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McGinnis, D., Black, H., Nicholaides, G., Whitby, G. E. and
Norrie, L. 1990. Ultrafiltration and ultraviolet treatment for
recovery of chilling brine used in the processed meat industry. Can.
Agric. Eng. 32: 135-145. This paper describes the development and
testing of a method to renovate contaminated meat-chilling brine using
a combination of ultrafiltration (UF) and ultraviolet (UV) light treat
ments, with a view to reducing environmental damage and operating
costs linked to dumping practices. Initially, studies were conducted
to characterize used brine in terms of chemical, physical, and microbi
ological characteristics. Preliminary tests were carried out to inves
tigate the effectiveness of UF for the removal of suspended meat par
ticles in brine used to chill processed meat, and to ascertain the ability
of UV light to destroy unsafe microorganisms in the clarified brine.
Ultrafiltration treatment alone results in satisfactory reductions in brine
turbidityand microbial load, while UV treatment was found to be effec
tive in reducing viable microorganisms in the clarified brine to below
levels found in fresh brine. To verify these results at full scale, a pro
totype system was constructed and subsequently tested in a meat-
processing plant. Pilot plant testing demonstrated that certain mem
brane types can be used to clarify spent brine, and that the membranes
can be effectively cleaned for re-use. However, higher than expected
average microbe levels in the UF-treated brine indicated the need for
more stringent maintenance of sterility in the process equipment and/or
immediate plant environment.

INTRODUCTION

Brine containing sodium chloride is used by the processed meat
industry to chill perishable meats to microbiologically stable
temperatures (<3°C) following high temperature (50-100°C)
operations. Typical products are bacon, hams and sausage
meats. In the chilling operation (brine chiller, Fig. 1) brine is
either sprayed or cascaded over the product within a cabinet.
The product is suspended from an overhead carriage or track
for continuous or batch operation.

Two important factors associated with disease risk from the
consumption of perishable processed meats are: (1) improper
cooling, and (2) the concentration of sodium chloride used as
a curing agent for such meats (Genigeorgis 1986). By bridging
the critical temperature range from 45 to 5°C in the shortest
practical time and by the antimicrobial effect of the 20% salt
concentration of the brine, brine chilling should extend shelf
life and reduce the probability of microbial growth on the stored
product. Although it is a poor medium for bacterial growth,
microorganisms of significance to public health can survive
brine, and must be seriously considered in the design of brine
chill systems. These microorganisms include Salmonella,
Staphylococcus, Clostridium, Trichinella, and others.

Brine chills the product by direct contact, thereby washing
the product surface of loose fat and meat particles, and other
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extraneous matter, including microorganisms, pickling fluids,
smoke compounds and preservative. Crude filtration of the brine
during the chilling operation, followed by frequent (e.g. daily)
disposal of spent brine is practiced to prevent the accumulation
of unsafe contaminants. A processing operation involving 10-20
tonnes of product throughput per hour can expend as much as
5000 L day"1 of brine at a replacement cost of about $150.00
(Canadian). To this figure must be added the labor cost of han
dling and preparing the makeup brine, the refrigeration cost
associated with chilling that brine to normal operating temper
ature (about —9°C), and the cost of disposing the brine to a
suitable sewer system. Intermittent disposal of brine to a con
ventional waste treatment facility may have a serious
destabilizing effect on its biological waste treatment process.
Dumping brine directly into the environment will be harmful
in most cases. Depending on the local jurisdiction, the cost of
brine disposal can be expected to rise with the imposition of
increasingly more stringent regulations to protect the environ
ment. A strong case can therefore be made for the development
of a brine recovery system, in which brine is reclaimed for
repeated use.

Welsh and Zall (1984) reported on the use of a system which
combines ultrafiltration with activated carbon (UF-AC) for the
treatment of fishery refrigeration brine (9% NaCl; —7°C). The
system showed potential for the economic recovery of useable
fish proteins from the resulting brine concentrate. They found
that a 30 000 molecular weight (MW) cut-off membrane by itself
was effective in removing minute particles and compounds other
than sugars, volatile acids, and free amino acids at any temper
ature in the 4°C to 49°C range. They also found that turbidity
was reduced from 459 to between 0 and 5 ppm Si02 in this
temperature range by using UF alone.

In other applications, ultrafiltration has been used to clean
food process water because of its effectiveness in removing col
loids, bacteria, pyrogens, viruses and algae, and other water-
borne contaminants as small as 0.003 /im in diameter.

A system for cleaning and sterilizing spent brine using
ultrafiltration combined with a secondary ultraviolet (UV) radi
ation treatment was envisaged (Fig. 1) to reduce the present
running costs of the brine chill system with potentially added
benefits in terms of lower microbiological risk and reduced
effluent load. The specific objectives of the work reported here
were: (1) to characterize brine following normal use in a stan
dard meat processing operation in terms of both chemical and
microbiological composition; (2) to test various UF membranes
and thereby select the best membrane configuration in terms
of flux capacity and material rejection characteristics; (3) to test
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Figure 1. Schematic of KSI brine chilling facility with proposed ultrafiltration-ultraviolet brine treatment system.

ultraviolet irradiation for the destruction of viable micro
organisms in the cleaned brine; and (4) to design and construct
a pilot-scale UF-UV treatment system and test this in a meat
processing plant.

MATERIALS AND METHODS

Brine characterization

Samples of fresh and spent brine chiller fluid were collected
from Quality Meat Packers (QMP), Toronto, ON each morning
just prior to usual daily brine disposal for 5 consecutive days,
packed in ice and shipped to Trojan Technologies Inc. (TTI),
London, ON for microbiological and physical analysis. Each
brine sample was derived from brine used to chill cooked
weiners. One additional sample was also shipped to Diversi
fied Research Laboratories Ltd. (DRL), Toronto, ON for chem
ical analysis. The microbiological analyses were commenced
within 9 h of sample collection.

The materials and methods used for microbiological and
chemical characterization of the chiller fluid are described

below. These methods were also adopted as standard procedures
for subsequent filtration trials.

Microbiological analyses
The spent brine samples were analyzed for staphylococci, coli-
form bacteria, lactobacilli, yeasts, mould, aerobes and anaerobes
and the fresh brine was analyzed for aerobes, anaerobes,
Staphylococcusand total coliforms. For all of the analyses, the
rota-plate method (Lab-line rotary autoplater, Model 1580, Lab-
line Instruments Inc., Melrose Park, IL) was used to inoculate
the media with 0.5 mL of the appropriately diluted brine chiller
fluid.

Staphylococci. The staphylococci were enumerated on Difco
Baird Parker Agar supplemented with Difco EY Tellurite Enrich
ment (Difco Labs., Detroit, MI). The plates were incubated at
37°C and read after 24 h. Black, shiny, convex colonies sur
rounded by a clear zone were defined as Staphylococcus aureus.
A number of these colonies were confirmed as S. aureus by the
coagulase test, DNase test and mannitol fermentation. Those
colonies which were black, shiny and convex but did not have
a clear zone were called Staphylococcus spp.
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Coliform bacteria. The coliform bacteria were enumerated on
Difco Violet Red Bile Agar. The plates were incubated at 37°C
for 24 h. Coliform bacteria were defined as those bacteria which

formed a reddish-purplecolony with a reddish zone of precipi
tated bile.

Lactobacilli. Lactobacilli were enumerated by use of Difco Lac
tobacillus MRS broth solidified in 1.5% Difco agar (Simard
et al. 1983). The plates were incubated under anaerobic condi
tions (Anaerocult, British Drug House (BDH) Chemicals
Toronto, ON) at 28 °C for 4 d. All of the colonies were enumer
ated and a random selection of the colonies were stained and
observed microscopically to determine whether they were bac
teria or yeasts.

Yeasts and moulds. Yeasts and moulds were enumerated on
acidified BBL Potato Dextrose Agar (Fisher Scientific, Toronto,
ON). The plates were incubated at 20°C for 4 d. All the colo
nies were counted.

Aerobic microorganisms. Aerobic microorganisms were
enumerated on Difco Plate Count Agar and Scott Nutrient Agar
(ScottLabs Inc., Fiskeville, RI) plus 4% NaCl. One set of plates
was incubated at 20°C for 4 d and another at 7°C for 10 d.
All the colonies were enumerated.

Anaerobic microorganisms. The anaerobic microorganisms
were enumerated in an identical manner to the aerobic microor
ganisms except that the plates were incubated at 28°C for 4 d
under anaerobic conditions (Anaerocult, BDH Chemicals,
Toronto, ON).

Chemicalandphysical analyses. A sample of used brine chiller
fluid was analyzed by DRL for the chemical parameters. Fat
content was determined as follows: A measured quantity of brine
chiller fluid was transferred quantitatively with water and
petroleum ether to a 1-L separatory funnel. Each sample was
extracted three times with a 1:1 blend of ethyl ether and
petroleum ether. The ethers were removed and the residual fat
was weighed. Protein was determined from total Kjeldahl
nitrogen. The moisture was measured gravimetrically by oven
drying at 105°C to constant weight. Ash content was measured
by heating at 550°C to constant weight.
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Figure 3. Test set-up for the concurrent evaluation of two tubular UF mem
branes for the treatment of spent brine (trial 2).

In the latter stage of the trial the addition of untreated brine to
the feed reservoir was stopped, thus permitting the volume of the
concentrate fraction to be reduced to a niinimum practical disposal
volume. To reduce costs, samples of concentrate and permeate were
collected only at the end of each run for analysis (moisture, pro
tein, fat, and ash) and for comparison with the untreated brine.
The optical density at 254 nm was determined to provide infor
mation for post-treatment disinfection using UV irradiation.

Trial 2. In this trial, two sets of experiments were conducted to
investigate the stability of four different tubular membranes for
continuous treatment of the brine at low temperatures. The tubular
membrane configuration was chosen because tubular membranes
are accessible for mechanical scrubbing with sponge balls fol
lowing each use.

Membranes 100 cm long by 2.5-cm nominal i.d. were manufac
tured by ZEI. The four membranes tested (no. 1 — no. 4, respec
tively) have the ZEI designations CHP-MP, BSC, SHP, and SHA.
The nominal molecular weight cut-off value for the first three
membranes is 100 000 whereas the SHA membrane has a cut

off value of 500 000.

Feedstock for filtration was obtained from QMP. Mixing was
carried out prior to processing to ensure homogeneity. Samples
were taken to determine the pH (Model 651 digital meter, Extech,
Boston, MA), conductivity (Model 32, conductance meter, YSI
Inc., Yellow Springs, CO), turbidity (Model DRT 100 tur
bidimeter, HF Instruments) and optical density (DMS 90 Spec
trophotometer, Varian). Optical density at 254 nm was measured
on a 1:100 dilution of brine using a 1-cm cell. Samples of this
feedstock were also analyzed by TTI for anaerobic plate count,
aerobic plate count, Staphylococcus and total coliforms.

Prior to membrane filtration the mixed feedstock was pretreated
by passing it through a no. 20 mesh screen to remove any large
particulate matter. One hundred-liter batches of the pretreated brine
were then processed with total product recycle as shown in Fig. 3.

The tubular membranes were arranged in series and connected
to a centrifugal pump (A100-300JM-SS, Price Pump Co.,
Sonoma, CA) for brine circulation. Although the membranes
were connected in series, they were tested simultaneously and
independently under virtually the same operating conditions
since permeate flux rates were extremely low by comparison
to the circulation flowrate. Two 3-h experiments were conducted

Figure 2. Test set-up for the evaluation of ultrafiltration treat
ment of spent brine using a plate-and-frame membrane
(trial 1).

The optical density (OD, X = 254 nm) of the spent brine
chiller fluid was measured using a spectrophotometer (SP6-550
UV/Visible Pye Unicam, Phillips Electronics, Toronto, ON)
to serve as a guide for subsequent development of UV equip
ment. To measure the OD the samples required serial dilution
with distilled water to bring measurement values into the range
of the spectrophotometer.

Membrane filtration trials

Two separate preliminary laboratory-scale trials were under
taken to evaluate the application of membrane filtration for spent
chilling brine recovery. Trial 1 was designed to demonstrate
basic feasibility and was carried out by DRL. A second series
of experiments to evaluate membrane performance was con
ducted in Trial 2 by Zenon Environmental Inc. (ZEI),
Burlington, ON.

Trial 1. Approximately 500 L of spent chilling brine was
obtained from QMP to serve as a feedstock for filtration. The
brine was thoroughly stirred to ensure homogeneity and single
samples from each run were taken for DRL to determine
moisture, ash, protein, and fat content.

This experiment was designed to quickly investigate feasi
bility rather than to develop a low temperature process, and the
filtration trial was conducted with all materials at ambient tem

perature. The brine was processed by UF, using a plate and
frame system (Lab-36 Model, Pasilac/DDS Inc., Minneapolis,
MN) fitted with a centrifugal feed pump delivering 170 L
min"1 and equipped with 2.25 m2 of membrane (GR51PP,
Pasilac/DDS Inc.). The nominal molecular weight cut-off for
the membrane material was 50 000. The overall process is
presented in Fig. 2.

The UF unit was initially operated in a continuous mode with
the concentrate stream being recycled and the liquid level in
the feed reservoir (50 L) held constant by the addition of brine.

CANADIAN AGRICULTURAL ENGINEERING 137



RETURN TO
PROCESS TANK

Fl

PI

PSL

Tl

TSH

FLOW INDICATOR

PRESSURE INDICATOR

PRESSURE SWITCH LOW

TEMPERATURE INDICATOR

TEMPERATURE SWITCH HIGH

M
O
m
4>-

PERMEATE TO
SURGE TANK

GLOBE VALVE

BALL VALVE N. 0.

BALL VALVE N. C.

ELECTRICAL INTERLOCK

Figure 4. Schematic of UF membrane apparatus showing sampling valves and instrumentation.

to evaluate performance at low temperatures. In the first experi
ment membranes 1 and 2 were tested simultaneously and in the
second experiment membranes 3 and 4 were studied. Low tem
peratures were maintained (i.e. —7°C < T< 3°C) by the peri
odic addition of dry ice (solid C02) to the recirculating liquid.

Samples of fresh unused brine, untreated (spent) brine and
permeate collected during the experiments were shipped on ice
to TTI for microbiological examination. Similar samples were
also collected for chemical analysis. Permeate flowrate for each
membrane was determined using a graduated cylinder and
stopwatch.

For the raw spent brine and the ultrafiltrate from membranes
1 and 4, relationships between UV fluence (fluence denotes UV
irradiation imparted in the annular flue of the UV irradiator)
and aerobic plate count were investigated to determine the
applicability of ultraviolet irradiation. Semi-log plots of UV
fluence versus aerobic plate count were prepared according to
the method of Quails and Johnson (1983).

Upon completion of the two sets of experiments the question
of membrane regeneration (i.e. restoration of fouled membranes
to original flux rates) using standard chemical cleaning methods
was examined. After cleaning with membrane compound
(MC-4, Zenon Environmental Inc., Burlington, ON) at pH 10,
flux rates for clean water were determined for comparison with
pretest values.

Pilot-scale, recovery system
A pilot-scale brine recovery system was constructed as depicted
in Fig. 1. This system was designed to batch-process 500 L of
brine at the end of each meat-chilling cycle, and to permit simul
taneous meat chilling and brine recovery through the use of two
holding tanks for the treated brine. Because spent brine was
available from the existing in-plant brine chilling unit, the brine
chiller shown in Fig. 1 was only used as a refrigeration unit
for that brine. Spent brineused for eachof the pilot study test
runs had been used to chill smoked bacon sides, and was col
lected at the time of usual brine disposal. The UF membranes
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were capable of producing a permeate flowrate of about 0.22%
of the circulating membrane feed flow rate.

The membranes were of a tube-type design, with permeate
collection provided by individual horizontal drip trays (Fig. 4)
and conveyance of the permeate by a common manifold to a
surge tank. Monitoring and sampling of the permeate was
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Figure 5. Schematic of UV disinfection unit.
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Table I. Conditions used in pilot membrane test program

Test parameter
Test set designation

A B

Feed flow rate (m3/min)
Inlet pressure (kPa — Gauge)
Outlet pressure (kPa — Gauge)
Temperature range (°C)
Test run numbers

0.083

372

324

(-8) - (+2)
5

0.167

379

83

(-7) - (+4)
1 - 4

accomplishedby closing off valves leading to the manifold, and
opening sample valves at the opposite end of the drip trays.
Based upon the initial Zenon trial observations (trial 2) con
cerning fouling and overall performance, three different
ZENON membrane types were selected and subsequently evalu
ated during the pilot scale testing program, these being desig
nated ALT, FLT-C, and FLT-H. They have water flux
capacities (based upon water flux rate at 345 kPa and 27°C)
of 1525, 425 and 110 L m"2h_1 and nominal molecular weight
cut-off thresholds of 500 000, 100 000 and 50 000, respectively.
Two each of the FLT-H and ALT membrane tube units, and
four tube units (one bank) of the FLT-C type membrane were
tested in the eight-membrane frame depicted in Fig. 4. Flow
through the set of eight membranes was through two parallel
banks of four tubes in series. The serial arrangements of mem
branes were considered to provide virtually identical test con
ditions for all membranes because of the very large ratio of feed
flow rate to permeate flow rate.

A 150-L clean-in-place (CIP) tank was incorporated in the
system for the membrane cleaning phase of the recovery cycle.
The cleaning process consisted of four steps: (1) washing with an
enzyme cleaner (MC-8, Zenon Environmental Inc.) at 35-40°C;
(2) rinsing with tap water; (3) washing with pH 11 sodium
hydroxide solution at 35-40°C; and (4) storing the membranes
in pH 11 sodium hydroxide solution at ambient temperature.

A schematic of the UV disinfection unit is presented in Fig. 5.
Permeate from the post UF surge tank was pumped through the
UV unit at an average rate of 0.417 L min"1 to receive a UV
dose of 3800 kJ m at the surface of the quartz sleeve. The
design flowrate, thin fluid layer (7 mm), and turbulent mixing
within the UV reactor was estimated to provide an average UV
intensity of 800 kJ m"2 within the UV reactor. This level was
shown to be sufficient, from the previous tests, to reduce aer
obic microorganisms to levels found in fresh brine. To main
tain permeate at or below about 0°C, the permeate surge tank
was fitted for additional cooling capacity by adding an inner
stainless steel tank containing ice.

At specified times during the course of each run, samples of
feed and permeate were taken and subsequently analyzed for
pH, conductivity, turbidity, and UV absorbance at 253.7 nm
by ZEI. Microbiological analyses of these samples for aerobes,
anaerobes, coliforms, Staphylococcus aureus and staphylococci
species were carried out by DRL. A total of five test runs were
carried out using the conditions listed in Table I. Feed flowrate,
temperature, percentage feed reduction, total permeate flow,
inlet and outlet membrane pressures for both banks of tubes and
permeate flux rates for the individual tubes were monitored.

RESULTS AND DISCUSSION

Brine characterization

Microbiology. Results of the microbiological analyses on spent
brine are shown in Table 2. This brine had been in use for
approximately 24 h. The brine chiller fluid contained
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Table II. Results of the microbiological analysis of the spent brine
chiller fluid after 1 day's use with samples taken on five consecutive
days

Geometric mean Standard Number of

Microorganism (cfu/mL) deviation samples

Staphylococcus
Aureus

Staphylococcus
Spp.
Coliform

bacteria

Yeasts,
moulds

Aerobic

(plate count
agar, 20°C)

Aerobic

(nutrient agar
+4% NaCl,
20°C)

Aerobic

(plate count
agar, 7°C)

Aerobic

(nutrient agar
+ 4% NaCl,
7°C)

Anaerobic

(plate count
agar, 28°C)

Anaerobic

(nutrient agar
+ 4% NaCl,
28°C)

6.4 x 101

2.4 x 101

3.9 x 10°

2.90 x 102

3.75 x 101

4.69 x 10l

5.5 x 10°

1.68 x 102

4.73 x 103 3.35 x 103

1.4 x 103 1.54 x 103

2.08 x 103 2.18 x 103

1.61 x 103 1.81 x 103

1.53 x 103 1.30 x 103

3.34 x 103 1.60 x 103

staphylococci, coliform bacteria, yeasts and aerobic and
anaerobic heterotrophic microorganisms. Lactobacilli were not
detected. The presence of staphylococci is important from a
public health standpoint because Staphylococcus aureus
produces a thermostable enterotoxin which causes food
poisoning. Other species of staphylococci were present but their
numbers were very low compared to the number of aerobic and
anaerobic microorganisms which grew at 20, 28 and 7°C.
Therefore, the straphylococci would have no effect on the shelf
life of the meat products at their present levels.

Coliform bacteria were isolated in very small numbers (2-14
colony-forming units per milliliter (cfu mL1) from all five
brine samples. Although fecal coliform bacteria are indicative
of fecal contamination and the presence of pathogens, the
presence of coliforms on meat is not uncommon. Further testing
was not carried out to determine whether these coliforms were

of a fecal or nonfecal origin.
The brine contained yeasts at 2.9 x 102 cfu mL"1 but no

moulds were detected. Yeasts can form a slime layer on products
such as weiners that have become moist. With less moisture,
moulds may produce fuzziness and discoloration in nonvacuum-
packaged meats.

Table 3 shows the microbiological quality and UV absorbance
of the fresh brine. The geometric mean of the aerobic microor
ganisms was 92 cfu mL"1. Staphylococci and anaerobes were
not present although total coliforms were isolated once. The
mean of the optical density at 254 nm was 0.185, wheras the
spent brine OD was measured to be infinity (i.e. UV opaque).
The microbial quality of the fresh brine was subsequently used
as a standard for UF-UV renovated brine.
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Table III. Microbiological quality and UV absorbance (OD) of
freshly prepared brine

Parameter

UV absorbance

(OD) at 254 nm
Aerobic plate
(count per mL)
Total coliforms

(cfu/100 mL)

Sample number

0.105 0.291 0.135 0.172 0.220

44 117 108 119 101

0 2 0 0 0

Chemical and physical analysis. Results of the spent brine
analysis were as follows: Fat, 0.02%; Protein 0.17%; Ash,
19.46%; and Moisture, 80.33%.

The OD was linearly correlated with precent brine over the
range of 0-20% brine, as is graphically presented in Fig. 6.
Based on the OD for 20% spent brine, the spent brine essen
tially does not transmit UV. To achieve satisfactory microbial
destruction, the spent brine would have to pass through a UV
system which produces high-intensity irradiation and one which
creates sufficient turbulence to ensure uniform UV exposure.
An alternative approach would be membrane filtration by which
optical density is reduced prior to UV disinfection.

Membrane filtration trials

Trial 1. In a period of 4.5 h, a 235-L batch of brine was
processed, yielding 17 L of concentrate and 218 L of permeate.
In this operation 93% of the original solution was recovered.
The recovered liquid was clear and golden yellow, which com
pared favorably to the brown opaque spent brine material.

The brine permeate flux rate decline over the process trial
period is presented in Fig. 7. The feed pressure and tempera
ture over this period remained relatively constant, averaging
7 kPa and 24°C, respectively. After 3.5 h of operation, the

17.5-1

addition of spent brine to the spent brine reservoir was discon
tinued, thus allowing the final reduction in volume of the con
centrate fraction to occur. Following its initial drop, the decline
in flux rate was found to be relatively small and constant.

The optical density of the permeate at 254 nm was found to
be 0.04, a value which would readily permit post-treatment dis
infection with UV light.

A summary of the composition of the spent brine, concen
trate and premeate streams is given in Table 4. The permeate
was very low in fat content but it was still found to contain some
protein.

Trial2. The change in flux rate with process time for each test
membrane is shown in Fig. 8.

The test results show that the initial permeation rates obtained
for each membrane were much higher than those obtained for
the remainder of the stability tests. After the initial characteristic
drop in flux, however, the rates stabilized for all the membranes,
except Membrane 2. The permeation rate for this membrane
dropped from an initial value of 98.5 L m"2 h"1 to a final value
of 25 L m"2 h"1, confirming observations that fouling had
occurred. For the three remaining membranes, however,
permeate flux rates stabilized at about the following values:
Membrane 1, 53 L m"2 h"1; Membrane 3, 45 L m'2h'1; Mem
brane 4, 40 Lm"2 h1.

Table 5 presents analytical results for the untreated and treated
brine obtained from the four test membranes. The only signifi
cant difference among the membranes was in the turbidity values
for the filtered brine. The filtered liquid was clear in all cases,
but had a dark brown appearance, considered to be mainly from
dissolved smoke compounds (derived from "liquid smoke").

Results of microbiological analyses of the treated and
untreated brines are presented in Table 6. These results indi
cate that membrane filtration is capable of effecting large reduc
tions in the number of microorganisms occurring in spent
chilling brine; 89 — 96% in aerobic reductions and
68 — 100% in aerobic reductions for samples tested.
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Figure 6. Percentage spent brine as a function of optical density.
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Table IV. Process stream compositions from plate-and-frame UF
membrane used in trial 1

Analysis
Spent brine
(% wt/wt)

Concentrate

(% wt/wt)
Permeate

(% wt/wt)

Solids 19.3 21.3 18.7

Ash 19.1 19.0 18.5

Fat 0.02 0.2 <0.01

Protein 0.03 0.2 0.02

The results of the UV irradiation of the raw spent brine and
the ultrafiltrated brine are shown in Fig. 9. UV irradiation of
the raw brine had little or no effect on the number of micro

organisms , due to the high UV absorbance of the mixture, and
the particles in the brine. However, UV irradiation of the
ultrafiltered brine reduced the microbial count to levels which

were equivalent to thefresh brine (Table 3). Above 800 kJ m"2

^r 110 -\

the UV light had very little additional effect on the number of
microorganisms.

Pilot plant test results

Ultrafiltration. A total of five concentration runs were carried
out during the test program. The analytical properties of the
contaminated brine are presented in Table 7, together with the
initial and final properties of the permeates from each of the
three membranes and three selected process runs. The spent
brines used in the pilot plant program were different from that
used in the bench studies, the differences being mainly a lower
conductivity (123-152 mmho cm"1 as compared to 196 mmho
cm"1) and higher turbidity (109-245 nephalometric turbidity
units (NTU) as compared to 51 NTU) for the pilot study brines.
As with the bench tests, the UV absorbance values for the pilot
study spent brines were essentially infinite.

LEGEND
Membrane

2.0 2.5 3.0

TIME ( hours )

Figure 8. Brine permeation rates versus time for four tubular membranes tested
in trial 2.
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Table V. Summary of analytical results on brine samples from stability trial 2

Spent Permeate- Permeate- Permeate- Permeate-

Analysis brine membrane no. 1 membrane no. 2 membrane no. 3 membrane no. 4

Ph 5.45 5.07 5.25 5.55 5.47

Conductivity
(mmho/cm) 196.3 196.0 196.4 196.2 196.2

Turbidity
(NTU)t 51.0 0.7 0.8 1.7 2.5

tNTU = nephalometric turbidity unit.

Table VI. Microorganism plate count values for the untreated and ultrafiltered brines

Untreated Fresh Permeate- Permeate- Permeate- Permeate-

spent brine brine membrane no. 1 membrane no. 2 membrane no. 3 membrane no. 4

Aerobic plate
count

(cfu/mL) 1740 40 133 53 184 81

Anaerobic plate
count

(cfu/mL) 170 0 0 0 0 55

Staphylococcus
(cfu/mL) 1 0 -t - - -

Total coliform 0 0
- - - -

tNot determined.
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Figure 9. Number of aerobic microorganisms in untreated and
ultrafiltered spent brine versus the applied ultraviolet fluence.
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A comparison of the microbiological contamination levels of
the spent brine in relation to that of the various permeates
revealed inconsistent and unfavorable results. From the data,
summarized in Table 8, it appears that increases in the popula
tion levels of aerobic and anaerobic bacteria for some runs may
have occurred due to growth of these microorganisms in either
the membranes, the sample tubes, or the drip trays. Unfor
tunately, the pilot study schedule did not permit further inves
tigation to determine the possible source of this contamination.
On the basis of membrane pore size, it should not be possible
for permeate to carry microbes across the membrane, nor should
the growth of these microorganisms have occurred under the
actual test conditions (brine feed temperature varied between
-8 and +7°C during the test runs). These results therefore indi
cate that the likely existence of suitable conditions for bacterial
growth inside the UF system requires investigation.

As expected, the UF treatment had no effect on pH and con
ductivity, indicating that salt permeation through the membranes
was essentially unimpeded.

Average permeate turbidity values over the five runs were
found to be in the range between 0.9 and 1.9 NTU, indicating
a general membrane capability of 99% turbidity reduction.
These treatment efficiencies were slightly improved over that
observed in the bench study tests. These levels approach accept
able turbidity standards for drinking water.

Ultraviolet absorbance of both the feed and the permeates was
greater than 2 absorbance units, necessitating 1:100 dilutions
of all samples prior to analysis. This high absorbance was
attributed to the dissolved "liquid smoke" compounds.

The permeate flux rates were compared for the two test feed
flowrates. The higher of the two feed flowrates (0.167 m3
min"1) resulted in the more stable permeate flux rate.
Figures 10 and 11 show the variations in flux flowrate over
tests 4 and 5, the latter curve indicating that significant fouling
had occurred after 25% of the feed brine had been processed.
For each of the membranes tested, it was observed that pressure
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Table VII. Initial spent brine and UF permeate characteristics from pilot program test runs

Run number

2 3 4

Membrane

designation SBt ALT FLT-C FLT-H SBt ALT FLT-C FLT-H SBt ALT FLT-C FLT-H

pH 5.60 5.85

(2)t

5.85

(4)
5.86

(2)
5.62 5.62

(2)
5.64

(4)

5.76

(2)
5.85 5.90

(2)
5.98

(4)

6.54

(2)

Conductivity
(mmhos/cm)

126.7 124.4

(2)
125.3

(4)
125.3

(2)
148.2 138.4

(2)
137.8

(4)

138.8

(2)
131.7 129.6

(1)

130.5

(1)

131.1

(1)

Turbidity
(NTU)

245.0 0.08

(2)
2.12

(4)
1.75

(2)
165.0 0.85

(2)
0.95

(2)

1.40

(2)
215.0 0.61

(2)
0.67

(4)
3.25

(2)

UV

absorbance

1.324 1.189

(2)
1.397

(4)
1.10

(2)
- - - - - - - -

Aerobic

(cfu/mL)
4000 5 800

(2)
21 200

(4)
67 000

(2)
20 000 9 800

(2)
40 400

(4)

57 000

(2)
58 000 32 000

(2)

130 000

(4)

166 000

(2)

Anaerobic

(cfu/mL)
200 88

(2)
82

(4)
1 360

(2)
1 000 6

(2)
700

(4)

2 200

(2)
62 000 27

(2)

41

(4)

75 000

(2)

Coliforms

Staphylococcus spp.
(cfu/mL)

1

25

1

(2)
1

(2)

1

(4)
1

(4)

1

(2)
1

(2)

1

45

1

(2)
10

(2)

1

(4)
12

(4)

1

(2)
28

(2)

1

120

1

(2)
35

(2)

1

(4)
4

(4)

1

(2)
16

(2)

Staphyloccocus
aureus

24 1

(2)

1

(4)

1

(2)

1 1

(2)

1

(4)

1

(2)

2 1

(2)

1

(4)

1

(2)

Total run

Time (min) 180 645 1350

tSB denotes spent brine.
^Numbers in parentheses indicate number of samples for averages shown.

Table VIII. Percentage change in microbial numbers obtained by ultrafiltration in pilot testst

Microorganism Concentration test number

type 1 2 3 4 5

Aerobic -14.3% +621% + 84.5% Initial:

+99.3%

Final:

-97.4%

-1.1%

Anaerobic -98.7% + 102.1% -8.2% Initial:

-99.8%$
Final:

-99.9%

-95.2%

Coliforms No change No change No change No change No change

Staphlococci
species

-96.7% -95% -65.8% Initial:

-83.6%

Final:

-95.8%

-90.5%

Staphylococcus
aureus

No change -96% No change No change No change

t % change = 100 x (permeate - spent brine) / spent brine.
%Indicates that the calculation excludes result for Tube 6.

had little or no effect on permeate flux rate, suggesting that the
process was gel-layer controlled (Matthiasson and Sivik 1980).
Of the three membranes tested, the ALT membrane provided
the highest overall permeate flux rate.

An examination of Table 9 reveals the effectiveness of the
chemical cleaning procedure for restoration of permeate rates.
This table provides a comparison of the initial permeate rates
for each of the three membrane types for concentration runs

CANADIAN AGRICULTURAL ENGINEERING

1-3, indicating excellent restoration of permeate flux rates for
the ALT and FLT-H membranes.

Ultraviolet disinfection. The effectiveness of UV treatment was
tested on runs 3 and 4 only. The average aerobic plate count
from these runs was reduced from 12 000 to 5000 cfu mL"1
while the average anaerobic plate count was reduced from 134
to 54cfu mL"1. The coliforms and staphylococci were too low
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Figure 10. Flux rate versus volume reduction level for test 4 of pilot
study; feed flowrate = 0.167 m3 min"1.
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Figure 11. Flux rate versus volume reduction level for test 5 of pilot
study; feed flowrate = 0.083 m3 min-1.

in number prior to UV disinfection to determine the effective
ness of the UV destruction of these bacteria. The calculated

application of 800 kJ m"2 UV light was not sufficient to
achieve a brine with the same microbiological quality as fresh
brine, such as was achieved using this fluence level in the earlier
bench study. This was likely a result of the turbidity and optical
density values being higher for the pilot study brine from smoked
bacon-side chilling as compared to the spent-brine from weiner
chilling.

SUMMARY AND CONCLUSIONS

Bench scale experiments demonstrated that brine which has been
used for one full day as a chilling fluid for processed meats can
be effectively cleaned and disinfected for a re-use at a 90-95 %
recovery level using a combined UF-UV treatment system.
Without prior UF treatment of the brine, it is not practical to
disinfect the spent brine using UV irradiation only, due to the
high UV absorbance of the smoke compounds and suspended
meat particles (fat and protein), and the associated protection
afforded to the bacteria by these particles. Ultrafiltration treat
ment alone may be used to reduce the number of microorganisms
in spent brine, although this must be supplemented with a secon
dary disinfection treatment, such as by UV light. It was found
in the bench experiments that a UV fluence of greater than
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Table IX Initial permeate flux rates for new membranes and for
the same membranes after restorative chemical cleaning of the
membranest

Concentration run Initial Permeate rate (L m -2d-»)

Number ALT FLT-C FLT-H

1

2

3

1520

1480

1740

1900

1050

1190

1010

0640

0920

fFlux rates observed at the start of each run.

800 kJ m"2 must be applied to a well-mixed, UF-treated, spent
brine to reduce the microbiological count to an acceptably low
level. A tubular membrane in the 50 000 to 100 000 MW cut

off range appears to be suitable for brine clarification prior to
UV treatment. The vastly different pressures required to produce
a practical permeate flux observed at the different brine tem
peratures used for trial 1 (24°C @ 7 kPa, 50 000 MW cut-off)
and trial 2 (-1 7°C @ 414 kPa, 100 000 MW cut-off)
highlights the importance of temperature on membrane perfor
mance. Further investigation to determine the interrelationship
between pressure, temperature and permeate flux for the
recovery of spent brine is necessary for the selection of the
optimum membrane operating temperature. A trade-off may
exist between reduced membrane pumping costs at higher tem
peratures and reduced brine refrigeration cost through main
tenance of brine at operating temperature (e.g. —9°C). This
consideration warrants further study.

As expected, the membrane having the lowest nominal MW
cut-off provided the greatest rejection of suspended solids.
However, the benefits of the improved suspended particle
removal possible through use of the 50 000 MW cut-off mem
brane must be weighed against the lower permeate flux rate it
provides as compared to that provided by the membranes of
100 000 and 500 000 MW cut-off. The higher flux rate
associated with the latter membranes could represent greater
cost effectiveness through a reduction in pumping energy or
membrane surface area requirement or both.

The inability of the UF membranes used in the pilot study
to remove smoke compounds (having a low molecular size) is
a factor which appears to hamper the transmission of lethal UV
irradiation. For this reason, the use of a selective filter media
(e.g. activated carbon) to remove these compounds may be indi
cated. A UV irradiation intensity in excess of the 800 kJ m"2
used in this study could be used to achieve satisfactory disin
fection. The apparent inability of the pilot study membranes to
consistently reject microorganisms likely indicates the need for
stringent maintenance of sanitary conditions throughout the
recovery system. The use of effective sterilants in the mem
brane system CIP phase of the recovery cycle, and uninterrupted
maintenance of temperatures on wetted surfaces at levels below
which microorganisms cannot grow, would effectively prevent
or restrict microbial growth problems.

The results obtained from the stability tests of the ZEI tubular
membranes indicate that stable and acceptable flux rates are
achievable, and that the membrane foulants can be successfully
removed. It remains to be confirmed that the membranes can

be cleaned and disinfected on a sustained basis in an industrial

setting.
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