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FOREWORD

Intuitively the sea is conceived as a reservoir which can assimilate vast quantities of waste
material. This is particularly so when the so-called waste material arises from an industry
such as the fishing industry that works with organic products of marine origin. The
implication is that the ocean should be able to assimilate such wastes in the same way as it
would deal with materials that arise from natural phenomena, such as the death of
organisms and the excretory products of marine species.

It may be deduced therefore that the problems that have been experienced around some
fish-processing plants stem from the fact that relatively high concentrations of waste
materials build up in localised areas. Occasionally this also occurs naturally, for example
when a body of oxygen-depleted water for some reason rises to the surface and causes
decimation of sea life adapted to waters with high oxygen content. On the other hand, large
oil spills that arise from oil tankers and the effects of earlier dumping of solid wastes have
made us aware of the reverse side of the coin, namely catastrophes involving heavy
concentrations of materials foreign to the sea.

All the important South African and South West African fishing harbours are, naturally
enough, situated in bays. This geographical location contributes to the potentially harmful
effects of waste waters that find their way into the ocean, since the reduced effect of wave,
wind and tidal action in such bays results in the wastes remaining concentrated in quantity
and effect.

The organic matter in fish-meal factory waste water is of the same nature as the products
arising from these plants. There is thus theoretically no objection to the utilisation of
material recovered from the waste water for inclusion into the products of that factory. The
objective of this guide is to suggest means of reducing marine pollution at the lowest
possible costs and to recover organic matter from the waste waters in a usable form. As
demonstrated, the costs involved can be recovered through the better conversion of fish
raw material into product, in other words by reducing the loss of fish material via the factory
waste water.
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EXECUTIVE SUMMARY

The fishing industry in South Africa has long faced the problem that the levels of pollutants
discharged at coastal factories producing fish-meal and canned products were in many
cases unacceptably high for discharge into the marine environment. The Water Research
Commission was approached by the industry and has sponsored factory surveys and pilot
plant effluent treatment studies over a number of years to address the problem. This work
has been described in a series of reports (“Water and Effluent Management in the Fishing
Industry”, Volumes 1 to 4, internal reports prepared by Binnie and Partners on behalf of the
Water Research Commission), culminating in the present guide.

Achievable management targets for pollution loads arising from fish off-loading and
factory processing are identified initially. Means of achieving these target levels are
addressed firstly by considering improved housekeeping procedures to minimise effluent
generation and secondly, by installation of effluent treatment processes which have been
proven in pilot plant studies. Suitable effluent treatment processes are described on a
modular basis, and design options for effluent treatment schemes are given.

The guide is designed to be a tool for management to progressively improve the quality and
volume of the waste waters discharged by the industry, and it is urged that the
recommendations contained be systematically applied as an on-going exercise towards
minimising the marine pollution problems faced.
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CHAPTER 1

INTRODUCTION

The local fish-processing industry is located along the west and south coasts

of Southern Africa. The industry is regulated on a quota basis with the
permissible total catch being set annually by the authorities and then
allocated to the individual fish factories. In 1985 a total of 16 factories
processed 440 000 t of brown fish, producing 112 000 t of fish meal and
27 000 ¢t of fish oil. Eleven canneries associated with these factories
processed 58 000 t of brown fish to canned products. Around 70T of the
canning is carried out in the Walvis Bay area. Five canneries also process

white fish to canned products, five factories process rock lobster and two
factories process fresh and frozen white fish.

To establish the overall pattern of effluent discharges from the local fish=
processing industry, to identify the scale of any resultant marine pollution
and to propose and investigate means of minimizing such pollution, the Water
Research Commission of South Africa instructed consulting engineers to survey
the water usage and effluent generation by the industry on a national basis.
Salient features of the major factories are summarized in Tables 1 and 2 for
fish-meal plants and in Table 3 for fish canneries and processing plants for
white fish, rock lobster and "perlemoen" (abalone).

From the results of the survey (reported in "Water and Effluent Management in
the Fishing Industry", op.cit.), it is apparent that a very high proportion of
the effluent discharged by the industry as a whole arises from fish meal
production and the associated off-loading practices. Approximately 4&5% of
the overall organic pollution load, measured as COD, arises from these areas
of activity.

To date the fishing industry as a whole has found difficulty in achieving

acceptable effluent quality standards for discharge to the ocean. In the
course of the national survey carried out, the discharge qualities achieved by
individual factories were found to vary widely. Marine self-purification

also varies from location to location, depending on environmental factors such
as local currents, sca temperature, tides, etc.

A conclusion of the various studies conducted was that minimum pollutant
discharge levels can be achieved and maintained by all fish-processing
factories by effective effluent management, including good housexeeping and
appropriate effluent treatment practices.
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CHAPTER 2

POLLUTANT LOADS ARISING FROM FISH OFF-LOADING

-, | Methods of off—loadins

Iwo methods of off-loading fishing vessels are commonly emploved, and are

referred to as "wet" and "dry" off-loading respectively. Wet off=loading
uses sea water as the transport medium while dry off-loading relies on air
flow. In dry off-loading however, water is sometimes added to the hold to

fmprove suction, to assist in fluidizing the catch and thereby to accelerate
the off-loading process (semi-dry off-loading). Wet off-loading 1is generally
used for off-loading fish for canning. When boats have to travel long
distances before off-loading, the catches are often in a poor state by the
time they are otf-loaded. Wet off-loading such catches, which are by their
nature destined for fish-meal production, produces large volumes of highly
polluted effluent. The South African industry has generally adopted semi-
dry off~-loading tor tish-meal processing, but the volume of water added to the
hold is in some cases close to zero.

Wet off-loading is accomplished by fluidizing the catch in the boat hold and
pumping or sucking out the load; the suction is created either by a Kimmerle-
type pump or by high-volume water pumping through banks of venturi ejectors.
The fish so extracted are conveved to the process plant in flumes which float
the catch 1in the off-loading water. This process generally creates the
minimum of fish damage which is important where fish are tc be canned. Wet
off-loading systems are simple to construct and operate, and are fast and
relatively efficient. For some fish-canning plants, the catch is kept fresh
by filling the hold with cold sea water, obtained either by wmechanical
refrigeration (for RSW boats) or by ice-chilling (for CSW boats). Figure 1
shows a diagram of a typical wet off-loading systenm.

Various designs of dry off-loading systems exist but the
tundamental principles of operation remain the same. Figure 2 shows a
typical syste=, where a vacuum is drawn by air blowers and applied to the
catch via a cyclone, hose and nozzle. The fish sucked from the hold are

discharged via an airlock to conveyor belts, which transport the catch to the
processing plant. The main variaticns found in the system are in the suction
nozzle design, where air velocities vary widely, and in the type of airlock
used beneath the separation cyclone; some plants employ sliding shuttle
valves and others use rotary airlocks. When wvater is used to assist in
breaking up compacted or arched loads, the resultant effluent is extremely
strong.

)

. Effluent sources in off-loading processes

"Bloodwater" s the generic term for all liquid arising from the fish prior
to cooking. This liquid arises during passage at sea, off-loading to
shore and storage in fish pits prior to processing. These bloodwaters
constitute a major potential source of pollution, and, for purposes of
definicion, are considered here to be included with the off-loading
effluents.




wayels JUTPEO-330 I19A [9I3dAL ] 2and3ai




wAW g ANS

9L AL







10

- Wet off-loading

A typical wet off-loading sequence is shown in block diagram form in Figure 3.
Sea water {s used for fluidization of the catch in the hold, for fluming and

for washdown. The resultant effluent volume, which includes the bloodwater
associated with the fish, is dewatered on elevators and/or reels nd then
generally passed to a scum tank before discharge to the ocean. The total

effluent volume from wet off-loading discharged annually by the local industry
is around 10 000 =® per season.

In surveys carried out ("Water and Effluent Management in the Fishing
Industry”, op.cit.), effluent volumes from wet off-loading systems were found
to range from 2 to 5 =%/t of fish off-loaded. Where anchovy is wet off-
loaded for processing to pet food, the specific effluent volumes generated
tend to be slightly lower than for pilchard off-loading for canning, due to

(a) a higher off-loading rate, typically 30 t/h for anchovy compared with
25 t/h for pilchard; and

(b) a smaller volume of fluidization water added to the hold, typically
0,5 m¥/t for anchovy compared with 1,3 m?/t for pilchard.

The raw effluent quality from wet off-loading is very dependent on the volume
of water used for fluidization of the hold and for flume transport. Table 5
shows typical pollutant values for wet off-loading effluents as measured at a
local factory.

TABLE 5. TYPICAL POLLUTANT VALUES FOR WET OFF-LOADING EFFLUENTS
Parameter Units | Value
Specific effluent volume m*/¢ 5,1
COD concentration - mg/ £ 6 400
| COD specific mass load ‘ kg/t i 32,6 |
- v
SS concentration l ng/ € ! 236
SS specific mass load i kg/t l 1,2
.
N concentration : =g/ £ 7 300
| N specific mass load kg/t ! 37,2
FOG concentration | mg/ e 42 :
FOG specific mass load kg/t 0,21 ;
1 | |
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2. —®VUATER OR EFFLUENT FLOW

SPECIFIC EFFLUENT VOLUME (PILCHARDS) - 9,5 m'/t
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Figure 4. Block diagrams : Dry off-loading for fisb-meal processing
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CHAPTER 3

POLLUTANT LOADS ARISING FROM FISH PROCESSING

3.1 Fish-meal production

Figure 5 illustrates a typical sequence for fish-meal production and shows
the points in the process at which water is used and where effluents are
generated. Fresh water is used for boiler feed make-up and domestic use,
while sea water is used for off-loading, condenser cooling, oil polishing and
plant washdown.

From surveys conducted at fish-meal plants, ("Water and Effluent Management
in the Fishing Industry", op.cit.), the pollutant sources in ish-meal
production, excluding any off-loading effluents, are shown in Table 7.

TABLE 7. POLLUTANT SOURCES IN FISH-MEAL PRODUCTION

Volume Effluent COD Effluent SS
Effluent source
Z of | T of | Z of
‘ m?/t total | kg/m? | kg/t total | kg/m® [ kg/t | total
| 4 —
| '
0il polishing 0,07 0,9 | 253 |1,77 | 72,6 | 1,0 |0,07 i 16,3
Evaporator l '
condensates 0,41 5,1 | 1,3 | 0,53 | 21,7 0,6 0,25 | 58,1
Plant washdown 0,02 0,3 | 7,0 |0,14 5,7 5,5 | 0,11 | 25,6
Boiler blowdown 0,00 01 [ 0o fo | o 0 0 0
Condenser cooling 7,50 93,6 0 0 0 0 0 0
TOTALS 8,01 100 33,6 | 2,44 100 7,1 0,43 | 100
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The major volumetric effluent load arises from condenser cooling (93,61 of the
total waste water volume) but this effluent contributes zero nett organic load
(Table 7). Conversely, the effluents produced during oil polishing and
separation are low in volume but constitute a major proportion of the organic
pollutant load generated during fish-meal production. Effective management
of these pollutant sources is thus essential.

Stickwater is not usually discharged as an effluent. Raw stickwater is
generally evaporated in multiple-effect evaporators to produce a concentrate
which is added to the fish-meal entering the drier. Condensate from the
first effect of the stickwater evaporators is pure distilled water which {s
re-used as boiler feed. The condensates from subsequent evaporator effects
are contaminated and are discharged along with the condenser cooling water.
Table 8 shows the very large pollutant potential of raw and concentrated
stickwater, and the consequent need to eliminate entirely any losses of this
material into the waste-water flow. With effective housekeeping,
stickwater evaporation is a low-pollution process, as demonstrated by the low
pollutant concentrations in the second and third effect condensates given in
Table 8.

TABLE 8. TYPICAL STICKWATER PLANT ANALYSES

Raw Stickwater 2nd & 3rd Effect
Parameter stickwater concentrate condensates plus
cooling water

cop, kg/m® 150 450 1,5
TS, i m/m 12 40 3,3
Protein, T m/m 8 26 nearly zero
FOG, Z o/m 1 3 nearly zero

Two-stage centrifugation of the press liquor is used firstly to separate
solids (desludging) and secondly to separate fish oil (oil separation). The
solids are returned to the drier, while the fish oil is polished by the
addition of hot water followed by further centrifugation. 0il separation and
polishing give rise to low-volume, high-strength effluents, as shown in
Table 9.
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Figure 6. Typical fish-canning process
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required for the particular canned product being produced. The offal is
flumed to dewatering reels where the solids are recovered and added to the
fish-meal plant holding pits.

Most of the sea-water usage in fish canning is for fluming the fish to the
various process stages and for plant and floor washing. From surveys carried
out at local fish canneries, sea-water usage ranges around 2 to 3 m?/t and
the specific effluent volume generated is of the same order.

The quality of fish-canning effluent is typically much better than that from
fish-meal production, firstly because generally only better quality fish 1is
processed (the exception being canning of pet food) and secondly the greater
water usage from fluming gives a substantial dilution of the resultant
effluent.

During canning of pilchards, rthe quality of the final effluent measured at a
local cannery was found to be as follows (range given in brackets): COD 3 400
(1 400 co 5 100) mg/2; CCOD 1 900 (950 to 2 700) mg/f and SS 700 ( 300 to
1 200) mg/&L. Washdown effluents were found to be somewhat lower in COD, but
SS concentrations were similar to those from processing as shown above.

The quantity of fish processed to canned products is small in comparison with

fish-meal production. Trials carried out demonstrated also that the
effluents produced from ctypical fish-canning processes are amenable ¢to
treatment by the processes discussed in later sections. Overall therefcre,

the management of cannery waste waters is not a major problem for the
industry.







(c) All fresh water and sea water used for industrial purposes must be
metered as required by permits issued in terms of Section 12 of the
Water Act and all fresh water and sea water reticulated to service
connections at jectties and all water supplied to boat holds for off=-
loading or washdown should therefore be metered and recorded, with a
view to reducing consumption to the minimum practicable, rather than

using the volume that £{s convenient;
(d) All bloodwater should be collected for treatment;

(e) Stickwater evaporation plants should be sized so as to have 20I spare
capacity for peak loads to avoid evaporator overload which results in
excessive contamination of the evaporator condensate/cooling water
streams and temperature recorders should in addition be installed at all
marine discharge points where stickwater losses can occur - because of
the very high pollutant potential of stickwater, reduction of
stickwater losses to a minimum is desirable;

(£) Treatment facilities for waste waters from factories should be designed
50 as to have adequate capacity and performance for the maximum effluent
loads that can occur at any time;

(g) To properly quantify the size of effluent handling and treatment
facilities required, and to enable patterns of improvement to be
monitored, each factory should carry out a detailed survey of all
effluent flows, volumes and strengths.

&.3 Major pollutant sources

Assuming zero discharge of stickwater at all times, the largest contribution
to the typical pollutant load discharged from fish-processing factories arises
from off-loading and fish pit bloodwaters. Around 451 of the overall cod
load and 40Z of the overall SS load occur in these effluents, which constitute
typically 8% of the total waste-water volume. These effluents must receive
proper treatment as a necessary first step in effluent management {n the
industry, and the benefit to the industry is the economic recovery of revenue-
earning material in the form of increased product yields.

In fish canning the organic load (COD and SS) {n the cannery waste water
arises in approximately equal proportions from wet off-loading /fluming and
the cannery operations. These effluents have been found to be amenable to
flotation treatment, particularly if chemical dosing is used to coagulate the
solid material for recovery.

Because of the very high organic strength of raw or concentrated stickwater,
all losses of such material must be eliminated entirely. In view of the
high wvalue of stickwater when processed to fish-meal, good factory
management would imply careful control of stickwater handling for maximized
product yield.
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Effluent segregation/combination

When effluents of widely differing concentrations occur, 1t is good practice
to treat these by suitable means at source rather than after combining the
low-volume, high-strength discharges with the high-volume, low=-strength
discharges. Mixing of such effluents usually results in a large volume
of medium-strength effluent which entails expensive treatment.

The effluents pgenerated in fish processing range from virtually clean sea
water to highly contaminated organic effluents. Effective ways of
segregating/combining these effluents are outlined in Section 6.1.










5.3 Settling

Most local fish factories have installed a scum/settling tank for oil and/or
solids recovery from the factory waste water and to provide a degree of
treatment for the final discharge to sea. Surface loading rates ranging from
0,4 to 7,6 m*/m®.h, with corresponding hydraulic retention times of 1,67 to
0,1 h, have been observed. The efficiency of oil and solids removal 1is
generally found to be better at the lower surface loading rates/higher
hydraulic retention times.

In a radial flow pilot scale clarifier, not equipped with either top or
bottom mechanical scrapers, it was found that for effective solids removal
the surface loading rate should not exceed 0,5 m?/m?.h. Table |l compares the
performance of different clarifier configurations at wvarious surface
loading rates. Figure 7 illustrates the effect of surface loading rate on
% SS removal

The efficiency of oil removal by clarifiers is also improved at lower surface
loading rates, and a loading rate of 0,5 m*/m®.h has been found to give better
than 60Z oil recovery. The high value of this recovered material (around
R700/t in 1985) emphasizes the requirement to provide adequate surface area in
settling tanks.

TABLE 1l. EFFICIENCY OF CLARIFIERS
‘Surface Cob SS
| loading Retention |
Type of Type of | rate time ; |
clarifier effluent @%/m?.h h Feed 4 | Feed 4
I g/t Removal | g/f | Removal
1 —
Rectangular, Combined |
horizontal flow final 0,46 | 1,0 ; 26,8 22 3,5 | 74
(full scale) ' ' | i '
1 J L | 1 N
1 | 1 |
Circular, : | \
radial flow Anchovy 0,71 | 1,0 (10 = 9% {10 = 13| 2 = % 4 - 12
(pilot scale) :
o T . -
| Circular, ;
 radial flow, :
mechanically Combined
scraped final | 2,77 1,0 9:5 5 | 3,1 1,6
(full scale) [
L L




Increasing SS
concentration
in feed

* SS
Removal 30

0 l 2 3

Surface loading rate, m¥/m?.h

Figure 7. Effect of surface loading rate on clarifier efficiency

5.4 Chemical dosing

Chemical dosing trials on various fish processing effluents confirmed cthat
acidic coagulants such as sulphuric acid and ferric chloride are suitable for
precipitating colloidal materials into a suspended floc form which can be
removed by settling or air flotation. Protein-specific coagulants such as
lignosulphonic acid and sodium hexametaphosphate were also found to be
effective coagulants, provided the pH of the e¢ffluent is lowered to around pH
3 to pH 5. The results of chemical dosing trials carried out are summarized
in Table 12. The chemical that gave the largest reduction in the centrifuged
COD (CCOD) concentration of anchovy and pilchard effluents was ferric
chloride, in the pH range 3 to 4.

Chemical dosing does not generally reduce the total COD of the effluent, but
merely converts materials from the soluble or colloidal form to the suspended
form. This 1s reflected by a decrecase in the CCOD concentration of the
effluent, with a proportional increase in the suspended solids (SS)
concentration. To purify the effluent, the precipitated SS must be
physically removed. Depending on the physical nature of the precipitated
floc, typically either settling or flotation may be used to separate these
recovered sclids, which may then be added to the fish-meal product to enhance
the yield.




EFFICIENCY OF CHEMICAL DOSING
Inftial conditlons Chemical dosing Chemical efficiency
pH Level
Eff luent piving Dosage %z CCOD g CCOD g SS
source CCon S8 max. CCOD|Chem piving reduction reduced per precipitated
me/{ my / reduct ion cCcop g chemical per g chemical
reduction
/e
DOL A ) 800 | 200 1,0 H 6,5 51 1,6 0,3
DOL A %9 700 3} 600 'S F 2,4 Rl 16,5 12,4
POL A 29 200 3 900 1.0 H+L 2,740,5 51 N7 4,7
DOL A 12 100 1 000 1,0 H+S | 4,040,20 55 1,6 0,5% >
DOL A 59 200 10 200 . H+S 4,5+4,50 &0 ). 6 2,6
CAN A | R 500 900 y, 0 H+S 0,5+0,15 56 " g9
|
CAN P 1 100 anon 65,0 F | 0,90 72 h 1,6
lfo'tl,t'nd: DOL. = Dry off<loading H Sulphuric acid
CAN = Cannery . = Lignosulphonic acid
A =  Anchovy F = Ferric chloride
P = Pillchard S = Sodium hexametaphosphate
Notes: Centrifuged COD (CCOD) reduct ion i=s ised as a measure of the efficiency of
precipitation from soluble/colloidal to suspended form.
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Jsd Flotation

Flotation processes operate on the principle of lighter fractions separating

upwards from the bulk liquid. The fractions separated may either be
naturally buoyant, as in oil separation in scum tanks, or may be made buoyant
artificially by the formation of air-containing conglomerates. The air

addition 1is generally either induced, by the action of venturi or orifice
devices or pumps, or, alternatively, may be by the release of air dissolved
under pressure. These air flotation methods are referred to respectively as
induced air flotation (IAF) and dissolved air (pressure) flotation (DAF).

A full-scale scum tank was operated in the conventional settling mode and then
modified to induced air flotation by pumping the feed flow through an orifice
plate to which factory air at 5 bar was supplied. Tabie 13 shows the
performance of the tank before and after this modification to induced air
operation.

TABLE 13. COMPARISON OF GRAVITY AND INDUCED AIR FLOTATION

coD SS
Type of
operation |
Feed Effluent 4 Feed Effluent 2
g/E g/e Reduction| g/¢& g/t Reduction
Conventional | 9,5 - 23| 9 - 20 5=-13 3 -3,2|2,8 - 3,1 2 -6
Average ! 16,3 14,5 | 11 3,1 2,9 4
|
Induced air | 6,8 - 21(3,8 - 15,8| 19 - 44 |0,8 - 2,0(0,4 = 1,2 18 = 71
Average | 16,0 10,8 33 1,5 0,7 51
|

Modification to induced air flotation resulted in a marked improvement in COD
and SS removal at comparable feed concentrations. The gquantity of suitably
fine air bubbles that can be introduced by induction in this way is however
linited, and subsequent experience showed that dissolved air flotation was
more efficient at higher feed concentrations (greater than 30 000 mg/é#
coD). Because of the simplicity of the modification required, and the low
operating and maintenance costs, it is nevertheless worthwhile converting
suitable existing tanks to induced air flotation.
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The efficiency of DAF treatment is reduced at feed concentrations greater
than 38 g COD/€ and/or 2,1 g SS/&. At greater concentrations, it was found
that a dilution of the feed with sea water to these levels gave improved
overall performance, despite the corresponding increase in hydraulic loading
rate at the same pollutant mass loading rate.

Two-stage DAF was also investigated with seawater dilution in the first stage

and chemical dosage in the second stage only. Better than B80% overall
purification efficiency was achieved by this process at a hydraulic loading
rate of 2,6 =%/2®.h, The results obtained are summarized in Table 15.

TABLE 15. EFFICIENCY OF TWO-STAGE DISSOLVED AIR FLOTATION

STAGE 1 STACE 2 Specific
Parameter , removal
efficiency, kg
Feed Effluent | Removal | Feed Effluent | I Removal|per kg chemical
(g/€) | (g/2) (g/8) (g/8)
|
|
TCOD 237 158 33 134 52 61 8,2
CcoD 132 86 35 71 32 55 3,9
SS 14 9 36 8 2,3 | 7 0,61
FeCl i
dosage Nil - - 10 | - - -

DAF processes can be readily applied to effluents from the fishing industry as
sea water is always available (under permit) for use as the dissolved air
carrier water. If oily effluents are chemically dosed with acidic
coagulants, the resultant float quality is runny and a suitable float
removable mechanism must be provided.




5.6 Membrane processes

Two types of membrane processes, viz. ultrafiltration (UF) and reverse osmosis
(RO) were tested on selected fish-processing effluents. The essential
features of these processes are as follows:

(a) UF {s cthe separation of colloidal or suspended materials by filcration
through microporous membranes. A concentrate and a filtrate stream
are produced, the latter being the fraction which has passed through
the membrane; in the context of effluent treatment, the permeate i{s
the treated effluent stream. Typical pressures used range from 0,5 to
1,0 MPa,

(b) RO {s also a physical separation process but in this case the pressure
driving force is used to overcome the osmotic pressure of the feed to
enable water and some other molecules to pass through a semi-permeable
membrane; the pressures exerted employed are typically greater than 3
MPa. [he high osmotic pressure exerted by the dissolved {norganic
salts in sea water makes RO treatment uneconomical for most fish=-
processing effluents.

(c) If the vrecovered concentrate streams from membrane processes are of
suitable gquality for processing to tish-meal, the enhanced f{ish-meal
vield significantly improves the economics of the membrane process and
may in some cases give a nett profit, A heat treatment stage must de
included in the processing of the concentrates.

In UF trials conducted at a fish-meal factory, bloodwater from dry off-
loading was treated in a tubular UF plant and stickwater was concentrated in
a plate-and-frame UF plant as an alternative to evaporation.

From a limited number of tubular UF trials carried out for bloodwater
treatment, the permeate fluxes ({.e. treated cffluent flow per unit area of
membrane) were found to be within the economically yiable range provided that
the permeate flux could be maintained over an acceptable membrane operating

life. At operating pressures of 1,0 to 1,6 MPa and temperatures of 19 to
22°C, an average permeate flux of 20 €/m*.h was obtained when concentrating
bloodwater by UF to 16T TS; 70 to 80 T COD rejection was achieved. The

concentrate quality obtained was acceptable for processing the concentrate to
fish-meal using existing production methods; a heat treatment stage would be
required.

In the plate-and-frame UF trials carried out on stickwater, concentrates up
to 35% TS, suitable for return to the drier along with the presscake, were
produced but at diminishing flux rates as shown in Figure 8. Stickwater
concentration by ultrafiltration will only give a cost advantage over
evaporation including mechanical vapour recompression, if permeate £fluxes
around 30 2/m®.h can be maintained. Typical results of stickwater
concentration by ultrafiltration are given in Table 6.
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Figure 8. Permeate flux versus solids concentration in

plate-and-frame UF of stickwater

TABLE 16, STICKWATER CONCENTRATION BY PLATE-AND-FRAME UF
Phase TS I Protein Z FOG

Raw stickwater 12 8 1

Stickwater concentrate 40 26 3,5

UF permeate 8 3 0 ]

Reverse osmosis trials for concentration of stickwater were carried out with
a tubular plant. Concentrating raw stickwater from 107 to 181 TS resulted
in the flux declining from 12 to 3 £/m?.h.b. The permeate had an average COD
of | 800 mg/€ and a total solids content of less than 1 000 mg/k. The
membranes used have a upper temperature limit of around 60°C, and this 1is a
disadvantage in stickwater processing.
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CHAPTER 6

DESIGN OPTIONS FOR EFFLUENT TREATMENT

6.1 Effluent segregation/combination

Typical mass pollution loads from combined fish-meal/fish-canning plants are
shown in Table 17.

TABLE 17. TYPICAL POLLUTION LOADS IN FISH-MEAL/FISH-CANNING PLANTS |

1 Fish-meal , Cannery
e — T
Paraneter Units DOL + Stickwater |Hose usage| WOL + Cannery Total
|fish-meal |evaporator and plantlflualngiprocesslng‘
|processing| cooler wvashdown | '
| |
, 1 |
Flow m?/d 403 2 172 294 1 240 664 4 773 |
I total 8,5 : 45,5 6 26 14 | 100 |
r
Y 3
| | | |
CoD kg/t 8,1 very | 18,6 | 23,5 | 91,2
T total K low | 20 | 26 | | 100
! Jl J J
p— $ > ]:, -
| |
| | ol Toal |
ccop | kg/t 5,8 very || 10,3 12,8] | 49,6
| ¥ total 11 low || 21 | 26 I { 100
| | | | !
l ,'.___4, |
|
' |
: | '
| 1 1| T
SS 1,8 i very I 5,01 l 5,0 l 19,4
| low || 26 | 26 100
| ll | L
Notes
1
l. | indicates high volume and/or high strength effluent.
s Processing rates used are 75 t/h for fish-meal processing and 25 to
30 t/h for canning.
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17, the various effluents may be combined into strong (high

strength/low volume) and weak (low strength/high volume) groups for cost
effective treatment. A proposed grouping of effluents is shown in Table 18.

TABLE 18. SEGREGATION/COMBINATION OF EFFLUENTS

Strong effluent No. |

Bloodwaters from dry off-loading, including effluents

from belts and elevators, fish pits, and RSW boats.

Strong effluent No. 2

04l polisher effluents.

Infitial washdown of stickwater evaporator plant.

Weak effluent

Wet off-loading effluents.
Cannery fluming effluents.

Plant washdown effluents. 1
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6.2 Effluent treatment options

The wunit processes that give effective treatment of various fish-processing
effluents are screening, gravity settling, flotation, evaporation and

possibly membrane processes. Typical efficiencies of these unit processes
when applied to the effluent groupings given in Table 18 are given in Figure
¥, It is emphasized that 1in all cases stickwater 1is concentrated by

evaporation and added to the presscake.

The choice for an effluent treatment scheme will depend on whether there is a

cannery attached to the fish-meal plant. As a general guide, the design
examples in the following sections have been selected to represent effective
treatment combinations, Because of the variability inherent in the quality

of fish effluents, due in many cases primarily to the variabilicy in the fish
quality at the time of off-loading, the treatment scheme must make provision
for fish of the worst quality.

Unit processes such as screening and settling provide relatively 1inexpensive,
simple and effective pretreatment and are recommended as a first stage. The
resultant smoothing of the effluent quality fed to subsequent treatment stages
is beneficial to the performance of these stages.

A number of options, incorporating selected combinations of the unit processes
discussed, have been evaluated in terms of treatment efficiency, costs and by-
product recovery. In all cases, a plant processing 600 t/d to fish-meal and
200 t/d to canned products is assumed. Typical analyses of the effluents to
be treated are given in Table 19. It is assumed that all stickwater {is
concentrated and returned to the presscake. The salient features of each
option are summarized in Table 20 and details of the various treatment schemes
are shown in Figures 10 to 13. Costing of cach option is based on 1986
values as shown in Table 21.

| |
|
TABLE 19. EFFLUENT VALUES ASSUMED FOR EFFLUENT TREATMENT OPTIONSI

| |
Volume [ . i
l o/t | COD, mg/8 CCOD, mg/2 | SS, mg/f
Source ' |
- - —
R ’ P A | P - ’ P | A | P |
] . L |
| | {
Fish-meal :..71 - |10360 - |[538 | =~ - 1 980
Cannery 7,4 (10,0 [ 10 2804 195 |5 737 | 2303 | 740 | 1 000
| ! |

I |
| Combined |[12,1] 10,0 |11 60017 924 ljiﬁﬂo 4 290 | 1 595 1 564 |

| | l

Note: A = Anchovy; P = Pilchard.




Effluents from
fish meal
processing

Dry off-loading
Belts & elevators

Fish pit discharges SE 1

011 polishers
Stickwater plant
washdown

Plant washdown

Figure 9.
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Treatment options

Effluents from
cannery

processing

%* Removal
Unit process cop S§
Screening 20 30
Settling 13 10
Flotation 50 60 SE 1
Evaporation 95 93—

Initial RSW
discharges

Chemical dosing

SE 2 Settling/DAF |50 50
— -
Screening 20 30
WE DAF 70 WE
ro— ’ - >——————{

Net off-loading
Fluming
Plant washdown

Key: SE]1 = Strong effluent no. 1]

SE 2 = Strong effluent no. 2

wE = Weak effluent

DAF = Dissolved air flotation

RSW = Refrigerated sea water boat

Efficliency of treatment options for segregated/combined

fish-processing effluents







’ f [ COOLING WATER
{ WET OFF-LOADING CANNERY + FISH-MEAL 1 & CONDENSATES
| Volume 6,2 2/t | Volume 2,0 2/t ] Volume 3 -
{ / J: - __l ’ - l’ , u .6 -] /
i coD 18,6 kg/t | coD | 64,4 kg/t | | cop 8,1 kg/t
e ' 1 %
i SS 5,0 kg/t } S 12,6 kg/t l | 8§ 1,8 kg/t
e — ) L )
|
STATIC TANGENTIAL | { STATIC TANGENTIAL
WEDGEWIRE SCREENING WEDGEWIRE SCREENING
| Weir loading| 4 m’/m.h | Weir loading 3o’ /e.h
% COD re=. 20% ‘ %2 COD rem. , 20%
1 |
% SS renm. ‘ 30% ! % SS re=. 302
L + J {
- ]
FLOW BALANCING |
| |
Retention ; 4 h
j |
| SETTLING -
Surface loading 0,5 m’/@’.h '
Retention 4 h !
X COD rem. 132 !
1
% SS rea. 102 .
!
|
Key:
res. = removal SEA DISCHARGE |
Volune 11,8 a'/t '
coD 67,8 kg/t '
SS 13,2 kg/t
Figure 10. Scheme ] =~ Pretreatment for effluents

from fish-meal and cannery plants
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COOLING WATERS i

temp.= temperature

Figure 13,

T 1
| Voluze 11,8 m" /¢ !
\ COD 37,0 !;/t
7.2 kg/t |

Scheme & -~

Treatment of fish-ceal and cannery effluents

by evaporation and air flotation

WET OFF=LOADING CANNERY FISH-MEAL & CONDENSATES
— ™ | | 1 |
Volume 4*16.3 2/t Volume ' 1,8 ui/t . Volume | 0,2 n/t Volume I3.6 m/t

COD 18,6 kg/t| [ToD 23,5 kg/t | [COD 30,9 kg/t | [COO | 8,1 kg/t |
SS | 5,0 kg/t | S 5,0 kg/t ;SS 10,6 EE;E_J SS AL}.F kg/t |
I —‘L—-- — - [ ——————i— l
| STATIC TANGENTIAL | STATIC TANGENTIAL STATIC TANGENTIAL |
WEDGEWIRE SCREENING | WEDGEWIRE SCREENING WEDGEWIRE SCREENING
L | — L—— )
Load.ng lém "/n.h h Loading 4m' /m.h . Loading ._}_!;Zﬂ :ﬂ
I'¥COD rea. | 30% ] [XCOD rea. |  20% 2COD ream. 0%
| 55_50@, 30T % SSrem. | 30% | % S5 rem. 30% ]
|
FLOW BALANCING FLOW BALANCING
Retention & h [Fe:ention 4 h
’ — = — i
CHEMICAL DOSING , HEAT TREATMENT
— _— — — - —
Coagulant 2,5 g/& | Temp. 100°¢C
= > P e g iy
‘ AIR FLOTATION EVAPORATION ‘
i
' Loading Sa /m" .h Stages nultf
2COD rem. | 60% | XCOD ren. 80T
SS rem. | 5 - 1TSS f?i?) TesY '
Key: o | -
rem. = removal SEA DISCHARGE




