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WATER AND EFFLUENT MANAGEMENT IN PARTICULAR PROCESS LINES

Quick Raference Gulde

This Report provides detalled information on the processing of some
of the commodities that were examined in detall during the Survey.

Production flow shests arm

included.

Thirey mnine factories

processed 869 150 tons of tommodities during the 1979/1%980 season;
the breakdown is shown below:

Commod{ty Para Ne. Process diagram| Para Heo. for
Figura targets
Apple cauning 2.1 2.1 2.5
Apple & pear juicing 3.1 3.1 F 3,2 3.5
Apricats 4.1 4.1 4.5
Beans In tomate ssuce 5.1 3.1 -
Beetroet canning/boctling 6.1 6.1 6.5
Citrus caoning and juicing 7.2 & 7.3 7.1 -
Corn canning 5.1 8.1 8.5
Green bean canailng 9.1 5.1 9.5
Guava canning 10.1 in,1 0.5
Feach canning 11.1 1.1 L11.5
Pear canning 12.1 12.1 12.5
Pineapple canning 13.1 13.1 11.5
Pea canning 14.1 15.1 & 14.2 14.5
Tomaro 15.1 15.1 -
Broccoli freezing 16.1 16.1 16.5
Corn freezing 16.1 16.6 16,12
Carrots freezing 6.1 16.5 16.8
Green bean fremzing 14.1 1.8 16.15
Pea freezing 16.1 - -
Potata Freezing - 16.9 16.18
Other commoditias 17 & 18 17.1 & 17.2 -




2.0 CANNING OF APPLES

Water intaks |

104 x10° m®/a
MASWI 6,62 m3/t

Factories Baw tonnage Products
& Ha. 15 760 t/a slices
Cape Province pie filling

2,2

Liquid eEFluent | Solid wastes

3.0 ta 5,0 maft 5 300 c/fa

PFrodoction plants

Four factories can apples for pile filling and a3 slicas. The annual
production capacities vary from 760 t/a te 6 000 t/a per faetory. The
genaeral process flow diagram 1s shownm at Fig., 2.1,

Frocessing  involves a FElow-through washer, grading follewed by
mechanical peeling &nd immersion in a salt solucion co  aveid
"browning"; in some preparation plants the salting step follows coring
and =licing. After coring and slicing (and salting if executed at
this stage}, the slices are de-aired in a vacuum systsm to remove all
air from the pores of cthe fruit Followed by sudden wvaeuvm reduction
accomplished by the introduction of water which fills che fruit poras
in gplace of aiz. The de—-aired slices ars chen blanched wusing hot
water or steam followed by the canning, cooking and can cocling
operacions.

Water fntake

The ASWI varied from 4,3 to 11,25 w2/t wich a MASWL of 5,62 m?/c.
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TABLE 2.1

CANNING OF APPLES

L RAW SOLID 5
4CTORY| TONNMES |WASTES OVERALL WATER OVERALL EFFLUENT :
PROCESSED INTAKE GENERATION

voLoME | specIFic | voLuME | sPECIFIC | % OF wATER |
' tia t/a m/a mi/t m/a miit A
% 10 x 10?
! & 009 1 8a0| 325,80 4,30 - - : -
I
2 5 D00 i 630| 26,00 5.24 24 4,B0 | 92
3 4 00D 1 600} 44,00 11,00 - - -
'EI' Tfhﬂ 256‘ E':l 55 11:25 - - -
Totai | 15 670 5 306| 104,35 6,62

13
-
L

Effluencs

Apple processing effluents are shown togacher with cthe Individual flows
and qualities arising from the various process steps ar Fig. 2.2. The
data Is summarised below:-

Spagcific effluent volume per unit raw Qualicy
matarial processed:~ 4,73 m*/t

% con 55
tocal Process step
flow

33,76 keft]| 2,02 kg/t
A2 of toral % of total

18% coring 3% 355
128 slicing 62 123
102 vacuum seal 0,52 1%
347 hlancher 51% 347

247 wash down - A 16%
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PREFACE

This report has been complled from data cellected during preliminary surveys
of the industry by Binnis & Partnmers, during which time each one of the major
processing plants was visited to identify the problem areas. Thereafter
detailed investipations waere completad within a number of production plantcs.
The data collected was used for the developmant of "A Guide to Water and
Wastewater Management in tha Fruit and Vegetable Processing Induscry”
published by the Water Research Commission, Preroria, Republic of South
Afriea.

The work was initially atsered and later coordinated by a committee
eatablishad uuder the Chairmanship of the Watar Resgearch Commisszion,
comprising representatives of the South African Fruit and Vepetable Canners
Association; the Departmaent of Environment Affairs - Directorate of Water
Affairs; Department of Health, and senior representatives of each part of the
industry together with represenativas of the processing plants where the work
was conducted: all these partias ars thanked for their invaluazble assistance,
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BACEGROUND INFORMATION

In 1976 the fruit and wvegetable processing Industry of South Africa requested
that the Water Research Commission Investigate the water and waerewatar
management techmlques used and problems experienced wicthin this Induscry.

Praliminary surveys of this induetry were done by HMr W Rose of the HNaticnal
Food Producers Assoclation, United States of Americs.

Subsequent studies of the water iotake and wasctewater generationm at 39 wmajer
processing facteries were donme by Binnie & Partners (SA).

These were followed by more detailed investigations carried cat up to 1982 by
Binnie & Partpers at the plants of Measrs. Langeberg Co-op, Aahtom; Gants
Popds, Somerset West; TLand Harvest, Port Elizabeth and Irvin & Johnaog,

Springa. This report glves the results of all these atudiea, the ausber of
processing factories, total annual productiom, protess flows, water inotaks,
wastewaterfaffluent generated, Areas mneeding improved wmacagement and

interim and ultimace targeta for specific water intake and waatewater/effluent
peneration, are given for each commodity studied.
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EXECUTIVE SUMMARY

In 1976 the fruit and vegetable processing industry of South Africe requesced
that the Water Research Commission luvestigate probleas axperienced in water,
wastewater and aolid waste management in the iodustry. Preliminacy surveys
of the ioduscry were carried out by Hr. W. Bose of the Hetional Food Producers
Agsgoclation, [oired States of Amerlca. Subsegquant surveys, pllot ecale
efflusnt treatment studles and the preparatiosn of a series of reporcs,

culninstiog in chis final report, were carriad ouc by Blonie and Partners
(54},

The project was carrled out in two atages commencing {n 1979 and 1981
respectively., The terms of reference for the first contract were as follows:

(a) Toe examine and define the water nanagemsnt and efflusnt problems in the

frult apd vegetabie canning lodosexy in Scuth Africa taklog 1into
sccount the reports by Mr. W.W. Rose and Hr, B.W. Kirk, in addition to
the curraant technology avallable in the literaturs.

{b) To eaxamine =and report upen the varioua local wastewatar discharge
raquiresents of the controlling authority and to advise om crechniques

which could be adopted wicthin the f{factory and any supplementary
treatment to meet these requirements.

e} To axamine and report epon the reclametiocn and revee of water within
the proceases operacing 1o che factoriea in which effluents are
produced with a2 vlew to elinminating or reducing the usage of water and
ta raducing strength and quantity of the afflusncs.

{d)} To axsmine and report upon tha quastion of aalid wastes f{nvelved in the
above processee, Iincluding tha present techniques adopted with a view

to any improvement thereef, and che elimipatien of any pollution
ariaiog tharefrom.

{e) Te racommend codes of practice {for adoption by the contrelling
autherities and by the industry for optimum watar management and
affluant controel within the fruit and vegetable canning industry.

(£ Te recommeud, in terms of the findings of the previcus referemces, the
most important flelds in which f{n—-depth research should be carried ocut
wicth a8 view to optimum utilizaclon of watar chroughout the indusery,

For the sscond phase of the project, in-house studies were undertaken at

selected factories to obtain practical data on the handling and processing of
some 30 commodicies.

411 the daca from the two phases of the projact were used to complle "4 Guide

to Water and Wastewater Management in the Fruit and Vegetable Processing
Industey”

In thie report the data cobtained during the investigation i{s given for each of
the commodicies,
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The mnajor resulte and conclusiocns of tha lnvestigetions as embodied in the
above mentioned Guide are:

{(a) water wusage 1o the induscry, axpressed lo cerms of the specific water
intake (SWI, ®* water tmken in per ton of raw material), wvaries widely

even between factoriea employing similar processing techniques faor the
same products;

(b) =inimwm achlevable targectas £or SWI could be grtained im practice by

spplying rcechniquea establlshed 1o the course of the scudy for reducing
water iantake ¢o the mipioum achievable SWI;

{c} pollution loade generated fn the induscry, eaxpreseed Io terms of the
chemical oxygen demand {COD} and suapended solide (S5} loadsz per unit of
raw matarial processed, were also found to vary widely betweea factotles;

(d) winimum achievable zargets for these pollutien loads could be attained by
implemencing improved techniquas for factory housekeepiog 80 ae to
minimise the wolume and atrengch of the resultant factory wastewater:

{e} the strength of factory wastewaters could ba subatantially reduced by oo-

gite effluent rLrestment proceasss which wera evaluated io pllet seale
affluent treatmant studies;

(f) the owverall pollution load generated could be raduced significantly by
recyeling of faccory processing effluants, efither by repovatien and re-
use locally at the process or by re=-use for purpoees requiring water of a
lesser quality - counter=-current re-usa of water was found to be
particularly applicable for processing of root vegetablea such as carrots
contalning large quantities of s0il and octher detritus;

{g) 1in arder teo effectively apply the techniques and measures established for
achieving minimum water intake and #ffluent generation, each factory
should carry out regular water and affluenc surveys with che objective of
identifying aress where targat lsvels age nor belog @met - systematic

procedures and technlques for carrying outr sueh aorveyes are provided in
the guide;

{(h} heodling aod disposal of the solid wewtes gsoerated conscicute a major
problem for the Induecry - after establizhing che quancitlies of wastes
lavolved and the existing routes used £for dieposal, a oumber of
alternative routes for coat—effeccive dispossl aod/or by-product recovery
were {dentiffed, and it was concluded that in many Inatances auch

leproved wmechods could beac be implamaenced by adepcing & cegiomal jolnk
veature approach within the industry.

In 1lts present state=-cf-the-art form, chis Guida offers management a useful
tool with which watar usage can ba reduced, the volume and/or strength of
facrory effluents can be reduced at wsource and by appropriate on=-site
treatment, s&nod solld wastes can be disposed of aleng rational and, 1in some
cases profitable, routes. To ayatematically achieve these objectives a
detalled accounting of the factory processing operaticns with regard to water
usage, <fflvent generation and 40lid weste genaracion must be davelopad;
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tachniques for achieving the necessary inventories are detsiled lo the Guide,
In one or more of these areas, managevent at each and every faccory will
diseover that impzovesnents cad be made, cthat savings Io warer accounts or
dtsposal charges for liquid and solid wastes can be achieved, and that the

problema faced by the [nduscry Ain these respeccs cao bhe signiflcantly
amelioracad owerall.

Finally, the work carried sut has revealed several areas in which further

research 13 deszirable. The principal areas requiring development by the
indusceey and others are:

(a) escablishing che quality limice acceptable for process water at each
stage of processing for the warious producte in order to make better use
of tecycled or rensvaced suppliesa, elther by application of advaoced
technology such as membrane processes Eor the productien of high=-qualirty

watar or by the use af more basic processes far producing lessar<quality
watar for less demanding applicacions;

{b) instituting on organised report-back systew whereby che implementation of
this Guide can be monitored by the industry itself, positive experiences
achisved by application af the gulde can be shared cthraughout cthe
lodusery snd furthar ar ecn-gailng problem areas can be fdeneiflied;

fc) routas and mechods for emfficient utilisation of the large quantities of
solid wasces gecerated by the induatry require to be further examined and
the values of recoverable by=-praducts along with cthe assoclaced
processing costs need to be escabllished in more dacall,



2.4 Management neaded

{g) s=gregavion of peeling, coring and jet washer effluencs,
which amount te 52 m%/d and traatment Eor suspended solids
ramoval;

{b) crearment of blancher effluvenc (%6 m?/d) for COD and 55
repaval using uwlkra filtration or reverse osmosizs;

(c) wsevum pump seal waters should bs collacted for revse in  the jet
waeher peeling/c¢oring or washdown processas,

2,5 Targats
Tha ctarget parameters set for the production of apples in cans are as
foliows:-
Wacer |efflusnk cop 58
incaka
equivalent concentratien squivalent concentratieon
m¥/c | mPfc kegft mg/ £ kg/t mg/
4,63 4,17 127.7 5500 1,6 400
Uleimace
3,63 I 2.9 7,76 2700 1 1,1‘ 370




The flow target can be approached by rewsing ssal water. The COD targec can
be appro2ched by managing the peeling/coring/jatr washing arsa to ensure that

golide do not enter the drain. Adopeing the revised washing down procedure
will halp to meat the targecs.



1 JUICENG OF APPLES AND PEARS

Water intake

Apples Pears
117x10° m?fa  33x10° m?/a
MASWI MASWI

Lﬁamaft 3:55m3.r't

Factorias Raw connage Products
3 ¥o. 33 640 9 304 apple juice
Cape Province tfa tfa pear juice
Liquid effluent Solid wasees
50,8x10% m®/a 20,4x10%n%fa | % 900 cfa apple
1,51 m¥/¢ 2,19 2 740 t/a pear
{pommaces)

2.1

Production Elants

Three wamajor plants process 33 640 cfa apples and 9 300 t/a pears to
concentrated juices.

Apples and pears are dumped into flow-through washers prier eo
inspection where overripe Fruits are rejected bafore the remainder is
passed ints single or double-stage presses; the axpelled julce is then
passed throvgh screens to remove coarse solids. The pommace f£rom the
prasaes Is in some cases dried before disposal; in ocher cases it is
dumpad as landfill.

The extracted juice 1z centrifuged and the areomwa vamoved in 2
discillation and fracticnscion process which  &lae achieves
pasteurisation for enzyme and spoilage inactivacion. Avoma=-free juice
ie given further treatment for pectin removal and thareafrar filtered
in varipus stages including plate and frame filiésra and centrifuged
bafore being concentrated to achieve a volume reducclion of about 80F.

The process for apples and pears is shown separately on Fige., 3.1 and
j.2,
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JUICIRG OF APPLES
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10.
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3.2

3.3

3.4

11

Hater intake

At one factory processing .pples ar 245 t/d and paars ar 235 tfd  the
average water usage was 430 w'fd giving a SWL of 1,84 m?/c for apples
and 1,9) m*/t for pears. The SWI at other plants was as high as 6,17
m°/t for apples. Howaver, over the season the SWI for pears was 3,53
m3/t and for apples 3,48 m®*/t.

Total Apples Pears
Consumer water
m?/d w3/t| % toral| m?/t| % total
Process water 20 0,37 20 0,38 20
Boilar feed 20 0,08 4 0,09 5
Washdown & domestic| 340 1,39 16 1,45 15
Total 450 I,84 100 1,91 0o

The majoriey of the water is used for washing down the pressing plant
which accounts for 208 of the total water usage, about 42 is used for

steam raising and the vemainder for peneral washing down and clseaning
ducies.

Licuid effluent

Concentration &f che fruit juices generates clean effluents from the
evaporator condensates; about 0,50 co 0,62 w*/t is produced in this
way. The gffluent volume excluding the evaporative pain was measured
as 1,02 w?/c for apples and 1,49 m?/t for pears. Adding the
evaporative pain the overall effluent discharged becowes 1,51 w?/c to
1,57 e/t for apples and pears raspectively,

The block diagrams Fig. 3.3 and 3.4 show the flows and quancitiss of
the various effluents penerated during cthe juicing of apples and pears.
Careful mansgement of the normal washing down and the continuous
washing down processes are needsd. The swall volume effluent from the

centrifuge carries 16% of the COD and 17% of the overall 55 in a flow
of 5 mi/d.

Management neaded

(a) elimination of wet pommace transportaticm;

{b} avoiding unnecessary draining of solids from base of juice
storage tanks ;



3.5
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(¢} avoid Elushing solids frvom plate and Frame Eilcer presses Lo
drain;

{d) reuse vacvum pump seal and evaporacor condensates;
{e} segregare centrifuge blow dowm;

(E} removal of 55 [rom final sffluent by dissolved afr flotacion.

Terpats

The targec parameters sef for the produckion of fruit julces are as
follows:—

lst Stage
Warer |effluent cob 55
Intake
Commodicy
ggulvalant equivalent
concenctracion coucentraclon
mi/e m/e |kg/c mgf P kelt mg/ €
Epples a,55 L,06 | 4,8 4500 L,0 LI
pears 0,55 L,06 |6&,36 6000 1,59 L5040
Ulcimace
Fpples 2,55 1,0 1,0 3000 0,5 500
Fears 0.55 1,0 5,05 4700 0,5 500

The flow target can be azpproached by reusing the evaporator condensatas
for washing down and the COD/SS targets by careful control of solids
removal by compressed air and brushing followed by dry cleaning-up,
prior co adoption of the ravized wash down procedure propased at
section 4.13.  Further, the areas of auio press washing and cencrifuge
blowdown must be segrepated Erom the balance of the effluents for 55
removal by dissolved air floctatdon, after wedge wire screeuing.

It may be worth investigating the reacovery of sugar from the pommace by
diffusion and concentratien of the liquor by RO. In this cass che
uleimate rargets could readily be mat.
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4  CANNING OF APRICGOTS

Hater intake

154 % 10® p?/a
H&ASWI: 5,5 m¥/t

4.

Factaries Raw tonnage Products
I3 No. 28 104 dverage
Cape Province Eia Halves - recovery
73,23

1

Liquid efilusnt Solid wasrces

115 =10? m3/a
ﬂ“lu Tllzft

7 531 t/a
7% pits

Production plants

Thirteen factories produce canned apricots using processing lines rated
from 3,75 to 30 t/h giving production capacities between 500 and 7 000
tia. The general procass flow diagram dapicting the various steps af
manufacture is given at Fig. A4.l che apricots are moved betwasn
process steps by elevators, water flumes and beles.

Processing involves preliminary washing in flow-through washars, 1in
most cases halving is accomplished with fish-meuthed blades, followed
by pit removal on shaking or drum screeuns. The halves are then turned
cup down before passing into a spray-typa caustic lyes applicatoer for
peel scfrening; rtemoval of the peel is done by dry scrubbing or spray
washing processas fF[ollowed by a final wash, Ingpection ddentifies
poorly-peeled halves which are returued for re-peeling and any rejacted
fruit is ctransferred to another line for jam manufacture.

Fruit if acceptable quality then passes to grading,
2ddition, cooking and cooling.

can filling, syrup
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FIG. 4.1
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Hater intake

Water i3 used on tha apricot processing line for product washing,
transportatian, can cooling, syrup make-up, steam tzizing and cleaning
of machinery and Eloors in addition to sanitary duties,

Inspeceion of Table 4.1 shows that che ASWL varies from 2,5 m?/t o
11,50 m¥*/t; the lowest value is returned by the faccory employing dry
belt tramsportacion systems in place of water flumes. The disteiburion
of watsr and effluent flows is identical to that quoted Eor peaches and
a comparison of water uwsapge at the diffarent plencs c¢an again be
accomplished by studying the salient features of the processing lines
which =xeapr for the halving operation are similar to peach processing.

One factory replaced their wet peel removal plant after caustic lye
applicaction with a dey Magnascrubber. Prior to the change 28%7 (2 m?/t)
af the total water consemed during procassing was used for the wet peel
vremaval, whereas aftar the change 5,5% (0,33 w3/r) of the total water
usage was used at this process step; the corresponding overall average
SWI dacreased from 7,14 m?/t te 6,0 m¥/c.

Liquid «ffluent

Typical concentraticns of normally-monitored indicatnrs of pollotion
yield the following typical results:-—

Qualiky
4, Peeling aparations oD 55
ng/ £ mg/l

{1} Dvy stapge (sludges) 77 000 | 10 QOQ
(il) Wec stags 43 Q00 6 480
{11i) Washer outlat 25 650 1 55
B. Floor un off water at fruig

inspection stations 19 520 1 2653
c.
(1) Flume transportation water factory 1 (12 088 983
(1i) Flume transportation watee factory 7 B 370 4
D. Final composite effluent (filtared COD} | 4 500 400

The block diagram Fig. 4.2 shows the detailed effluant analysis at
each process step., The table balow shows the discribution of che
salient flows and organiec loads.
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CAHMI MG OF APRICOTS

AW
FALTOAY] TOMMES S0 | PROCESS QVERALL WATER OVERALL EFFLUEKT
PROCESSEDR] WASTES [CARACITY INTAKE CERERAT ION
LRERARKS
YOLUE [SPECFFIC! POLUME |SPECIFICIY OF WATEH
tfa tla 'h a'fa a'lz a'la at/ H
n 10 x 10
I ¥ ooo0 b 400 o 8,0 4,0 1,0 3,0 4,7 |Eftivany icrigeind to 5% ha UT-T#L-CWR=LFEE
i & 0og 1 200 - 2.0 r G5 ¢ 16,4 &4, 10 f4,% [Lacge oult{ product plant WT=TEL
b 1 &80 BT - 14,70 .5 1,0 410w 14,8 WT+DT-¥P CWA
& 2 1a% m e 10,13 L] .G LI 5 lparr of water used Erom
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3 2 000 400 56 11,00 E 8,2 G310 T4,% Fert of wat#r i3 pclvare hoTahale
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b 2 Dog P12 a 13,60 6.8 10,2 3. 10 Ta,d | EECluent jrrlgaced onto 10 ha
(a [uzthur 20 he La svallable) HT-WP=-FLEE
1 1 To4 425 10412 4.1% 1.5 3.1% 1.8% 7.0 |ory T5 chrovghooc 119
2 1 300 310 | 7,578 9.15 6,5 7.1 4,B4 14,5 OT=54E
§ 1 500 310 & 13,75 118 11,7 ¥,e? Té, S - WT=CWR-LPEE
[+ 1 500 15 - §,23 5.3 B, 13 A, 10 Fa,.5% | ounterl]low tdume of weier T CWR
11 80 300 [ 4.2 1,5 6,05 7,56 5.6 | Coollog weler wied once for wT Cup
plrring mechine
11 555 135 |3, 7575 &, 83 B.7 A0 [ . T4,5 |gfrjuent Irrlgaced ooto 16 Ta -
13 500 125 - 1.570 5,4 .t 4,0% 14,5 -
Tokal FLUN LY 31 154, 2% 5.5 i, 50 4, LG 74,5
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Specific effluent volume per unlt raw Qualicy
material processed: 14,27 o/t

4 €ap 5§
total Process scep 52,05 kgft 3,34 kefd
£low

11 halving and pitting &7 637

2 Flume to peeling 6% 6Z

22 pealing 55% 357

3] wash dowm 217 0%

Management needed

{3) segregation of peeling and caustie area and separate treatment by
floecation for suspended sclids temoval;
{b) dry pmal sludge removal;
{¢} wsliminarion aof pit Elumes;
(d} add flume balancing system and treat €lume waters by DAF;
{e) treat washdown water For 55 removal by scre=en & DAF;
{€} the wultimate ctarger will be achisved by applying UF/R0 rto the
peeler effluent and possibly the Elumes.
Targets
The ctargat parameters set for the produccion of apricots are as
Eollows: -
Water |efFluent con 85
intake
agquivalanc equivalanc
concenkration concantrarion
ni/t m/fc kg/c mefF kgft mel P
5,3 4,10 27,50 6700 2,70 H60
Ulcimate
3,3 4,10 15,7 3800 1,32 a2
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The target for wacer intake canm be approacied by adopring che
recommended Elume bzlanciag systems and the revised method of washing
down. The COD targers can be met by segrsgation of the pssl sludges
which generates 55% of the CCD, and dry solids removal prior to washing
dowm . Fimal effluepnt floration would reduce the COD by a furcher 203
to 24kg COD/c with resulting final effluent zoncentrations of 4300 mg/f.



22

5  BEANS IN TOMATC SAUCE

Wacer intake

125x10%* m3/a
MASWI 20 m®/t

3.

Factories Raw tonnage Products
4 Ho. 6 220 canned beans in
Cape PFrovince tia LOMALO
Liquid effluent Sclid wastes

1

Approx. 10D x10? mi/a
16,0 m*/¢ Nil

Production plants

Four plants process 6 220 tfa of beans in cowaro sauce using rthe
process steps shown on Fig. 5.1, Dried whike beans are placed in
sozking tanks for 12 to 24 hours, thereafcter chey are screened to
rempve pieces and grics befors being blanched.  After the post blanch
inspection, Ethey are transferred to tins which are fillged with Etomarzo
gauce followed by sealing, cooking and cooling.

Watar usage

Watar is used for transporting the beans by flumes, for the scak tanks
and for cleaning dewn. Flumés are used between ctha posc-blanch
inspection and filling stages which is then reused as the vehicular
medive to pump the beans from the sereens to the blanchers bafore it is
discharged. The approximzte specific water intake is 20 m®/c although
at some facrtories periodie valuez of up to 70 m?/t have been racorded.

Liguid effluent

Approximacely BOY of the water discharged originzgtas from the
trangportation systems. We found that it typically had tha following
organic serengchs:- .

COD L1255 = 2 000 mg/f
58 154 mg/ ¢
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FIG. 5.1
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Managemenc needed

{2) ensurz all flumes are fitted wicth the balancing facilircies
proposed;

(b} aveoid spilt beans pouring into drain.
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&  CANNING AND BOTTLING QF BEETROQOT

Wacer intake

18,5x10° m3/s

NASWI B m3/t
Factories Raw tonnage Products

4 He. 2 3320 whele  cauned
Transvaal tfa sliced or
Eastern Transvaal shredded hbottled
Cape

Liquid effluent Selid wasces
11,6x10% o/a 932 t/a
5 m*/f¢e

6.1 Productien plants

Four £factories procass 2 330 t/a of beatrosc to products which ars

afithar canned in brice or bottled in vinegar.

The processing steps are shown at Fig. 6.1, The beasts are washed and

covked in retorts at 240 deg.C for 45 minutes befaore cooling and hand

pealing, thereafter they are shredded, slicad or bottled whole. The

vinegar is added and the bottles are sterilised in a bottle blancher

and cooled.

At ane planc, the beets are peeled by a steam peeler before passing co

the can £illing, cooking and cooling scage.
6.2 Watar intake

The HASWI is about 8 m?/t of which the majerity is used for washing the
beets and che processing plant. Howaver, at & factary where detailad
gnalyses ware made, the water intake was as high as 24,8 o?/t.
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MOTTLING OF BERTROOT
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6.1 Liquid affluent

SWI Tocal
Process step m?fte %
washing beets 1,53} 56
peeling washer 3,0}
slicingfshredding 0,5 &
plant wash dowm, brine make-up| 3,0 38
§.0 100
Anglysed samples of c¢he effluent discharped from the cooking and
gshredding areas at one plant gave the following results:=
cOb 55
Process area mg /¢ g/ 2
Slicing and shredding 2 540 376
Cooking 1 346 30

It should he poted chac effluent from beetroot processing 1s highly
coloured and very stroag.

Fig. 6.2

shows the diseribution of the flow and organic load in the
effluents which are summarised as follows:-—

Specific affluent volume per unit
raw material processad: Qualiry
16,5 msj'!t

4
total Process scep cop 88
£low 98,52 kp/e | 4,38 kgfe
3z cooking/sterilising 3z -

14 hand peel 28X 493
ie shredding/slicing 12% F3Z
17 retort area 377 P4k
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Hanagement naedad

{a) «<lose control of tha hand peeling arez where nearly half af
the susvended solids load oeceours. Batch settling of -2 effluenc
would -e appropriate;

(b} invescigate retort area which produces 57Z of the COD;

{c) control of the retort emptying liquor, perhaps passing it chrough
boiler ash.

Targets

The rfarget parameters set for the production of bestroct edither in
bottlas or other containers are as follows:-

Water [effluent coD 35
intake
equivalent equivalent
concantracion concentration
m2/t r/t kgft mg/ 2 kg/t mg/ 8
20 16.5 57 3500 2,1 130

The targets can be approached by managing the water intake, segregating
the peeling and retort area discharges. The volumes are low and batch
treatment could be considered.



FIG. &.2
BOTTLING OF BEETRCNIT
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Facrtories

9 Nao.
- Eastern Cape
- Eastern Transvaal
- Matal
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7  CANNING AND JUICING OF CITRUS

Water intake

348x10% n3/fa
NMASWE 2,08m%/c

Raw connaga

166x10? t/a

Praducts

grange,lemon, grape-
Eruit juice

canned sepments

candied pezls

Liquid effluant Bolid wastes

no data 75 000 tfa

7.1 Production planks

Hine Factories

1.2 Juicing

process citrus to canned and juice products; each
praocess is briefly describad:=

The process is shown at Fig., 7.1 from which it can be seen that the
Eruit is placed in a Elow=-through washar before entering a size grader
the differant sizes of individual fruics to £ic  the

which separaces
various juilce extraction machings,

The fruit is halved and the juice

removed by foreinpg the halvas cup-down ovsr a cone while being twisted.

The juice

then screensd,
concentrated 6,5

frozen, or preserved and canned.

pasteurised at 23 deg.{ hefore being
timas in & multi-affest avaporator; the produce is




7.3

7.4

7.

7.

5

7

k]|

Eanning

Canuing 1s performed using che unit processes showm at Fig. 7.2 from
which it can be s=en that after washing, the fruit passes over a
taper-roller sire grader before entering 2 bath of water at 95 deg.C to
scald the skin permitting hand peeling to be performed easily.
Thersafter the fruit passes through a 1lye peeler to ramove any
remaining ‘'pith’, before being chilled at 5 deg.C for 20 minutes to
assist segmenting bafore canning and cooking.

Candisd peal

At least one plant candies the peel, the process steps for which are
shown at Fig., 7.2, Peels are collected from the juice excraction
stage and passed to albide {'white') shavers which remove the intarnal
pith, before tha paels pass through a water bath.  After dawatering
they ars dried and transferred tc outdoor tanks for storage under a
brine solutionm.

When rtequired che peels are hydraulically removed from the storage
pits, classified in an air fletarion tank, dewatered, cooked, washed
and packad,

Watey intsxe

The water intake for citrus processing varies from 1,1 to 2,6 m?/t and
the plant which produces candied peel takes in 4,7 wm?/t which reflects

the water nesded for preserving, tramsporiation and classificarion of
peels,

At Juicing plants the water is used meinly for the first weshing and
plant cleaning; for camming it is alsc used at the 1lye peeler, for
syrup wmake=up and transportation flumes, where used. Watsr is
recovered from the evaporatien stage and this acesunts for the
apparantly-low SWIL.

Effluents

4 wide renge of finel effluent strengths ware reported but the maximum
value of COD was & 500 mg/f. VWhere candied peel was being manufactured
the Einal effluenc bhad che following characteriscics:-

cop - k1 770 mefé DA - 2 380 wg/2 COD QA - 4,95
55 = 1 595 mg/¢ DS - 15 180 mgf?

So0lid waste

hdpproximacely 45% of the orange intaks, 50% of the lemon and 60% of the
grapafrulc is expelled as solid waste, provided candied pesl iz not
being manufactured , giving a total citrus waste of abouc 75 000 t/a.
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JUICING OF CITRUS FRUILIT
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FIG. 7.1
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F1G, 7.2

CANNING OF GRAPEFRUIT
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| MANUAL REMOVAL OF SKIN |
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| SEGMENTED ’

I CAN FILLING




CANDIED PEEL MANUFACTURING FIG. 7.3
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8 CANNINRG OF CORN

Water intake

73 x 10® m¥/a

MASWL 9,25m”/c

Factories Raw tonmage Products
4 No. T 805 tfa whole kernels
Cape Province sweekb corn
&k Transvaal {in cream}
Liquid effluent Solid wastces
24x10® m/fa - m?/t 3 158 t/a
8.1 Production plants

Four factories procass 7 895 tfa to canned kernels or swest corn using
the process steps shewn in Fip. 8.13. The corn is delivered to the
plant 1in craces or bage which are emptied onto belts to convey it to
mechanical huskers for removal of the green leaves and'beard'; any
remaining 'beard' being removed by hand at the inspectlon stage. The
corn  is then washed in a rotating drum washer and passed te mechanical
decobbers; any corn unsuitable for this pracess is decobbed by hand.
The kernels are screensd through a rotating drum screen followed by a
vibrating screen, to remove remaing pleces af cob or leaf.

For sweat corn products, che keruels enter batch migers whers salt,
sugar and corn flour are added and the mixture heated to V0 deg.C,
fellowed by blending, can fillinp, sealing, cooking and cooling.

Whare corn products are to be made, thea kernels from che screens are
blanched, canned, sealed, cocked and cooled.



a.2

8.3

8.4

kb

Wacer intake

The WASWI varies widely from factory ee¢ factory but the MASWI was found
to be 9,25 m?/t., The bulk of tha water is used for washing of produce,
lubricarion and cleaning of plant, boilers and domestic uses,

Liguid effluent

At one plant surveyed a fiow of 13,5 w®/h of effluent was measurad when
the plant capacity was about 4,5 t/h giving a specific effluent flow of
3,0 m®*/c;: the discribution of effluent was as Follows:-

Source EEflusnt | Specific | Total
Elow Flow Z
mi/h m3/t

Feception areaz  }

huskers ) 5,60 1,24 41,4
inspection belts }

Corn washer 1.80 0,40 13,4
Dgcaobbars 2,20 0,49 16,4
Cooking 1,00 0,22 T4
Cooling 1,80 0,40 13,4
Floor wash I:Dﬂ' ﬂj 24 E:ID
Total 13,50 3,00 100,0

Hanaagment negded

(a)
(b)

{e)

{d)

fit flume balancing system to kernel [lumes;

gegregate high strength carbohydrate aoverflow from blancher for UF
Creatment;

improve management of solids around the huskers usiong "barrow
m&nu;

if sWwaet corn or creamed corn is being manufactured  all
blancher overflows should be separately removed.
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IH::II:E K

efEluent Con 35 _
incake |
equivalent concentration equivalent concentration
m/t ¥/ e kg/t mng/ ¢ kgft g/ £
53,0 4,0 6.0 L5300 1,0 250
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9 CANNING QF GREEN REANS

Water

17 x 10° n?/a
NASWL 7,40 o/t

Factories Raw tounage Products
3 Ho. 2 300 t/a cut Paans

Cape and slice baans
Transvazl
Liquid effluenc Solid wasres
14,95 x19? o?/a 398 cfa
6,5 m*/t
8.1 Production planks

3 factories process 2 300 t/a of canned products using the procsss
steps shown at Fig. 5.1. The beans are placed in a flow-through or
rotating drum washer beFore entering the snippers whiech remove the bean
tops. Thereafrer the beans are cut before blanching or vemain whola
For blanching if sliced beans are to be produced; alieing follows
blanching. The blanching opevation is needad to inactivate enzymes and
cther spojllage backteria,

Afeer blanching and iuspection, the beans are canned, brine is added as
necessary and the cans sealed, cooked and cooled.

Warer intake

Water is used for the transportation systems, the blanchers, to spray
equipment such aa bean soippers and for plant washing down; the HASWI
was 7,40 m¥/t.
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Liquid effluent

The

water supplied,

liquid effluent generated was found to be 6,55 m®*/t or 897 of

follows:-

Source Quanticy of effluent
7 total m>/t

Blancher outlet 23 1,50
Blancher condensate 14 0,90
Sprays on segquipment 11 0,70
Continuous washing (snippers etc) 11 0,75
Can fillars 18 1,25
Wet transportation ] 0,50
Frocess sub-total B5 5,55
Washing down plant 15 1,00
Total 100 6,55

tha

We found that the distribution of the effluents was as

Yarious samples of the effluent from the green bean canning line at one
facrory showed the Following results from which it can be seen that the
transportacion system contributes 8% of the flow but contains

wet
of

the COD and 5%% of the 55 load;

water at 1,0 m3/t.

43%

the results exclude washing dowm

Efflusnt Specific pollution loads

concenkration

Final Contribution Final Contribution

excluding |from Flumes excluding frem flumes Total

Elumes flumes

coD 55 | Cop 58 Yol | COD | 35 Yol | COD 85 |Vol | COD; 8§
hgff me/f |wg/¢ |mg/? |2fc |kgfe [kefe [m?/c |kg/c |kegic |w?/t|kgfe|ke/c

227 180 |69%6 |2604 |5,05 |4,68 |0,91 |O,50 § 3,51 L,3 | 5,5{8,1812,21
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g4 Managemenk neaded

Except for the effluencs from bean crensportation flumes the effluents
from bean canning are comparatively low In orpanic strength and
suspended solids concentracion; atcentien should be given to:-

(a) installation of flume balancing tanks;

{4} =recycle of flume water with S5 removal;

{c) adoptiom of revised washing down procedures.

9.5 Targets for beafl canuing
Lh:er effluent £0D i 55
incake '
equivalent concantration equivalent concencration
m*/t mi/t kg/t mg/ 2 kg/t mg/ 2
5,06 | 4,50 6,75 1500 1,75 390

These targets can be approached by recycling the flume water and
reducing the present 0,50 o*/t to 0,35 m?/t and by implamenting the
revised washing down procedure which could save 0,25 m*/t giving a
washdown water intake of 0,75 m?/c compared to the present 1,0 m%/c.

The flume recycle syscem could employ dissolved air flotation fov
effective soiids removal.
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10 CANNIHG OF GUAVAS

Water

60,70 x 10? m?/a
NASWI 6,4 m*/t

Factories Raw Lonnage Products
10 No. 9 309 cfa wvhole
Cape & Eastern slices
Transvaal
Liquid efflus=nt Solid wasces
45,5 x 10° p3/a 2 393 cfa
4,82 m3/t
0.1 Production plants

0.2

Ten factpries process 9 509 tfa of guavas. Fig. L0.1 shows che
various steps of processing which diovelve hand quality gradiag,
followed by lye peeling whers the fruic enters an immersion lys peeler
Eallowed by brushing and washing for peel removal; in most cases
countercyrrent £low water raude is pracrticed for these stages. The
pealed frult is then halved manually before being placed in the cans,

syrup added and rthe sealing, cooking and can cooling steps
accomplishad.

Water intake

Table 10.l shows char the NASWI varied from 4,0 to 7,0 m®/t with the
NASWI being 6,40 w?/t. The major points of water intake are cthe
washing after lye peeling and the sprays on the various conveyor belts;

the approximace usape at the differant stages of manufacgure are as
follows:-
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Conaumer Z total Speeific  intake
m*/c
peeling washers) 56 3,4
sprays on beles 21 1.3
washing down 13 0,8
wyrup make-up)
hoilers ) ig 0,60
Total 100% 6,10

10.3 Liquid effluent
The ligquid sffluent discharged from the processing lines was measured
as 4,6l m*/¢ and 5,11 m?/c at two factories, At faccory Ho. 35 (Table
10.1) the efflusacs eriglnaced as follows:-
Seurce % total Specific volume
m¥/t
peeler washing 74 3.4
belt sprays 9 0,51
wash down 17 0,80
Total 100% 4,61
The concentration and spacific pollution loads of the effluents arising
during processing of guavas is shown on the following cable:-
affluent concentration specific pollution loads
[Factaory
final effluent peeler washer final peeler washer
effluent effluent | contribution
flow £on S8 |flow | COD 55 | COD 55 con 58
w¥fc | mgff |mg/2 |m/t |mg/e |mg/f Jkg/t |kgft | kgft | keft
MNer, 4 - - - 1,5 1115 236 - - 1,7 0,35
Mo, 3 4,61 700 | 185 3,4 | 926 | Z67 (3,23 | 0,9 3,2 | %0
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11 CANNING OF PEACHES

Watar

910 x 107 m¥/a
NASWI 6,88 m?/t

Factories Raw tonnagse Products
13 No. 132 361 c/a - halves Average
Cape - slices recovery
Province - dice 75,92

Liguid affluent | So0lid wastes

700 x 10% m¥/a 31 B43 tia Effluent valume amounts
5,30 m3/c 7% pits to 77% of water consume

-1 Production plants

Fifteen plants produca canned psaches using processing lines rated
from 7 to 40 tfh giving producticn capacities batween 1 5300 aad 30 000
tons per SeASON. The general process flow diagram depicting the
various steps of manufacture is given at Fig.ll.l; the peaches are
moved between process steps by slevators, water flumes and belts.

Processing inveolves preliminary washing and grading prior to halviag,
the pits are removed automatically with an inspeaction stage immediately
after this step; any halves which have not been depltted correccly are
recycled through this scap. Accaptabla halves pass into a caustic lye
solution which softens the peal for subsaquent washing or mechanical
removal yeaulting in an efiluent slurry. Following inspection and
grading the halves either pass directly into cans or are further
processed to slices or dices. Once in the cans, syrup is added before
sealing, cooking and finally cooling the canned product in retorts or
multiple-purpose machines.
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It can be seen that the majority of the pollution load arises From the
peeler washer effloent which represents 75Z of the total effluent flow.

0.4 Mamapement needed
{a} reduction of water intake at the peeler washer cogether with
grass solids removal by dry methods;
{b} adoption of revised washing down procedure.
16.5  Targets
Mater {effluent coD 58
intake
equivalent concentration - |equivalent concentration
a 3
m/t m3/t kg/t mg /€ kg/t mg/ e
5,0 &,6 3,20 700 a,90 195
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TABLE 10.1

COMPARISON OF GUAVA PROCESSING PLANTS

RANW SOLID OVERALL WATER OVERALL EFFLUENT
FACTORY TONNES | WASTES CONSUMPTION GENERATION
PROCESSED
VOLUME | SPECIFIC | VOLUME | SPECIFIC | % OF WATER
c/a tfa n’ /a n' /t ' fa o'/t :
x 10° x 10°
1 2 700 675 17,20 6,40 * - - -
2 2 400 |. a0 16,80 7,00 12,20 5,11 73
3 1 500 kL1 9,60 &,40 - - -
g 1 000 250 4,00 4,00 - - -
5 900 225 5,50 &,10 4,15 4,61 76
6 300 75 1,00 10,00 - - -
7 00 73 1,80 6,40 * - - -
a 2540 63 1,60 5,40 - - -
9 108 25 0,64 6,40 - - -
10 59 15 0,40 6,40 - - -
Total 9 309 2 393 60,70 45,513 4,82 715%

*

Escimace of

{hverage factories 2 to & 1s 6,4m /t used 1o 1, & 7 to 9)
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11.2 Warter intake
Tc permit comparison of the water intake at different peach processing
lines, the tercimiques ewploved in the Following salienr proceszing
steps which govern water intake must be identified:-
wethod of peel removal - wet or dry;
method of interstage tramsportation -  water flumes or dry
beles;
style of product being manufactured -~  halwves, silices or
dices;
method of can cooling -~ open or <closed
clreuit;
quality of housekeeping -
The water intake data for the factorias undeartaking peach processing is
given at Table 11.1. This table shows a wvariation in SWL per ton of
raw peaches processed, from 2,5 o®/t to 12,0 w®ft; factory No. 7
returning the lowest consumption because all interstage transportztion
systems employ conveyor belts in place of water flumes. The overall
NASWI derived by dividing the retal tonnage processed by all the
factorias by the total water consumed, amounts to 6,88 m3/t. As
factory No. 1 uses water-flume transportation systems, and practices
can cooling water recycling with a SWI of 4,0 m®*/t, it is evident that
2ll factories should be able to achieve at least the HASWI without
large capital expenditure.
An appraisal was made of the water consumed by the two aforementioned
factories to demonstratce the effects of the tranmsportation systems om
total water intake,
Factory No. 7 Faccory No. 1 | Varlation
w2/t % total o3/t m?/c
Tocess water L.40 56-67% 2,81 + 1,41
yTup make-up 0,55 22-16% 0,65 + 0,10
lant wash-down* 0,27 11- 4% 0,15 - 0,12
omestic and boilers 0,28 11-14% 0,57 + 0,29

% includes end-of-shift washdown only.

Examinacion of the process water requirements shows thac factory 1 uses
1,41 m*/t more than factory 7 which uses dry transporcation systems.
&bout 0,80 3/t is attributed to this alone with the remaining 0,61
m?/t arising frow differences in the number of washing stages and the
peeling and peel removal systems amounting to 0,29 m?/t. The balance




11.3

51

of 0,32 m?/t 13 due to evaporative losses in the closed-¢ircuir can
cooling water system. The difference in domestic/boiler consumptiom
can partly be attributed te the dissimilar sizes of the factories, ome
having a lzrger numbar of processing lines and hence more seafi. 4t
anochar Factory, che average SWI for the enctire =a2ach geason amounted
to 8,7 m?/t, howsver a daily analysis of an aleven-day period duriag
which | 60% tons of peaches were processed revealed an average SWI of
6,7 m?/t with a highest and lowest daily wvalue of 8,3 m¥/t and 35,4)
m?/t respectively.

Management has bean shown to have a significapnt affect on the quancitcy
of water consumad. Factories 4 and 5 both have access to their own
private water supplies [ree of coat and both discharge thelr &ifluents
by routes which attrtact no disposal charges with the result chat they
both display high water consumptian. At ome of chese faccories spilc
product was observed to be washad down the drain by prolongaed flushing
wilith hosepipes.

Liquid effluent

Fig. 11.2 shows the distribution of the wvarious water intake Elows,
and affluent flows and gualivies , at the various steps of processing.
Thia data is summarized helow:-

specific efFluent volume 5,68 m?/¢ Qualicy
b=
total] process step con &5
£low 25,8 kgir [5,0 kgfd
2 rotal % rocal
15 peeling/washing 45,0 39,0
13 pitting 9,6 14,0
8,5| pit flume 8.8 B,6
4,6| gradars 14,0 5,0
30 washdowm 9.0 18,0

It gan be ssen that 19% of tha toval flow carries 45Z of che COD and
39% of the 55. This occurs dus to paor managemant in the peeling area.
The washing down of plant used 30X of the total fiow and carries a
fureher L8 of the 85.

Typical concentrations of normally-monitored indicators of organic and
solids pollution show the following results for & fhctory using dey
transportation systams prior to implementing any watar wanagement.



1i.4

33

CoD OA 58 COD ; 04
Process stage g/ g mg /¢ ngf/l | ratio
Plant floor run-off at
inspection area 13 740 § 240 418 3,2
Dry peeler 72 380 | 21 680 § 10 g0 3,3
Blet peelar 43 1o | 12 850 A 480 1,3
Final ‘effluent 19 520 5 760 L 256 3.4

Factories using wet transporcacion systems differ in the concentratlon
of the Final effluent which was found to have wvarying strengths

depending on the guality of housekeeping, easpecially at tha peeling
stage:-

CoD wg/fe 5SS mgl#
4 600 ko
Iypical Eingl eifluent 11 000 I hoo

Management needead

{(a) flume water surging should be corrected;

(b) flume water can be recyclsd after removal of S5 by diasolved air
Elotation and sugar could be removed by membrance processes;

{c) rthe peeling and pitting area should be segregated by additiom of
a bund wsll and effluents collected in a sump and removed for
disposal separately aftgr suspended solids removal, Thiz removas
the caustic soda from the =ffluent thereby assistipg irrigarian;

{d) sepregare and remove all caustic soda overflow or cauatie dump;
{2¢) rthe cam cooling water overflows could be avoided by correcting the

circuic dasign, could be collected for use in the first plant wash
down or recycled in plancs where this is not practisaed;
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{£) the wash down water could be divided into three stages:-

{1} preliminary golids ramoval by air assisted maoual
collecrion of coarse solids)

(i1} praliminary' wash with renovaced water followed by foaming
antiseptic spray;

{1ii} Final wash with high-pressure potable gualicty warer:

{g) pics should only be removed by dery techaiques,

11.5 Targetcs

Watar |effluenc CoD 55
incaks
Lquivalent concentration equivalent concentragion
nf¢ n?/e kg/t mg /¢ kg/t ng /e
5,14 4,11 20,70 3000 1,97 00
Ulcimate
5,14 4,11 11,6 2804 1,97 500

The flow target can be approached by implementing the revised washing
down procedure (saving | w?/t} and aveiding Elume water replenishment
by using dissolved air flotacion. The COD target can be achieved by
managilng cthe peeling and peeling washer area, keeping solids completely
out of the effluent and also revising the methods of washing dowm.

The ultipate target can be epproachad by applying membrane tachnigues
te the pealing effluent.



TARLE 11.1

COMPARLSOH OF PEACH PAOCESSING PLANTS

he

EAW
FACTORY| TQHHES SOLID | PROCESS OVERALL WATER OVERALL FEFFLUEHT
PRUCESSEN| UASTES|CAFACITY! COHSUMPTION CEMERATION
VOLENE[SPECIFIC| VOLUKE| SPECIFIC|Z OF WATER BEHAREKS
Lfs v/ tth ' Fa a'jc :‘h. at/o 1
=m' x 1d
1 0 o | 6 000 &0 .0 125,48 4.0 &R0 2 A Ta7 Efflumac Irrigaced o 34 ha UT-TEL-CWA=LP LK
2 20 000 | 3 00O 26 f2? | 150,0 7.5 |112,0 5.45 a0 Large mulci=product plenc NT-TiL
k| 15 000 | } Qacl 18 f17 | 136,06 9.0 8.0 ¥.00 17,7 - VT+DT=WP CWR
] 1o 000 | 2 300] 16 B0 B4 45,0 £,50 7.4 Part of watec uwed frowm prlvace sopplics T
5 10 03 | 2 00D] 25 130,90 12,0 95,0 5,50 1.0 Parc of water 1w privete borehole T+ D= EWiL
Efflumnt dischacged ta ocawn
] TEIS | vy 7] I fLe | 14,0 LY. .5 31,60 Tr.7 Effluenc Lrrigated onto W0ha (& Fecther WT-WP—LPEE
0w L svalleklel
} 7 sz 2 250] 1T JiB H., 15 2,3 1.3 I.6? ah,7 Pry tramaport bdelts nT
B 7 500 | 2 323 d4& fib | 65,25 B,? 3,0 b,B0 * 7.0 - DE=5UE
L TOCOL ) A K.D. 48,0 6.9 * 17,0 5,28 Ta.0 v - uT=Cuk- LEEE
L] & Do 1 5pd 7 41,5 5,9 %] 32,0 5,33 78,0 = Coyntarflow reuse of walep UT CHR
1 & 000 | 2 20| 1O 52,2 B.7 45,0 L 5,7 coollng woter wacd once foc ¥T ChD
| plLtlng wachine
12 3 b 4T3 ] 1z, &5 ] IR0 3,55 1,0 % | Efiluent lirlgaved noin 0L ha -
13 I 41 - 13,3 &5 x| 1D a%] 5,04 o= - -
L& & 500 w0 5.5 %0 6.0 7,0 4,67 77,7 uT - WP
Total | 132 361 |31 B47 - 9210,D E. 88 |703,0 5.3 7.0
LEGEND = CAF - Condwasacer wuaed as boller fesd PT - Doy tesasporiatlon dydtzmm TAL - lotermtage Toaneport dlatences leag
Chl — Cun cooling water redsed L - Lyt pagling WP - Wat peel comnval
CHR - {am coaling weter ratycled LFEE = Lys peel]l ramoval water wopaseied MY = Wal (ranapori ayacems
NG - Ho data from maln cfflecal YEE - VaCows pump skn] weder roysad

] Estimated 45 wrwtage
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Hot
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In survey, kglt
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55 mg/2 {1 830 494 962 1 1al 5549 551 683 | 4t2 102 14,34 | 000F 526 1526 E
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A.12  CARNING OF PEARS

Water

743 x 10% m?/a
NASWT L2,7n%/c

Factories Raw connage Products
10 ¥o. 58 500 tfa Halves
Capa Frevince Dicea

12,1

Liquid effliusnt So0lid wastes

786 668 x10® mi/a 22 933 rfa * gea npte at Epot
of Tabla 23

Production plants

Ten factories can pears using procaessing lines rated frem 5 to 16 t/h
naving annual production capacicties of wp to 16 000 t per factery., The
typical pracess flow dizgram daplicting the various steps of manufacture
is shown at Fig. 12.1.

Processing involves a numbar of flow-through type washers feeding the
peaslers; 1in some plants ona washer is used to feed severzl pealing
machines. Eievators transport the fruitc from the washers inta the
peelers which mechanically rewove the peel and core and half the Eruit;
the wastes are removed by water flume. The fruit 1s chen inspected om
belts before proceeding to can filling, syrup make-up, sealing, cooking
and eopoling.
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Water Intake

Water is used at the following process steps:-

{a) Flow-through washer(s);

{b) sprays at peelers and halvers;

{c) Eluming From peelers and halvers;

{d) sprays on conveyor belts;

{e) syrup make-up;

(f) cooking, cooling, steam raising:

(g) plant and fleor cleaning.

Thae water intake data collactad during the survey of pear canning
plants iz given at Tabla [2,1 from which it can be seen that the ASWI
varies from4,5 m¥/t to 29,0 w3/t giving a NASWI of 12,70 m3/t.

The water for processing tasks amounts to about 87% of the total water
intake, & further 8% iz ussd for washing dewm the plant, and 5% for
boiler make-up 2and domescic dutiss; the quancity used for flume
trangportation amounts to at laast JBT of the tetal raquirements if the
Flume waters are partially raecyeled and far more if they are discharged

directly to waste after being used once.

Usape was distributed at factory No. 4 having 2 15 t/h processing
capacicy as follows:i-

Water intake

Consumer m?/h ¥/t % of toral
duplicate Elumes 32,00 2,13 38)
other processing water 41,20 2, T4 49) 87
plant washing 6,70 0,45 B
boallers and domestcic 4,20 0,28 5

Total B4, 00 5.60 100




12.3

3%

Liquid effluant
The 1liquid effluent frem &8 factory is shown at Fig. $2.2 which =zlse
depicts tha distribution of water and effluent throughout the process
line.
4 Qualicy
total | specific effluent volume
warer
€oD 38
8,87 malllt 25,36 kgl'rt 4,13 kg!‘lt
% total % totsl
17 mechanical pealing and
wasre flume il 18
17 pear £lume halvas 18 3
7 pear flume whals 10 1B
15 wash down 20 17
13 coaling - -
The fig. ahove shows that 281 of the COD a2nd 41% of the 55 load resides
in 24% of cthe coral flow; this is 1in che flumes alone. 412 of the
total COD originates in the peeling area,
Final effluent strengths measured varied widely, the Efollowlng were
derived ac one plant:
location volume Cohn 58
m?/t % kg/t mg /¢ z kgft mg/é 4
inal 2,93 100 14,43 4924 100 2,67 910 100
fEluenc
flume 2,13 73 12,99 5100 g0 | 2,17 1020 B1
aLer
loor 2,80 27 1,44 1809 10 | 0,50 625 19
un—off
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12,4 Management nesded

{a) alimination of water flumes for peel! removal;
{b) s=gr=gation by bunding of peeling ar=a;
{c} optimising of  Thydraulices af flumes, removal of S5 and

posaible water recovery with concentration of  sugars by
mEmbrane pPrucesses.

12.5 Tarpats

Latar effluent CoD 55
intake
equivalent concentration equivalent concentration
Wit | o't | ke/t oe/t kg/t ng/e
3 6,44 16,1 2500 3,2 500

Spacific intakes of 4,5 m®/t and 5,6 and 7,05 n?/t are met by some
facrtories,  Among the areas of conservation are the peelers and cthe
Elumes.

The COD and 55 targets can be approached by revising the washing down
routas as  discussed before, catching all juice rtun=off at the
mechanical peelers for membrane treatment and pechaps reuse. The
flumes should be fitred wich flow balancing and the suspended solids
removed at &ach reecycle by screens and fletaztion.
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TABLE 12.1

COMPARISON OF PEAR PROCESSING PLANTS

RAW
FACTORY| TONMES S0LID | PROCESS OVERALL WATER OVERALL EFFLUEHT
PROCESSED|WASTES{ CAPACITY CONSTHPTION GEHERATION
VOLUME| SPECIFIC| VOLUME| SPECIFIC|: OF WATER
t/a tfa t/h m'fa m fe a/a w /e x
x 10° x 10°
1 16 000 | & 400 12 203 12,70 *| - - -
i 12 oo | 4 BOOQ 15 152 12,70 *| - - -
3 2 oO0D | 3 BD0 g 63,4 7,05 - - -
4 & D00 | L 50Q 15 i3.6 5,50 17,4 2,9 52
5 S oo | 2 250 & 71,0 | 14,20 64,0 12,8 934
[ 4 300 1 1 978 7/8B 124,7 | 29,00 - - -
? 2 500 | 1 00O 51 50,0 | 24,00 - - -
8 2 000 760 - 28,4 | 12,70 *| = - -
9 1 500 645 5/6 6,75| 4,50 - - -
10 200 2,54| 12,70 *| = - -
Total 58 300 742,0 {3Bh-668 | 2,9 to
12,8

* Wide wvariatiom:s
calculation of average;

of eEfluent geperatiom and

absence aof

thus the range of wvalues 1s showm.

data prohiblts
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13 CANNING AND JUICTING OF PINEAPPLES

Water

562 = 107 m?fa
MASWL 2,94 w3/t

13.

Factories Raw tounage Producks
& No. 141 0Q0 t/fa rings
Eastern Cape cubes/chunks
Natal slices
juice

1

Liquid effluent S0lid wastes

282 x 10? m?/a 85 000 t/a
or
1,48 m¥/t

Production plants

8ix mpejor factories process pineapples having a toral combined annusl
production of 191 000 tfa. A typical flow diagram is given at Fig.
13.1. Fruit dis delivered in crates and dumped dinte Elow-through

washers before being elevated to size graders for segregacicon into 3
sizes. The fruit is forced cthrough 2 hollow cylinder whiech removes the
tops and peel in one operation. 4 second small tube is forced through
the centre of the fruit to remove the core.

Peeled fruit is inspected and hand trimmed before entering the slicers:
any which s5till costain pieces of skin are teturned to re-sizing
machines which produce perfect smaller rings. Correctly-shaped rtings
are canned, with broken or other undersized portions being passed for
chunking or crushing.

Natural or concentrated strength julces are made from solid residoes
expellad by the canning cperation including peels, cores and reject
slices which pass to presses to remove the juice which is heated to
600 dep.C ceatrifuped and then either passes to an evaporator for
concentration or is used at natural strength.
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CANNING OF PINEAPPLE FIG. 13,1
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WASTE .
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PRESS SLICING = 3. Emirne
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! l T
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O006m M
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{ I l l
COOLING SYRUF STYRUF CAN FILLING
SEALING SEALING SYRUS
COOKING COOKING SEALING
COOLING COQLING COOKING
COOLING

® PURE JUICE

THRQUGHPUT | 21 tonnes / hr
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Water intake

The pineapple canning process uses water for lubrication sprays,
cogling, washing dowm of the plant, steam raising and syrup
mamifaccure. Inspection of Table 13.1 shows rthat cthe NASWI
calculated from amnual values varied Erom 2,10 m®/t to 4,55 m¥/t with a
NASWI of 2,94 m3/t.

The water usage during pineapplas processing can be divided as Fallows:-

Consumer % of rotal|specific usage flow per day #
m3/t m?/d

Frocess 19) 0,42) 93)

Eryrup make-up| 3} 24 0,11y 0,53 245 117,49
hoilers 11 0,24 54
cooling 51 1,12 250

wash down 14 g,31 69

Tatal 100Z 2,20 450

% 21 /b x 10,6 hrs/day

Ligquid effluent

The liquid effluent discharged from the processing lines of the six
factories varied from 1,2 m*/c to 1,70 n*/t. The survey showed it to
originate 25 folleows:-

Scurce %z of toral |specific usage flow per day #
m?/t m?/d

Reception

happer

Sprays on 21,5 0,36 B,3

belts

rooling 67,0 1,12 23,60

juice loss a,2 0, 004 d,09

[Elaor wash 11,4 0,19 5,00

Facal L1003 1,67 35,29
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Tt can be seen that about 217 of the efflusnt originates from the
proceasing tasks, 67% from the cooling systams and about L7 from plant
and floor washing.

The sperific pollution loads were found to be variable from factory te
factary determined by variations in tha cthroughput and the degree of
juice splllage which is che major comtvibutor to the load.

The average pollurisn loads are 17,92 kg COD/t and 1,66 kg 55/t.

13.4 Mapnapement needed
{a) trapping all sclids prior to falling on floors;
{b} eollection of all juices at coring and slieing areas:
{c) calleccion of centrifuge blow down;
{d) use af revised washdown procedure.
13.5 Targets
Warer |effluant cop 55
incake
aquivalent concentratien equivalent concsntration
md/t e kgl ng/E kgft mg/ ¢
2,76 1,55 12,36 7974 2,0 1290

The tarpets 5gt above can be readily achieved but they mwmay be
substantially aurpassad. Salids should be prevented f£rom falling
into the drains wich consequent fermsnecation and contributienn to the
COD and S5 concentrations.

Addicfonal care iz needed to reduce the 0,21 juice loss which octurs.
The juices have COD concentrations in excess of 100 000wg/? and methods
to reduce this warrant study. IL is considered that membrane processes
operacing on these low flow high strength effluents would be suitabla,
The efflvent from these areas would neaad to be segregated from the
effluant from the other floors.

Consideration shouwld alsa be given to diffusing che sugars from the
relatively large amount of waste product with the skins, coras and

paels, i{ollowed by their comcentration wicth polysulphore-based reverse
osmosis plants,

Preliminary trials also suggest that some citrfe acid separation From
juice can be accomplished wich membranes.
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TABLE 13.1

COMPARISON OF PINEAFPLE PROCESSTHNG PLANTS

RAW
FACTORY| TONNES |SOLID |PROCESS | OVERALL WATER OVERALL EFFLOENT
PROCESSED|WASTES | CAPACLTY| CONSUMPTION CGENERATION
YOLUME| SPECYFIC| VOLUME| SPECIFIC|% OF WATER
t/a tfa t/h m/fa ot mi/a n*fr 4
x 10’ x 10°
1 47 000 |16 450 - 150,40 3,20 56,40 1,20 17
2 A0 000 |18 000 - 182,00] 4,55 49,00] 1,48 32
3 40 000 |18 oo0| 21,0 84,00{ 2,10 66,80| 1,67 79 »
4 25 000 |11 250 62,50| 2,50 | 42,80 1,70 65
5 22 000 | 9 900 §0,50] 2,77 33,00| 1,50 54
b 17 000 |11 390 72,100 4,24 24,14} 1,42 33 *
Total | 191 000 |84 990 - $61,500 2,94 |282,14] 1,48 50%

* Juice included
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14  CANNING OF PEAS

Water usage

326 x 10% n?/a
NASWL 22,8 p3/c

Factaries Raw tounage Produces

6 Ha, L4 325 tfa Canned berries
Cape & Transvaal

L4,

Lé.

1

Liquid effluent So0lid wastes

no datsa 2 149 tfa

Production plants

Six [actories process L4 325 tfa of peas to canned produccs in
accordance with the protsss stz=ps shown ar Figs. 14.1 and 14.2. If the
peas are delivered on vine, the vines are separated and the berries are
washed, destonad and graded into differenc size groups using a drum
grader, Washing and blanching preceeds cam filling, brine addition,
sealing, c¢ooking and cooling. The Figs. show 17 tfh and &4 t/h process
lines; interscage transporcation I8 accomplished by pumping and water
floming,

Water intzke

The WASWI was found to ba 22,8 w®/t although variacions from 1% to 25
m®/t were noted, The water flows to the processing lines at 2
factories hzving different procassing sequences, were measured.

The factories compared differ in their capacity, the number of flumes,
blanchers and pumping c¢ircwits, The specific intake for che blancher
circuits correlate well evan though the sizes are different.  However,
examinacion of the flume and pump circuits shows they are ralatively
high water users due to savers spillages.
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PEA CANNING (PUMPING & FLUMES) FIG. 14.2
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14.3 Liguid effluent

The 1liquid effluent orlginates wainly from flume and puwp circuit
spillages. dnalyses petformed on samples collected at various stages
of processing show that the blancher output amounts to about 13 of
the effluent but contribuates 602 of the totai COD and 57 of  the
suspended solids in the final 2ffluent.

l4.4 Management needed

fa) fitting of balancivg to fluwe and pumping cireuits;

(b) segregation of the effluents from the pod/stick remover and the
drum washers for 55 removal by static screens;

fe) attention to the blancher effluent for supar removal  would
provide a major reduction in COD;

{d} revised washing down procedures.

14.5 Targets

Later effiuent con S5
intake
equivalent concentration equivalent concentration
n /e m/t kg/t me /e kgft mg/ 2
16,0 8,0 1{15,0D 1875 2,5 iz
Uitimate
10 8,0 7.6 1000 1,6 200
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\5 PROCESSING OF TOMATCES

—
Water usage

249 x 10Y m¥/s
MASWI 2,44 m?/t

Factories

I major plants
Cape & Fastarn

Raw tannage

101 900 t/a

Products

whole cammad -
26 400 rfa

Transvaal caoncantrace &
gayce 75 500t/a
Liquid effluent Salid wastes
MWa x 10 m¥fa - i/ 10 190 tfa
15.1 Production plants

Ten majar plants procass 26 400 tfa of tomatoes to whole canned
produccs, and V5 500 tfa te concentrates including tomato pastas and
sauces. & typical process block diagram for praduccion of rancentraces
is shown at Fig. 15.1.

The frult passes a spray, a flow-through washer or a combinacion of
both stages before rejectad fruit stalks znd lesaves are removed &t
inspection staga, follewed by tumble washing. The frult is cthen
ctushaed; in some cases it is preheated and passed to a pulping machine
aud in one case it is fermented for 48 hours after crushing prior to
furcher procassing.

The pulp is then screened to remove the major solids and cthe juice
passed to holding tanks at a solids content of 5%, which is suiltable
for producing canned Juice. Juice used for sauce wmanufacture
continues to further cooking pots for concantracion to 28I selids.
Pasta wmanufacture, where juice of 35 - 40F s0lids is required, 1is

accomplished by furcher conecentration of juices to this lavel 1in an
EVApPOTALOT.
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FIG. 15.1
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All praducts are canned or bottled with che norwal seallng, cooking and
cooling process staps.

The procass diagram for whole canned tomatees is shown at Fig.l5.2.
The frult is delivarTed, scrted and inspected pricr to being submerged
in hot water or exposed to steam to loosen the sking; in soms plants
lye pmeling is still used. Scalded tomatoces are spray cooled, paeled
by hand and cthe cans are filled with fruit and tomato juice bafore
sealing, cooking and cooling.

Wacer intaka

Water 1s wused mainly for fruit and machinery washing together with
cooling. The average specific water intzke iz 3,0 m®/t for canning
and 2,20 wm?/t Eor coucentrated products. The deta below for
concentrate products exclude the water recovered from the savaporative
processes and reused,

Quanticy Specific water
Factory processed intake 2processhn

tfa w3/t

! 20 600 2,70

2 15 Q00 1,68

1 15 000 ) |

4 g 500 2,00

5 & 000 1,75
Tocal b5 500 2,20

Liquid affluant

The concentration process generates wacer from the product atc a rate
estimated to be 0,7 m?/t, and the effluent wolume discharged 1is
approximacely equal to the water supplied which iudiecates cthat the
watar genarated by the process esquals the consumptive usa.

The wmwain sources of effluent are from the scalding tanks and che
continuous plant washing operations.

The effluent strength Erom tomate concentration plants was feund to
have the following characceristics:-

CoD 1 020 - 1 100 mg/f (with a high value of 5 800 mg/2
at one factory)

ss 493 mg /2
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The major pollutants originate from tha washing of the pan cookars, the
crushers/screens and the peeling baskets.

Solid wastes

The splid wastes are relarively dry and consist mainiy of skins and
pips amounting to 10 190 t/& which are genarally composted or used as
cattle feed,.

Process developments

New julce concentration plancts in Eurcps ate tending to adopt reverse
osmosis for concentrating the juice ar least din part, prior ta

evaporation. This can result in & considerabla saving in steam and
hence water.
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16 FREEZING OF VEGETABLES

Water usage

1 564 » 10® m¥/a

NASWI 26,6 m¥/t Products
carrats=dried sliced
Factoriles Baw connagae or whole
beans=3liced ar cut
3 Ho. 58 000 tfa gorn karnels
Cape and cauliflower
Transavaal broceeld Spears

Ligquid effluent Sclid wastes

1 096x10° w®/a 17 931 t£/a
18,64 m*/t

16,1 Produselon plants

Threa £factorles process the following approximate quancicices of
vegatablesa to various frogen commadities with one other factory
processing broccoli pericdically:-

t/a
peas 12 924
cATTOLE 11 987
green beans 8 448
brocolli 7 138
corn 6 703
cauliflower 5 586
brussel sprouts 2 D40

other vegetables 255
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The praparation steps in processing are aimilar te those conductqed feor
canning the commodities, The major differance in processing occurs
after blanching where the vegetable is cogoled from 10D deg.C ta abour
30 dep.C either using «cold water cooling flumes which rerain che
praduct in contact with water until the desired temperacure is Tt=ached
or by potable water sprays. Thereafter the vegerahles are dewatered on
vibrating screens and ancer the individual quick freezar,

Water inrtaks

The freezing of vegetables consumes nationally about 1 564 Q00m*/a of
water. We Found that che a SWI varied from 13,7 @®/t &t one factory to
43,5 w2/t at anacher and that che factory with the highest SWI recorded
usages of between 27,1 n?*/t and 52,2 m?/t, The overall HASWL was
calculated as 26,6 m*/c.

The largest singla water demand 1s from  the cooling flumes whieh
consume up to 53X of the total water requiraments at one factory with
an average of 63X. The use of such flumes on open circuic ar one plant
has distortad the KASWI which was found for wvarious commodities as
fallows:-

HASWL
Commodity mi/t
peas an
sprouts 29
graen beans 27
CArrots 26
cauliflower and brocolli 25

Broccoli freezing

The process schematic diagram for brocgoli freezing is given ar Fig.
16,1 At one facreory post blanch flumes were wused to cool chs
braccoli from 100 deg.C about 20 deg.C whereas at another shown
diagramatically at Fig. 16.2, a spray of potable water was used inco
tha cooling scage of thea bucker blancher, The former plant processad

broccoll with a water intake of 8,12 w/t whersas the latter employed
23,9 m?¥/c,
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Elow *100 o0 /d || Elow %288 w2 /h floy 128 m/d

COD 9660 mg/e j| oD 640 mg/E cop 3390 mglfé

€D 966 kg/d f| COD (46 kg/d Cob (112 keld

$.5. 280  mg/e||S5.5. 136 mg/e S s g el

s.8. 28 kpfd|}s.5. 3,0 ke/d 5:5. 99,0 kald
spec. spec. spes.,

flow 7,2 m' ft flow 16,6 =/t flow 24,0 w /¢
spec. spec. oD

cop 70,5 kgt |f COD 10,6 keft CoD 81,1 ke/t
ec . spec.

spec. 2,0 kglr || EPEC- 4 4 Lue 5% 4,3 kegft

Total specific water usage 23,% m/:

* gatimated splic in Flows
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specific effluent volume 8,12 o3/t Qualicy
3
total pracess step con 55
water 34,08 kgfc 0,38 kgld
30 first wash 8 16
1 blancher ' 5 1
66 chiller Elume 78 a1

Fig, 16.3 shows the distribution of affluant along the process lines,

16.4 Management nseded

{a) reductlion of post-blanch cooling water;
{b) ctreatment of first washing =£fluent;

{c) avoiding spilt solids.

16.5 Targets

Later effluent con 55
intake
equivalent concentration equivalent concentration
ndfc n/t kg/t we/ kg/c wefd
10,46 8,0 29,0 3600 1,0 125

16.8& Carrot Freezing

The processing schemacic diagram is shown at Fig. 16.4 while Fig.
6.5 shows the distribution of efflueancts and their guality alomg the
process line,; this data heing summarized below:-
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CARROT FREEIING
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16.5

CARBOTS—FREEZING

water input 1,6 1,05 2B.8 Vo 15 76
ib
26,52 ¢ 1 1 : - .
Eirse hydro- seTnBs cooling e - G 111141 S
wasl lifc ber 'l spray _l I_.%E“" end spray —
1 L l
secand lye 5l ancher rotary .
wash peeler canler
3
0,15 m?/h Im/h ] md i 0, 88m? /I o
6,6 hrfd ro= | wash ldail
| , 4 } | } c5ERY | gos! [oad
Elow w/d| 76 1,54 28,00 7 528 52, 63 160.4
kgfe| 2,86 0,06 1,06 4,26 0,20 2,b1 6,05
; 47 1 T 4 3 27 108
Eilt. EHEM 12460(2227 | 6568 37551 40044 12501 11379 0002347247 14983
ke /it [35,70 0,38 19,69 10,57 2,49 L6 an 4
T torLal 39 0.5 4y 12 1 2
Filt.PY mg/E| 509 509 1420 - - 120 1092 1117 [1395
kg/e | 1,44 0,1 - - g,32
2 Ental -
58  mg/f {1045 f1s8s | 2261 22734 4270 ws1] |z 715 (864 | 4717
| kgft Z2.99 0,13 24 .13 0,21\ 28 46
T total 11 0,5 a4 4 1 - 100
oH 9,2 | 9,6] 6,7 10,8 B,8 5.7 5,5] - |4%.614,5
Motes: {4 approximate leaching of 10L™ mg/f COD and no ingrease inm 85 during residence In [ligo,

“Ef
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specific effluent volume 8,12 m3/t Qualicy
%

totgl process step con 55
watar 90,4 kg/t | 28,46 kg/t

47 water rotary coolar/first 39 LL

wash
27 chiller Flumes 2 -
15 scrubber &l B4
& blancher 12 4

le.? HManapement nagded

{a} 21l soil should be dry removad:

(b) first wash svlids should be removed before discharge = poasibly by
hydrocyclones or side sercling;

(¢} scrubber ligquors mest not be discharged raw to drain. For solids

removal perhaps hydeocyclong or new type polyethylene bag fillter
or flotation should be used;

{d} chiller water aamd votary cooler water account for 74X waesr usage.
Chillegr watser 1is presently racycled but spillage and surges
increases make-up volume {se= section on f£lumes);

(e) implement couunter current TeUSE.

16.8 Tar;ets

Later efFluent cap 55
intake
aquivalent concancration equivalent concentration
m>/t m?fe kgit mg/ £ kg/t mg/ ¢
8,3 6,864 45 6500 3,0 800
Ultimate
8,5 | G, 84 | 30 I 5400 I a,nl 580

1.9 Carn fraezin;

The processing schewatic diagram for corn is shown at Fig. 16.6. The

general parameters are similar te canning of corn which has already
been discussed .



FIG. 1h.6
Yafh - 23/ 1 shil
Shrfd 2 shifts
—uo conveyor p—{ dehusker retary ony FEE?ETE EEHE“- reseyr= rotary gepa= | L] feser—
¥ washer ¢ eyor I/ corn ECTICEN volir washer rator screen voir
4 mfh (L
1, 3m! /t
- solids 1,6 mt/h .3 & fh 1,29 m*/h
2 m /e 0,81 m'Jt 0,43 w 0.8
m* /h
de-water -
Ling 4
blancher coeler

l

2,5 m* /i
5,83 m'/h

Totai specific intake = 4,18 @/t + past blancher vonting
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The water Intake approaches 4,63 m®/t plus the post blanch
water which can be as low as | o/t if clesed circuit systems are used.

16.10 Liquid effluents

cooling

Ltucess step Flow cop 11
ad/c |% voral | mg/@ |kgft [Z ctotal |{mg/f [kg/t {2 cotal
husking fdecobbing 1,5 32 1200 1,8 39 60 |0,09 20
process uwnspecified | 2,38 L1 693 | 1,65 36 63 |0,15 13
bEher 0,75 L7 1573 1,18 25 203 0,22 47
4,63 100 10003 | 4,63 100 o0 0,46 [ 1dli]

16.1) Manapemenk naadad

{a)
(b3

avoid solids spillage at dehuskers:

implement post blench cooling by clossed circuir;

(c)] segregate bklancher overflow for UF treatment especially for swsec

COTT.

16,12 Targets

bacor

effluenc

oD 88
intake
aquivalant conceancracion equivalent concentration
m?/c mife kgit me/ 2 kglt mg/ 2
3,6 4,5 4,6 1022 1,0 222
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16.13 OGresn bean freezing

The

ptoacessing schematic

diagram is shown at

Fig. 16.7 and tha

digeribution of effluent and theirtr qualities along the processing line
iz given at Fig. [6.8 and is summarized below:-

specific effluent voluma 25 m3/t Quality

b4

total procass step COoD 55

water 7,11 kgft 2:75 kgi‘rt
13,5 firsc wash 212 112

14 snipping 27r 45%
l.5 grading bi 4%

31 cutcing and blanching 37% ox

40 post blanching & cransport 11% 6%

16.14 Management naedad

(a)

(b)

s=gregation of first three processing steps and treatment Eor 58S
rewoval by wadge wire scresning & DAF;

installation of closed cirecult post-hlanch copling.

16.15 Targets

Later affluent coD 58
intajs
equivalent concentration gquivalent concentratian
/e n?/e kg/t mg /P kg/t wg/ g
Lé 14,4 6,0 450 1,5 110
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GREEN BEAN FREEZING

FIG. 16.7
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FIG.
Freezing of green beans
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16,16 Potato chips freazing

Fig. 16.9 shows the distribution of effluent flows and qualities along
the processing line, and is summarized below:-

T
specific 2Efluent volume 30 m3/t Qualicy
i
tacal process sktep con 85
water 74 kgft | 83,9 kg/t
48 peel scrubber & first wash 53 B&
13 polizher 3 1
kL post blanch cool & sliver 44 13
TEMOVET
16.17 Manapement needed
fa] eliminacion of soil from first wash-use side settlers;
f{b} elimination of peel sludge from effluent;
(e} better collection of slivers;
{(d) implementation of closed circuit post blanch coolers.
16.18 Targets
Hatar |effluent cop 35
intzie
equivalent concentratiaon aquivalent concentration
wiftc m? /e kg/t mg/ ¢ kg/t mg/ P
20,0 16,0 44,0 27150 8,0 500

The targets are achievable by segregating the washer and scrubber

effluents and directing them to dissolved air flotation. The polisher
effluents can be usad in the washer.



9.

0al t 1 i o 1" I
&°te ' o%'E ar'o T 17y
LLTANY 1L} o8t L nnr R & FFL [
L] % [ 14 L % 19 T
L] 'y atet Mz & 1l
eI ove oIt & o oui 4 . "IN
ool 1 11 C1 | & (Lt ]
* ' 1/ .0
. ' o't E6'l (L E o {] ]
e . ity L'ez L A —
p'wr |+ 05k Yo L& L % e il *iy 1
LELT]
1983 |mnay yrvn aenroad .
Jpqaniad
il h ‘— — el
FEETA L] bt A | | el _I-u-_ ————— 3R -l|“.
Jvaa ) FTIRRLUL HLETN M1 t's
Anade
m TR SRR
R o 'gaT —1amen o) 24 L1 '8 (13 'p/ e

gdinz ozeyod huyzaaaj

6°9i

‘0id




a2

17 CANNING OF OTHER VEGETABLES

Water usage

252,7 = 107 mifa
NASWLI 19 w3/t

Factories Raw tonnage Products
7 Na. L3 300 t/fa Canned
Cape & Transwaal

17.

1

Liquid effluent Solid wastes

no data nao daca* *zae Laxc

Produccion Elants

Seven fectories procesa various ocher wvegetables including mixed
vegetables; a brief description of each major process is given below:-

{a)

Mixed vegatablas:-

& typical process diagram is given at Fig. 17.1. The potatoes
and carrots are washed in 2 rotating drum washer to rTemove all
solls befotre passing €0 lye peelers and brush washer Eor peel
remgval.  All  commodities  arve then inspected and trimmed as
necessary before being diced and stored in bins, White beans are
soaked foar [2 hours in water, scresned to remove grit and placed
in bins. Peas are depodded and mixed with the carrots, potatoes
and beans before the mixcure is blanched; afrer blanching the

mixture 15 placed in the cans which are then fillsed wich brine,
sazlad, coocksd and coocled.
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CANNING OF MIXED VEGETABLES

FIG.

PEAS / BEANS POTATOES / CARROTS
[ soaxinG | WASHING
|
[ SCREENING |
L
| INSPECTION | | WASHING |

17,

| NSPECTION & TRIMMING |

DACING

MIXING

| BLANCHING |

;

CAN FILLING |

| BRINE ADDITION |

| COOKING |

1




4

(h} Asparagus:-

(c)

{d)

A typieal process diagram is given in Fig. 17.2. The vegetahle
is cut, washed and graded before blanching, It is then placed in
the cans, brine added, the cans exhausted of zir, sealed, coaked
in retorts and coolad,

Potatoes and carroks:-

Tha wvegetables are washed in rotating drum washers, followed by
lye or steam peeling and sliced or dieed. Thay are then blanched,
placed in cans which are Eillad with hrine, sealed, cocked and
cooled.

Saverkraut:-

Cabbage to be used for sauerkraut manufaccture is stored on the
fgcrory floor for 1 - 2 weeks for discolouring.  Theveafcer all
unsuitable leaves are removed and the cabbage are cored. Some of
the good leaves are also removed and stored witch the cores for
later use.

Cleaned and cored cabbage is shredded and pressed into wooden vacs
layar by layer. 43 aach 1layer is compressed the juice is
extracted, collecred and stored for later use,

After each wvat iz filled, the top surface is covered with good
leaves and cores, and a lid is placed on top, held down by
welghts. Each wvat is packed in such a way that & freeboard of
about 300 om rvemains afcer the lid is placed in posicion., A layer
of about 450 mm of previously-extractsd juice is poured onto aach
1id.

The filled vatcs are stored for & periad of about f4-6 weaks, afcar
which all juice is drained, filtered and cooked. If required, a
2% bripe sclution is added toc the juice. The juice is stored for
later use.

The dry produce is placed in aluminium bins and steam blanched.
After blanching cans are filled, the stored juice is added to the
cans, and they are sealed, cooked and cooled.
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CANNING OF ASPARAGUS FI¢. 17.2

[ curTmve PLANT |

]
[ wasHiNg PLANT ]

'
| GRADING OF CUTS |

|
| MANUAL SORTING |

[ eLancHNGg |

[ cannine |

|
[ BANE FiLLING. |

EXHAUST BOX

1

CAN SEALING

|

RETORTS

|

[_CAN_cooLing_]




17.2

17.3

96

Hatar intake

It was not possible to weasure the water consuvmption of each of che
commoditias under this heading, but it was estimated thac 253 000m®/a
of water is used to process the 13 JO0 t/a giving a NASWI of 19 m?/c.

fa)

{b)

Mired vepetables:-

The water flow was found to be 3.5 m/h and 4 m®/h For initial
washing and post peeling washing respectively for carrots and
potatoes, The demand for white bean soaking was found to be about
5 m/h. Other water demands are for blanching, lubrication sprays
on conveyor bales end continuous flow and equipment washing. The
estimated total water flow was found to be 19 m?/h.

Other commedicies:~-

We Eound the fallowing processing water usage:-

asparagus 3,68 m?/e
cartots 4,90 w3/t
MmaTT OWE 11,57 m3/f¢c

Liguid effluent

Specific efflusnt wvolumes could net be calculated but flows and
effluenr strengths measured are given:-

Lal)

{b)

Mixed vegerables:-

During processing an effluent flow of 15 m¥/h was measured and the
strength of carrot peeling effluent was:-

COD mgf€ = 2 960

8§ mg/fE - 322

Othar commodities:-

The other products had an efflusnt volume of B0T of the process
water vequirements; no strepgth data was collectad.



Factories

& Nao.
Cape & Eastern
Transvasl

18.

437

18  CANWNING OF OTHER FRULTIS

Water usage

45 x 10® m?fa
NASWI 9 w3/t

stravberries
youngberries
loganberries
plums, grapes
mANgOES, PEW paw

Products

fruit cocktail
canned whole
lams

Liquid affluent Solid wastas

no data no data

|  Produccion plants

6 factories process various other fruics including | 418 tfa berries,

300 c/a paw-paws, 3 676 t/a melons, 600 t/3 grapes and | 024 c/a of
misceilaneous fruits including plums, mangoes and sulcanas,

tocal of 7 D1B t/a.

The caoning of these fruics gemerally follows the same process

85 the major fruits.

Jam-making is accomplishad by cooking the fruirc with sugar in opern
pors and where fruic must be minced 1t is processed in a

steam—heatad fallowaed by a brush pulper

screw cookar

finisher if skins and pips have to be removed.

For fruit cockrczil which is a
dicing operation is performed
the m@main process line of the

canned for later wmixcure into cockcail.

mixture of diced fruics: and grapes,
as a branch process on fruit removed from
commodity coucerned.

The diced fruir is

waking a
5 factories process berries, one processes grapas
and five of cthe same faccories process other fruit.

steps

jam
continuous
and a  brush

the
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18.3
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Water ussge

Detalled studies were performed only on becry canning. Tabla 1B.1
shows ghat the ASWI varies Evom 6,8 %/t top 27,65 w?/t with a NASWL of
17,0 m J'rl:.

Ligquid effluent

Sources of effluent are the washing of jam pots and rransport drums,
spillages from wet transportation flumes. During production of Eruic
cocktail a considarable amount of syrup is spilt durirng the opaning of
the cans of diead fruit which ave remixed and eauned for coehratl
products; we observed the syrup baing dischargad down the drain.

No data was collected on eEfluent scrength.
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TABLE 18.1

COMPARISON OF BERRY PROCESSING PLANTS

Raw
Factory| Tonnes [S5o0lid |Proceas | Qwerall water Overall effluant
Processed |Wastes|Capacity consumption generacion
VYolume|Speclfic|Volume |Specific|? of water]
t/a t/a Efh 0*/a | ©3a | m3/a | nifa %
x 10Q0Q x 1000
1 500 100 - 8,50 17,00 | 7,30 14,60 1.
2 Q0 &0 - 8,30 27,63 | ¥,80 26,00 o4
3 254 5l - 2,68 10,56 2,09 8,24 i3
4 212 42 - 3,60 17,00 | 3,10 L4.60 56
5 152 a0 - 1,03 6,80 | 0,89 5,85 86
Tocal | 1 410 283 24,11 17,01 | 21,18 14,93 88




