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A B S T R A C T

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

FROM VEGETABLE PROCESSING

F if t y  or more in d iv id u a l fa c to r ia l  experiments were designed to 
study the e ffec tiveness o f physical-chem ical and m ic ro -b io lo g ic a l 
treatments in  removal o f suspended and dissolved s o lid s  in 
e ff lu e n t from potatoes, hominy, d ry  beans and o ther vegetables.
The wastewaters were obtained from loca l processing p lan ts  and 
trea ted  w ith  3 to  5 inorgan ic s a lts ,  13 polymers, and 3 or more pH 
leve ls  during 12 months. A lso, selected s tra in s  o f yeast and 
fung i were used to  ass im ila te  the e f f lu e n t.  In d iv id u a l inorganic 
s a lts  were more e ffe c t iv e  on a c e rta in  vegetable e f f lu e n t than 
o the rs . Polymers (an ion ic  and c a tio n ic )  were more e f fe c t iv e  in 
coagula ting suspended s o lid s  in  combination w ith  s a lts  than e ith e r 
alone. D iffe re n t polymers and concentrations o f polymers in  com
b in a tio n  w ith  s a lts  were requ ired fo r  each e f f lu e n t te s te d . 
Saccharonyces f i b u l i ger was the most e ffe c tiv e  yeast fo r  reducing 
total s o lid s  and chemical oxygen demand in  po ta toes. A c tiv e ly  
ferm enting systems were capable o f 90% or more reduction  a fte r  
c e n tr ifu g a tio n . The fung i Neurospora s ito p h ila  and Trichoderma 
v ir id e  ass im ila ted  the to ta l  and dissolved s o lid s  more ra p id ly  in  
e ff lu e n ts  from potato and hominy processing than any o f the other 
fung i s tud ied .

S is tru n k , W illiam  A.

Completion re p o rt to  the United States Department o f the In te r io r ,  
Washington, D.C., September, 1984.

KEYWORDS-suspended so lid s /d isso lve d  s o lid s / to ta l d isso lved 
so lids /e ffluen t/w as tew a te r/w as tew a te r s treng th /trea tm en t 
sys tem s/ph ys ica l-che m ica l/tu rb id ity /po lym e rs /ino rga n ic  
s a l t s / f l occu la ting  agents/coagulating
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INTRODUCTION

The Ozark region is  one o f the major processing regions in 

the U.S. These ind us trie s  discharge large volumes o f e ff lu e n t 

characterized by high Chemical oxygen demand (COD), biochemical 

oxygen demand (BOD5) ,  to ta l suspended so lid s  (TSS) and various 

inorganic co n s titu e n ts . The 12 vegetable processing p lan ts  in  the 

region operate throughout the year in producing a wide v a r ie ty  of 

vegetable products, and discharge 5 to  10 m il l io n  ga llons (19 to  

38 m il l io n  l i t e r s )  o f wastewater d a ily .  Nine o f these p lants 

discharge e ff lu e n t in to  municipal systems a fte r  screening. Other 

food processing p lants in the region discharge an ad d ition a l 20 

m ill io n  or more gallons (76 m il l io n  l i t e r s )  o f tre a ta b le  

wastewater d a ily .

The expansion o f volume o f processed products, d iv e rs if ic a 

tio n  o f products, increase in  population and increasing costs o f 

b u ild in g  adequate municipal waste treatm ent f a c i l i t i e s  in  the 

region make i t  mandatory th a t prim ary and/or secondary treatm ent 

be applied to  the e ff lu e n t from the processing p la n ts .

Lye, abrasive and steam-peeling wastes from potatoes, sweet 

potatoes, beets, ca rro ts  and corn are extremely high in  COD.

These products requ ire  large volumes o f water to  wash, peel, 

clean, flume and blanch during the processing opera tion . Much
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progress has been made in the region in a lte r in g  processing meth

odology to  reduce water usage and strength o f the e f f lu e n t,  but 

more progress is  needed in applying physical-chem ical and b io lo g i

cal methods to  fu r th e r reduce TSS and to ta l d issolved so lids  

(TDS).

A. Purpose and Objectives

1. To develop a broad set o f data on inorganic s a lts  and/or 

organic polymers th a t provide optimum reduction in TSS 

and f l o c s ize .

2. To es tab lish  the optimum pH, waste concentra tion , aera

tio n  and temperature fo r  maximum separation o f TSS.

3. To determine the types o f microorganisms and optimum 

cond itions fo r  reduction o f TDS in  the residua l waste- 

water .

B. Related Research or A c t iv it ie s

P la in  sedimentation is  the most common primary treatment used 

to  remove suspended or se ttle a b le  so lids  from f r u i t  and vegetable 

processing e ff lu e n t a fte r  screening (44). Separation or s e tt lin g  

o f so lids  from the e ff lu e n t can be accomplished in s e tt lin g  basins 

or tanks p r io r  to  discharge o f e ff lu e n t to other treatment sys

tems. In potato processing p lants p la in  sedimentation can remove 

41 to  71% o f the BOD and 73 to  93% o f the TSS (17,28). A l im it in g  

fa c to r is  the e ff ic ie n c y  o f sedimentation or f in e  screening. High 

strength e ff lu e n t from processing potatoes, sweet potatoes,
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p ick le s , p o u ltry  and other types o f processing and in d u s tr ia l 

wastes has been treated by primary treatment to remove TSS by 

screening, f i l t r a t i o n ,  c e n tr ifu g a tio n  and other methods (3, 5, 6, 

7, 8 , 16, 19, 20, 21, 27, 33, 51, 52, 53). E fflu e n t from pro

cessing p o u ltry  was treated w ith  inorganic flo ccu la n ts  a fte r  

screening, then f i l te r e d  and reused in  the operation (16, 53). By 

the use o f appropriate leve ls  o f polymeric f lo c c u la t in g  agents and 

inorganic s a lts ,  TSS and tu r b id ity  o f pim iento wastes were reduced 

by 74 to  95%, and COD by 8 to  19%. Bough (7 , 8) successfu lly  

removed most o f the TSS in  e ff lu e n t from le a fy  greens by the use 

o f inorganic sa lts  and ch itosan. Source o f e ff lu e n t and type of 

greens influenced the leve ls  o f chemicals requ ired .

Chemical coagulation normally involves the process o f desta

b i l iz a t io n ,  aggregation and b inding together o f c o llo id s  by f lo c 

culants such as CA(OH)2, A l2(SO4) 3 , FeSo4 and FeCl3 to  coagulate 

TSS (2, 35,39, 45). Ismail (33) demonstrated th a t FeCl3 was the 

most e ffe c tiv e  fo r  coagulation o f c it ru s  wastewater, inducing 

greater than 90% reduction in  tu r b id i ty  (NTU) and mg/l TSS. 

E ldridge (23) reported th a t 33 to  75% o f BOD could be removed from 

e ff lu e n ts  from beets, tomatoes, peas, corn and krau t by treatm ent 

w ith  700 to  2520 mg/ l o f CA(OH)2, A l2(SO4) 3 , FeSo4 and FeCl3

Both inorganic sa lts  and organic polymers have been applied 

to  wastewaters from d if fe re n t food processing sources. Lamer and 

Healy (38) described the action o f polymeric f lo c c u lu t in g  agents
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whereby the polymer de s tab ilizes  a c o llo id a l suspension by adsorp

tio n  o f p a rt ic le s  and subsequent form ation o f pa rtic le -po lym er- 

p a r t ic le  bridges by both c a tio n ic  and anionic p o ly e le c tro ly te s , 

depending on the e le c tr ic a l charge o f the wastewater. The organic 

ca tio n ic  polymer chitosan has been shown to  be e ffe c tiv e  fo r  

coagulation o f TSS in  ce rta in  food processing wastes such as 

p o u ltry  egg, meat, shrimp, cheese and vegetables(7, 8, 9, 10, 11, 

54). Other p o lye le c tro ly te s  were e ffe c tiv e  in treatment o f vege

tab le  wastes fo r  reducing TSS at low concentrations o f 10 to  100 

mg/1 ( 6, 10). Studies on p ick le  brines showed th a t the add ition  

o f 6 mg/1 o f anionic p o ly e le c tro ly te  to  the spent curing and 

p ic k lin g  brines formed large f l o c and removed up to  100% o f TSS 

(26, 27).

The long soaking times commonly used fo r  dry beans fo r  pro

cessing generates approximately 3 times as much COD in e ff lu e n t as 

shorter soaking times (46, 49). A lso, bean types and s ty le  of 

canned pack have a s ig n if ic a n t e ffe c t on TSS and COD o f the 

e ff lu e n t.

Pure s tra in s  o f microorganisms have been u t i l iz e d  fo r  

reducing the COD in  wastewater from potato wastes (34, 40, 41,

43). Some o f these microorganisms produce high concentration of 

am ylo ly tic  enzymes tha t hydrolyze starchy water from many vege

tab le  products (18). The re s u ltin g  sugars can be ra p id ly  con

verted to alcohol by yeasts or s in g le -c e ll p ro te in . The
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conversion of dissolved solids into useful by products is a t trac

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 lb (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. f ibuliger) and Candida 

u t i l i s  (C . u t i l i s ) . The lactic acid in sauerkraut effluent was 

treated successfully by a flocculant strain of Kluyveromyces f ra 

g i l is  (K. f r a g i l i s ) 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). Yeast cells containing 45% protein and rich in B vitamins 

were produced from sauerkraut brine by C. u t i l i s  (30). The use of 

C. u t i l i s  and K. f rag i l is  for the treatment of lemonade pro

cessing effluent produced cell yields of 2.5 g / l in 32 hours and 

reduced approximately 87% of BOD when 0.05% (NH4)2 SO4 and 0.01% 

K2PO4 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
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in  a continuous ox idation  system. Church e t a l . (14) showed tha t 

the fungus Trichoderma v ir id e  reduced the COD o f corn and pea 

canning wastes by 95% in  an aerated lagoon and an ox ida tion  d itc h . 

In add ition  to  reducing COD o f corn whey by 98%, 50 to  60 g o f dry

fungal biomass was produced per 100 g o f COD u t i l iz e d .

Neurospora s ito p h ila  (N. s ito p h ila )  NRRL 2884 has been shown 

to  ferment a lka lin e  rutabaga and potato wastes a fte r  pH adjustment 

5.6 (4 ). There was a decrease in COD o f 42 to  68% in  4 days w ith a

fou r fo ld  increase in to ta l amino acids o f the biomass recovered.

A sperg illus  foe tidus  (A. foe tidu s ) NRRL 337 has been used 

e f fe c t iv e ly  fo r  assim ulating baked bean e ff lu e n t (31). In 24 hours 

at pH 3 .3 , the fungus u t i l iz e d  80% o f the BOD and produced a 

biomass tha t was 50% pro te in  on a dry basis.

Most f r u i t  and vegetable wastes are low in n itrogen and 

phosphorus, and the re fore  require  the add ition  o f these nu trien ts  

in  b io lo g ic a l ox idation  systems. Esvelt and Hart (24) suggested a 

COD/nitrogen/phosphorus ra t io  o f 100/4-5 /0 .5-1 .0  fo r  n u tr ie n t 

supplementation to a tta in  optimum u t i l iz a t io n  o f COD. In add ition  

to  n u tr ie n ts , a ir  or oxygen at a ra te  to  supply 0.8 mg/1 to  4 mg/1 

o f dissolved oxygen was supplied.

METHODS AND PROCEDURES

E fflu e n t samples

Composite samples of vegetable processing wastewater 

inc lud ing e ff lu e n t from canning abrasive-peeled, steam-peeled and
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lye-peeled potatoes, pork and beans, p in to  beans, hominy, green 

beans, sweet potatoes and le a fy  greens were co llec ted  from A llen  

Canning Co. a t Alma, Johnson, Siloam Springs, Springdale and Van 

Buren, Arkansas. The samples were stored in  a cold room at 2°C + 

2° and used w ith in  1 week. Samples o f fresh wastewater were taken 

re p e t it iv e ly  throughout the year during the periods fo r  processing 

in d iv id u a l vegetables.

Physical-chemical treatment o f the wastewater

The experiments to  determine the optimum physical-chem ical 

treatm ent fo r  removing TSS and developing large f l o c were designed 

as fa c to r ia l experiments as fo llo w s : 3 to  4 pH leve ls  (5, 7, 9, 

11 .3 ); 3 to  5 inorganic s a lts ,  Alum (A l2( SO4) 3, fe r r ic  ch lo ride  

(FeCl3*6H20 ) , f e r r ic  su lfa te  (Fe2(SO4) 3, fe rrous sulphate (FeS04) ,  

and calcium ch lo rid e  (CACl2 ) ;  and 7 concentrations (0, 100, 200, 

300, 400, 500 and 1000 mg/l ) .  In the inorganic s a lt  plus polymer 

combinations only the most e ffe c t iv e  s a lt  fo r  the in d iv id u a l 

e ff lu e n t was tested w ith 12 polymers, nonionic polymer Hercofloc 

827, Anionic polymers p u r if lo c  #23, Hercofloc 1031 and 1018, 

C ation ic polymers, Magnifloc 2535 CH and 2540C, Dubois GWP-25, 

Nalco 7120 and 7122, and V arco floc, and P u rif lo c  #43 and Chitosan; 

7 concentrations o f polymer (0, 5, 10, 20, 40, 60 and 80 m g/l);and 

6 concentrations o f s a lt  (0, 100, 150, 200, 250 and 300 mg/1).
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The pH 11.3 was used only fo r  the e ff lu e n t from lye-peeled 

potatoes and corn fo r  hominy. The appropriate dosages o f inorgan

ic  s a lts  and polymers were added to  100 to  200 ml o f the e ff lu e n t 

a fte r  pH adjustment w ith NAOH or H2SO4 in  a 150 or 250 ml beaker. 

The m ixtures were s t ir re d  fo r  3 minutes at approximately 100 rpm 

at room temperature (25°c) using a 6-p o s itio n  s t i r r e r .  The con

ten ts  o f the beaker were allowed to  s e tt le  fo r  30 minutes before 

samples o f the supernatant were withdrawn fo r  tu r b id ity  measure

ment by using a nephelometer as described by the procedure in 

standard methods. T u rb id ity  values which are in d ic a tiv e  o f the 

suspended so lids  were expressed as nephelometric un its  (NTU). The 

nephelometer measures the amount o f l ig h t  scattered at a 90° angle 

to  the beam, and values are p roportiona l to suspended p a rtic u la te  

matter in wastewater. The sequence of adding inorganic s a lts , 

c a tio n ic  polymers and anionic polymers to the e ff lu e n t during ag i

ta t io n  were the same as those described e a r l ie r  (10, 22).

A fte r the optimum conditions were found fo r  each wastewater 

as ind icated by low NTU values and la rge r f l o c , separate experi

ments were designed to measure NTU, TSS, and COD o f the super

natant. Not a ll sa lts  and polymers were used on each wastewater 

because o f the composition and source o f the water in the pro

cessing p la n t. However, in  every instance the optimum conditions 

were atta ined fo r  removing TSS and decreasing COD.
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M icrob io log ica l methods o f wastewater treatment

Organisms: The yeast S. f ib u l ig e r  ATCC 9947 and the fungus 

A sperg illus  oryzae (A. oryzae) ATCC 9362 were obtained from 

American Type Culture C o lle c tio n , Parklawn D rive , R ockv ille , MD.

The yeast cu ltu re  C. u t i l i s  IF0-1086 was obtained from the 

Biomass, Research Center, U n ive rs ity  o f Arkansas, F a y e tte v ille .

The yeast cu ltu res  K . f r a g i l is  NRRL-Y1109 and NRRL-Y2415 and the 

fungi A. foe tidu s  NRRL-337, Neurospora s ito p h ila  (NL s ito p h ila ) 

NRRL-2884, A. oryzae NRRL-697, A. oryzae NRRL-1808, A. oryzae 

NRRL-9362, G liocladium  deliquescens (G. deliquescens) NRRL-1806, 

Trichoderma v ir id e  (T. v i r id e ) NRRL-6418 and T. reesei QM-9414 

were obtained from the Northern Regional Research Laboratory, 

Peoria, IL . and the Biomass Research Center, U n ive rs ity  o f 

Arkansas, F a y e tte v ille .

The yeast cu ltu res  were inoculated on dextrose agar and yeast 

extract-peptone glucose (YEPG) and fungi cu ltu res  on potato 

dextrose agar (PDA) incubated at 30°c u n t i l  the organisms were 

growing a c tiv e ly , then held at 2°c u n t i l  the experiments were con

ducted. Further d e ta ils  o f the preparation o f cu ltu res  are 

described in  d e ta il in  other reports  (36, 37).

Fermentation studies

The yeast c e lls  were harvested from a c tiv e ly  growing 

cu ltu res  in YEPG medium a s e p tic a lly  by c e n tr ifu g a tio n  at 4000 rpm 

fo r  10 m inutes, then resuspended in  0.85% sa line  so lu tio n . A 3%
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suspension (v /v ) was used as an inoculum in the wastewater.

D e ta ils  on the size o f sample, ae ra tion , time o f incubation, e tc . 

have been described (36).

The fungi were grown on 100 ml a liquo ts  o f wastewater in 300 

ml round-bottom fla sks  which was adjusted to the optimum pH of 

each cu ltu re  by 0.1NHCl . The wastewater was then inoculated w ith 

spores o f fungi from the PDA p la te s . Flasks were placed on a 

mechanical shaker (180 rpm) and incubated at 28°c fo r  24 to  48 

hours or u n t i l  s u f f ic ie n t active  mycelium was produced in each 

fla s k  o f each organism. The a c tiv e ly  growing myceliam were then 

used as stock cu ltu res fo r  fu r th e r inocu la tion  in  the fa c to r ia l 

experiments. D eta ils  o f in d iv id u a l ferm entation experiments have 

been described (36, 37). Fungal mycelia were harvested by 

screening and f i l t e r in g ,  and recorded as mg/ l o f ferm entation 

l iq u id  (13). P rote in content o f dried yeast c e lls  and fungal 

mycelia was determined by the procedure described in standard 

methods ( 1).

Total suspended so lids  (TSS), to ta l so lids  (TS), to ta l 

dissolved so lids  (DS), to ta l phosphorus, and tu r b id ity  were de ter

mined by the methods described in  standard methods fo r  the exami

nation o f water and wastewater (1 ). COD was measured by the 

method o f Mercer and Rose (42). The data were analyzed as fa c 

to r ia ls  by the analysis o f variance by the S ta t is t ic a l Analysis 

System (SAS) o f the U n ive rs ity  o f Arkansas Computing Center.
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Means of the main e ffe c ts  were separated by Duncan's M u ltip le  

Range Test, and means o f in te ra c tiv e  e ffe c ts  by the Least 

S ig n ific a n t D ifference at the 5% le v e l.

PRINCIPAL FINDINGS AND THEIR SIGNIFICANCE 

Physical-chemical Treatment o f Vegetable Processing Wastewater

1. The reduction in tu r b id ity  expressed as nephelometric 

tu r b id ity  un its  (NTU) o f e ff lu e n t from abrasive-peeled potatoes at 

pH 5 was greater w ith  FeCl3 and Fe2(SO4) 3 than w ith  CACI2 and 

Al2 ( SO4) 3 (F ig . 1 ). The NTU values were reduced from 200 to  12 

and 8 w ith  300 and 400 mg/l , re sp e c tive ly . This represented a 

tu r b id i ty  reduction o f 94 and 96% fo r  the two inorganic s a lts . 

Other workers have used NTU measurements as a means o f analyzing 

TSS and COD in  wastewater (5, 10). Sedimentation alone w ithout 

added chemicals reduced NTU values approximately 25% but the TSS 

were not flo ccu la te d  (F ig . 1 ).

In abrasive-peeled potato wastewater adjusted to  pH 7 and 9, 

FeCl3 resu lted  in  the greatest reduction in  NTU values as compared 

to  the other s a lts . Calcium ch lo rid e  was more e ffe c t iv e  in 

reducing NTU at pH 7 and 9 than at 5, and re s u lts  were s im ila r to 

A l2(SO4) 3 and Fe2(SO4) 3 .

Eleven polymers were used s in g ly  to  determine the ones tha t 

were most e ffe c t iv e  in  reducing NTU o f abrasive-peeled potato 

e ff lu e n t at pH 5 (Table 1 ). Varcofloc was the leas t e f fe c t iv e ,
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w hile  GWP-25 and PA #23 were the most e ffe c tiv e  in  reducing tu r 

b id ity .  A concentration of 40 mg/1 o f polymer reduced NTU more 

than the other leve ls  (Table 2 ). A lso, 300 mg/1 of FeCl3 was the 

optimum concentration fo r  reducing tu r b id ity .

When the most e ffe c tiv e  polymer was combined w ith FeCl3 at 

d if fe re n t concentrations, the optimum treatment fo r  e ff lu e n t from 

abrasive-peeled potatoes was 150 mg/l o f FeCl3 amd 20 mg/l of PA 

#23 polymer in  which the NTU was reduced from 170 to  4 (Table 3). 

The TSS was coagulated immediately in to  large f lo c th a t se ttle d  

ra p id ly , and was removed by screening through an 80-mesh screen.

Since e ff lu e n t from abrasive-peeled potatoes contains peel 

residue, soluble sugars, organic acids and non-gela tin ized starch, 

most o f the COD was removed along w ith TSS. S im ila r re su lts  were 

obtained at the other pH leve ls  tested although the reductions of 

COD and TSS were s ig n if ic a n t ly  greater at pH 5.

2. E fflu e n t from steam-peeled potatoes, characterized by 

peel residue and ge la tin ized  starch, was much higher in TSS and 

COD. CaCl2 was superior to  the other inorganic sa lts  in 

coa gu la tion -flo ccu la tion  o f TSS o f the e ff lu e n t at pH 5 as 

measured by NTU (F ig . 2 ). Concentrations o f 400 and 500 mg/1 of 

CaCl2 reduced NTU from 960 to  70 and 60, re spec tive ly . S im ila r 

re su lts  were obtained at pH 7 and 9 in  th a t tu rb id ity  was 

decreased s ig n if ic a n t ly  as the concentration o f s a lt  was increased 

up to  a concentration of 500 mg/l
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The polymers N-7122 and PA #23 were the most e ffe c t iv e  among 

the polymers in  reducing TSS at a l l  pH le v e ls , as measured by NTU 

(Table 4 ). In combinations o f CaCl2 , the most e ffe c t iv e  inorganic 

s a lt ,  w ith  polymers concentrations o f 350 mg/l o f CaCl2 + 35 mg/l

o f polymer resu lted  in a maximum decrease in  NTU at pH 5. S im ila r

reductions in  TSS were achieved at pH 7 and 9. Higher con

cen tra tions  o f polymer in combination w ith  CaCl2 increased NTU 

values s ig n if ic a n t ly .

The reductions in  tu r b id i ty  COD and TSS o f e ff lu e n t from 

steam-peeled potatoes by a combination o f 350 mg/1 o f CaCl2 w ith  

25 mg/1 o f the polymers N-7122 and PA #23 are shown in  Table 5.

In the raw e ff lu e n t (pH 5 ), treatments o f 350 mg/l o f CaCl2, 350

mg/l o f CaCl2 + 25 mg/l o f N-7122 and 350 mg/l o f CaCl2 + 25 mg/l 

o f PA #23 reduced COD leve ls  by 56, 60 and 54% and TSS by 88, 90 

and 89%, re sp e c tive ly . The high COD remaining in  the trea ted 

e ff lu e n t ind ica tes th a t there is  a large percentage o f the to ta l 

so lid s  o f e ff lu e n t present as dissolved so lid s  in  steam-peeled 

potato wastewater. While TSS was decreased by 80 to  90%, the COD 

was reduced only by approximately 50% regardless o f treatment and 

pH.

3. The tu r b id ity  o f e ff lu e n t from lye-peeled potatoes was 

decreased more by 400 to  500 mg/l o f CaCl2 than e ith e r o f the 

other sa lts  used fo r  f lo c c u la tio n  at pH 11.3 and 7. However, at 

pH 5 FeCl3 and Fe2( SO4)3 were more e ffe c tiv e  in  reducing NTU. The
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maximum reduction o f tu r b id ity  in  e ff lu e n t from lye-peeled pota

toes was accomplished by treatment w ith  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 s ig n if ic a n t ly ,  but not as much as at pH 11.3 by 

the other two polymers. The most su ita b le  concentrations of 

polymer and CaCl2 were 45 mg/l and 400 mg/l  re spec tive ly  a t pH 

11.3. Greater reductions in NTU were accomplished w ith  45 mg/1 of 

the polymer H-1018 in  combination w ith  300 to  500 mg/l o f FeCl3 

and Fe2(SO4) 3 at pH 5.

The combined e ffe c t o f using various optimum chemical t r e a t

ments on reducing tu r b id i ty ,  COD and TSS o f the e ff lu e n t from lye - 

peeled potatoes at pH leve ls  o f 11.3, 7 and 5 are shown in  Table 

6 . Treatments o f 300 mg/1 o f CaCl2 + 25 mg/l o f PA #23 arid 300 

mg/l o f CaCl2 + 25 mg/l o f GWP-25 reduced COD leve ls  by 69 and 63% 

and TSS by 76 and 75%, re sp e c tive ly . This corresponds to reduc

tion s  in  COD from 3600 mg/1 to  1113 and 1346 mg/l , and TSS from 

1900 mg/l to  450 and 480 mg/l , re sp e c tive ly . When the e ff lu e n t 

was adjusted to  pH 7, treatments o f 350 mg/l o f CaCl2 + 25 mg/l o f 

H-1018 polymer reduced COD by 67% and TSS by 72% o f the con

cen tra tions in  raw wastewater. In e ff lu e n t adjusted to pH 5, the 

use o f 300 mg/l o f FeCl3 + 25 mg/1 o f H-1018, and 300 mg/1 of 

Fe2(SO4) 3 + 25 mg/l o f H-1018 decreased COD by 70 and 722% and TSS 

by 75 and 78%, re spec tive ly  from the o r ig in a l values.
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4. Wastewater from lye -pee ling  and processing o f corn fo r  

canned hominy.

The wastewater generated from the lye -pee ling  o f corn fo r  

hominy is  the most concentrated e ff lu e n t and the lowest volume 

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

high to ta l so lid s  (1 .5 to  5%) creates major problems in  treatment 

systems. P la in  sedimentation can be used to separate pa rt o f the 

heavy so lids  from the supernatant, but th is  process is  slow and 

in e f f ic ie n t .  Another method is  by d ilu t io n  w ith  other low 

strength e ff lu e n t in the p la n t. When the pH was adjusted to  9 and 

the heavy waste d ilu te d  w ith 2 parts o f water, the tu r b id ity  

decreased s ig n if ic a n t ly  in  30 m inutes.

The in te ra c tiv e  e ffe c ts  o f s e t t l in g  tim e, pH and d ilu t io n  on 

COD were s ig n if ic a n t (Table 7 ). The in te ra c tio n  on TSS was caused 

by a large decrease in  TSS in  the con tro l between 30 and 120 mi

nutes o f s e tt in g , whereas in  the d ilu te d  e ff lu e n t most o f the 

s e t t l in g  occurred in 30 m inutes. A lso, at the high pH leve l 

(1 1 .4 ), less change occurred in  the con tro l and 1:1 d i lu t io n ,  ye t 

the decrease in  TSS was s ig n if ic a n t between 30 and 120 minutes.

The in te ra c tiv e  e ffe c ts  on COD were influenced by the large 

decrease in  COD between 30 and 120 minutes o f s e t t l in g ,  esp ec ia lly  

a t pH 7 and 9. However, in  the e ff lu e n t d ilu te d  1:1 and 1:2 w ith  

low strength water no s ig n if ic a n t changes occurred during the same 

period .
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I t  seemed to  be im practica l to  remove the TSS and COD by pH 

adjustment alone because of the long s e tt lin g  time required fo r  

separation. However, the heavy peel wastes could e ith e r be iso 

la ted and treated separately or d ilu te d  w ith other low strength 

wastewater before fu r th e r treatm ent.

Wastewater from cooking hominy

The main e ffe c ts  o f inorganic sa lts  ind ica te  th a t FeCl3 and 

Al2 ( SO4) 3 decreased the tu r b id ity  o f cooking water more than 

CaCl2, FeSO4 and Fe2(SO4) 3 (Table 8) .  A concentration o f 150 mg/1 

o f sa lts  was the most e ffe c tiv e  le v e l, and pH 9 was the b e tte r pH 

fo r  reduction o f tu r b id ity .

Anionic and nonionic polymers added in d iv id u a lly  did not 

reduce tu r b id ity  when added to cooking water. C ationic polymers 

at 20 mg/1 decreased tu r b id ity ,  but did not flo c c u la te  the TSS. 

Combinations o f e ith e r FeCl3 or Al2 (SO4)3 w ith  10 to  20 mg/1 of 

the polymers H-1018, F-627 and PA #23 at pH leve ls  o f 5, 7 and 9

floccu la ted  the TSS o f the cooking water. Larger f l o c was pro

duced at pH 6 , 7 and 9, but only small f l o c formed at pH 5 which 

was probably due to  the decrease in  pH when Al2 ( SO4) 3 was added at 

pH 5. The maximum % reduction in COD and SS (98.5 and 98.1%, 

re spec tive ly ) were obtained when cooking water was treated w ith 

100 mg/l o f A l2(SO4) 3 and 10 mg/l o f H-1018 at the in i t i a l  pH of 

6 . S im ila r re su lts  were obtained in the same experiment when 

FeCl3 was used as the inorganic s a lt .  This suggests th a t the TSS
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and COD can be removed e f fe c t iv e ly  from hominy cooking water and 

recycled to  reduce the cost o f opera tion .

The main e ffe c ts  o f d if fe re n t i n i t i a l  pH le v e ls , treatments 

and inorganic s a lts  on tu r b id i t y ,  COD and TSS o f cooking water 

ind ica te  th a t e ith e r 6, 7 or 9 pH was s u ita b le  fo r  f lo c c u la t io n  of 

TSS and removal o f COD (Table 9 ). The combination treatm ent of 

inorganic s a lt  and H-1018 was the most e ffe c t iv e  in  decreasing 

tu r b id i ty ,  COD and TSS. When Al2 ( SO4) 3 was combined w ith  the 

treatm ents, a greater reduction in  tu r b id i ty  occurred than w ith 

FeCl3; however, FeCl3 was superio r fo r  reducing COD. This was 

probably caused by the t in t in g  o f the e ff lu e n t by FeCl3 which 

a ffected  NTU values.

The e ffec tiveness o f removal o f flo ccu la te d  TSS by the che

mical treatments was tested by screening the samples over a series 

o f U.S. standard screens. A combination o f Al2 ( SO4) 3 and H-1018 

produced la rge r and more stab le  f l o c at both 5 and 10 mg/l leve ls  

o f polymer at pH leve ls  o f 6, 7 and 9. This f l o c was e f fe c t iv e ly  

removed by screening even w ith  the la rge r diameter screen (No.

32). At a pH o f 5 the f l o c was small and could not be e f f ic ie n t ly  

removed by even the sm allest screen (No. 140).

Wastewater from bleaching hominy

A pe rio d ic  batch dumping o f bleaching water in  which SO2 is  

added at a temperature o f 80 to  90°c produces e ff lu e n t w ith  d i f 

fe re n t leve ls  o f TSS and COD. Bleaching water is  composed la rg e ly
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of starch and dextrins. At the beginning of dumping of a 

completed bleaching tank of hominy the tu rb id ity  was lower than 

that of hominy cooking water.

Because of the high buffering capacity of the bleaching 

water, higher concentrations of Al2 (SO4)3 were required to coagu

late TSS and reduce tu rb id ity . The in i t ia l  bleaching water at the 

beginning of dumping required almost 600 mg/ l of A l2(SO4)3 and 10 

mg/l of H-1018 to flocculate the TSS into large f lo c, but at sub

sequent co llection times much less Al2 (SO4)3 was required to form 

large f lo c in the more diluted water; that is , 250, 150, and 50 

mg/1 at collection times 30, 60 and 120 min, respectively.

Hominy to ta l e ffluent

Among the 5 salts tested on to ta l e ffluen t, FeSO4 was the 

most e ffective coagulant fo r reducing tu rb id ity  (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 tu r

b id ity  occurred at pH 9 and a concentration of 300 mg/1 of FeS04.

The in teractive effects of organic polymers and con

centrations on tu rb id ity  of to ta l e ffluent 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 a ll pH levels. Comparable changes
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in NTU were induced by Chitosan at pH 11.4, although i t  was not 

e ffective  in reducing NTU at the other pH levels.

Flocculation of TSS in to ta l e ffluen t from hominy processing 

was accomplished by applying f i r s t  a cationic polymer followed by 

an anionic polymer. The in te ractive  effects of cationic and 

anionic polymer concentrations and pH revealed that Chitosan f lo c 

culated TSS and reduced tu rb id ity  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 e ffec tive  in floccu la ting  TSS at pH 9, 

and 60 mg/1 at pH 11.4 in combination with PA #23, resu lting in 

small f lo c that could be removed by a 140 mesh screen. Although a 

combination of polymers (cationic and anionic) were e ffec tive  fo r 

removing TSS from hominy to ta l e fflu e n t, the use of Al2 (SO4)3 as a 

primary floccu lant increased the size of f lo c and reduced the TSS 

up to 89%.

Wastewater from dry beans

The in te ractive  effects of inorganic salts and concentra

tions on tu rb id ity  indicated that A l2(SO4)3 was the most e ffective  

sa lt fo r reducing NTU at 500 mg/1 (Fig. 4). The drastic decrease 

in NTU value at 1000 mg/1 when the e ffluen t was treated with 

Fe2(SO4)3 ,  FeCl3 and A l2(SO4)3 was responsible fo r the in te raction.

By prelim inary tests i t  was found that a combination of 

anionic and cationic polymers decreased tu rb id ity  s ig n ifica n tly  

(Table 12). The in teractive effects of pH anionic polymer and
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cationic polymer demonstrated that Chitosan flocculated TSS at a ll 

pH levels, while the other cationic polymers had no e ffect at pH 5 

and 6 . Anionic polymer F-627 in combination with PC-43 and GWS-5 

formed small f lo c at pH 7. Likewise, PA #23 formed f lo c with 

PC-43 at pH 7.

A ll combinations of anionic polymers and concentrations of 

polymers produced a screenable f lo c with Al2 (SO4)3 and Chitosan. 

The effluent with higher in i t ia l  tu rb id ity  and TSS required a 

higher dosage of Chitosan to floccu la te . The combination of 10 

mg/1 of PA #23 and Chitosan resulted in s ign ifican t reductions in 

tu rb id ity  and formation into large f lo c.

The in teractive effects of inorganic sa lts , 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/l of Al2 (SO4)3 was added followed by 30 mg/l Chitosan and 10 

mg/1 anionic polymer PA #23 at d iffe ren t pH levels.

Flocculite-250 coagulated the TSS fa ir ly  well but the f lo c 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 la tte r  two polymers 

caused resuspension of the dispersed solids.

In additional studies on effluent from pinto beans the 

results were sim ilar to those on navy beans. Therefore, Chitosan
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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. f ibuliger and C. u t i l i s  have been used 

frequently for uti l ization of total solids in wastewater from lye- 

peeled potatoes.

Greater COD potatoes removal was obained in samples inocu

lated with S. f ibuliger over a 72 hours incubation period than in 

the other treatments (Table 14). An original COD of 4080 mg/l was 

decreased to 1600 and 1150 mg/l in the supernatant after 48 and 72 

hr of fermentation. By centrifugation at 400 rpm the COD was 

reduced to 750 mg/l .  C. u t i l i s  was not effective in decreasing 

COD. Although a combination of the two yeasts resulted in a 

slightly greater decrease in COD than C. u t i l i s  alone. However, 

apparently the growth of these two yeasts together reaches a stage 

whereby C. u t i l i s  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

21



simulate an actual plant condition the COD decreased in the system 

inoculated with S. f ibuliger 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. f ibu liger , 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/l ,  respectively after 24, 48 and 72 hours of fermentation.

After centrifugation, the decrease in COD was 89, 90 and 92%, 

respectively of the in i t ia l  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 

in i t ia l  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 in i t ia l  pH of 4.7.
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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. s i t o f i 1a NRRL 2884 for reducing COD of 

effluent from steam-peeled potatoes. Greater reductions in COD 

were obtained when the effluent was inoculated with N. s i t o f i 1a 

(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% (NH4)2HP04 to the effluent 

resulted in higher % reductions of COD, over 90 % in 48 hours.

The biomass recovered from the wastewater contained 1.65 g / l (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  ab i l i ty  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 in i

t i a l  pH of 5.0. I t  also grew well under alkaline conditions at pH
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10, yet i t  failed to grow at an in i t ia l  pH below 4.0. The mold T. 

viride NRRL 6418 reduced COD up to 74% at pH 4.0, but i t  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 util iz ing 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 i t  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 orig i

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. s i tophila, the addition of (NH4 SO4 

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 in h ib itio n  of growth of N. s itop h ila  when (NH4)SO4 was 

applied at pH 10.0 was alleviated by delaying the addition of the 

nutrient fo r 24 hours (Fig. 6). The COD was s ig n ific a n tly  reduced 

at 48 and 72 hours of fermentation as compared to the contro l.

The in te ractive  effects of pH and fermentation time in d i

cated that T. v ir id e  grew more rap id ly at certain pH levels than 

others (Fig. 7). The COD was decreased rap id ly during the f i r s t  

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. v ir id e , inoculum levels of 5 to 20% 

had no e ffec t on reduction of COD possibly due to the rapid growth 

of the fungus in hominy e fflu e n t. Most of the growth occurred 

during the f i r s t  24 hours. The addition of 1.5 g/1 of (NH4)2SO4 + 

0.4 g / l of NaH2PO4 accelerated the decrease in COD to 84% at pH 

3.3 where pH was controlled. Sim ilar results were obtained by 

Church and Nash (13) when N and P were added to corn waste.

In other fa c to ria l experiments conducted on e ffluen t from 

sweet potatoes, green beans, spinach and leafy greens, each in d i

vidual vegetable exhibited d iffe re n t optimum conditions fo r remo

val of TSS by chemicals in order to a tta in  clear water. The 

flocculated TSS was aggregated into large f lo c pa rtic les  capable 

of being recycled in spinach, leafy greens and green beans. A fter 

the f lo c was removed by screening the COD was reduced to low 

levels. In addition, the to ta l and coliform  bacteria l counts were
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s ig n ifica n tly  reduced as shown in the data fo r green beans(Table 

17). The to ta l 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 e ffluen t from green beans by a 

combination of Al2 (SO4)3, Chitosan and F-627. Other polymers were 

with Al2 (SO4)3 were equally e ffective  in improving the qua lity  of 

the wastewaters.

CONCLUSIONS

Physical-chemical treatment

The TSS and COD in e ffluent from processing potatoes by lye, 

abrasive, and steam-peeling methods can be s ig n ifica n tly  decreased 

by the addition of inorganic salts and/or polymeric floccu la ting 

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 fo r 

optimum coagulation-flocculation of TSS.

In e ffluen t from abrasive-peeled potatoes, the addition of 

150 mg/l of FeCl3 +20 mg/l of PA #23 polymer resulted in optimum 

floccu la tion 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 e ither N-7122 or PA #23 

polymers produced large f lo c partic les at pH 5 in e ffluent from
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steam-peeled potatoes that could be removed by screening.

Although TSS in the e ffluen t was reduced by approximately 90%, 

high concentrations of TDS remained in steam-peeled potato 

e fflu en t. In high a lk a lin ity  e ffluen t (11.3) from lye-peeled 

potatoes, the addition of 300 mg/l of CaCl2 + 25 mg/l of PA #23 

polymer reduced COD and TSS by 69 and 76%, respectively. At lower 

pH levels (5 and 7), CaCl2 and FeCl3 in combination with H-1018 

polymer decreased COD and TSS by 70 and 80%, respectively.

Wastewater from cooking hominy was treated e ffe c tive ly  by 

adding a combination of e ither Al2 (SO4)3 or FeCl3 at concen

tra tions 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 f lo c that can be removed by an 

80-mesh screen. A fter more than 98% reduction in TSS, the treated 

water could be recycled fo r cooking additional batches of hominy.

The to ta l e ffluen t from bleaching hominy was flocculated by 

concentrations of A l2(SO4)3 ranging from 50 to 500 mg/l in com

bination with anionic polymers H-1018, H-1031, PA #23 or F-627. 

Concentration and pH of the e ffluen t affected the level of chemi

cals required to produce large f lo c pa rtic le s . In to ta l e ffluen t 

from hominy, the inorganic sa lt Al2 (SO4)3 combined with 40 mg/ l of 

e ither H-1018 or PA #23 at pH 7 and 9, respectively flocculated 

89% of TSS and removed 73% of the COD.
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The e ffluent from soaking and processing pork and beans from 

navy beans was flocculated by cationic polymer Chitosan when com

bined with 5 to 15 mg/l of anionic polymers H-1018, PA #23 or 

F-627 at pH levels of 5 and 7. When large f lo c partic les were 

formed by the chemical treatments, to ta l plate and coliform counts 

were reduced by 1 to 2 log cycles, indicating that minimal c h lo r i

nation would be required during recycling of the treated water. 

Microbiological treatment

Among the strains of yeasts tested fo r effectiveness in 

reducing COD and TDS, S. f ib u l iger fermented e ffluent from lye-and 

steam-peeled potatoes at an in i t ia l  pH of 4.7 in 24 to 72 hours, 

decreasing COD and TDS by 70 to 93% in the centrifuged super

natant. The centrifuged yeast solids contained 2.20 g /l of dried 

product with a protein content of 32% afte r 28 hours of fermen

ta tio n .

The fungus N. s itoph ila  s ig n ifica n tly  reduced COD by 69 and 

94% afte r 24 and 48 hours, respectively in e ffluent from steam- 

peeled potatoes at a pH of 5.0 to 6.5. A fungal biomass of 1.65 

g /l (dry wt.) that contained 39% protein was recovered after 48 

hours of fermentation in the active ly growing system.

The fungi N. s itoph ila  and T. v iride  assimilated the TSS and 

TDS in to ta l e ffluent from hominy in 24 to 72 hours, N. s itoph ila  

had the advantage of growing at a wide range of pH from 4 to 10 ,
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while T. v ir id e  grew best at pH levels of 3 to 4. Reductions in 

COD as high as 78% were attained with 5% or more of inoculum. 

Nutrient supplementation with (NH4)2SO4 and NaH2PO4 enhanced 

growth of T. v ir ide  at a controlled pH of 3.3 and a temperature of 

38°C, while reducing COD by 85%. The fungal biomass, containing 

38% (N. s itoph ila  to 48% (T. v ir id e ) protein, was easily recovered 

by screening.

At the present time, food processors in the Ozark region of 

Arkansas are s t i l l  faced with the problems of heavy po llu tion  of 

e ffluen t from processing potatoes, hominy, dry beans and other 

vegetables. The application of the information gained on in d iv i

dual wastewaters in these studies could a llev ia te  most of the pre

sent problems. By selecting the appropriate methods of either 

physical- chemical or microbiological treatment or both that would 

adapt to the processing plant fa c i l i t ie s  and volume, pH and con

centration of e fflu e n t, the processor could reduce po llu tion  at an 

economical cost. The alternatives suggested by th is  research fo r 

e ffluen t treatment would greatly benefit the Ozark region or other 

regions in improving water qua lity .
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T a b le  1 .  E f f e c t  o f  d i f f e r e n t  p o ly m e rs  on r e d u c t io n  o f  t u r b i d i t y  
o f  w a s te w a te r  f r o m  a b r a s iv e - p e e le d  p o ta to e s  a t  pH 5.

Type o f  
p o ly m e rs

T u r b id i t y  V a lu e  
(N T U )a

Type  o f  
p o ly m e rs

T u r b id i t y  V a lu e  
(NTU)

bC o n t r o l 3 5 .8 3 D u b o is  GWP-25 2 6 .4 7
H 827 3 5 .5 6 N 7122 2 9 .9 4
H 1031 3 6 .1 7 N 7120 3 1 .5 0
H 1018 3 3 .5 0 V a r c o f lo c 3 7 .1 4
M 2535CH 3 3 .1 9 PC #43 3 2 .5 8
M 2540C 3 3 .6 1 PA #23 2 3 .6 4

LSD . 05C 0 .3 6

a N e p h e lo m e tr ic  T u r b i d i t y  U n i t s . 

b S u p e rn a ta n t  w a s te w a te r  s e t t l e d  f o r  30 m in .
c

L e a s t  S i g n i f i c a n t  D i f f e r e n c e  a t  5% l e v e l .
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T a b le  2 .  E f f e c t  o f  c o n c e n t r a t io n  o f  p o ly m ers and FeCl3  on r e d u c 
t i o n  o f  w a ste w a te r  t u r b i d i t y  from  a b r a s iv e - p e e le d  
p o t a t o e s  a t  pH 5 .

C o n c e n tr a t io n  
o f  p o ly m ers  

( m g/1)
T u r b id ity  V a lu e  

(NTU)a

C o n c e n tr a t io n  
o f  F eC l3 

(m g /l )
T u r b id ity  V a lu e  

(NTU)

5
10
20
40
60
80

3 4 .1 9  
32 .3 8  
3 2 .3 1  
3 0 .2 5  
3 1 .8 1  
3 3 .6 4

0
100  
150  
200  
2 50 
300

8 1 .6 9
6 4 .7 8
1 4 .4 4
1 3 .4 4  
1 0 .4 7

9 . 7 4

LSD . 05b 0 . 3 0 0 . 7 3

a N e p h e lo m e tr ic  T u r b id ity  U n i t s . 
b L e a s t  S i g n i f i c a n t  D i f f e r e n c e  a t  5% l e v e l .
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T a b le  3. E f f e c t  o f  c o n c e n t r a t io n  o f  p o ly m e r  and F e C l3 
on r e d u c t io n  o f  w a s te w a te r  t u r b i d i t y  f ro m  
a b r a s iv e - p e e le d  p o ta to e s  a t  pH 5.

C o n c e n t r a t io n  F e C l3 (m g / l )
0 100 150 200 250 300 

T u r b id i t y  (NTTJ)a v a lu e

Raw W a s te w a te r  
C o n t r o l* 3

Added PA #23 P o ly m e r  
(m g / l )

170
90 75 16 14 10 10

5
10
20
40
60
80

80
78
75
75
70
70

60
45
40
30
35
35

10
4*
4 *  *
4
8

14

10
4
4
4
8

10

8
4
4
4
8

10

6
4
4
4
8

10

LSD . 0 5C 2.8
a N e p h e lo m e t r ic  T u r b i d i t y  U n i t s .

b S u p e rn a ta n t  w a s te w a te r  s e t t l e d  f o r  30 m in .  

c L e a s t  S i g n i f i c a n t  D i f f e r e n c e  a t  5% l e v e l .

*  S m a ll F lo c s fo u n d  i n  w a s te w a te r  ( n o t  re m o v a b le  on 
80-m esh  s c r e e n ) .

* *  L a rg e  f l o c s fo u n d  i n  w a s te w a te r  ( re m o v a b le  on 8 0 -  
mesh s c r e e n ) .
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Table 4. E ffe c t o f d if fe re n t  polymers on
reduction  o f the wastewater tu r b id i ty  
from steam-peeled potatoes a t pH 5,
7, and 9.

pH
Type  o f  
p o ly m e rs

T u r b id i t y  V a lu e  
(N T U )a

T ype  o f  
p o ly m e rs

T u r b id i t y  V a lu e  
(NTU)

5 C o n t r o l 1 1 5 .5 N 7120 1 0 1 .2
H 827 1 1 2 .0 V a r c o f lo c 1 1 1 .3
H 1031 1 1 4 .6 PC #43 1 1 0 .1
H 1018 1 1 2 .2 D u b o is  GWP-2 5 9 4 .5
M 2535CH 1 1 1 .2 N 7122 9 0 .7
M 2540C 1 1 1 .3 PA #23 1 0 7 .8

LSD . 05C 0 .3 6

7 C o n t r o l 1 2 4 .8 N 7120 1 0 3 .2
H 827 1 1 9 .5 V a r c o f lo c 1 1 8 .9
H 1031 1 1 9 .4 PC #43 1 1 7 .2
H 1018 1 1 6 .5 D u b o is  GWP-25 1 0 0 .8
M 2 53 5CH 1 1 7 .3 N 7122 9 8 .9
M 2 540C 1 1 5 .3 PA #23 9 7 .3

LSD .0 5 0 .8 7

9 C o n t r o l 1 2 5 .0 N 7120 1 0 3 .7
H 827 1 1 7 .2 V a r c o f lo c 1 1 1 .1
H 1031 1 1 6 .8 PC #43 1 0 6 .6
H 1018 1 1 3 .6 D u b o is  GWP-25 9 8 .7
M 2 53 5CH 1 1 4 .2 N 7122 1 0 1 .7
M 2540C 1 1 5 .9 PA #23 8 3 .5

LSD .0 5 0 .8 3

N e p h e lo m e tr ic  T u r b i d i t y  U n i t s ,  

b  S u p e rn a ta n t  w a s te w a te r  s e t t l e d  f o r  30 m in .

L e a s t  S i g n i f i c a n t  D i f f e r e n c e  a t  5% l e v e l .
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Table 5. Main e f f e c ts  of coag u la tin g  and f lo c c u la tin g  agents on tu r b id i ty  (NTU), COD and to ta l  suspended s o lid s  (TSS) le v e ls  of steam - 
pee led  p o ta to  p rocessing  w astewater a t pH 5, 7, and 9.

pH 5 pH 7 pH 9
COD % COD TSS % TSS COD % COD TSS % TSS COD t  COD TSS % TSS

Treatment NTU ppm reduc tion mg/l reduc tion NTU ppm reduc tion mg/l reduc tion NTU ppm reduction mg/l reduction

Raw wastewater

C on tro la

350 mg/l CaCl2

350 mg/l CaCl2 
+

25 mg/l N7122

350 mg/l CaCl2  

+
25 mg/l PA #23

900

140

90

65

90

8230

4218

3603

3317

3750

49

56

60

54

4417

727

513

433

493

84

88

90

89

750

150

95

75

70

7220

4547

3620

3708

3420

37

50

49

53

4000

803

576

600

487

80

86

85

88

850

140

65

85

50

7325

4092

3365

3808

3202

44

54

48

56

4250

706

545

604

408

83

87

86

90

LSD .05b 

% CVc

140

1.7

7.89

0.33

9.19

0.11

11.87

0 .5

11.76

0.2

9.52

0.4

a Supernatant wastewater s e t t le d  for 30 min. 

b LSD .05 L east S ig n if ic a n t D iffe rence  a t  5$ le v e l.

c %CV P ercen tage C o e ffic ie n t of V aria tio n .
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Table 6  • Main e f fe c ts  o f c o a g u la tin g  and f lo c c u la t in g  agents on t u r b id i t y  (NTU), COD and to t a l  suspended s o lid s  (TSS) le v e ls  o f ly e -  
peeled p o ta to  p ro cess ing  wastewater a t pH 5, 7, and 11 .3 .

Treatm ent

pH 5 pH 7 pH 11.3

NTU
COD

m g/l
% COD 

re d u c tio n
TSS
m g/l

% TSS 
re d u c tio n NTU

COD
m g/l

% coo
re d u c tio n

TSS
m g/l

% TSS 
re d u c tio n NTU

COD
m g/l

% COD 
re d u c tio n

TSS
mg/l

% TSS 
re d u c tio n

Raw wastewater 280 3710 1920 220 3650 1880 210 3600 1900
C o n tro la 210 1675 55 695 64 160 1650 55 665 65 130 1500 58 600 68

300 m g/l CaCl2

25 m g/l PA #23 polymer 150 ND 110 ND 70* 1113 69 450 76

300 m g/l CaCl2

25 m g/l Duboi s-GWP25 160 ND 120 ND 75 1346 63 480 75

350 m g/l CaCI2

25 m g/l H I018 120 ND 90 1200 67 520 72 100 ND

300 m g/l FeCl3

25 m g/l H1018 70* 1100 70 475 75 160 ND 110 ND

300 m g/l Fe2 (SO4 )3

25 m g/l H1018 65* 1058 72 427 78 160 NO 120 ND
LSD .05b 70.0 21.73 60.1 13.3 15.45 15.9
% CVc 2 1.3 1.8 0 .9 0 .4 1.0

a Supernatant wastewater s e t t le d  fo r  30 m in. 
b LSD .05 Least S ig n i f ic a n t  Di f fe re n c t  a t 5% le v e l.  
c %CV Percentage C o e f f ic ie n t  o f V a r ia t io n  
*  Large f l o c s found In w astew ater.
ND No data avali a b le .

35



Table 7. In te rac t ive  e ffects  o f  s e t t l i n g  time, pH and d i lu t io n  on COD of lye-peel wastewater 
from hominy.

Se t t l ing  Time (m in . )
0 30 60 120

D i lu t ion pH COD (mg/ l  )

Control 7 16626.7 10943.3

% Reductiona 

34.2 5936.7

% Reduction 

64.3 5371.7

% Reduction 

67.7
9 16516.7 10973.3 33.6 5720.0 65.4 5220.0 68.4

11.4 16640.0 7833.3 52.9 7596.7 54.3 7140.0 57.1

1:1 7 9313.3 4281.3 54.0 4056.7 56.4 3943.3 57.7
9 9276.7 4432.7 52.2 4063.3 56.2 3976.7 57.1

11.4 9233.3 5018.0 45.7 4430.0 52.0 4536.7 50.9

1:2 7 6276.7 2980.0 52.5 3036.7 51.6 3063.3 51.2
9 6326.7 2986.7 52.8 2876.7 54.5 2770.0 56.2

11.4 6283.3 3253.3 48.2 3053.3 51.4 3093.3 50.8

LSD .05b • 670.4

a % reduction from the o r ig ina l  COD at zero time. 

b Least s ig n i f ic a n t  d i f ference at 5% leve l.  (COD).
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Table 8. Main e ffe c ts  o f  ino rga n ic  s a lts  and concen tra tion  on 
tu r b id i t y  o f cooking wastewater from hominy a t d i f 
fe re n t i n i t i a l  pH le v e ls .

Inorganic
s a lts

T u rb id ity
(NTU)

S a lt Cone, 
mg/l

T u rb id ity
(NTU)

I n i t i a l
pH

T u rb id ity
(NTU)

CaCl2 24 .6cb 0 31.5a 5 33.6a

FeS04 29.5b 25 2 6 .7cd 6 26.4b

Fe2(S04 ) 3 36.4a 50 27.4bc 7 26.2b
100 2 7 .3bc 9 20.9c

FeCl3 23 .6d 150 24.1 f
200 24.1 f

a i2 ( so4 ) 3 19.8e 250 2 5 .7e
300 26.4de
350 28.1b

a Raw wastewater tu rb id ity = 3 6 5 .3 NTU.

b Means o f the main e ffe c ts  w ith in  in o rg a n ic  s a lts ,  in o rgan ic  s a lts  
concentra tion  and i n i t i a l  pH le v e ls  are separated by Duncan's 
M u lt ip le  Range a t 5% le v e l.  Means having any le t t e r  in  common 
are not d i f fe re n t  (P ^ .05 ).
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Table 9. Main effects of in i t i a l  pH levels,  treatments and salts  
on turbidity ,  COD, and suspended solids in hominy cook
ing wastewater.

Variables
Turbidity Value 

(NTU)
COD
mg/l

Suspended Solids 
mq/l

PH

5
6 
7 
9

112. 3aa 
108.4b 
108.3b 
110. lab

1579.1a
1517.5b
1514.4b
1510.8b

887.2a
857.7b
851.3b
844.5b

Treatments

Raw Wastewater 
Controlb
Salts + Hercofloc 1018 
Salts + Floculite 627 
Salts + Purifloc A23

365.3a 
114.2b 
16.6e 
29.1c 
23.8d

6156.7a 
865.2b 
161.6d 
239.8c 
229.0c

3337.7a
567.5b
97.3d

153.6c
144.9c

Inorqanic Salts

al2(so4) 3
FeCl 3

108.2b
111.4a

1545.3a
1515.6b

868.9a
851.5a

a Means of the main effects within in i t i a l  pH, treatments, and in
organic salts  are separated in columns by Duncan's Multiple Range 
Test at 5%. Means within a variable category having any l e t t e r  in 
common are not different (≥  .05).

b Raw wastewater se ttled for 30 minutes.
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Table 10. In te ra c t i v e  e f fe c ts  o f  organic  polymers and
concentrat ions on t u r b i d i t y  o f  t o t a l  e f f lu e n ts  
from hominy.a

Conc. (mg/l  )
10 20 40 60 80 100

Polymers T u r b id i t y  Value (NTU)

Control 54.4

Cat ion ic

Chitosan 51.1 
F-250 48.0 
N-7122 53.5 
GWS-5 50.4 
P-C43 54.2

Anionic

50.9
41.8
55.1
51.1
51.1

74.7
32.4
59.1
54.4
55.1

84.9
25.1
66.0
53.6
53.3

99.1
21.1
63.3
54.4 
55.6

110.7
22.2
69.8
53.7
55.1

H-1018 69.6 
H-1031 67.1 
F-627 53.3 
F-551 55.8 
P-A23 57.8

Nonionic

74.4
70.2
55.1
55.1 
62.0

87.8 
78.6 
52.0 
56.2
64.9

80.2
78.6 
52.9
55.6 
68.2

85.6 
81.8
54.7 
52.0 
70.2

88.0
80.7 
51.1
49.7 
72.9

F-555 64.4 64.7 67.3 67.8 66.4 67.8

LSD .05b 3.0

a Raw wastewater t u r b i d i t y  = 238.7 NTU. 

b Least s i g n i f i c a n t  d i f fe ren ce  at 5% le v e l .
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Table 11. In teract ive  effects  of cat ion ic  and anionic polymers at d i f fe re n t  concentrations 
on reduction in t u r b id i t y  of to ta l  e f f lu en t  from hominy at d i f fe re n t  i n i t i a l  pH 
le ve ls .

Cationic Polymer
Anionic Polymer Chitosan mg/ l  F lo cu l i te  250 mg/l

p u r i f lo c  A23 0 20 40 60 0 20 40 60
pH mq/l Tu rb id i ty  Value (NTU)

7.0

9.0 

11.4

0
10
20
40

0
10
20
40

0 • 
10 
20 
40

50.7
56.7
61.3
65.3

46.7
50.7
57.3
56.7

71.3
64.7
65.3
72.7

96.0
78.7
83.3
74.0

33.3
51.3
52.7
48.7

48.7
48.7
52.7
49.3

113.3
84.0
84.7
89.3

84.0 
42.7* 
39.3* 
41.3*

39.3
37.3
48.0
44.7

153.3 
108.7 
104.0
109.3

114.0
64.0*b
54.7*
54.7*

33.3
32.7
40.7 
40.0

50.7
56.7
61.3
65.3

46.7
50.7
57.3
56.7

71.3
64.7
65.3
72.7

42.7
43.3
46.7
52.7

42.0 
35.3* 
31.3*
40.0

46.0
41.3
43.3
45.3

38.7
40.7
41.3
41.3

38.7 
22.7* 
23.3* 
29.3*

44.7
35.3
39.3
35.3

28.7
37.7
38.7
39.3

29.3 
22.0* 
20.7* 
22.7*

44.0
79.3*
31.3*
30.7*

LSD .05c 5.3

a Raw wastewater t u r b id i t y  = 238.7 NTU.

b *  Small f l o c removable by 140 mesh screen. 
C

Least s ig n i f ic a n t  d i f ference at 5% leve l.
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Table  12. I n t e r a c t i v e  e f f e c t s  o f  c a t i o n i c  polymers  and con
c e n t r a t i o n s  on t u r b i d i t y  o f  t o t a l  e f f l u e n t  f rom navy 
beans  a t  d i f f e r e n t  i n i t i a l  pH l e v e l s .

I n i t i a l
pH

Polymer 
conc.  mq/l

C a t i o n i c  Polymers
F l o c u l i t e  P u r i f l o c

C hi t o s an 250 C43 GWS-5
T u r b i d i t y Value (NTU)

5 0
10
20
30
40
60

4 0 . 7
14.7  

6 . 7 * b
26 .7  
73.3

24.0
25.3
28.7
33.3
42 .7

45 .3
62 .7
97 .3
95 . 3
9 3 . 3
85.3

60 .7  
92 .0
94 . 7
9 2 . 7  
97 . 3

6 0
10
20
30
40
60

19.3  
10 .7

5.3*
25.3
65 . 3

32.0
29.3  
20 .7
24.0
23 .3

39.3
39.3
41 .3  
40 .7  
42 .0
41.3

42.7  
41.0  
43 .3
42 . 7
42 .7

7 0
10
20
30
40
60

15 . 3
9 . 3  
3 .7*
5 . 3  

48 .0

15.3
7 .3
8 .0
7 . 7

11.0

4 0 . 7
24.7
28.7
29.3
25.3  
24.0

26.0
23.3
29.3
36.7
32.7

LSD . 05c 3.5

a Raw w a s t e w a t e r  t u r b i d i t y  = 8 8 . 3  NTU. 

b * Small f l o c removable  by 200 mesh s c r e e n .
c

Leas t  s i g n i f i c a n t  d i f f e r e n c e  a t  5% l e v e l .
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Tabl e  13. E f f e c t s  o f  i n o r g a n i c  s a l t  and o r g a n i c  po lymers  on r e d u c t i o n  o f  t u r b i d i t y ,  
COD, and suspended s o l i d s  in  t o t a l  e f f l u e n t  from navy beans  a t  d i f f e r e n t  
i n i t i a l  pH l e v e l s .

I n i t i a l
_ ph_ _ _ _ _ Treatments

T u r b i d i t y
(NTU)

COD 
(mq/ l )

%
r e d u c t i o n

s s
(mq/ l )

%

r e d u c t i o n

5

Raw Wastewater  
C o n t r o l a 

C h i t o s a n  b 
F l o c u l i t e  250 
GWS-5
P u r i f l o c  C43

8 7 . 3
6 1 . 3

1 . 7 **c
2 1 . 3  
8 4 . 0  
8 2 . 7

2 5 6 6 . 7
2 4 5 0 . 0
2 2 4 5 . 7
2 4 0 6 . 7
2 4 9 6 . 0
2 4 5 9 . 0

4 . 5
1 2 . 5

6 . 2
2 . 8
4 . 2

2 9 7 . 3
1 3 7 . 7  

1 5 . 3
1 2 1 . 7
2 5 5 . 7  
2 5 0 . 0

5 3 . 7
9 4 . 9
5 9 . 1
1 4 . 0
1 6 . 0

6
Contro l  
Chi t o s an  
F l o c u l i t e  250 
GWS-5
P u r i f l o c  C43

4 0 . 7  
2 . 0 **

1 5 . 7  
7 6 . 0  
7 9 . 3

2 4 2 9 . 3
2 2 3 8 . 0
2 4 0 3 . 3
2 4 6 0 . 0
2 4 8 0 . 0

5 . 4  
1 2 . 8

6 . 4  
4 . 2
3 . 4

1 2 0 . 7  
1 7 . 0  
9 9 . 3

2 6 0 . 3
2 5 7 . 7

5 9 . 4
9 4 . 3  
6 6 . 6
1 2 . 4  
1 3 . 3

7
Contro l  
Chi t o s an  
F l o c u l i t e  250 
GWS-5
P u r i f l o c  C43

2 9 . 3  
1 . 3 * *

3 1 . 3
7 7 . 3  
6 6 . 7

2 4 1 2 . 7
2 2 2 2 . 3  
2 3 9 0 . 0
2 4 6 6 . 7
2 4 4 3 . 3

6 . 0
1 3 . 4

6 . 9
3 . 9  
4 . 8

1 1 9 . 3  
1 3 . 3

1 2 4 . 7
2 5 7 . 3
2 5 2 . 3

5 9 . 9
9 5 . 5
58 . 1
1 3 . 5
15 . 1

LSD . 0 5 d 4 . 9 8 9 . 7 1 5 . 4

a Raw wa s t e  s e t t l e d  f o r  30 mi n u t e s .
b 25 mg/l A12 ( SO4 ) 3  added f o l l o w e d  by 30 mg/l c a t i o n i c  po lymers  ( c h i t o s a n ,  F - 2 5 0 ,  GWS-5 

and P-C43) ,  then 10 mg/l a n i o n i c  polymer P u r i f l o c  A23.
c ** Large f l o c removabl e  by 80 mesh s c r e e n .
d Least  s i g n i f i c a n t  d i f f e r e n c e  at  5% l e v e l .
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T able l 4 .  Removal o f  COD from ly e - p e e le d  p o ta to  e f f lu e n t  (pH 4 .7 )  in o c u la te d  w ith  
S f i b u l i g e r , C. u t i l i s  and a m ixture o f  S . f ib u l ig e r  + C. u t i l i s  y e a s t s  
over a 72 hr p er io d  o f  fe r m e n ta t io n .

W astewater
trea tm en t

F erm en tation  P eriod  (HR)
0 24 48 72 0 24 48 72

W astewater 
COD (m g/l )

C en tr ifu g ed  W astewater 
COD (m g/l )

a
C on tro l 4080 3990 3820 3700 3900 3500 3400 3310

W astewater + S . f ib u l ig e r 2900 1600 1150 2 520 1150 750

W astewater + C. u t i l i s 3600 1950 1500 2950 1450 980

W astewater + M ixture o f  
S . f ib u l ig e r  and C. u t i l i s 3200 1750 1350 2700 1260 876

LSD .0 5 b 8 .7 6

a W astewater not in o c u la te d  w ith  y e a s t s . 

b L east S ig n i f i c a n t  D if fe r e n c e  a t  5% l e v e l .
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T able 15. Removal o f  COD from a c t iv a t e d  w astew ater (pH 4 .7 )  o f  stea m -p ee led  p o ta 
to e s  in o c u la te d  w ith  d i f f e r e n t  y e a s t  c u l tu r e s  over a 72 hr ferm en ta tio n  
p e r io d .

W astewater
trea tm en t

F erm en tation  P er io d  (HR)
0 24 48 72 0 24 48 72

W astewater 
COD ( m g/l )

C en tr ifu g ed  W astewater 
COD (m g/l )

aC on tro l W astewater

W astewater + S . f ib u l ig e r

W astewater + C. u t i l i s

W astewater + M ixture o f  
C. u t i l i s  and S . f ib u l ig e r

W astewater + K. f r a g i l i s  
NRRL Y-1109

W astewater + K. f r a g i l i s  
NRRL Y-2415

6300 5760

1700

4210

3110

4000

4100

52 50 

1540 

3818

2630

3620

3680

4300

1400

3600

2160

3410

3460

5700 5310

720

3665

2280

3300

3440

4650 

625 

32 50

1742

2900

3050

4210

510

3115

1205

2580

2670

LSD .0 5 b 7 . 4 5

a W astewater not in o c u la te d  w ith  y e a s t s . 

b L east S ig n i f i c a n t  D if fe r e n c e  a t  5% l e v e l .
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T a b le  16.  Rem oval o f  COD from  s te a m -p e e le d  p o ta to
p r o c e s s in g  w a ste w a te r  w ith  d i f f e r e n t  fu n g i  
o v er  a 48 hr fe r m e n ta t io n  p e r io d .

W astew ater
T reatm ent

F er m en ta tio n  P e r io d  (HR)
0 12 24 36 48

aC o n tr o l W astew ater 5400 5345 5280 5168 5108

W astew ater +
A. o r y z a e  ATCC 9362 5400 4310 3700 3165 2 400

W astew ater +
A. f o e t id u s  NRRL 337 5400 3710 1876 1650 1467

W astew ater +
N. s i t o p h i l a  NRRL 2884 5400 2800 1333 1050 750

LSD .0 5 b 5 .6 7

a
W astew ater n o t in o c u la t e d  w ith  f u n g i .

b
L e a s t  S i g n i f i c a n t  D if f e r e n c e  a t  5% l e v e l .
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Table  17.  E f f e c t s  o f  i n o r g a n ic  s a l t  ( A1 2 ( SO4 ) 3 and o r g a n i c  polymers on r e d u c t i o n  in t u r b i d i t y ,  
t o t a l  suspended s o l i d s ,  chemical  oxygen demand and b a c t e r i a l  co u n t s  o f  e f f l u e n t  from 
p r o c e s s i n g  green beans ( I n i t i a l  pH 6 . 2 ) .

Treatment
T u r b i d i t y

(NTU)

Total  
suspended  
s o l i d s  
(mg/l )

%

r e d u c t i o n

Chemical
oxygen
demand
(Mq/1)

%

Reduct ion

Total
p l a t e
cou n ts

Total  
c o l i f o r m s

Raw wastew ater 7 2 .0 2 7 8 .0 3 8 5 .0 4 . 0 x l 0 7a 3 . 3 x l 0 5a

C a t i o n i c  polymers a

Chitosan 2 . 8 ** 18.0b 9 3 .6 a 8 8 . 0 c 75 .9a 3 . 9 x l 0 5b 1 . 5 x l 0 3c

F l o c c u l i t e - 2 5 0 4 . 2 ** 2 1 . 0 b 9 2 .5 a 105 .0a 71.3b 3 . 0 x l 0 5b 3 . 8 x l 0 3b

Nalco 7122 4 .5 * * 2 6 .0 a 8 9 .2 b 9 8 .0 b 6 8 . 3 c 3 . 3 x l 0 5b 3 . 1 x l 0 3b

a 50 mg/ l  o f  A12 ( SO4 ) 3  added,  then f o l l o w e d  by 2 0  mg/ l  o f  c a t i o n i c  polymer,  and 1 0  mg/ 1  o f  a n i o n i c  
polymer F l o c u l i t e  627.
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F ig .  1 -  E f f e c t  o f  c o n c e n t r a t io n s  o f  d i f f e r e n t  in o r g a n ic  s a l t s  on 
r e d u c t io n  o f  t u r b i d i t y  in  a b r a s iv e - p e e le d  p o ta to  w a s t e -  
w a ter  a t  pH 5 . 0 .  Raw w a ste w a te r  t u r b id ity = 2 0 0  NTU. 
1V a lu e s  fo l lo w e d  by th e  same l e t t e r  w ith in  c o n c e n t r a 
t i o n s  do n o t d i f f e r  s i g n i f i c a n t l y  a t  th e  5% l e v e l  u s in g  
D u n can 's m u lt ip le  ran ge t e s t .
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CONCENTRATION (m g /l)

F ig .  2 -  E f f e c t  o f  c o n c e n tr a t io n s  o f  d i f f e r e n t  in o r g a n ic  s a l t s  on 
r e d u c t io n  o f  t u r b id i t y  in  s te a m -p e e le d  p o ta to  w a stew a ter  
a t  pH 5 . 0 .  Raw w a stew a ter  tu r b id ity = 9 6 0  NTU. 1 V a lu es  
fo l lo w e d  by th e  same l e t t e r  w ith in  c o n c e n tr a t io n s  do not 
d i f f e r  s i g n i f i c a n t l y  a t  th e  5% l e v e l  u s in g  D uncan 's  
m u lt ip le  range t e s t .
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Fi g .  3 .  I n t e r a c t i v e  e f f e c t s  o f  i n o r g a n i c  s a l t s  and s a l t  c o n c e n t r a t i o n s  on 
t u r b i d i t y  o f  t o t a l  e f f l u e n t  from hominy.
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F i g .  4.  I n t e r a c t i v e  e f f e c t s  o f  i n o r g a n i c  s a l t s  and c o n c e n t r a t i o n  on t u r b i d i t y  
o f  w a s t e w a t e r  from navy b e a n s .
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F ig . 5.  In te ra c tiv e  e ffe c ts  o f  i n i t i a l  pH and fe rm en ta tion
tim e on reduction  o f COD by the growth o f N. s i to p h i l a 
NRRL 2884 in  to ta l e f f lu e n t  from hominy.
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Fig. 6. E ffe c t  o f  a d d it io n  o f  n u tr ie n ts  and ferm enta tion  time 
on the growth and reduction  o f  COD in  to ta l  e f f lu e n t  
from hominy by N. s i tophi la  NRRL 2884 a t an i n i t i a l  
pH o f  10.
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Fig. 7. In te ra c t iv e  e f fe c ts  o f  i n i t i a l  pH and 
fe rm enta tion  times on reduc tion  o f  COD 
by the growth o f  T. v i r i d e  NRRL 6418 in  
to ta l  e f f lu e n ts  o f  hominy.
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