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ABSTRACT

FACTORS AFFECTING THE REMOVAL OF SUSPENDED AND
DISSOLVED SOLIDS IN HIGH STRENGTH WASTEWATER
FROM VEGETABLE PROCESSING

Fifty or more individual factorial experiments were designed to
study the effectiveness of physical-chemical and micro-biological
treatments in removal of suspended and dissolved solids in
effluent from potatoes, hominy, dry beans and other vegetables.
The wastewaters were obtained from local processing plants and
treated with 3 to 5 inorganic salts, 13 polymers, and 3 or more pH
levels during 12 months. Also, selected strains of yeast and
fungi were used to assimilate the effluent. Individual inorganic
salts were more effective on a certain vegetable effluent than
others. Polymers (anionic and cationic) were more effective in
coagulating suspended solids in combination with salts than either
alone. Different polymers and concentrations of polymers in com-
bination with salts were required for each effluent tested.
Saccharonyces fibuliger was the most effective yeast for reducing
tots1 solids and chemical oxygen demand in potatoes. Actively
fermenting systems were capable of 90% or more reduction after
centrifugation. The fungi Neurospora sitophila and Trichoderma
viride assimilated the total and dissolved solids more rapidly in
effluents from potato and hominy processing than any of the other
fungi studied.

Sistrunk, William A.

Completion report to the United States Department of the Interior,
Washington, D.C., September, 1984.

KEYWORDS-suspended solids/dissolved solids/total dissolved
solids/effluent /wastewater/wastewater strength/treatment
systems/physical-chemical/turbidity/polymers/inorganic
salts/flocculating agents/coagulating
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INTRODUCTION

The Ozark region is one of the major processing regions in
the U.S. These industries discharge large volumes of effluent
characterized by high Chemical oxygen demand (COD), biochemical
oxygen demand (BODg), total suspended solids (TSS) and various
inorganic constituents. The 12 vegetable processing plants in the
region operate throughout the year in producing a wide variety of
vegetable products, and discharge 5 to 10 million gallons (19 to
38 million liters) of wastewater daily. Nine of these plants
discharge effluent into municipal systems after screening. Other
food processing plants in the region discharge an additional 20
million or more gallons (76 million liters) of treatable
wastewater daily.

The expansion of volume of processed products, diversifica-
tion of products, increase in population and increasing costs of
building adequate municipal waste treatment facilities in the
region make it mandatory that primary and/or secondary treatment
be applied to the effluent from the processing plants.

Lye, abrasive and steam-peeling wastes from potatoes, sweet
potatoes, beets, carrots and corn are extremely high in COD.
These products require large volumes of water to wash, peel,

clean, flume and blanch during the processing operation. Much



progress has been made in the region in altering processing meth-
odology to reduce water usage and strength of the effluent, but
more progress is needed in applying physical-chemical and biologi-
cal methods to further reduce TSS and total dissolved solids
(TDS).

A. Purpose and Objectives

1. To develop a broad set of data on inorganic salts and/or
organic polymers that provide optimum reduction in TSS
and floc size.

2. To establish the optimum pH, waste concentration, aera-
tion and temperature for maximum separation of TSS.

3. To determine the types of microorganisms and optimum
conditions for reduction of TDS in the residual waste-
water.

B. Related Research or Activities

Plain sedimentation is the most common primary treatment used
to remove suspended or settleable solids from fruit and vegetable
processing effluent after screening (44). Separation or settling
of solids from the effluent can be accomplished in settling basins
or tanks prior to discharge of effluent to other treatment sys-
tems. In potato processing plants plain sedimentation can remove
41 to 71% of the BOD and 73 to 93% of the TSS (17,28). A limiting
factor is the efficiency of sedimentation or fine screening. High

strength effluent from processing potatoes, sweet potatoes,



pickles, poultry and other types of processing and industrial
wastes has been treated by primary treatment to remove TSS by
screening, filtration, centrifugation and other methods (3, 5, 6,
7, 8, 16, 19, 20, 21, 27, 33, 51, 52, 53). Effluent from pro-
cessing poultry was treated with inorganic flocculants after
screening, then filtered and reused in the operation (16, 53). By
the use of appropriate levels of polymeric flocculating agents and
inorganic salts, TSS and turbidity of pimiento wastes were reduced
by 74 to 95%, and COD by 8 to 19%. Bough (7, 8) successfully
removed most of the TSS in effluent from leafy greens by the use
of inorganic salts and chitosan. Source of effluent and type of
greens influenced the levels of chemicals required.

Chemical coagulation normally involves the process of desta-
bilization, aggregation and binding together of colloids by floc-
culants such as CA(OH)2, A12(S04)3, FeSog and FeCl13 to coagulate
TSS (2, 35,39, 45). Ismail (33) demonstrated that FeC13 was the
most effective for coagulation of citrus wastewater, inducing
greater than 90% reduction in turbidity (NTU) and mg/1 TSS.
Eldridge (23) reported that 33 to 75% of BOD could be removed from
effluents from beets, tomatoes, peas, corn and kraut by treatment
with 700 to 2520 mg/1 of CA(OH)2, A12(S04)3 , FeSoq and FeCl3

Both inorganic salts and organic polymers have been applied
to wastewaters from different food processing sources. Lamer and

Healy (38) described the action of polymeric flocculuting agents



whereby the polymer destabilizes a colloidal suspension by adsorp-
tion of particles and subsequent formation of particle-polymer-
particle bridges by both cationic and anionic polyelectrolytes,
depending on the electrical charge of the wastewater. The organic
cationic polymer chitosan has been shown to be effective for
coagulation of TSS in certain food processing wastes such as
poultry egg, meat, shrimp, cheese and vegetables(7, 8, 9, 10, 11,
54). Other polyelectrolytes were effective in treatment of vege-
table wastes for reducing TSS at low concentrations of 10 to 100
mg/1 (6, 10). Studies on pickle brines showed that the addition
of 6 mg/1 of anionic polyelectrolyte to the spent curing and
pickling brines formed large floc and removed up to 100% of TSS
(26, 27). |

The long soaking times commonly used for dry beans for pro-
cessing generates approximately 3 times as much COD in effluent as
shorter soaking times (46, 49). Also, bean types and style of
canned pack have a significant effect on TSS and COD of the
effluent.

Pure strains of microorganisms have been utilized for
reducing the COD in wastewater from potato wastes (34, 40, 41,
43). Some of these microorganisms produce high concentration of
amylolytic enzymes that hydrolyze starchy water from many vege-
table products (18). The resulting sugars can be rapidly con-

verted to alcohol by yeasts or single-cell protein. The



conversion of dissolved solids into useful by products is attrac-
tive since disposal costs are alleviated and a financial return
from the sale of these products could offset the cost of effluent
treatment.

Bough et al. (12) have estimated that 322 million 1b (146.4
million kg) of dried activated sludge per year with a protein con-
tent of 28 to 36% could be produced from food processing and
brewery wastes. The BOD of potato processing effluent was reduced
by as much as 90% by the use of a yeast fermentation step before
treatment in which the yeast cells were recovered (40, 41, 50).
Sweet potato effluent was treated by Skogman (50) with a symbiotic

culture of Endomycopsis fibuliger (E. fibuliger) and Candida

utilis (C. utilis). The lactic acid in sauerkraut effluent was

treated successfully by a flocculant strain of Kluyveromyces fra-

gilis (K. fragilis) yeast in which the lactic acid was reduced 95
to 97% in 4 hours and 99% of the yeast cells settled in 1 hour
(32). VYeast cells containing 45% protein and rich in B vitamins
were produced from sauerkraut brine by C. utilis (30). The use of
C. utilis and K. fragilis for the treatment of lemonade pro-
cessing effluent produced cell yields of 2.5 g/1 in 32 hours and
reduced approximately 87% of BOD when 0.05% (NH4)2 SO4 and 0.01%
KoPO4 were added to the effluent (29).

One means of reducing the organic load of wastes to streams

and municipal treatment systems is by the use of Fungi Imperfecti



in a continuous oxidation system. Church et al. (14) showed that

the fungus Trichoderma viride reduced the COD of corn and pea

canning wastes by 95% in an aerated lagoon and an oxidation ditch.
In addition to reducing COD of corn whey by 98%, 50 to 60 g of dry
fungal biomass was produced per 100 g of COD utilized.

Neurospora sitophila (N. sitophila) NRRL 2884 has been shown

to ferment alkaline rutabaga and potato wastes after pH adjustment
5.6 (4). There was a decrease in COD of 42 to 68% in 4 days with a
four fold increase in total amino acids of the biomass recovered.

Aspergillus foetidus (A. foetidus) NRRL 337 has been used

effectively for assimulating baked bean effluent (31). In 24 hours
at pH 3.3, the fungus utilized 80% of the BOD and produced a
biomass that was 50% protein on a dry basis.

Most fruit and vegetable wastes are low in nitrogen and
phosphorus, and therefore require the addition of these nutrients
in biological oxidation systems. Esvelt and Hart (24) suggested a
COD/nitrogen/phosphorus ratio of 100/4-5/0.5-1.0 for nutrient
supplementation to attain optimum utilization of COD. In addition
to nutrients, air or oxygen at a rate to supply 0.8 mg/1 to 4 mg/]
of dissolved oxygen was supplied.

METHODS AND PROCEDURES

Effluent samples

Composite samples of vegetable processing wastewater

including effluent from canning abrasive-peeled, steam-peeled and



lye-peeled potatoes, pork and beans, pinto beans,hominy, green
beans, sweet potatoes and leafy greens were collected from Allen
Canning Co. at Alma, Johnson, Siloam Springs, Springdale and Van
Buren, Arkansas. The samples were stored in a cold room at 20C +
20 and used within 1 week. Samples of fresh wastewater were taken
repetitively throughout the year during the periods for processing
individual vegetables.

Physical-chemical treatment of the wastewater

The experiments to determine the optimum physical-chemical
treatment for removing TSS and developing large floc were designed
as factorial experiments as follows: 3 to 4 pH levels (5, 7, 9,

11.3); 3 to 5 inorganic salts, Alum (A12(S0g4)3, ferric chloride
(FeC13.6H20), ferric sulfate (Fep(S04)3, ferrous sulphate (FeS04),

and calcium chloride (CAC12); and 7 concentrations (0, 100, 200,
300, 400, 500 and 1000 mg/1). In the inorganic salt plus polymer
combinations only the most effective salt for the individual
effluent was tested with 12 polymers, nonionic polymer Hercofloc
827, Anionic polymers purifloc #23, Hercofloc 1031 and 1018,
Cationic polymers, Magnifloc 2535 CH and 2540C, Dubois GWP-25,
Nalco 7120 and 7122, and Varcofloc, and Purifloc #43 and Chitosan;
7 concentrations of polymer (0, 5, 10, 20, 40, 60 and 80 mg/1);and
6 concentrations of salt (0, 100, 150, 200, 250 and 300 mg/1).



The pH 11.3 was used only for the effluent from lye-peeled
potatoes and corn for hominy. The appropriate dosages of inorgan-
ic salts and polymers were added to 100 to 200 ml1 of the effluent
after pH adjustment with NAOH or H2S04 in a 150 or 250 ml beaker.
The mixtures were stirred for 3 minutes at approximately 100 rpm
at room temperature (259c) using a 6-position stirrer. The con-
tents of the beaker were allowed to settle for 30 minutes before
samples of the supernatant were withdrawn for turbidity measure-
ment by using a nephelometer as described by the procedure in
standard methods. Turbidity values which are indicative of the
suspended solids were expressed as nephelometric units (NTU). The
nephelometer measures the amount of light scattered at a 900 angle
to the beam, and values are proportional to suspended particulate
matter in wastewater. The sequence of adding inorganic salts,
cationic polymers and anionic polymers to the effluent during agi-
tation were the same as those described earlier (10,22).

After the optimum conditions were found for each wastewater
as indicated by low NTU values and larger floc, separate experi-
ments were designed to measure NTU, TSS, and COD of the super-
natant. Not all salts and polymers were used on each wastewater
because of the composition and source of the water in the pro-
cessing plant. However, in every instance the optimum conditions

were attained for removing TSS and decreasing COD.



Microbio]ogica1 methods of wastewater treatment

Organisms: The yeast S. fibuliger ATCC 9947 and the fungus
Aspergillus oryzae (A. oryzae) ATCC 9362 were obtained from

American Type Culture Collection, Parklawn Drive, Rockville, MD.
The yeast culture C. utilis IF0-1086 was obtained from the
Biomass, Research Center, University of Arkansas, Fayetteville.
The yeast cultures K. fragilis NRRL-Y1109 and NRRL-Y2415 and the

fungi A. foetidus NRRL-337, Neurospora sitophila (N. sitophila)

NRRL-2884, A. oryzae NRRL-697, A. oryzae NRRL-1808, A. oryzae
NRRL-9362, Gliocladium deliquescens (G. deliquescens) NRRL-1806,

Trichoderma viride (T. viride) NRRL-6418 and T. reesei QM-9414

were obtained from the Northern Regional Research Laboratory,
Peoria, IL. and the Biomass Research Center, University of
Arkansas, Fayetteville.

The yeast cultures were inoculated on dextrose agar and yeast
extract-peptone glucose (YEPG) and fungi cultures on potato
dextrose agar (PDA) incubated at 3009c until the organisms were
growing actively, then held at 29c until the experiments were con-
ducted. Further details of the preparation of cultures are
described in detail in other reports (36, 37).

Fermentation studies

The yeast cells were harvested from actively growing
cultures in YEPG medium aseptically by centrifugation at 4000 rpm

for 10 minutes, then resuspended in 0.85% saline solution. A 3%



suspension (v/v) was used as an inoculum in the wastewater.
Details on the size of sample, aeration, time of incubation, etc.
have been described (36).

The fungi were grown on 100 ml aliquots of wastewater in 300
ml round-bottom flasks which was adjusted to the optimum pH of
each culture by 0.1INHC1. The wastewater was then inoculated with
spores of fungi from the PDA plates. Flasks were placed on a
mechanical shaker (180 rpm) and incubated at 289c for 24 to 48
hours or until sufficient active mycelium was produced in each
flask of each organism. The actively growing myceliam were then
used as stock cultures for further inoculation in the factorial
experiments. Details of individual fermentation experiments have
been described (36, 37). Fungal mycelia were harvested by
screening and filtering, and recorded as mg/1 of fermentation
liquid (13). Protein content of dried yeast cells and fungal
mycelia was determined by the procedure described in standard
methods (1).

Total suspended solids (TSS), total solids (TS),total
dissolved solids (DS), total phosphorus, and turbidity were deter-
mined by the methods described in standard methods for the exami-
nation of water and wastewater (1). COD was measured by the
method of Mercer and Rose (42). The data were analyzed as fac-
torials by the analysis of variance by the Statistical Analysis

System (SAS) of the University of Arkansas Computing Center.
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Means of the main effects were separated by Duncan's Multiple
Range Test, and means of interactive effects by the Least
Significant Difference at the 5% level.

PRINCIPAL FINDINGS AND THEIR SIGNIFICANCE

Physical-chemical Treatment of Vegetable Processing Wastewater

1. The reduction in turbidity expressed as nephelometric
turbidity units (NTU) of effluent from abrasive-peeled potatoes at
pH 5 was greater with FeC13 and Fe2(S04)3 than with CACl2 and
A12(S04)3 (Fig. 1). The NTU values were reduced from 200 to 12
and 8 with 300 and 400 mg/1, respectively. This represented a
turbidity reduction of 94 and 96% for the two inorganic salts.
Other workers have used NTU measurements as a means of analyzing
TSS and COD in wastewater (5, 10). Sedimentation alone without
added chemicals reduced NTU values approximately 25% but the TSS
were not flocculated (Fig. 1).

In abrasive-peeled potato wastewater adjusted to pH 7 and 9,
FeC13 resulted in the greatest reduction in NTU values as compared
to the other salts. Calcium chloride was more effective in
reducing NTU at pH 7 and 9 than at 5, and results were similar to
A12(S04)3 and Fe2(S04)3.

Eleven polymers were used singly to determine the ones that
were most effective in reducing NTU of abrasive-peeled potato

effluent at pH 5 (Table 1). Varcofloc was the least effective,

11



while GWP-25 and PA #23 were the most effective in reducing tur-
bidity. A concentration of 40 mg/1 of polymer reduced NTU more
than the other levels (Table 2). Also, 300 mg/1 of FeCl3 was the
optimum concentration for reducing turbidity.

When the most effective polymer was combined with FeC13 at
different concentrations, the optimum treatment for effluent from
abrasive-peeled potatoes was 150 mg/1 of FeCl13 amd 20 mg/1 of PA
#23 polymer in which the NTU was reduced from 170 to 4 (Table 3).
The TSS was coagulated immediately into large floc that settled
rapidly, and was removed by screening through an 80-mesh screen.

Since effluent from abrasive-peeled potatoes contains peel
residue, soluble sugars, organic acids and non-gelatinized starch,
most of the COD was removed along with TSS. Similar results were
obtained at the other pH levels tested although the reductions of
COD and TSS were significantly greater at pH 5.

2. Effluent from steam-peeled potatoes, characterized by
peel residue and gelatinized starch, was much higher in TSS and
COD. CaClz was superior to the other inorganic salts in
coagulation-flocculation of TSS of the effluent at pH 5 as
measured by NTU (Fig. 2). Concentrations of 400 and 500 mg/1 of
CaCl2 reduced NTU from 960 to 70 and 60, respectively. Similar
results were obtained at pH 7 and 9 in that turbidity was
decreased significantly as the concentration of salt was increased

up to a concentration of 500 mg/1.
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The polymers N-7122 and PA #23 were the most efféctive among
the polymers in reducing TSS at all pH levels, as measured by NTU
(Table 4). In combinations of CaClz, the most effective inorganic
salt, with polymers concentrations of 350 mg/1 of CaClp + 35 mg/1
of polymer resulted in a maximum decrease in NTU at pH 5. Similar
reductions in TSS were achieved at pH 7 and 9. Higher con-
centrations of polymer in combination with CaCl2 increased NTU
values significantly.

The reductions in turbidity COD and TSS of effluent from
steam-peeled potatoes by a combination of 350 mg/1 of CaClp with
25 mg/1 of the polymers N-7122 and PA #23 are shown in Table 5.

In the raw effluent (pH 5), treatments of 350 mg/1 of CaClp, 350
mg/1 of CaCly + 25 mg/1 of N-7122 and 350 mg/1 of CaCly + 25 mg/1
of PA #23 reduced COD levels by 56, 60 and 54% and TSS by 88, 90
and 89%, respectively. The high COD remaining in the treated
effluent indicates that there is a large percentage of the total
solids of effluent present as dissolved solids in steam-peeled
potato wastewater. While TSS was decreased by 80 to 90%, the COD
was reduced only by approximately 50% regardless of treatment and
pH.

3. The turbidity of effluent from lye-peeled potatoes was
decreased more by 400 to 500 mg/1 of CaClz than either of the
other salts used for flocculation at pH 11.3 and 7. However, at

pH 5 FeCl3 and Fep(S04)3 were more effective in reducing NTU. The
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maximum reduction of turbidity in effluent from lye-peeled pota-
toes was accomplished by treatment with the polymers GWP-25 and PA
#23 at pH 11.3. At the lower pH values (7 and 5), the polymer
H-1018 reduced NTU significantly, but not as much as at pH 11.3 by
the other two polymers. The most suitable concentrations of
polymer and CaCl2 were 45 mg/1 and 400 mg/1, respectively at pH
11.3. Greater reductions in NTU were accomplished with 45 mg/1 of
the polymer H-1018 in combination with 300 to 500 mg/1 of FeCl3
and Fep(S04)3 at pH 5.

The combined effect of using various optimum chemical treat-
ments on reducing turbidity, COD and TSS of the effluent from lye-
peeled potatoes at pH levels of 11.3, 7 and 5 are shown in Table
6. Treatments of 300 mg/1 of CaClz + 25 mg/1 of PA #23 and 300
mg/1 of CaCliz + 25 mg/1 of GWP-25 reduced COD levels by 69 and 63%
and TSS by 76 and 75%, respectively. This corresponds to reduc-
tions in COD from 3600 mg/1 to 1113 and 1346 mg/1, and TSS from
1900 mg/1 to 450 and 480 mg/1, respectively. When the effluent
was adjusted to pH 7, treatments of 350 mg/1 of CaClz + 25 mg/1 of
H-1018 polymer reduced COD by 67% and TSS by 72% of the con-
centrations in raw wastewater. In effluent adjusted to pH 5, the
use of 300 mg/1 of FeCl3 + 25 mg/1 of H-1018, and 300 mg/1 of
Fep(S04)3 + 25 mg/1 of H-1018 decreased COD by 70 and 72% and TSS

by 75 and 78%, respectively from the original values.
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4. Wastewater from lye-peeling and processing of corn for
canned hominy.
The wastewater generated from the lye-peeling of corn for
hominy is the most concentrated effluent and the lowest volume

among other hominy wastewaters. The high pH (11.0 to 12.4) and

high total solids (1.5 to 5%) creates major problems in treatment
systems. Plain sedimentation can be used to separate part of the
heavy solids from the supernatant, but this process is slow and
inefficient. Another method is by dilution with other low
strength effluent in the plant. When the pH was adjusted to 9 and
the heavy waste diluted with 2 parts of water, the turbidity
decreased significantly in 30 minutes.

The interactive effects of settling time, pH and dilution on
COD were significant (Table 7). The interaction on TSS was caused
by a large decrease in TSS in the control between 30 and 120 mi-
nutes of setting, whereas in the diluted effluent most of the
settling occurred in 30 minutes. Also, at the high pH level
(11.4), 1less change occurred in the control and 1l:1 dilution, yet
the decrease in TSS was significant between 30 and 120 minutes.
The interactive effects on COD were influenced by the large
decrease in COD between 30 and 120 minutes of settling, especially
at pH 7 and 9. However, in the effluent diluted 1:1 and 1:2 with
low strength water no significant changes occurred during the same

period.
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It seemed to be impractical to remove the TSS and COD by pH
adjustment alone because of the long settling time required for
separation. However, the heavy peel wastes could either be iso-
lated and treated separately or diluted with other low strength
wastewater before further treatment.

Wastewater from cooking hominy

The main effects of inorganic salts indicate that FeC13 and
A12(S04)3 decreased the turbidity of cooking water more than
CaCl2, FeS04 and Fep(SO4)3 (Table 8). A concentration of 150 mg/1
of salts was the most effective level, and pH 9 was the better pH
for reduction of turbidity.

Anionic and nonionic polymers added individually did not
reduce turbidity when added to cooking water. Cationic polymers
at 20 mg/1 decreased turbidity, but did not flocculate the TSS.
Combinations of either FeC13 or A12(S04)3 with 10 to 20 mg/1 of
the polymers H-1018, F-627 and PA #23 at pH levels of 5, 7 and 9
flocculated the TSS of the cooking water. Larger floc was pro-
duced at pH 6, 7 and 9, but only small floc formed at pH 5 which
was probably due to the decrease in pH when A12(S04)3 was added at
pH 5. The maximum % reduction in COD and SS (98.5 and 98.1%,
respectively) were obtained when cooking water was treated with
100 mg/1 of A12(S04)3 and 10 mg/1 of H-1018 at the initial pH of
6. Similar results were obtained in the same experiment when

FeC13 was used as the inorganic salt. This suggests that the TSS
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and COD can be removed effectively from hominy cooking water and
recycled to reduce the cost of operation.

The main effects of different initial pH levels, treatments
and inorganic salts on turbidity, COD and TSS of cooking water
indicate that either 6, 7 or 9 pH was suitable for flocculation of
TSS and removal of COD (Table 9). The combination treatment of
inorganic salt and H-1018 was the most effective in decreasing
turbidity, COD and TSS. When A12(S04)3 was combined with the
treatments, a greater reduction in turbidity occurred than with
FeC13; however, FeCl13 was superior for reducing COD. This was
probably caused by the tinting of the effluent by FeCl13 which
affected NTU values.

The effectiveness of removal of flocculated TSS by the che-
mical treatments was tested by screening the samples over a series
of U.S. standard screens. A combination of A12(S04)3 and H-1018
produced larger and more stable floc at both 5 and 10 mg/1 levels
of polymer at pH levels of 6, 7 and 9. This floc was effectively
removed by screening even with the larger diameter screen (No.
32). At a pH of 5 the floc was small and could not be efficiently
removed by even the smallest screen (No. 140).

Wastewater from bleaching hominy

A periodic batch dumping of bleaching water in which SO02 is
added at a temperature of 80 to 900c produces effluent with dif-

ferent levels of TSS and COD. Bleaching water is composed largely
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of starch and dextrins. At the beginning of dumping of a
completed bleaching tank of hominy the turbidity was lower than
that of hominy cooking water.

Because of the high buffering capacity of the bleaching
water, higher concentrations of A12(S04)3 were required to coagu-
late TSS and reduce turbidity. The initial bleaching water at the
beginning of dumping required almost 600 mg/1 of A12(S04)3 and 10
mg/1 of H-1018 to flocculate the TSS into large floc, but at sub-
sequent collection times much less A12(S04)3 was required to form
large floc in the more diluted water; that is, 250, 150, and 50
mg/1 at collection times 30, 60 and 120 min, respectively.

Hominy total effluent

Among the 5 salts tested on total effluent, FeS0Oq4 was the
most effective coagulant for reducing turbidity (Fig. 3). The
maximum reduction was obtained at 400 mg/1 when averaged over pH
levels of 7, 9 and 11.4. However, the largest decrease in tur-
bidity occurred at pH 9 and a concentration of 300 mg/1 of FeSO4.

The interactive effects of organic polymers and con-
centrations on turbidity of total effluent was caused by the large
decrease in NTU of the effluent as the concentration was increased
when F-250 was applied, while in most of the other polymers there
was either no change or an increase in NTU (Table 10). The

polymer F-250 decreased NTU at all pH levels. Comparable changes
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in NTU were induced by Chitosan at pH 11.4, although it was not
effective in reducing NTU at the other pH levels.

Flocculation of TSS in total effluent from hominy processing
was accomplished by applying first a cationic polymer followed by
an anionic polymer. The interactive effects of cationic and
anionic polymer concentrations and pH revealed that Chitosan floc-
culated TSS and reduced turbidity at levels of 40 and 60 mg/1 in
combination with 10, 20 and 40 mg/1 of PA #23 at pH 9 (Table 11).
Also, F-250 at 20 mg/1 was effective in flocculating TSS at pH 9,
and 60 mg/1 at pH 11.4 in combination with PA #23, resulting in
small floc that could be removed by a 140 mesh screen. Although a
combination of polymers (cationic and anionic) were effective for
removing TSS from hominy total effluent, the use of A12(S04)3 as a
primary flocculant increased the size of floc and reduced the TSS
up to 89%.

Wastewater from dry beans

The interactive effects of inorganic salts and concentra-
tions on turbidity indicated that A12(S04)3 was the most effective
salt for reducing NTU at 500 mg/1 (Fig. 4). The drastic decrease
in NTU value at 1000 mg/1 when the effluent was treated with
Fe2(S04)3, FeCl3 and A12(S04)3 was responsible for the interaction.

By preliminary tests it was found that a combination of
anionic and cationic polymers decreased turbidity significantly

(Table 12). The interactive effects of pH anionic polymer and
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cationic polymer demonstrated that Chitosan flocculated TSS at all
pH levels, while the other cationic polymers had no effect at pH 5
and 6. Anionic polymer F-627 in combination with PC-43 and GWS-5
formed small floc at pH 7. Likewise, PA #23 formed floc with
PC-43 at pH 7.

A1l combinations of anionic polymers and concentrations of
polymers produced a screenable floc with A12(S04)3 and Chitosan.
The effluent with higher initial turbidity and TSS required a
higher dosage of Chitosan to flocculate. The combination of 10
mg/1 of PA #23 and Chitosan resulted in significant reductions in
turbidity and formation into large floc.

The interactive effects of inorganic salts, organic polymers
and pH on components of navy bean wastewater were due in part to
the differences in the reductions at the 3 pH levels (Table 13).

The TSS was reduced by approximately 95% and COD by 13% when
25 mg/1 of A12(S04)3 was added followed by 30 mg/1 Chitosan and 10
mg/1 anionic polymer PA #23 at different pH levels.

Flocculite-250 coagulated the TSS fairly well but the floc was not
screenable. In some instances, the reduction in TSS was the same
as the control (F-250) and less than the control (GWS-5 and
PC-43), indicating that the addition of the latter two polymers
caused resuspension of the dispersed solids.

In additional studies on effluent from pinto beans the

results were similar to those on navy beans. Therefore, Chitosan

20



can be successfully applied to the wastewater from processing of
other dry bean products to remove TSS.

Microbiological methods of treatment

1. Inoculation with yeasts

Physical-chemical treatment of effluent from processing
potatoes removes a large percentage of the TSS. Another method of
removing TSS and dissolved solids from wastewater is by the use of
yeasts. Two yeasts, S. fibuliger and C. utilis have been used
frequently for utilization of total solids in wastewater from lye-
peeled potatoes.

Greater COD potatoes removal was obained in samples inocu-
lated with S. fibuliger over a 72 hours incubation period than in
the other treatments (Table 14). An original COD of 4080 mg/1 was
decreased to 1600 and 1150 mg/1 in the supernatant after 48 and 72
hr of fermentation. By centrifugation at 400 rpm the COD was
reduced to 750 mg/1. C. utilis was not effective in decreasing
COD. Although a combination of the two yeasts resulted in a
slightly greater decrease in COD than C. utilis alone. However,
apparently the growth of these two yeasts together reaches a stage
whereby C. utilis removes glucose at a faster rate than the S.
fibuliger can hydrolyze starch thereby suppressing the growth of
S. fibuliger (34, 36, 40, 43).

In further studies in which the actively fermenting waste-

water was replaced by half of the effluent volume daily to
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simulate an actual plant condition the COD decreased in the system
inoculated with S. fibuliger by 71, 78%, respectively in 24, 48
and 72 hours. Further reductions were achieved by centrifugation
to remove yeast cells.

In effluent from steam-peeled potatoes in which the system
was kept actively fermenting with S. fibuliger, and other yeasts
(Table 15), S. fibuliger was superior for reducing COD of the
effluent. The COD was reduced from 6300 to 1700, 1540 and 1500
mg/1, respectively after 24, 48 and 72 hours of fermentation.
After centrifugation, the decrease in COD was 89, 90 and 92%,
respectively of the initial value. Other strains of yeast were
less effective in assimilating the total solids of potato
effluent.

Comparisons were made to evaluate the effectiveness of S.
fibuliger in reducing the COD of fresh, boiled and activated
wastewater from steam-peeled potatoes. Eighty-five percent of the
initial COD of wastewater was reduced after 24 hours of fermen-
tation in the activated system (36). Greater reductions exceeding
90% in 18 hr were achieved by centrifugation. Changes in pH,
total sugars and starch occurred during fermentation. The pH

increased approximately by a pH of 1 from the initial pH of 4.7.

22



Total sugars and starch decreased to zero in 28 hr of fermen-
tation. The % protein of the dried yeast solids was 31% with a
net dry weight of 1.6 g/1.

2. Inoculation with fungi

Studies were conducted on the use of A. oryzae ATCC 9362
A. foetidus NRRL 337 and N. sitofila NRRL 2884 for reducing COD of
effluent from steam-peeled potatoes. Greater reductions in COD
were obtained when the effluent was inoculated with N. sitofila
(Table 16). The COD was reduced from 5400 to 750 mg/1 in 48 hours
at pH 5. Lower pH levels of 3.0 to 4.5 resulted in poor growth of
the fungus. The addition of 0.1% (NHg)2HPO4 to the effluent
resulted in higher % reductions of COD, over 90 % in 48 hours.

The biomass recovered from the wastewater contained 1.65 g/1 (dry
wt.) of mycelium, and contained 3.9% protein. Repetitive trans-
fers of the mycelium to fresh wastewater produced a more actively
growing biomass in which higher reductions of COD and higher
yields of dry fungal biomass were recovered.

Most of the pollution loads in effluent from processing
hominy originated from the lye-peeler and cooking tanks. A number
fungi imperfecti strains were tested for their ability to grow and
assimilate the total effluent of hominy. N. sitophila was the most
effective organism in reducing the COD level up to 76% at an ini-

tial pH of 5.0. It also grew well under alkaline conditions at pH
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10, yet it failed to grow at an initial pH below 4.0. The mold T.
viride NRRL 6418 reduced COD up to 74% at pH 4.0, but it did not

grow at pH 10.0. Also, G. deliquescens was the least effective

for reducing COD, followed by A. oryzae NRRL 1808 and T. reesei QM
9414, The fungi A. foetidus NRRL 337, A. oryzae NRRL 697 and A.
oryzae NRRL 9362 were intermediate in utilizing total effluent
from hominy and reducing COD under the conditions that were
tested.

The fungi N. sitophila and T. viride were selected for more
detailed studies since these two fungi grew best among those
tested. The mold N. sitophila decreased the COD almost 90% in 24
hours and it grew well at pH levels ranging from 4 to 10 (Fig. 5).
Prolonging the fermentation beyond 48 hours did not reduce the COD
further. This might have been caused by either (a) presence of
compounds not readily metabolized by the organism, (b) exhaustion
of essential nutrients, or (c) accumulation of metabolic inhibi-
tors (31).

Poor growth occurred at pH levels of 3 and 11.4, the origi-
nal pH of the effluent (Fig. 5). The yield of dried mycelium was
2.8 g/1 (dry wt), containing a protein content of 38%. In a
separate experiment using N. sitophila, the addition of (NHg) 2S04
and/or NaH2P04 as sources of N and P did not improve assimilation

of COD in the effluent except when 20% inoculum was used as com-

pared to 5%.
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The inhibition of growth of N. sitophila when (NH4)SO0s4 was
applied at pH 10.0 was alleviated by delaying the addition of the
nutrient for 24 hours (Fig. 6). The COD was significantly reduced
at 48 and 72 hours of fermentation as compared to the control.

The interactive effects of pH and fermentation time indi-
cated that T. viride grew more rapidly at certain pH levels than
others (Fig. 7). The COD was decreased rapidly during the first
24 hours at pH 4.0. The reduction was greater at 72 hr when the
pH was 3.0 to 3.5.

In other studies with T. viride, inoculum levels of 5 to 20%
had no effect on reduction of COD possibly due to the rapid growth
of the fungus in hominy effluent. Most of the growth occurred
during the first 24 hours. The addition of 1.5 g/1 of (NHg)»2S0gq +
0.4 g/1 of NaH2P0O4 accelerated the decrease in COD to 84% at pH
3.3 where pH was controlled. Similar results were obtained by
Church and Nash (13) when N and P were added to corn waste.

In other factorial experiments conducted on effluent from
sweet potatoes, green beans, spinach and leafy greens, each indi-
vidual vegetable exhibited different optimum conditions for remo-
val of TSS by chemicals in order to attain clear water. The
flocculated TSS was aggregated into large floc particles capable
of being recycled in spinach, leafy greens and green beans. After
the floc was removed by screening the COD was reduced to low

levels. 1In addition, the total and coliform bacterial counts were
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significantly reduced as shown in the data for green beans(Table
17). The total and coliform counts were reduced by approximately
2 log cycles. Similar results in reduction of bacteria were
obtained in the other three vegetables. Over 90% in reductions in
TSS and 75% in COD were obtained in effluent from green beans by a
combination of A12(S04)3, Chitosan and F-627. Other polymers were
with A12(S04)3 were equally effective in improving the quality of
the wastewaters.

CONCLUSTONS

Physical-chemical treatment

The TSS and COD in effluent from processing potatoes by lye,
abrasive, and steam-peeling methods can be significantly decreased
by the addition of inorganic salts and/or polymeric flocculating
agents. The nature of the individual wastewaters such as source,
pH and concentration of TSS and TDS played an important role in
determining the type and concentration of chemicals required for
optimum coagulation-flocculation of TSS.

In effluent from abrasive-peeled potatoes, the addition of
150 mg/1 of FeC13 +20 mg/1 of PA #23 polymer resulted in optimum
flocculation of TSS. The COD and TSS were reduced by 97 and 99%,
respectively as compared to the control. The use of 350 mg/1 of
CaCl2 in combination with 25 mg/1 of either N-7122 or PA #23

polymers produced large floc particles at pH 5 in effluent from
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steam-peeled potatoes that could be removed by screening.
Although TSS in the effluent was reduced by approximately 90%,
high concentrations of TDS remained in steam-peeled potato
effluent. In high alkalinity effluent (11.3) from lye-peeled
potatoes, the addition of 300 mg/1 of CaClp + 25 mg/1 of PA #23
polymer reduced COD and TSS by 69 and 76%, respectively. At lower
pH levels (5 and 7), CaCl2 and FeC13 in combination with H-1018
polymer decreased COD and TSS by 70 and 80%, respectively.
Wastewater from cooking hominy was treated effectively by
adding a combination of either A12(S04)3 or FeCl13 at concen-
trations from 50 to 150 mg/1 and 10 to 20 mg/1 of anionic poylmers
H-1018, H-1031, PA #23 or F-627 at a range of pH levels of 5 to 9.
The TSS were flocculated into large floc that can be removed by an
80-mesh screen. After more than 98% reduction in TSS, the treated
water could be recycled for cooking additional batches of hominy.
The total effluent from bleaching hominy was flocculated by
concentrations of A12(S04)3 ranging from 50 to 500 mg/1 in com-
bination with anionic polymers H-1018, H-1031, PA #23 or F-627.
Concentration and pH of the effluent affected the level of chemi-
cals required to produce large floc particles. In total effluent
from hominy, the inorganic salt A12(S04)3 combined with 40 mg/1 of
either H-1018 or PA #23 at pH 7 and 9, respectively flocculated
89% of TSS and removed 73%<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>