ABATTOIR EFFLUENT OXYGEN DEMAND

Reduction in Oxygen Demand of Abattoir Effluent by Precipitation with Metal
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One hundred per cent reduction in oxygen de-
mand (BOD and/or COD) of abattoir effluent
was achieved experimentally by generating in
situ metallic complexes with which hemoglobin
and other large molecules were precipitated. Sul-
fates of Fe(Il), Fe(Ill), Co(Il), Cu(Il), Mn(II),
Ce(IV), and AI(III) were dissolved in the effluent,
and after a short interval of time, the pH was ad-

justed to pH 7.0-9.6 with NH4,OH. Environmen-
tal considerations limited further studies to
Fey(S04)3. The weight ratio of effluent treated to
salt used was in the order of 103, which was
equivalent to a COD/Fe2(S04)s ratio of approxi-
mately 2. The critical parameter was found to be
pH.

The U.S. Environmental Protection Agency (1973) has
described meat-packing wastewater as the primary poten-
tial polluter among the food and kindred industries. It has
proposed effluent limitation guidelines in pursuance of the
national goal of zero discharge of all pollutants by 1983.
The greatest impact of these guidelines is expected to be
on small-scale operations which might least be able to af-
ford more than the simplest treatment systems.

A visual inspection of the discharge from one small
plant in New York State showed the effluent to be a di-
lute hemoglobin dispersion, with a trace of lipid, which
was generated by the washing of carcasses and the abat-
toir floor. This composition seemed to be amenable to a
simple phase separation which would be a practicable pol-
lution abatement step, from the standpoint of the small
processor,

Biological processes are the conventional methods of
treating liquid meat wastes (Litchfield, 1971), although
Clemens and Ziemba (1971) and Beck et al. (1974) recent-
ly reported an electrochemical method of phase separation
of colloids in similar wastewaters, Chemical coagulation
has been tried sporadically, and is afforded only pretreat-
ment status, prior to major biological treatments (Steffen,
1970).

Larson et al. (1971) combined the action of FeClsz and
polyelectrolytes to treat mixed meat-packing and domes-
tic wastes, after unsatisfactory results with FeCl; alone.
In our laboratory, phase separation was accomplished by
modifying an old precipitation technique involving metal
and base (Rogerson, 1915), and applying it to a protein-
metal interaction. The procedure is described in this
paper.

EXPERIMENTAL SECTION ¢

Oxygen Demand Measurements. Abattoir effluent
containing an unusually large amount of blood was col-
lected from a commercial source, and was diluted accord-
ing to the objective of each experiment. A 0.20% (w/v)
dispersion of sheep hemoglobin (Sigma Chemical Co., St.
Louis, Mo.) was used as reference. Saturated solutions of
corn oil and beef fat were made by shaking a small weight
of each in 60° water, and allowing the emulsions to cool.
The aqueous fractions were separated and were used as
model lipid emulsions.

Samples were analyzed for chemical oxygen demand
(COD) and/or BOD by standard methods (American Pub-
lic Health Association, 1971).

The effects of the following sulfate salts on COD and/or
BOD reduction in the emulsions at room temperature
were studied: Fe(II), Fe(Ill), Co(ll), Cu(l), Mn(I),
Ce(IV), and AUIII). Before use, the salts were dried in
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vacuo and stored over HzSO4. Stock solutions of 10%
(w/v) of each salt were made, and 2.0 ml of each stock
was added to separate cylinders, in duplicate, containing
100 ml of each of the dispersions described above. The
cylinders were set aside for periods of 10 min to 24 hr,
after which the pH was adjusted to 7.0-9.6 with NH,OH.
The precipitate was allowed to settle prior to COD and/or
BOD analysis of the liquid phase. Appropriate control so-
lutions were also analyzed.

Electrophoresis. The effect of Fea(SO4)3 on the electro-
phoretic migration of hemoglobin was studied by Gelman
electrophoresis (Gelman Instrument Co., Ann Arbor,
Mich.), using 0.05 N NazB407 (Gross, 1959) and a current
flow of 1.5 mA per strip. Five microliters of 10%
Fez(S04)3 were spotted on the support membranes, and
3.0 ul of undiluted effluent was spotted in superposition.
After 2 min these and other strips containing 3 ul of ef-
fluent, 3 ul of effluent on which was superimposed 3 ul of
10% (v/v) NH4OH, and 5 ul of Fea(SO4)s were electropho-
resed.

Ultraviolet Spectrophotometry. The absorption spec-
trum of a diluted solution of hemoglobin, and of hemoglo-
bin treated with Fe2(S04)3, NH4OH, and (NH4)2SO4, was
studied between 760 and 230 nm, using a Beckman DB
recording spectrophotometer.

Equilibrium Dialysis. These experiments were per-
formed with 20 ml of abattoir effluent (COD 1700 mg/1.,
pH 7.3) in 1-in. flat-width, regenerated cellulose tubing.
The tubing was suspended in 1 1. of acidified water
(H2S0y4, to pH 2.9) containing 0.20 g of Fea(SO4)3 (ap-
proximately 1 mmol of Fe) and 0.38 g of (NH,4)2SO4 (ap-
proximately 6 mmol of NH4*), the latter being added to
minimize the Donnan effect (Hughes and Klotz, 1956) of
hemoglobin on Fe accumulation in the dialysate. After 3
days, the volume and pH of dialysate and dialyzing medi-
um were measured. Subsequently, 20-ml samples of ef-

‘fluent, dialysate, and dialyzing medium were wet ashed

in preparation for Fe analysis by atomic absorption spec-
trophotometry (Perkin-Elmer Model 305B).

COD vs. Fea(S04)3. The quantitative relationship be-
tween COD reduction in abattoir effluent and concentra-
tion of Fes(SO4)s was ascertained by adding a measured
volume of 10% Fea(SO4)3 solution to separate 100-ml ali-
quots of effluent. These were adjusted to pH 7.0-9.6, as
described above, and the COD of the supernatant liquid
was plotted as a function of weight of Fea(SO4);. These
experiments were repeated in thoroughly oxygenated ef-
fluent.

RESULTS AND DISCUSSION

We made a statistical analysis of effluent data from 35
municipally collected and analyzed samples which were
obtained over a period of 12 months from a typically small
abattoir in New York State. We diluted the extra-strength
effluent to exceed the maximum COD found.
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the importance of adequate conservation measures for
blood, grease, etc. (Steffen, 1970), in order to minimize
the pro rata fee for discharging untreated abattoir effluent
into municipal sewers.

The Hemoglobin-Fe Interaction. The negative charges
on hemoglobin above its isoelectric pH (6.6-6.8) were re-
sponsible for its migration toward the anode during elec-
trophoresis in borate buffer at pH 9.2. The gradual addi-
tion of Fe(Ill) would be expected to neutralize these
charges electrokinetically. Indeed, Fe(SQ4)3 completely
immobilized hemoglobin in the electrophoretic field.
Moreover, the accumulation of Fe in effluent by equilibri-
um dialysis (Table III), and the elimination of the heme
bands at 572 and 538 nm from the hemoglobin spectrum
were interpreted as a complexation reaction (Hughes and
Klotz, 1956) between Fe(III) and hemoglobin. The ratio of
COD of dialysate to milligrams per liter of accumulated
F€2(804)3 was 1.6.

Uncertainties in the settling property of the coagulum,
depending on the holding interval before addition of base,
may be explained by the nature of the nonequilibrium,
polynuclear Fe species (American Water Works Associa-
tion, 1971) whose molecular weight and, hence, charge
density (Jirgensons and Straumanis, 1962) would be ex-
pected to increase with time. Under equilibrium condi-
tions, COD would also be reduced by occlusion and en-
trainment of effluent solute within the depositing hydrox-
ide.

The Importance of Base. The addition of Fez(SO4)s
changed the effluent pH from 7.3 to 2.9, thereby creating
a state of high colloid concentration-low alkalinity, which
requires treatment based only on one parameter, viz.
coagulant dosage (Weber, 1972). However, it was necessary
to restore the alkalinity, in order to effect phase separation
and, consequently, COD reduction. Since in a strong-
ly basic medium, the positive charge on metal sols is re-

PURIFICATION OF WET.PROCESS PHOSPHORIC ACIDS

versed (Blaedel and Meloche, 1963) the alkalinity should
not exceed the maximum of 9.6, below which the biggest
reduction in COD was obtained. Thus, the high COD re-
maining in effluent after adjustment to pH 11.6 (Table I,
no. 12) may be attributed to stabilization of the solute
phase by repulsion of negative charges.

Coagulation of solute in abattoir effluent with metal
salts may therefore be viewed as a practicable method of
reducing the oxygen demand in abattoir effluent, once the
mechanism is understood to be chemical in nature, de-
pending on pH, time, and the ratio of concentration of the
reactants.
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‘Conditions Affecting the Purification of Simulated Wet-Process Phosphoric Acids by

Solvent Extraction

Yong K. Kim,* Henry K. Walters, Jr., and John D. Hatfield

Eight organic solvents—methyl ethyl ketone, 1-
butanol, 1-heptanol, 2-methyl-1-propanol, 1-pen-
tanol, tert-pentanol, tri-n-butyl phosphate, and
isophorone—that had been selected from some 40
solvents in a previous screening test were tested for
their effectiveness in separating the impurities from
simulated wet-process phosphoric acids contain-
ing 35-75% H3POQ4. The first three solvents listed
were promising enough for more intensive tests.
Methyl ethyl ketone and 1-butanol were the most
effective extractants of P2QOs5; 1-heptanol was less
effective, but its insolubility in aqueous media

was a distinct advantage in its recovery for recy-
cle. Purification of the acid was increased, with
some loss in extraction of P05, by partial am-
moniation to a mole ratio NHs: HzPOy4 of 0.1, with
which 70% of the P2Os was extracted with only
20% of the metallic impurities. The excellent be-
havior of methyl ethyl ketone led to a study of
the use of acetone for the purification of wet-pro-
cess acid. With partial ammoniation acetone ex-
tracted 85% of the P,0s and only 20% of the me-
tallic impurities, and the acetone was readily re-
covered by distillation.

Interest in the purification of wet-process phosphoric
acid has increased in recent years because of the increased
costs of providing electric-furnace phosphoric acid. Purifi-
cation is necessary for use in food products and in certain
fertilizer applications, particularly liquid fertilizers. The

Division of Chemical Development, Tennessee Valley
Authority, Muscle Shoals, Alabama 35660.

solvent extraction process is one of the promising methods
for separating the acid from its impurities (Blumberg,
1971, Slack, 1968). The objective of this study is to deter-
mine the effects of composition parameters of simulated
wet-process acids on the solvent extraction of the acid and
the separation of the various impurities in 1:1 weight ra-
tios of solvent to acid mixtures.

A considerable number of solvents has been studied as
extractants of wet-process phosphoric acid, including alco-
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