes and polymers.

The coagulation/flocculation process should be carried out in specially
designed basins or tanks to promote floc growth and settlement.

Sedimentation

Sedizentation occurs when the effluent is held in a quiescent state or at a
velocity low enough for the solid particles to settle. The design
parameters Include surface areas, detention time, tank depth and overflow rate.
Sedimentation tanks may be circular or rectangular vertical flow, radial flow
or horizontal flow types. Sedimentation is generally necessary prior to
fileration when turbiditfes of feed to the filrers exceed |0 mg/i.

Dissolved air flotation (DAF)

As an alternacive to sedimentacion for the removal of solids, dissolved air
flotation can be used. Commercial flotation plants are avallable (n
rectangular or circular formac. Either type may bde successfully used, but
the design parameters must be correctly selected and this depends on the
commodity being processed.

DAF ctreatment has been tested and found successful on effluents arising from
processing of various vegetables and fruits, d{ncluding effluent from freezing
plants. Generally, at least 350% of the COD and SS loads can be removed from
these effluents without any chemical dosing. In msany instances the 55
resoval will be as high as B0, The addition of polymers in s=all doses e.j.
0.5 mg/¥ should improve the removal of organic matter.

Iinside the factory, flume waters can be renovated by using DAF, thereby
extending the run time between dumps.
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.. pH Control

The control of pH within cercain limits {8 necessarv irrespective of whether
the effluent is discharged into the aunicipal syste=, created on site cor

disposed of to land. Municipal limics are zenerally from pH 5 o pH 9. in
on-site chemical treatment the efficiency of coaguiation and flocculation {4
also pH dependent. for blological treacment, the optimunm pH lies between 6,3

and 7,5, with respect to pH control for land disposal, ses Appendix &,

2.5 Mazbrane processes

Incroduceion

Mesbrane separation processes offer the following sdvantages in the fruic and
vegetable processing induscry:

(a) Valuable food substances can be recovered from effluent;

(b) Large volumes of clean water can be recovered for reuse in a factory
instead of being discharged to drain;

(c) Sugar solutions and fruit juices can be pre-concentrated.

Cross~flow microfileration

Cross-flov microfiltration 1is a pressure -driven filtration process (100 to
600 kPa) for the removal of suspended and colloidal particles from a water,
waste-water, or sludge stream,

Ulecrafileracion

In ultrafilcration (UF), @membranes are used to mechanically separate
suspended solids from a liquid. This is simflar i{n principle to filtration
through screens or beds of porous media. A major difference is that, whereas
conventional filcration processes are not capable of removing suspended
particles finer than about 0,00! mm, e.g. colloids, UF can be used to separate
large organic molecules from liquid suspensions of solutions.

Nanofiltration

Nanofi{ltration is membrane separation which falls between ultrafilzration and
reverse os=osis. The membrane does not reject monovalent ions or organic
nolecules with a molecular weight less than 500 daltons,

Reverse osmosis

Reverse osmosis (RO) plants are physically similar to UF plants bdur che
mechanism of separation relies upon the diffusion of water molecules through a
semi-permeable osmotic membrane.
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CHAPTER 35

SOLID WASTE HANDLING

5.1 Solid waste generation bv the Industry

Solid wastes arising from the Industry can be classifled into two nain
categories, viz.

(a) In-plant residues which comprise reject raw material, product pieces,
s0il and other debris removed from the raw product, peels and skins
etc.

(b) End-of-process residues which comprise solids removed from the {inal
effluent discharge by screening, sedimentation or flotatfon or from
secondary processes.

Table 5.1 gives a product-by-product breakdown of the solid wastes generated.
The total quantity of solid waste generated by the Industry onm an annual basis
i{s estimaced ar 340 000 tonnes (1979-1980 base) which {s approxismately 8T of
the total raw naterials intake. This i{ndicates the magnitude of the problem
faced by the Industry.

5.2 Current disposal methods

An estimated breakdown of the solid wvaste disposed of by the different
disposal routes in current use is as follows:~

(a) 64% s utilised directly or after storage as & low-grade feedstuff
(approx. 21 800 ctons);

(b) 20% {s dried and sold as a high-grade animal feedstuff (approx. 43 000

tons);
(c) 10X is dumped to land (approx. 34 000 cons);

(d) 4% 1s recovered to produce a high-value by-product (approx. | 360
tons);

(e) 23 is applied to land as a fertilizer either during or after
composting (approx. 6 800 tons).



TABLE 5.1  ANNUAL SOLID WASTE GENERATION IN THE FRUIT AND VEGETABLE INDUSTRY (1979/80 STATISTICS)
Specific solid waste
Process Total rav materlal Solld waste load (t/t of raw Type of solld waste
(t/a) (t/a) matecrtal)
Canning of 132 000 31 800 0,241 Pips (9 180 t/a)
peaches Balance: Peels, sludge, rejects
Cannlng of 28 100 6 990 0,248 Plps () 760 t/a)
apricots Balance: Peels, sludge, rejects
Canning of 58 500 23 000 0,393 Peels, cores, spillage, relects
pears
Canning of 15 760 5 300 0,33 Peels, cores, spillage, rejects
apples
Juicing of Apples 33 640 & | Apples 9 9500 + 0,294 Pomuce from presses, fllter cake
apples and Pears 9 300 Pears 2 740 0,295 discharges, settling tank sludges
pears = 42 940 = 12 640
Canning and |Oranges 136 000 + [Oranges * 61 200 + * 0,45 *Reduce by 20% 1f peel utillised,
juleing of Lemons 8 500 + |Lemons o 4 250 + * 0,50 Skin, alblde and plps
clitrus frule |Grapefruit 16 000 Crapefruit 9 600 * 0,60
= 160 %00 = 75 050




Table 5.1 (Continued)

Specific solld waste

-

beetroot

Process Total rav matecial Solid vaste load (t/ct of raw Type of solid vaste
(t/a) (t/a) material)
Canning and
julcing of 186 800 85 000 0,455 Peel, cores, spillage, rejects
pioneapples
Canning of
guavas 9 500 2 367 0,249 Lye, peel, rejects
Tomato 26 400 (whole
concentrate, |tomatoes) and 75 500
julce and (concentrate and 10 190 0,10 Skins and plps
canning sauce)
101 900
Canning of | 420 t/a Stravwberries, youngberries
other frults 1 525 638 (est) 0,40 and loganberries: 175 t/a grapes,
nangoes, pavpavws. HRelects used for
jam
Canning of
green beans 2 300 398 0,173 Plps, snipplogs, splllage
Canning of
beans in 1 200 (est) 960 (est) 0,80 Spillage and rvjeits
tomato sauce
Canning ot 2 330 932 0,40 Skins, tops, talls, rejects and

spillage




Table 5.1 (Continued)

lotal rav material

Solid vaste

Speclfic solld waste

AVERAGES

Process (t/a) (t/a) load (t/t of raw Type of solld vaste
materisl)
Canning of 14 300 t/a peas
peas excluding vines, * Includes vines, pods, etc,
pods, etc. 57 200 *0,80
17 500 t/a including Assumes a 0% loss of berry durlng
vines, pods etc, process
Canning of
sweetcorn 7 895 3 158 0,40 Cobs, preens, spillage
Cannling of
mixed vege- 2 600 (est) 1 170 (est) 0,45 Pes vines, potatoes & carrot peel,
tables sludge 6 spillage
Cannling of
other Not avallable Not avallable 0,45 Cuttings, peelings, spillage,
vegetables (small quantities) (very small rejects
quanctities)
Freezing of 58 800 24 100 (est) 0,45 Cutting, peelings, splillage,
vegetables rejects
TOTAL/ 884 220 340 893 0,38
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The majority of solid waste is disposed of by direct feed to animals, land
applicacion and landfill., A small proportion of the solid waste {s converted
to high-value by-product e.g. dried cierus pulp is successfully recycled as a
high-grade anizal feedstuff, marzipan is manufactured from apricot pips. and
peach pips are converted to activated carbon.

3.3 Potential disposal methods

Potential disposal methods are as follows:

{a) reuse as animal feed;

(b) disposal to land as fercilizer;

(e) disposal to landfill;

(d) conversion to a fuel:

(e) incineration.

Whilst there are various possibilicties for the conversion of solid waste into

valuable by-products, it may prove more economical to have waste removed by
e.3. municipalicies, contractors or farmers "as {s".

In evaluating the alternatives for recovery of solid wastes, the factors

unique to each factory must be assessed. One factor which =ust always be
taken {nto account {s that transport costs must be kept to a minisum to
achieve economfc wviabilicy. The opportunity may exist for a regional

venture approach, by establishing a processing plant central to a number of
factories.

Use of solid wastes in animal feed

Proposed methods for upgrading solid wastes to animal feeds which are
theorecically viable include the following:

(a) drying to 101 mnoilsture using either external fuels or methane gas
generated by anaerobic digestion; it is estimated that digestion of
two tons of solid waste material will provide sufficient methane fuel
gas to dry one ton of waste material;



(2) extracting starch and/or protein from citrus pulps, pomaces &
fibrous green plant material;

{c) cozbining caustic lye peel residues with actidic wasces.

Disposal to land as fertilizer

Solid wastes which are not converted to animal feed or a by-product present
=ajor disposal problem and are often relegated to land applicatio
Acceptable applicacion rates vary depending inter alia on the tvpe of was
material, the nature of the soil, the type of cover crop, the rainfall patte
for the area, subsoil drainage, etc. Acceptable limits for application rat:
have not been well established locally, but in the USA application rat.
ranging from 7 to 25 tons of dry solids per hectare per annum Hhave be:
successfully used.

Surface application of organic vastes will generally give odour and pe:
control problems and can give a high strength leachate during periods
rain, Consequently, solids applied to land should be ploughed (n to ensu
that they are covered at all times. Similar problems can be experienced wi:
leaching and percolacions as associated with {rrigacion of organic effluen:
onto land as discussed in Appendix B and due cognisance should be taken of
provisions of the Water Act in this regard.

Landfill

Solid wastes from the Industry can be disposed of to conventional sanitas
landfill sites at loading rates ranging from |2 to 120 tonnes per hectare (pe
annum), Pretreatment of the wastes Is advisable if their pH falls outsic
the range pH 6 to pH 8.

The Inscitute of Solid Waste Management is a useful source of information «
the management of landfill operations.

Conversion to fuels

Solid wastes from the Industry can be fermented to produce alcohol or methar
gas or can be processed to a good quality of charcoal.



in carbonisation (conversion to charcoal), a yield of about 30T =mags/mass i3
probable L{f the materials are supplied at around 10T molsture content.

incineracion

Experience with the incineration of municipal refuse and other wastes has
shown that in =most instances such processes are uneconomical since there i(s a
nett energy demand. This method of disposal should thus only be considered
4s a last resort,

5.4 Regional Jjoint venture approach

The joint regional venture approach has the following majfor advantages:

(a) Economies of scale are achieved.

(b) Transportation distances and the associated costs are kept at an
economically viable level.

(e) Downtizme on the solid waste processing plant due to the seasonal nature
of the Industry can be reduced by taking advantage of the overlap
between different products at different factories.

(d) Opportunities are created for achieving a more balanced recovered
product by blending wastes of varying composition.

(e) The economic viabilicy of such ventures can be enhanced by the
inclusion of solid wastes arising from other industries such as wine
making.

(£) Faciflicies available in other industries could also possibly be
utilised, for example rendering plants for abattoir wastes or alcohol
discillation plants for organic wastes.

In reviewing the possibilities of a regional approach to by-product recovery,
possible centres for processing sites have been identified on 4 geographical
basis. An example of a possible joint venture regional approach is given in
Table 5.2.
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TA3LE 3.2 POSSIBLE REGIONAL JOINT VENTURE APPROACH TO SOLID WASIE BY-PROLUCT

RECOVERY FROM FRUIT AND VEGETABLE PROCESSING

CENTRE JOINT VENTURE COMPANIES

Ashton Langeberg
| Ashton Canning

Ceres Ceres Fruit Growers l
Ceres Fruit Julces '

S A Preserving

Ceres Fruit Indusctries

East London Langeberg

Western Province Preserving Co
Deep Freezing § Preserving
Collondale Cannery

Strand Deep Freezing & Preserving |
Gants' Foods i
George Table Top I

Langeberg (Mossel Say)

Boksburg Langeberg
Irvin § Johnson (Springs)

S ———

Nelspruit 8 Barvale
Patoma (Kaapmuiden)
Langeberg (Hoedspruit)

Paarl Langeberg
RFF (Groot Drakenstein)

Port Elizabeth Land Harvest
Val Orange |




APPENDIY A

FLOW METERING EQUIPMENT

Introduction

To assist the Industry {n assessing the effectiveness of its water and waste-
vater management programme, Cthe questionnaire given in Appendix D should be
completed f{rom the monthly records at the facrory and returned to the Water
Research Commissfon, P O Box 824, Pretorfa 0001 by 31 August each year.
The data, which will be treated as scrictly confidencial, will be used o
update the water usage and vaste-water disposal norms for the Industry. The
revised norms will be published in the § A Waterbulletin,

General

This section describes the various types of equipment used for flow
measurement,

Flume meters

The classical method of effluent flow monitoring i{s the flume and/or venturi.
Various types of venturi flume exist for ficting into open channels. Figure
A.l provides the design of a flume sulcable for widely varying f{low races.

Having inscalled a flume, only measuresent of water depth is needed to
calculate the flow,

The value of Cv s found from the Table A.l.

TABLE A.1 VELOCITY FACTORS FOR DIFFERENT b/8 RATIOS

b/B Cv b/B Cv b/8 Cv b/B Cw

0,10 | 1,0022 | 0,30 | 1,0209 | 0,44 | 1,0476 | 0,58 | 1,090l
0,10 | 1,0051 | 0,32 | 1,0240 | 0,46 | 1,0526 | 0,60 | 1,0980

0,20 | 1,0091 | 0,34 | 1,0272 | 0,48 | 1,0579 | 0,62 | 1,1065
0,22 | 1,0110 | 0,36 | 1,0308 | 0,50 | 1,0635 | 0,64 l.llSGi
0,26 | 1,0132 | 0,38 | 1,0346 | 0,52 | 1,0695 | 0,66 | 1,1253
0,26 | 1,0155 | 0,40 | 1,0386 | 0,54 | 1,0760 | 0,68 | 1,1354

0,28 | 1,0181 | 0,42 | 1,0430 | 0,56 | 1,0829 | 0,70 | I,1469




FIGURE A.!
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fFlume meter

\ g

WEASURING POINT

{

U

/s
s A A

Notes:
)

(L) hmax €3 x b

(i1) S c=s?2h € 180 cm
(114) length of inlet

i ) section > 110 ¢z + E

tdv) b/3 < 0,70

(v) W3H g 3

(vi) E= 13 to 4 times h max.
(vii) max gradient at inlet

section Is 1:100

e

SOE ELEVATION

wWhere Q

32

END ELEVATION
flow in a/s
restriction widch in =
downstream channel widcth in m
distance of measuring point upstream of
commencenent of restriction
velocity factor from table or by calculation
outlet coefficient depending on friction losses
backup water height in =.
0,5 0,5 1,3
2 x (2) x Cv x Ce x (g xbx(h) (a¥s)
9
1,5 I,5
i oo
|
The value of Ce = b x
b + 0,004L
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weirs
Among other methods of seasuring effluent flovs are velrs and the wuwe of

expirical equations. Welrs must however only he used where they will not
become blocked with gross solids.

la) Venotch welirs

Figure A.2 shows the general arrangement and formulae for calculacting
the flow over a welr. The general arrangement should be designed (n
accordance with the notes. The flow s calculated from the height of water
above the weir apex when measured at the correct point. The V-shape results
in a major change of level for a small increase in the rate of flow and it s
therefore particularly suitable for varying rates of flows. The weirs can be
made of sharp-edged metal plates.

An irran;o.cnt {5 provided In Figure A.3 for a measuring box which can be
{nserted at a suicable place within the effluent pipeline.

(b)  Rectangular weirs

The general arrangement of a rectangular weir {s provided in Figure A.4.
This type of weir {s best suited to relatively constant flows.

Empirical methods

In many installations open-ended pipes have a free discharge into air in which
case there are two methods of measuring flow, which, although not as accurate
a4s weir measurements, are sufficient for many purposes.

(a) The co-ordinate method

This method requires the measurement of the horizontal and
vertical co-ordinates of the discharge flume - see Figures A.3 (a) and (b)
and Table A.2,

(b) The California pipe method is another method of estimating the f{low in
partially~filled pipes. The pipe must be horizontal for the method to work.
If not then a connection with an open-ended stand pipe 1s needed to a
horizontal section of pipe (see Figures A.6 (a) and (b)). Tables A.3 (a)
and (b) give calculated values for T and W to enable the flows to be
calculated.
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FIGURE A.2 Venotch weir

Measuring point 1 to 4 x h =ax

Sotes:

minimus h = 5 ca

maximus h = 30 cn

opening angle ¢ = 30 to 90"
measurement range = 0,75 to 240 /b
notches to be sharp edged

Inlet lengeh before welr
o o > l's m

B ? 80 cm
g 0,5 2,5 P 2 45 cm
Q = Ce (23) x tan o (h) hp < 0,4
13 2 h8 < 0,30
I & @30 o« = A5 " oc = 9°
|
2,5 ¢ 2,5 3:5
Q=0,63 Ceh ' Q=0,98 Ce h Q=2,36Ceh
= |
-0,3
Ce = 0,565 + 0,0087 (h)
qQ = flovw /s
8 = 9,81 m/s?
h = metres



FIGURE A.) V-notch weir measuring box

Notes on design:

Dimensions: A 21'5a
B 2 8cn
P 3 45cm

H/B € 0,3



FIGURE A.4 Rectangular weirs

Measuring point 3 to & x h max

hd
-

0,5 1,5
R = = (2g) xCe x b x (h)

.-

or

1,5
Q = 2,09 xCexbdxh = /s

where C = 0,616 (I=0,1 h/b)
flow Q = /s

g = 0.81 a/s?
both b and h in metres

Notes:
Suitable for relatively constant flow
overall height between 7,5 cm and 60 ca

base width b 3 2 hmax 3 30 ¢m
inlet length 3 10 to 13 x h max

width 8 3 3b (at least 90 cu): ____ 3 2 h max

ratio h/p £ 0,50



FIGURE A.5 Co-ordinate method for determining end-of-pipe flows

FIGURE A.5 (a) - Horizontal sewver

FIGURE A.5 (b) = Sloped sewer

The x gauge must always be
parallel to the drain pipe
whereas the y gauge is always
vertical

The flow can be calculated with
sufficient accuracy by Q =*/4 = 6,05.Ax where x and ¥ is in =m.

y A in =m® from
Table A.2
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FIGURE A.6 Callfornia pipe method for deterzining end-of-pipe flows.

FIGURE A.6 (a) = Horizontal pipe

— —
2 e S m

-
—
—-

The flow is proportional to d, che pipe diameter and a, the distance of
water from the top of the pipe, all measured in =m.

FIGURE A.6 () = Verzical pipe

The flow = T x Wm'/d

a 1,88
wvhere T = 1,489 (|l = =)
d
\\ 2,48 -2
'\ and W= 4 x 10

the

T and W given in Tables A.3 (a) and (b)
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TABLE A.) (a) Values of T for different ratios of 2 for use in California
pige flow foraula

S 0,00 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08 0,09 ]
- =
0,0 1,47 1,44 1,41 1,39 1,36 1,3} 1,31 1,28 1,26 1,23
0,1 1.2} 1,18 1,16 1,13 1,11 1,08 1,06 1,03 1,01 0,99 |
0,2 6,97 0,% 0,92 0,90 0,88 0,86 0,83 0,81 0,79 0,17 |
0,3 0,75 0,73 0,71 0,69 0,67 0,65 0,63 0,62 0,60 0,58 |
0,4 0,36 0,54 0,53 0,51 0,49 0,48 0,46 0,43 0,43 0,41 |
0.5 0,40 0,38 0,37 0,36 0,34 0,33 0,31 0,30 0,29 0,27
0.6 0,26 0,25 0,24 0,23 0,22 0,20 0,19 0,18 0,17 0,16
| 0,7 0,15 0,14 0,13 0,13 0,12 0,11 0,10 0,09 0,09 0,08
0.8 0,07 0,06 0,06 0,05 0,05 0,064 0,04 0,03 0,03 0,02
lo.9 0,02 0.02 0,01 0,01 0,01 0,01 0,00 0,00 0,00 0,00
TASLE A.3(b) Values of W for California pipe flow foraula
&
d o d v d v d v d w |
25 29 225 6 Bl4 425 32 992 625 85 858 82§ 170 925
50 163 250 8 849 450 38 016 850 94 /29 850 184 060
73 47 275 11 208 475 &) 471 675 103 914 875 197 779
100 912 300 13 508 500 49 168 700 113 722 900 212 091
125 1 586 325 16 962 5325 55 718 725 124 062 925 227 003
150 2 49 350 20 184 550 62 532 750 134 943 950 242 524
i175 3 654 375 24 188 575 6% 819 775 146 375 975 258 661

200 5 088 200 28 386 600 77 592 800 158 166 1 000 275 423

taken from: CSIR Technical Guide K49, 1979
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Electronic meters

If no space is avallable for a flume, or a weir, then consideration mav be
given to the use of electromagnetic or ultrasonic seters.

Average flow in any conduit is equal to the cross-sectional area of the flow
multiplied by fts average velocity. Two measurements are needed' the liquid
depth (width known by channel geometry) and the velocity.

Electromagnetic meters

A typical unit consists of an electromagnetic sensor head clipped to a pipe
ring for insertion i{nto the open end of a pipe, or to the base of a channel.
This sensor head wneasures the velocity and i{s also equipped with a pipe
conveying air to the sensor.

The air 1is allowed to bubble out at about 2 bubbles per second; the back
pressure measured on a suitable gauge provides the depth daca for the
calculation. Portable units can be mounted in any desirable location within
a factory or in the final effluent pipe or channel.

Ultrasonic meters

This ctype of meter is attached to two sensors mounted opposite each other on
the outside of a pipe.

The meter measures the instantaneous linear flow wvelocity. The internal
cross-sectional area of cthe pipe aust be wmeasured oOr estimated. The
volumetric flow can then be calculated,

Ultrasonic meters are simple to use but are expensive and are restricted to
certain pipe materials and pipes in full flow.
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GUICELINES FOR THE DISPOSAL OF EFFLUENT

ON LAND IN SOUTH AFRICA

By J.G, Thompson

Reprinted from lnformation Bulletin No. BL/I (February 1985) of the Soil and
Irrigacion Research Institute, Private Bag X79, Pretoria 0001, South Africa
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SUMMAR)

The purpose of this publication s 10 offer guidelines for the
dusposal of effluents on land Although there s & great diversty
of effluents. more than 95% of them can be sccommodated
within four mam categones in 30 far as theiwr effects on soil are
concerned  These are sewage effuent, ammonium nch efMuents,
high organk matter, low sodium adsorpuion mtio (SAR)
eMuents and alkaline high SAR effluents The most common
sources of these effluents are listed It is further indicated that
certain kinds of soils are more suitable than others for the
duposal of specific types of effluent and. thus. that there are
definute denred 301l effluent combinations. Recommendations for
the dusposal of the vanous effluents on land are given Sewage
effuent 1 virtually harmiess and can be duposed of on almost all
soils without having 10 apply soil amendments. At the other end
of the scale are the alkaline high SAR ones in which the use of
soil amendments such as gypsum s essential, and few soils,
mainly red clays, are switable for this purpose. Finally, it 1s stated
that avaslability of suitable effuent disposal sites be taken into
account when choosing a location for an industry that produces
effuent requinng duposal on land

SAMEVATTING

Die doel van hierdie publikasie is om nglyne daar te stel vir
dic wegdoening van afvalwater op grond. Hoewel daar ‘n groot
verskesdenhesd van afvalwater 15, kan meer as 95% daarvan in
vier kategoned gegroepeer word volgens hul effek op grond.
Hierdie kategonet 1 noolafvalwater, ammomumryke
afvalwater, afvalwater met ‘n hot organsesesiof, maar lae
natnum-adsorpsie-verhouding  (NAV) en afvalwater met 'n
alkaliese, hot¢ NAV. Die hoofl bronne van herdie afvalwater
word aangedui. Sekere gronde s meer geskik as ander vir die
wegdoening van spesificke kategonet afvalwater en hierdie
wenshike  grond- afvalwaterkombinasies word  aangedus
Ricolwater 15 meestal onskadelik en kan op enige grond
weggedoen word sonder om aanpassings te maak. Afvalwater
met ‘n hot NAV daarenteen, kan slegs op sekere gronde,
hoofsasklik rooi kleigronde, suksesvol weggedoen word Dut
verder noodsaaklik om gps toe 1¢ dien op gronde alvorens hot
NAV afvalwater daarop weggedoen word. Die beskikbaarhed
van geskikie wegdoeningspersele s dus ‘n belangnike faktor in die
beplanning van industne¢ waar voorsiening gemaak moet word
vit die wegdoening van afvalwater op grond.



INTRODUCTION

The pnocipie of nparanmsm. whereby o
npanan landowner i3 entitled to & share of the
normal flow of & river, 1 woven into the Water Act
(No. 54 of 1936). This act thus Jeally requires that
waste or surplus unconsumed water be returmed to
the streams from which they were ongmnally
abstracted without causing any materal detenoration
in water quahty downstream Waste walers and
effluents must therefore comply with certaun quality
standards before they can be discharged 10 streams
Frequently these quality constramts cannot. for
vanous practical reasons, be met, in whach case there
are generally only two allermatives. Either a
temporary exemption can be granied, which means
an inevitable lowenng of stream water quality, or
disposal on land with whatever other disadvantages
this may ental becomes the unavoidable second
chowce.

Al the outset it must be stated that rarely can
pollution be ecliminated entirely. Most mineral
dissolved salts not taken up by plants and later
removed from the land. will merely be transferred 1o
soil or drainage water, The aim of effluent disposal
on land u therefore to munimise the effects of
poliution usually by rewining. at least in the short
term, the undesirable salts in the soil in a way that
they eventually reach ground water and/ or streams
at a reduced rate, thereby minimising their influence
on water quality. At the same time every effon
should be made to prevent senous soil damage not
only to enable the disposal of effluent on land to be
on as sustained a basis as possible, but also, in the
event of dusposal being termunated. to enable the
land to be re-used for other purposes including
agnculture

The purpose of this publication s to offer
gudelines in regard 1o which soils are best suited, on
a sustained bass, 10 the disposal of specific kinds of
effluent when duposal on land has 10 be
implemented. Since pollution from industnal
efffuents in some form can nmever be entirely
climinated, means of minimising their effects are also
suggested in some instances. The information
presented s based on accepted soil science water
chemistry principles "and, to an apprecable extent,
on observations and analyucal investigations made
over a number of years on sites where land dusposal
of vanous effluents on one or more soil types has
been pracused for varying penods of ume. Since it 1
not possible in a project of this nature to cover all
aspects for every soil/ effluent combimation forthwith
or within a reasonably short tme span, ths
publication must be regarded as an intenm or
provisional one that will probably require
modification or updaung from time 10 time.

FULS, PF A DU PLESSIS. MM 1977 EfMuent daposs! =
South Afra by means of imgation Group ducusion on waser
e Teheran Now 1977
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RANGE OF WASTE WATERS AND
INDUSTRIAL EFFLUENTS

In terms of volume the two most imponant
eMuents in South Africa are sewage effloents (Fuls
and du Plessia, 1977') and acid sulphate waters from
the mining industry Until neutralsed, the latter are
oxic to almost all plants The most effecuive
treatment for munimising the adverse effects of acid
mune waters i removal of the .water from the
underground. sulphidic, acd-generating rones as
carly as possible followed by nmeutralisation with
caloum hydroxide. an industnial by-product. This
can often achieve a large reduction in total dissolved
sl content (Thompson, 1980). On account of the
genenally large flows involved. most treated acid
mine waters have to be discharged 1o perennial
streams in which the quality of water s affected to

different levels, usually little contaminated with
toxic industrial wastes.

1 Ammoniacal and ammonium salt nch effluents
with or without appreciable amounts of other
salts and/ or organic matter.

3. Effivents with high organic matter content but



relatively low sodium  adsorption mbo
(SAR)® Total dissovied salts (TDS) due 10 the
presence of mineral salts are not usually very
high but mlinity due to soluble organx
compounds may be

4 Alkaline effiuents with & high SAR. often with
large amounts of disolved orgamc mater
and/ or high TDS due to mineral salis

SOURCES OF EFFLUENTS

The very diverse nature of efflluents produced
by industry makes a fuller separation other than into

lourbtudawmulum
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nch in sesquioxides of iron or sluminium. Thus, for
& given clay content, the former have a greater
sdsorptive capacity (and hence greater susceptibiliny
to be affected) than the latter and they are also less
permeable and generally less well acrated when mowt
than the later

The nature of the cations on the exchange
complex also has a profound influence on the soils
A relatively small proportion of sodium relative to
calcium and magnesium  causes dispersion or
deflocculation and hence mobilisation of the clay
fraction which in turn leads to & breakdown of sol
structure, and the soil becomes impermeable The
sctual proportions of sodwum required to produce
soil detenoration vary from soil to soil but the
sesquioxic sonls (iron, aluminium and manganese
nch) of the high rainfall areas are the most resistant
1o the dupersive effects of sodium on the exchange
complex. Many of these highly weathered soils are
also able 1o adsord anions, such as chiondes and
sulphates, 10 some extent,

Land factors and site conditions are also
imporuant for the disposal of effluent on land. From
& stream pollution point of wview the site selected

with some slope: has many advantages such as
reducing the nsk of localised ponding of efMuent and
thus undue percolation to ground water, and
allowing cold air drainage to take place in winter
thereby prolonging the growing penod of

. the greater the nsk of direct
pollution of streams from run-off

1. Sewnge 1 Ammscensn 1 High organic matier, low 4 ARaline. high SAR rMuenn
Mhaemes il SAR fMueen
Practsally ol Explesrves and Cantle feedions and pggeres Paper pulp mullh and paper processon
10w mana gresent ndusires Cattie atationn (hde tremument Tesule facrone
boards nc exciuded)
Industres ;vvol Tannenes and hade processon
coke ovens Chachen datierses and adation
m““ ::.ﬁnt Mow chip-board and related wood
organaaton Mest procmang factones proorung (aciones
munes o, outsede Ceram chemca|
mumcps! ndwine e g Most daines and cheese factones Wool washernes and processon
doundares vanadeum recovery s A S
’.-lm» Sugsr industry efMaents
ey
Some dutilienes and breweney
Most wineres and dutlienes
Some sarch and ghucose (acrones
Most canned vegeubie lactones

Dyers and some watie ssdusines
Some march-groducing lactones




DESIRED SOIl PROPERTIES FOR THE FOLR
CATEGORIES OF EFFLUENT

Although most soils can to some extent be used
10 amehiorate efMuent disposal problems, it is clearly
evident from the foregoing that ceramn soils are
more suitable than others for the duposal of specific
categones of effluent In other words, there are
certain definite desired soul effluent combinations
when efMuents have to be duposed of on land The
desirable 301l properties for each of the four
categones of effluent are as foliows

Sewage efMuent

When it s necessary 1o dupose of sewage
effluent on land, the primary purpose will be to
minimise eutrophication of streams and dams. Since
disposal on land cannot remove all plant nutnents
completely, the sim should be 10 make at jeast one
of them limiting to plant growih, and under
Southern Afncan conditions the emphasis to date
has been on as complete removal of phosphorus as
possible. The disposal area selected should be
considered with this objective in mind and,
obviously, soils that have a high phosphate-fixing
capacity, such as many red soils, woukd be an
additional advantage o they occur within a
reasonable distance of the punfication works,

The ammonium efMuents

When disposed of on land n the normal way,
the nitrogen in these effluents can only be removed
from the soil by plants, manly after nitnfication to
nitrates has been effected by acrobuc soul bactena
The sois should therefore be reasonably well
acrated. There is. however, a further difficulty with
these effluents Most of them infiltrate the soils
readily but in their passage through the soil, they
remove the exchangeable bases. calcium, magnesium,
potassium etc. This in conmjunction with rainfall,
leads to strong, rapid acidification of the soil, even
although the effuent tself may often be moderately
alkaline. Thus, unleached soils that have an mitwal
high base status, especially calcareous soils, are more
suitable than leached, highly weathered soils

The organic matter rich, low SAR eMuents

One of the main soil requirements for the
disposal of these effluents is good acration which in
turn imples good permeability. Highly weathered
soils with their crumbly surface and very |
subsoil micro-structure are well acrated.
mmwynmm.un
nable for the disposal of these

£
§
g

oxsdation of organic matter. Sloping land has an
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sdvaniage in that it i easier 10 prevent or rectify any

localised ponding wince ths will always advenely
affect the soils

The alkaline high SAR efMuents

This group of efMuents is the one most likely to
damage the soil senously or even irrecoverably
uniess  approprate amechorants and
management practices are carefully followed The
high SAR of these effluents Jead 10 dupersion of the
clay fraction and thi renders the soil impermeable,
as mentioned earhier, and the red highly weathered
sesquioxic soils are thus the most suitable for the
disposal of these effluents because of their resistance
1o the adverse effects of adsorbed sodium. Very
sandy soils are also not easily rendered impermeable
by these effluents on account of their low clay
content and they are in some instances used for the
duposal of such effluents However, in such cases,
the character of the effluent after passing through

RECOMMENDATIONS FOR THE DISPOSAL
OF THE VARIOUS EFFLUENTS ON LAND

content either in plant available form, or potentally
0, tutmmulommmdm

disposal on land by
respective desired soil/ land conditions, mention must
be made here of denitnfication. The disposal on land
of all three of these effluent groups can, under
certun circumstances, be specifically designed for
nitrogen removal in gaseous form in this process.

The requirements for this process include:

(a) a carefully controlled water wble and »
controlled feed rate,

(b) most of the mtrogen having been previously
converted to the nitrate form, and

(¢) an adequate supply of readily oxidisable

Organic matter,

In South Afnca it is only in sewage disposal
works and possibly other rare instances that removal
of nitrogen by denitnfication has been found to be
practical. Some loss of nitrogen by this means
undoubtedly occurs from land that  has
unintentionally been waterlogged by such effluents
but any advantage © usually far outweighed by all
the disadvantages assocated with waterlogged land

The soils that are involved in normal or
straightforward disposal of effluents on land can be
rated according to their suitability for a particular
kind of effiuvent. In Table 2-5 lists of soil/land
conditions more or less in descending order
of suitability u given for each of the four categones



of efMuent. It s not practical or possible 1o lut all
soils 1 Tables of this nature but i 13 hoped that »
sufficcent vanety has been included 10 provide an
indication of the main properties that make souls
esther more suitable or Jess suitable for a partcular
category of effluents

Disposal of sewage eMuents

On account of its innocuous nature, treated
sewage effluent can be applied to almost any soil
without causing any serous damage 10 the soul iself
However, the extent 1o which phosphorus s removed
from the effluent, will depend mainly on soil and site
conditions. Removal of mitrogen. on the other hand,
s almost entirely dependent on plant growth, e the
more vigorous the pasture, the better the removal of
mitrogen.  Initially, pasture growth may not be
vigorous due to an mmbalance of Wo much nitrogen
relative 1o phosphorus, but since nutrogen, in
contrast to phosphorus, is not taken up by the soil
the imbalance s rectified usually within 1-2 years.
After 8 number of years the main result is a very
preat ennchment of the sold with phosphorus
(Thompson, 1968), Because not all of the nitrogen
uken up, there is an inevitable increase in the nitrate
content in the groundwater The pastures grown
must, of course, be harvested, preferably by mowing
and complete removal from the land. A second, less
efficsent alternative & to have them grazed by cattle
a3 intensively as practically possible

Many municipal sewage effluents contain small
but wvarying amounts of toxic metal cations.
However, these are unlikely to be absorbed by plants
and bhence into the food<hain unless the soul
becomes acid. The pH of the soils of dsposal areas
should therefore be monitored and  necessary lume
appbied to maintain pH (1:2.5 water suspension)
above 6.0 and preferably above 6.5.

In general, sewage effluents are harmless and
virtually all soils can safely be irngated with them, as
mentioned earlier. However, from the point of view
of mumnimusing ecutrophication of streams and
poundwaters, site and soil conditions become
important considerations. Possibly one of the most
favourable of these that s frequently available, are
shaliow soils that are underlain by relatively

run-off of effluent into the dam. at least some of the
collected water can be recirculated 10 the upper end
of the disposal area

As shown in Table 2, the suitability of soils for
disposal of sewage efffuent can be arranged n
descend order of ment based mainly on their
capacity for removing phosphate. On this baus the
next most switable and sodl units include the red.
high clay contemt souls, the highly weathered
sesquioxide-nch ones being the best of these, while
a1 the bottom of the list are sods with a naturally
high water wable which in any event most commonly
occur i low-dying  posiuons.  usually near
walercourses

TABLE 1 - Desconding order of sultabiiny of hnd | soil
for dmponal of wewage ofMuent

(a)  Maodernsely shallos ol other than sands wnderam by
relatively impermeable rock on relalively weep slopes only
J dreima and aaicheent dam a1 lower end

D)  Moderstuely deep 10 dexp. 7o highly weathersd soils on

(2)  Reddah drown mediumdrtiurad souls not highly weathered

slopes
(@) Beown, grey and dark grey medium-sestured sodls. deeper

(L)

I
i
|
i

Hh
1t
:
|
i

y sands. deeper than S0 cm, on genile 10

]
“

(L) impermeabie.  slkalie  sadx Doruom
between Wem and Nem on gentke 10
slopes

8 natunlly-occurnng water bl ot depthe lent

sz

4
g

Moderuiely shaliow 10 moderniely deep denones
effeciroe depih betwnen sbowt 40 and B0 om whie
modersiely deep 1o doep meams sous with effectve
depih gresier 1han about B0 om

Gentie 10 modersie doper denotes dlopes up 10
about 45 and relatively meep vlopes from aboul 4%
up 10 show I5

Disposal of ammonium-rich efMuents

In order 10 achieve reasonably effective
removal of nitrogen from these effluents by plants. 1t
15 necessary that wvigorous vegetative growth be
promoted. This requires. onrer alia, that the soil has
» balanced supply of plam nutnents which, in turn,
means that other plant nutnents, paricularly
phosphorus and in most instances potassium, will
almost cerwninly need to be applied fairly regularly
Kikuyu and rye grass pastures are more suitable than
fruit-beaning (in the botancal sense) and tuber
producing crops such s wheat, potatoes etc., which

lmmdswln



graning, aot only 10 take off the plant nuinents. but
als0 to astiit in maIntaININg VIgOTous growlh

Although grass pastures are the most effective in
removing nitrogen from effluents there are mutations in
the amount of mitrogen that can be taken up by the
pastures. Consequently, there are limits to the
concentration of nitrogen that can be tolerated in
ammoniacal efMluents f removal of N 15 to be reasonably
efficent. These limits will depend on the desirable
MAXIMUM IFMgaAlIOn ntensity in & given chmatc regpon
on the basis of munimising deep percolation 10 ground
water, For insuance, in & repon where, say, the
maximum desirable rate » 1000 mm ann and ot
sssumed that the maximum amount of nitrogen that can
be taken up by the pasture i say, 700 kg N/ha/ann,
then the concentration of N in the effiuent should not be
more than 70 mg /. Efficient disposal of effluent wath
higher concentrations would then in theory mnvoive
measures such as dilution by one means or another with
fresh water together with a commensurately enlarged
disposal area, but this would largely defeat the objective
of conserving and protecting water resources,

The application of ammoniacal and ammonium
nch effluents in conjunction with rainfall, leads, as
already indicated, to rapid acidification of the soil to
the extent that frequent liming of the soil is usually
required. It s for this reason that in Table 1
calcareous soils that are reasonably permeable, are
rated at the top for this type of effluent In addition
some of the nitrogen will be lost by volatlisation
These are followed by the shallow soils underlain by
impermeable rock strata on relatively steep slopes as
descnibed in the section on the duposal of sewage
effuents. Again, low-lying soils with a naturally
occurnng high water table are considered to be
among the least suitable soils

TABLE ) - Descending order of sultabiliy of laad solls for
dposal of amamcnnam-rict efliwents

) Calcareous sods deeper than S0 cm that are modersuely
permeable on gentie 1o modersie slopey

()  Moderstely shallow souds other (han sands underiain By
relatively empermeabdle rock on mlatively sieep slopes only

and caschenent dam ot lower end

10 black clays (vertaols or dack cotton sodls)

0 am. on gemtie 10 moderaie opn

oy and dark grey mediamcteniured ol Seeper

on genthe 10 moderaie Vopes

teatured S0y ot Raghly

leached. deeper than S cm oo pemtle 10

|
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N Sois

(8) Modeniely deep to deep, red. Agh®y weaihered a0y on

(LY] and loamy sands. deeper than S om. oo gentle 10

() Sods wuh 8 satunaily-cccurming water able a1 depths less
than

Disposal of high organic matter, low

It is the readily oxidmsable orgamc matter
content rather than the total organic matter content
that most often himits the rate at which these
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effMuents can successfully be duposed of on land
Soils that are naturally well aerated. are desirable for
the duposal of these efffuents It u also desirable
that they are moderately base saturated and have an
appreciable clay content, i.¢ soils that are fairly well
buffered, since the break-down products of the
organic consutuents, particularly nitrogen iIn the
smmonium form, tend 1o acxdify the soils as
indwcated earber. This will tend to occur st high
organic loadings. If st any stage the organic loading
becomes 100 greal, anacrobic soil conditions develop.
usually sccompanied by death of the vegetation

f drains and cawchmem ower end

) Redduh Brown medwm iextured sodle  not  highly
weathered and leached, decper tan N eom, on gente 10
modeTRIe Bopey
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of effluents discussed 3o far, 11 s essential in most
cases that with these effluents ameliorants such as
ppsum be incorporated into either the soil or the
effluent from the wvery beginning There are.
moreover, much wider differences in the degree of
sutabality of souls for the dusposal of the alkaline
high SAR cffluents than is the case with the effluents
hitherto discussed In fact, the soils histed below in
Table 5. are all basically unsunted 10 the duposal of
such effluents and should only be used when there is
no other aliermative and then only subject 10
ngorous ameliorative and management practices

The disposal of these effluents on land leads to a
proportion of the sodium in the effluent being
adsorbed by the clay fraction of the soil. usually to
the extent that i time the exchangeable sodium
percentage of the soil equals or even exceeds the
SAR of the effluent. This, as stated earher. tends to

TABLE § - Desconding order of suabliity of nd/solls for
dnposal of alalne Mgh SAR efMuent

" Moderaiely deep 10 Secp. md highly weathersd sl on
gentie 10 moderaie siopes
) Redduh wown medwmn-textured soily a0t highly weathersd

sopey
(¢} Cakamous soils. deeper tham 30 cm 1hat are modersiely
(d) Modersiely shallow sods other than wnds uaderian by

00 Sandy and loamy sands. deeper than X om. on gentle 10
n

derper than S0 cm. on gentie 10 modersie slopes

(h)  Sods with impermaable. alkaline sodc horuons berween
X cm and 30 cm on gentie 10 moderaie sloper

(1) Sodls with & setunally-cccurning weier wble & depths less
than I m

deflocculate the clay fraction and this, in most cases,
reduces permeability drastically. However, a high
concentration .of dissolved salts (TDS). especually
strong clectrolytes such as chlondes and sulphates,
have the reverse effect, e they tend 1o mamntan a
reasonable degree of soil permeability in spite of the
clevated exchangeable sodium percentage (ESPyr It
15 therefore highly desirable that at all times there s
a surplus of gypsum n or on the surface souls, not
only to reduce adsorption of sodium by the soil, but
also 10 maintain an apprecuble concentration of
electrolyte in the soil solution during rainy penods
when leaching could lead to a marked reduction in
clectrolyte concentration and consequent lowenng of
soil permeability and infiltration

It has been shown (Thompson. 1983) that
ammonium salts apphed either in the effluemt or to
the soil, exert an appreciably greater effect than
expected in reducing adsorption of sodium by soils
Thus effect was noted on a wide range of soils with

ach sodium * 0O
*Eachanges bic sodium percentage = &W

when exchangmabe sodium and caton eachange capecry are
caprensed 41 mulbgram equivaienta per 100 g
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very different fundamental properties such as clay
mineralogy. p'H and base saturation This has
imporant imphcations in regard 1o the das I of
these difficult efMuents If ammonium ::?.n
apphed a3 an additional amelorant together with
ppsum, it should axd considerably in dsposing of
the alkaline high SAR effiuents, especally on soils
that are not really suitable for such effuents Since
smmonium sulphate is the most acddying of the
commonly used mitrogen fertilsers, it s frequently,
though not invanably, the most sunable

The continued applicaton of sodium-nich
effluent together with ameliorants such as gypsum
and ammonium salts leads 10 leaching and depletion
of other sonl bases, notably magnesium and
potassium, unless of course these happen also to be
present in the effluent applied. If not, it will be
necessary 10 apply them from tme to time. the
magnesium being most convensently appled as
dolomitic lime once or twice a year depending on
soil type and rate of effluent apphcation A further
macro plant nutrient that hikewise may need to be
supplemented occasionally, s phosphorus.

It s commonly accepted that ESP values
greater than the 10 - 155% range, usually result in a
drastic reduction of soil permeability especially when
il TDS contents are low, This holds true for
almost all of the soils listed in Table S5, many of the
red clay soils, especially the highly weathered ones
being exceptions. It s thus general practice 1o
recommend that the SAR of the effluent in effect be
maintained below 10 by adding gypsum enher to the
effluent or 10 the 301l ‘In the case of certain of the
red highly weathered nch in sesquioxides of iron and
alummnium, it has been established beyond doubt
(Thompson, unpublished data) that the soil remains
permeable with ESP values approaching 40 when the
conductivity (s measure of TDS) of the saturation
extract is reasonably high (greater than about 300
millissemens/ metre). These high ESP values have,
however, only been measured in deep subsoils below
I - 2 metres and, wrer alia, clearly indicate that
sodium not adsorbed by the soil will tend to
accumulate in the ground water Since di-valemt
cations such as calcium, and to a lesser extent
magnesium, are preferentially adsorbed by the soul,
the SAR of the saturatuon extracts of the soil
increases progressively with depth Thus. even in the
case of the red highly weathered clays, it s sound
policy to try to maintain the effective SAR of the
effluent, as described above, below 10,

CLIMATIC FACTORS

In order 10 mimmse the rate at which
dissolved salts in any effluent will percolate towards
the groundwater, the total amounmt of effluent
apphed per annum should be considered in relation
to the annual rainfall an annual evapotranspiration
data for the regon in which the disposal area »
situated. Obviously, broad information of this nature
can only provide & rough basis from which to obtain
an spproximate estimate of the minimum size of the
disposal arca required for a given flow of effluent,



assurmng that other factors such as the qualiy of the
efMuent nself are not more himiting. such as organic

The scasonal pattern of rmnfall, 1e whether
summer or winter s AlO an important consideration
This has probably a grester implication for the high
organic matter group of efMuents than for the other
groups since wet conditions imposed 1n conjunction
with low temperatures in winter can senously retard
the rate at which organ matter can be decomposed
scrobically.

In general the more and and warmer the
climate, the less hkelihood of problems ansing in the
disposal of the first three groups of effluents, often

sesquoioxic soils and in these regions the most

site conditions. In such

Although the desirable soil, land conditions for

the dinposal of particular types of effluent have been
descnibed together with specific recommendations in
regard to disposal, it « recognised that at established
industral  underakings. the choice. in  pracucal
terms. of disposal sites 13 more often than not.
limited In these cases the best of the available
land soil wites has then 10 be chosen It should be
borme in mund that «f only poor land soul sites are
svailable for effluent disposal. lghter applcations of
effluent over a larger area may ofien be necessary
together with high levels of management and or
ameliorative treatment

In view of our detenorating water quality n
South Afnca, # » imporant that in future one of
the determuning factors 10 be included in the
sclection of an area for an industry that produces
efMuent necessitating land dosposal, should be the
availability of a reasonably good effluent disposal
site

THOMPSON, JG. 1) The rok of the ammonum wn »
sding the daposal of slkaime eMuemts %
imgavion. Proc 1O0th Nt Congr Sod Sei Afr Tech
Commun Depe Agrwe Repud S Afr No 180 & a7

% Proved and published o the Repudlic of Sowsh Afrca by the Deparvmen: of Agricwhure and Waier Sapply . Pretons

LA
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APPENDIX C

FACTORY DRAINAGE GUIDELINES

Ceneral

These notes are intended as a general guide and reminder of factors to be
considered. They do not constitute a comprehensive specificacion, nor do
they necessarily cover all types of factory or process,

The assistance of Langeberg Co-op (Ltd) who provided information on their {in-
house drain construction specifications, (s acknowledged.

Planning

During the construction scage of a factory it costs very little excra to
design and install correct drainage systems. Alterations to drainage
systems in an operating and complete factory are difficult and axpensive, not
only in cterms of the actual costs of the modifications but also because of
the resultant disruption of production,

Makers' dravings of equipment often label various outlets 'to drain', and do
not differentiate between strong, weak, continuous or occasional flows,
Factory effluent management requirements are also often poorly defined at che
factory design stage. If incomplete data of this nature is given to an
architect, structural engineer or contractor who has insufficient expertise In
effluent creatment, a common drainage system {8 likely to resul® wich all
discharges being mixed and interconnected without the necessary tacilicies to
monitor, control and treac the various streams.

Segregation of effiuent flows

One of the fundamental requirenents in factory drain design is to segregate
effluent streams rationally, for example separating weak and strong streams
and streams containing different types of pollutants.

Domestic sewage, for example from toilets and ablution facilitles, must be
kept completely separate from industrial effluents, otherwise treatment of the
latter can be made very difficult or impossible.
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Complete segregation of storm water from industrial and domestic sewvers is
also essential. Storz-wvater discharge {nto {ndustrial drains is
unacceptable, as is any industrial discharge into a storm-wvater drain,

Major problems can arise with poorly designed storm-wiater drainage of open
areas, for example where vehicles or containers drip pollutants onto a paved
surface and where these accumulated pollutants are then washed into the storm-
vater drain either by rain, or deliberately by =means of a hose.

It may prove necessary to combine the segregated streams (other than stora-
vater) before they leave the site, for example to provide a single connection
to a =unicipal sewver. Such a combining point should however be located
dovnstream of facilities enabling the individual streams to first be
monitored, controlled and treated separately.

It is much cheaper and easier to combine streams which may have been
unnecessarily segregated, than to separate streams which should not have been
combined.

Balancing

Storage or balancing facilities can be very useful in a drainage system, as
they smooth out the strength and flow-rate peaks.

Any treatment facility will operate better if it receives a stream which {is
more uniform {n terms of composition and flow rate. The capital cost of the
treatment facility can also be reduced if it {s designed to handle average,
rather than peak, conditions.

It is often possible to combine balancing with treacsent, for example
separation of pollutants by settling and/or natural flotation.

1f on-site effluent balancing {s likely to be needed in the short or long
term, provision must be made at the inicial planning stage of the drainage
design, otherwise future problems are likely to arise with regard to drain
levels, site space for tanks and foundation restraints,

Screening

Screening (s a relatively simple, inexpensive and effective treatment option.
Wherever possible, screening out of solids should be 1incorporated before
effluents discharge to drains. This will minimise leaching of dissolved
substances into the effluents, problems of drain blockages and the suspended
solids pollution load in the final effluent.



Screaning should be carried out above ground wheraver possible. Sasket
screens placed In sumps and catch pits require very close control and
supervision (7 chey are to be successful. "Cleantng” of such screens is

otten Incorrectly carried out by removing the basket. eaptving the contents
down the drain, and replacing the basket, thereby negating the purpose of the
screen,

if Lt is necessary to screen liguid which is in an underground drain, the best
solution 4s usually to (ncorporacte a sump and to pump the ligquid over a self-
cleaning screen pusitioned above ground.

Cartridge-type filters, especially those requiring manual cleaning or
cartridae replucement, should be avoided in polluted effluent screening
applicacions. Even relatively low suspended solids concentrations can block
such a filter within a short time.

Pumping

The most {aportant design aspect of effluent pumping is that the pump must be
able to handle che expected (and unexpected) solids in the effluent. The
passages through che impeller musc be sufficlently large to accommodacte cthe
maximun size of solids, and the impeller =ust not be prone to blockage by
stringy or similar substances, If these are present.

where the flow rate i{s low, a small pump may appear suitadble from the
head/flow curve, but the overriding factor must be che solids handling
capabliifey, even Af this implies an overdesigned pump from the flow point of
view.

Fump materfal should be compactible with the fluids being handled. factors to
take 1into account include pH and temperature. It =may however prove
sconomically Juscifiable to install a pump with poorer corrosion resistance,
and accept ongoing replacement costs, rather than to use a pump made of very
expensive material which will also wear out in time, rather than corrode

in the case of large submersible pu=ps, provision must be made to 1ift cthem
out of their sumps. The lowest permissible water level may have to be nigher
than the top of a4 submersible pump to ensure adequate cooling. This may
severely reduce the usable capacity of a sump.

Floor drainage

Where hosing or spillage on floors is to flow naturally to a drain point, a
floor slope of | in 150 or steeper is usually necessary.

The discance from any point to a drain should not be further than about } =
which implies drains at about 6 = centres.



The floor surface must be chosen o0 that it is not slippery when weg or
covered with proeduct, and {s not so rough that It traps particulate matter.

Lowv "bunds” or "humps" on the floor may be beneficial around areas where
particularly strong or high-volume spillage occurs, o segregate these
discharges into one drain rather than another.

Drainage piping

Drainage piping should not have a nominalbore (N.BK.) of less chan 160 eon.
to permit cleaning and to reduce blockages,

Care must be exercised that pipes are not unnecessary oversized, as this will
facilicate settling out of solids. Pipes must however be sized to
accommodate peak flows, to prevent “backing up" and flooding of drain points.

The preferred slopes are | (n 40 for 100 sm N,.8.; | in 60 for 150 =am N.3. and
l in 90 for 225 mm N.8. These slopes are slightly steeper than conventional
building practice, in order to ensure adequate flow velocity to minimise
setcling-out of solids.

Manholes must be provided wherever pipes change direction or join. The
bottoms of the msanholes should be "benched" to permit through-flow of solids.
"Dead spaces” lower than pipes in manholes collect debris and are difficult o
clean.

Manholes deeper than about 500 =m must be sufficiently wide to permit a man to
bend over during cleaning or rodding operactions.

Where gross solids are present in the effluent, it is worthwhile plastering
the inside of manhole walls, co make cleaning easifer, and to improve working
conditions.

Drain pipes, manhole walls and covers must be waterproof against the
i{nf{leracion of ground or storm water, which can increase effluent volumes and
treatment problems. Leakage from pipes and manholes into the ground must
also be avoided.



APPENDIX D

QUESTIONNAIRE FOR ANNUAL UPDATING OF NSATIONAL WATER, WASTE-WATER AND sSOLID
WASTE STATISTICS FOR THE INDUSTRY

0.1

{a)

(5)

(e)

Notes for completion of guestionnaire

The aim of this drief gquestionnaire is to annuallv update the national
water, waste-water and solid waste statistics for the Industry, and
thereby to provide a wvalid basis for assisting the Indusery {n
progressively managing the problems faced in this context.

All information received will be treated as scriccly confidential.
Please return completed questionnaires to the SA Fruit and Vegetable
Canners' Assoclaction, P O Box 3484, Cape Town 8000, for collection
and forwarding to the Water Research Commission.

To obtain accurate updating of the nati{onal water, waste-water and
solid waste situation for the Industry, a lOOX response is aimed at.
I1f any part of the questionnaire can not be completed due to lack of
information, please submit the semi-complete guestionnaire 1in any
event. If insufficient space is provided for completion of any part
of the questionnaire, or particular factors of relevance are not
provided for, please append any additional notes or data as required.
Your cooperation {n assisting the Water Research Commission to
continue monitoring and assisting the Industry with the management of
its water, waste-water and solid waste problems is gratefully
acknowledged.

General informacion

Naoe of Company S T S T O T o T e
2LAnCIPRL PrOGULES ciiivisvivitiiiaveseniieshaetddsnvacaiitaradesn i
Is staff increased/decreased durfing Che YEAT ...cveevsssisnrsvsssnsos

If so, in vhich months and by approximately how many .....ceccevieeds
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" Production

Year sevesnwRd iy as

Principal produces ......... R L S sesseses R

WATER USED FOR

MONTH PRODUCT QUANTITY (t/month) PROCESSING (m’/mon:ﬂ

or & estimate of
total)

January

February

March

April

May

June

July

August

September

Decober

Note: If you have more than one product, please photocopy this table
4s many times as regquired



~ater incaxe

' TOTAL WATER iSTAKE ¢=?)

HONTE MUNICLPAL J0REHOLE ATHER DTal

January

Februarwy
March
April

Mav

June

tylv
August
September
October
Novezber

Jecenber

Please actach a copy of vour water permit {f you have one.



D.

D.6

Waste water

Disposal route for factory waste water sh0asdws

Estimated annual waste-water volume (m?) e arh] /e S e e a Y

Typical waste-water analysis

(year

o.co-co-l)

PARAMETER

CONCENTRATION (mg/i except pH)

MIN

MAX AVERAGE

pH

Chemical oxygen demand
Total solids

Suspended solids
Dissolved solids

Other (specify)

Please attach a copy of your waste-water (effluent) disposal permit (f
you have one and coples of any relevant correspondence,

Solid waste

Annual quantity of solid waste(s) with product breakdown Lf available

L R A R L L R AR R I

Disposal route(s) for solid waste

If removed by others, by whom

Maximum quantity removed per month

D R

D I S

R R L

By-products (quantities, to whom sold and for what purpose) ..........






