




SlRr.E TAllX

m:!:!!B!!

CLOSED
RE'i'OOICtI
1M!!

'v'

WAStE IIATEIt nat

SLtJrGE ounzr

PRESSURE
COi1'iiOL
VALVE

BO'rnJl
SCRAPERi"U

~

FIlMlE L



- 6 -

Pilot Plant Tests

Based on our laboratory studies, we leased commercial flotation pilot

plants for two consecutive salmon seasons I and installed these in a salmon

cannery at Steves ton. B.C. In the first year we used a circular cell and

total pressurization. The second season we leased a rectangular cell, with

piping modifications for testing partial recycle. The rated capacities were

50 U.S.C.P.M., about one-tenth of the plant flow (See Figures I and II).

The results of our first season I s tests suggested several things. First,

flne screening was mandatory to prevent the settling of large particles in

the system, and to reduce chemical costs. Secondly, the ferric ion acted

as an oxidizing catalyst for fish oil when present during recovery of solids

from the float material. Thirdly, the water used in the Vancouver area has

very low alkalinity, and alkalinity is required for the proper formation of

the hydrated aluminum oxide floc when using alum. Thus, a source of alkalinity

such as lime. sodium hydroxide, ammonia or a carbonate, was required. This

is consistent with findings reported by Eckenfelder (1966).

Between the two seasons several types of screens were tested, and two

were chosen for use 1n the second season. These were the tangential screen,

Figure 111, and the submerged rotary sewage screen, Figure IV. These two

devices were able to screen down to about 40 mesh (0.025 inches) without

undue blinding. The results of the screening are detailed in Table II.

Solids Removal from Salmon Processing Wastewater by Screening

DSM Screen Total Solids North Sewage Screen Total Solids
40 mesh (gm/l) 34 mesh (gm/1)

Feed 4.5 Feed 4.2

Undersize 2.5 Undersize 2.4

Oversize 164 Oversize 105
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The pilot plant for the second season was set up so that the pH of

the screened water could be raised with sodium hydroxide and then the pH

lowered by the addition of alwn. The optimum pHs were found to be 9.2 and

5.2, which corresponded to about 100 mgtl sodium hydroxide and 270 mgtl of

alum.

Using this system, no advantage was found in either partial or recycle

pressurization. The removal of solids is reflected by an overall reduction

in BOD of over 75 percent. (See Table III). The float obtained averaged

between 4 and 5 percent sol ids, and a by-product meal was recovered by

boiling this float and recovering a cake by basket centrifuge. The analysis

of meal produced when this cake was dried is shown in Table IV. Samples were

submitted to the Poultry Science Department, UBC, for nutritional evaluation,

and they reported that this material could replace conventional fish meal at

up to five percent of the total ration with no noticeable difference. The

presence of aluminum oxide had no effect on the birds.

Flotation wi tb Caustic AJ I1ID Treatment

St ream Insoluble Solids
m 1

800
m 1

Influent 640

Effluent 180

0/0 Removal 70

250

70

12

+

2045

1305

38

675

505

17

1440

485

65

395

240

18

1775

475

73

915

315

23

1. x is the mean of 8 test runs, s is the standard deviation
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Table IV

Analysis of Solids Recovered by Flotation

Protein (N x 6.25)

Ash

Free moisture

Fat

Water of hydration

50.5%

10.9%

7.7%

16.5%

14.3%

Attempts were made to utilize lignosulfonic acid as a protein precipitant

and flocculant. Here the pH of the water is adjusted to between 3.8 and 4.2

and the l1gnosulfonic acid is added at 10 percent of the protein present in

solution. Under the right conditions the treatment is very good, with removal

of BOD exceed ing 90 percent. Unfortunately, the protein-acid ratio is critical,

and because the protein level in the waste varies, the average BOD reduction is

seldom over 70 percent, and considerable suspended material is present in the

effluent (Claggett and Wong, 1969; 1970).

Demonstration Unit

Based on the results obtained in our pilot plant studies, we were able to

obtain funds through the Federal Government, the Fisheries Association of

British Columbia, and B.C. Packers Limited, to construct and operate a full­

scale treatment unit at the B.C. Packers Imperial Plant, Steveston, B.C.

This plant was erected In the spring of 1971 and has been operating for two

salmon seasons.
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The unit is designed to handle 750 U.S.G.P.H. of water from their

salmon cannery. Details of the design are given In our Technical Report

197 (Claggett, 1970). Tenders were asked from several companies based on

this report I and the contract was eventually awarded to Commercial Filters

Limited of Toronto. a subsidiary of the Carborundum Corporation.

This unit starts with two 6 ft. tangential screens (45
0

DSM screens,

Dorr-Oliver Limited) I of 18 and 25 mesh, operating In parallel. A high

pressure spray system Is mounted over each screen and a timed solenoid is

used to supply a 30-second spray to each screen every three minutes. The

screened solids are carried away by screw conveyor, and are eventually pumped

to the fish ....aste bins in the reduction plant.

The screened water is pwnped to a 75000 gallon surge tank, and under

float control flows by gravity to a 2000 gallon constant head tank at the

tre;itment unit. The water is withdrawn and pressurized to 40 psig by

either one of two 6-Lnch centrifugal pumps. Air at 2 percent by volume

(usually 2 SCFM) is metered into a Penberthy injector mounted on a 3/4-inch

line between the pump discharge and suction. A 750 gallon pressure vessel

acts as a retention tank for air solution, and pressure is regulated by a

diaphragm valve and automatic pressure control system.

The flotation cell is a Model 1250 Pacific Flotator, approximately

22 feet 1n diameter and 16 feet deep. Sludge is collected by a variable speed

arm and wiper blade system, and the sludge is pumped by a 2-inch Viking gear

pump to the reduction plant for boiling and centrifuging. The recovered basket

cake is dried in the regular rotary flame driers during production of fish

meal from salmon offal.
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The clarified effluent 1s withdrawn from the tank bottom by 4-lnch

standpipes placed at 30° intervals around the tank. TIle water eventually

overflows an outer rIng weir. and depending on the type of oper-8tlon. the

pH may be adjusted prior to release to the river.

A 6000-ga1100 fibreglas tank is supplied for storage of 30 percent

liquid alum, and a 1000-gallon koroseal lined caustic tank Is installed

for handling 50 percent sodium hydroxide. The chemical pumps are Hilton

Roy diaphragm pumps. and chemical lines are of !:i inch polyethylene. Two

Beckman pH monitoring stations are installed to test the pH of the water

going to the pressurizing pumps and to the flotation cells. A multlposition

switch Is installed, along with a Beckman pH indicator.

The screens have operated satisfactorily with the 25 mesh screen proving

more trouble-free than the 18 mesh. About 200 pounds per hour of dry solids

are recovered from the screens (Table V). which indicates that the screens

will rapidly pay for themselves.

Table V

Operating Data on DSM Screens, 1971

Influent insoluble solids - 1650 290 mg/l

Effluent insoluble solids - 960!: 185 mg/l

Oversize solids content 13%

SoUds recovery 200 lb. per hour
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Clarification 1n the flotation cell during the first season was better

th:1O 1n the pUot plant, with a suspended sol ids and 600 removal of 90 and

84 percent respectively (Table VI). The sludge BoHds averaged 7 percent,

and the sludge volume about 2 percent of the cell throughout. Solids

recovered from the sludge averaged over 400 pounds per hour.

Operating Data on Flotation Cell, 1971

Stream Insoluble Solids Soluble Solids COD Oil Turbidity
(mg/1) (mg/1) (mg/1) (mg/1) JLU

Influent 959 ! 360 1590 ! 245 5635 ! 2498 360 >2500

Effluent

Removal(%)

61 28

92

1075 ! 155

28 ! 16

815 125

84

<20 ..::<200

Sludge volume flow was 2 to 3% of cell flow rate

Sludge average solids content was 7.2%

Sodium hydroxide usage was 85 mg!l

Alum ussge was 235 mg/l

The only problems appeared to be that the basket cake obtained during

sludge recovery averaged about 13 percent solids t and consequently was

expensive to dry. and chemical treatment costs were quite high.

Prior to this season, we obtained several polyelectrolytes which appeared

promising for use with alum. One of these, an anionic polyelectrolyte based

on polyacrllimide and named Poly floc 1200 by Betz Laboratories has been

tested extensively this In this combination enough alum (usually

50 to 75 mgtl) is added to the incoming water to lower the pH to 5.4. This
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is added directly after the pressure regulating valve. Then about I mgll

of the polyelectrolyte is added just as the water enters the coagulation

chamber In the flotation cell.

This change has had several results. Firstly, removals of suspended

solids and BOD are similar to that with caustic and alum. Secondly,

chemical costs have been reduced by about 25 percent. Thirdly, the basket

cake during sludge recovery now averages 21 percent solids, and the meal

recovered by drying this cake has far less of an ash (or aluminum oxide)

content. hence a higher protein content (Table VII).

Analysis of Solids Recoyered from Alum-PQlyelectrolyte Treatment

Protein (N x 6.25)

Moisture

Fat

Aah

81%

4%

6%

9%

Finally I higher SQlids levels can be handled in the flotation cell withQut

dilution, an important feature for the herring operation.

During the spring of this past year, most fish processing plants in

B.C. became involved in a herring roe operation. The wastewater from this

operation averaged about 6000 mgll insoluble solids and about 7500 BOD.

The conventional caustic alum treatment WQuid clarify this effluent if

the water was diluted by about 1/3 thrQugh recycle Qf clarified water.

However. the use of about 125 mgll of alum and 3 mgll of PolyflQC 1200

allowed the effluent to be handled directly in the flotation cell, with

results similar to that of salmon wastewater.
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Economic Analysis

The total operating data has not been completed yet. but based on the

preliminary data we have obtained,the direct operating costs have been

estimated at 45 dollars per hour or about one dollar per thousand gallons.

On a 60 day operation per year and a net investment of 75.000 dollars. about

another 50 cents per thousand gallons would be added to this for capital

costs. Credited to this operation is the recovery of about fifteen pounds

of dry solids per thousand gallons treated At the current price of fish

meal of 240 dollars per ton. this is a credit of 1.8 dollars per thousand

gallons. Thus. allowing for some readjustment of figures. we still feel

confident that we just about break even on this treatment system.

Future Studies

Although the BOD load has been reduced by close to ninety percent by

screening and air flotation, the treated effluent still has a high level

of dissolved organics. and a BOO higher than raw sewage. Investigation of

the treatment of this waste by biological means is being pursued, and a

report is presently being prepared on the pilot plant studies of treatment

by a Rotating Biological Contactor. In addition. the use of reverse

osmosis as an eventual method of recycling of treated water is being con­

sidered.

Alternate means of sludge recovery such as by using continuous

desludging centrifuges or filters will also be investigated. At the

present time, feeding trials are under way on solids recovered from the
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alum-polyelectrolyte treatment in order to establish the safety of these

additives in poultry feeds.

Other chemical combinations are possible, and competitive polyelectrolytes

wll1 become available 80 that some screening of these will be required.

CODclysions

A simple, reliable and flexible treatment system which is capable of

reducing the BOD load of salmon canning wastewater by over 90 percent has

been demonstrated. 'I1Ie value of the recovered Bolids 1s expected to offset

the capital and operating costs of the treatment system under the demonstrated

conditions.

Preliminary studies indicate that the system should be applicable to

other fish processing operations, although this can easily be established

in laboratory tests.
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