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6.1 INTRODUCTION

In the past two decades, the potato industry has experienced rapid growth worldwide, accom-
panied by a staggering increase in the amount of water produced. It is estimated that the US
potato industry alone generates about 1.3 x 10° kg of wastes each year [1]. Large volumes of
wastewater and organic wastes are generated in potato processing as result of the water used in
washing, peeling, and additional processing operations.

The potato industry is well known for the vast quantities of organic wastes it generates.
Treatment of industrial effluents to remove organic materials, however, often changes many
other harmful waste characteristics. Proper treatment of potato processing wastewaters is neces-
sary to minimize their undesirable impact on the environment.

Currently, there is an increasing demand for quality improvement of water resources in
parallel with the demand for better finished products. These requirements have obliged the
potato industry to develop methods for providing effective removal of settleable and dissolved
solids from potato processing wastewater, in order to meet national water quality limits. In
addition, improvement and research have been devoted to the reduction of wastes and utilization
of recovered wastes as byproducts.

This chapter discusses (a) the various potato processing types and steps including their
sources of wastewaters; (b) characteristics of these wastewaters; (c) treatment methods in detail
with relevant case studies and some design examples; and (d) byproduct usage.

6.2 POTATO PROCESSING AND SOURCES OF WASTEWATER

High-quality raw potatoes are important to potato processing. Potato quality affects the final
product and the amount of waste produced. Generally, potatoes with high solid content, low
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reducing sugar content, thin peel, and of uniform shape and size are desirable for processing.
Potatoes contain approximately 18% starch, 1% cellulose, and 81% water, which contains
dissolved organic compounds such as protein and carbohydrate [2]. Harvesting is an important
operation for maintaining a low level of injury to the tubers. Improved harvesting machinery
reduces losses and waste load.

The type of processing unit depends upon the product selection, for example, potato chips,
frozen French fries and other frozen food, dehydrated mashed potatoes, dehydrated diced
potatoes, potato flake, potato starch, potato flour, canned white potatoes, prepeeled potatoes, and
so on. The major processes in all products are storage, washing, peeling, trimming, slicing,
blanching, cooking, drying, etc.

6.2.1 Major Processing Steps
Storage

Storage is needed to provide a constant supply of tubers to the processing lines during the
operating season. Potato quality may deteriorate in storage, unless adequate conditions are
maintained. The major problems associated with storage are sprout growth, reducing sugar
accumulation, and rotting. Reduction in starch content, specific gravity, and weight may also
occur. Handling and storage of the raw potatoes prior to processing are major factors in
maintaining high-quality potatoes and reducing losses and waste loads during processing.

Washing

Raw potatoes must be washed thoroughly to remove sand and dirt prior to processing. Sand and
dirt carried over into the peeling operation can damage or greatly reduce the service life of the
peeling equipment. Water consumption for fluming and washing varies considerably from plant
to plant. Flow rates vary from 1300 to 2100 gallons per ton of potatoes. Depending upon the
amount of dirt on the incoming potatoes, wastewater may contain 100—-400 1b of solids per ton of
potatoes. For the most part, organic degradable substances are in dissolved or finely dispersed
form, and amount to 2—6 1b of BODjs (biological oxygen demand) per ton of potatoes [3].

Peeling

Peeling of potatoes contributes the major portion of the organic load in potato processing waste.
Three different peeling methods are used: abrasion peeling, steam peeling, and lye peeling. Small
plants generally favor batch-type operation due to its greater flexibility. Large plants use con-
tinuous peelers, which are more efficient than batch-type peelers, but have high capital costs [4].

Abrasion peeling is used in particular in potato chip plants where complete removal of the
skin is not essential. High peeling losses, possibly as high as 25-30% may be necessary to
produce a satisfactory product.

Steam peeling yields thoroughly clean potatoes. The entire surface of the tuber is treated,
and size and shape are not important factors as in abrasion peeling. The potatoes are subjected to
high-pressure steam for a short period of time in a pressure vessel. Pressure generally varies from
3 to 8 atmospheres and the exposure time is between 30 and 90 sec. While the potatoes are under
pressure, the surface tissue is hydrated and cooked so that the peel is softened and loosened from
the underlying tissue. After the tubers are discharged from the pressure vessel, the softened
tissue is removed by brushers and water sprays [4]. Screens usually remove the peelings and
solids before the wastewater is treated.
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Lye peeling appears to be the most popular peeling method used today. The combined
effect of chemical attack and thermal shock softens and loosens the skin, blemishes, and eyes so
that they can be removed by brushes and water sprays. Lye peeling wastewater, however, is the
most troublesome potato waste. Because of the lye, the wastewater pH is very high, usually
between 11 and 12. Most of the solids are colloidal, and the organic content is generally higher
than for the other methods. The temperature, usually from 50 to 55°C, results in a high dissolved
starch content, and the wastewater has a tendency to foam.

The quality of the peeling waste varies according to the kind of potato processing product,
peeling requirements, and methods. Table 6.1 represents the difference in waste quality among
the peeling methods in potato processing plants.

6.2.2 Types of Processed Potatoes

Potato Chips

The processing of potatoes to potato chips essentially involves the slicing of peeled potatoes,
washing the slices in cool water, rinsing, partially drying, and frying them in fat or oil. White-
skinned potatoes with high specific gravity and low reducing sugar content are desirable for
high-quality chips. A flow sheet of the process is shown in Figure 6.1 [3].

Frozen French Fries

For frozen French fries and other frozen potato production, large potatoes of high specific
gravity and low reducing sugar content are most desirable. After washing, the potatoes are
peeled by the steam or lye method. Peeling and trimming losses vary with potato quality and
are in the range 15-40%. After cutting and sorting, the strips are usually water blanched.
Because the blanching water is relatively warm, its leaching effect may result in high dissolved
starch content in the wastewater. Surface moisture from the blanching step is removed by hot air

Table 6.1 Wastewater Quality in the Different Applied Peeling Methods in Potato Processing Plants

Potato peeling method

Parameters Abrasion® Steam” Lye®
Flow (gal/ton, 600 625 715
raw potato)
BOD 20 1b/ton 32.6 1b/ton 40 1b/ton
(4000 ppm) (6260 ppm) (6730 ppm)
COD - 52.21b/ton 65.7 Ib/ton
(10,000 ppm) (11,000 ppm)
Total solids - 53.21b/ton 118.7 1b/ton
(10,200 ppm) (20,000 ppm)
Volatile solids - 46.8 Ib/ton 56.41b/ton
(9000 ppm) (9500 ppm)
Suspended solids 90 Ib/ton 26.8 Ib/ton 49.7 1b/ton
(18,000 ppm) (5150 ppm) (8350 ppm)
pH - 5.3 12.6

#Waste quality in a dehydration plant [5].
"Waste quality in a potato flour plant [6].
“Waste quality in a potato flake plant [6].
Source: Refs 5 and 6.
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Figure 6.1 Typical potato chip plant (from Ref. 3).
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prior to frying. After frying, the free fat is removed on a shaker screen and by hot air stream. The
fries are then frozen and packed. Figure 6.2 is a flow diagram of the French fry process [3].

Dehydrated Diced Potato

Potatoes with white flesh color and low reducing sugar content are desirable for dice production.
After washing and preliminary sorting, the potatoes are peeled by the steam or lye method.
Minimum losses amount to 10%. One important factor during trimming is minimizing the
exposure time. The tubers are cut into different sized pieces. After cutting and washing, the dice
are blanched with water or steamed at 200—212°F. Following blanching, a carefully applied
rinsing spray removes surface gelatinized starch to prevent sticking during dehydration. Sulfite is
usually applied at this point as a spray solution of sodium sulfite, sodium bisulfite, or sodium
metabisulfite. Calcium chloride is often added concurrently with sodium bisulfite or sodium
metabisulfite. Following drying, the diced potatoes are screened to remove small pieces and bring
the product within size specification limits. Finally, the potatoes are packed in cans or bags [3].

Dehydrated Mashed Potatoes: Potato Granules

Potato granules are dehydrated single cells or aggregated cells of the potato tuber that are dried
to about 6—7% moisture content. A flow diagram of the potato granules is shown in Figure 6.3.
After peeling and trimming, the potatoes are sliced to obtain more uniform cooking. The slices
are cooked in steam at atmospheric pressure for about 30—40 minutes. After cooking is
completed, the slices are mixed with the dry add-back granules and mashed to produce a moist
mix. This mix is cooled and conditioned by holding for about 1 hour before further mixing and
then dried to about 12—13% moisture content [3,4].

Potato Flakes

Potato flakes are a form of dehydrated mashed potatoes that have been dried on a steam-heated
roll as a thin sheet and then broken into small pieces for packaging. Potatoes for flake processing
have the same characteristics as those for potato granule processing. A flow diagram of the
process is shown in Figure 6.4. After prewashing, the potatoes are lye or steam peeled.
Following trimming, the tubers are sliced into 0.25—0.50 in. slices and washed prior to
precooking in water at 160—170°F for about 20 minutes [6]. After cooking, the potatoes are
mashed and then dried on a single drum drier in the form of a sheet. The sheet is broken into
flakes of a convenient size for packaging.

Potato Starch

Potato starch is a superior product for most of the applications for which starch is used.
Figure 6.5 shows a flow diagram of a typical starch plant. After fluming and washing, the
potatoes are fed to a grinder or hammer mill and disintegrated to slurry, which is passed over a
screen to separate the freed starch from the pulp. The pulp is passed to a second grinder and
screened for further recovery of starch. The starch slurry, which is passed through the screen, is
fed to a continuous centrifuge to remove protein water, which contains soluble parts extracted
from the potato. Process water is added to the starch, and the slurry is passed over another screen
for further removal of pulp. Settling vats in series are used to remove remaining fine fibers. The
pure starch settles to the bottom while a layer of impurities (brown starch) forms at the top. The
latter is removed to the starch table consisting of a number of settling troughs for final removal of
white starch. The white starch from the settling tanks and the starch table is dried by filtration or
centrifugation to a moisture content of about 40%. Drying is completed in a series of cyclone
driers using hot air [3].
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Figure 6.2 Typical French fry plant (from Ref. 3).
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Figure 6.3 Typical potato granule plant (from Ref. 3).
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Potato Flour

Potato flour is the oldest commercial processed potato product. Although widely used in the
baking industry, production growth rates have not kept pace with most other potato products. A
flow diagram of the process is shown in Figure 6.6 After the prewash, the potatoes are peeled,
usually with steam. Trimming requirements are not as high as for most potato products. The
flaking operation requires well-cooked potatoes; the tubers are conveyed directly from the
cooker to the dryer, where 4—35 applicator rolls along one side of the drum contribute a thin layer
of potato mesh. The mesh is rapidly dried and scraped off the drum at the opposite side by a
doctor knife. The dried sheets are passed to the milling system where they are crushed by a
beater or hammer mill and then screened to separate granular and fine flour [3].

Besides the above products, other types include canned potatoes, prepeeled potatoes, and
even alcohol. The quantities and qualities of the wastewaters resulting from the mentioned
potato processing plants are discussed in the next section.

6.3 CHARACTERISTICS OF POTATO PROCESSING WASTEWATER
6.3.1 Overview

Because potato processing wastewater contains high concentrations of biodegradable com-
ponents such as starch and proteins [7,8], in addition to high concentrations of chemical oxy-
gen demand (COD), total suspended solids (TSS) and total kjeldahl nitrogen (TKN) [9], the
potato processing industry presents potentially serious water pollution problems. An average-
sized potato processing plant producing French fries and dehydrated potatoes can create a waste
load equivalent to that of a city of 200,000 people. About 230 million liters of water are required
to process 13,600 tons of potatoes. This equals about 17 L of waste for every kilogram of
potatoes produced. Raw potato processing wastewaters can contain up to 10,000 mg/L COD.
Total suspended solids and volatile suspended solids can also reach 9700 and 9500 mg/L,
respectively [10]. Wastewater composition from potato processing plant depends on the
processing method, to a large extent. In general, the following steps are applied in potato
processing: washing the raw potatoes; peeling, which includes washing to remove softened
tissue; trimming to remove defective portions; shaping, washing, and separation; heat treatment
(optional); final processing or preservation; and packaging.

The potato composition used in potato processing operations determines the components
of the resultant waste stream. Foreign components that may accompany the potato include dirt,
caustic, fat, cleaning and preserving chemicals. A typical analysis of potato waste solids from a
plant employing steam or abrasive peeling is shown in Table 6.2. Generally, the various waste
streams are discharged from the potato plant after being combined as effluent. It is difficult to
generalize the quantities of wastewater produced by specific operations, due to the variation in
process methods. Many references and studies in this respect show wide variations in water
usage, peeling losses, and methods of reporting the waste flow. Several publications on the
characteristics of wastewaters resulting from various types of potato processing are summarized
in Table 6.3 for French fries [11,12], Table 6.4 for starch plants [12], and Table 6.5 for the other
types of potato processing plants (chips, flakes, flour, mashed) [13—18].

Processing involving several heat treatment steps such as blanching, cooking, caustic, and
steam peeling, produces an effluent containing gelatinized starch and coagulated proteins. In
contrast, potato chip processing and starch processing produce effluents that have unheated
components [11].
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Table 6.2 Composition Percentage of Potato Waste

Solids

Component Amount (%)
Total organic nitrogen as N 1.002
Carbon as C 42.200
Total phosphorus as P 0.038
Total sulfur as S 0.082
Volatile solid 95.2

Source: Ref. 11.

As for the starch plant effluent, the resulting protein water and pulp form about 95% of the
total organic load in the effluent. Table 6.4 represents the composition of waste streams of starch
plants and summarizes a survey of five starch plants in Idaho /United States, with and without pulp.

It is evident that if the pulp is kept and not wasted, the organic load is significantly
reduced. Potato pulp has been proven to be a valuable feed for livestock when mixed with other
ingredients and thus represents a valuable by-product [19]. Protein water is difficult to treat
because of the high content of soluble organic water [3].

In plants of joint production of starch and alcohol found in some countries, the pulp and
protein water from the starch production is used for alcohol fermentation. As for the wastewater
streams in French fries plants, it can be noted from Table 6.3 that the spray washer forms the
main organic load (BOD and COD) in comparison to other waste streams. The large variations in
wastewater composition can be observed in the potato processing plants as presented in
Table 6.5, particularly in COD and TSS concentrations and pH values.

Depending on the abovementioned characteristics of potato processing wastewater, the
following should be highly considered:

e Potential methods for reducing the load of waste production including in-plant
measures for water conservation, byproduct recovery, and water recycling.

e Choosing the wastewater treatment systems that take into account the wide variations
of wastewater compositions, due to wide variation in potato processing steps and
methods, in order to reduce the wastewater contaminants for meeting in-plant reuse or
the more stringent effluent quality standards required in the potato processing industry.

6.3.2 Case Study [20]

J.R. Simplot Company, an international agribusiness company, operated a potato processing
plant in Grand Forks, North Dakota, United States. The company’s frozen potato product line,
which was produced locally in Grand Forks, consists of more than 120 varieties of French fries
and formed products. In all, J.R. Simplot produced more than 2 billion pounds of French fries
annually, making it one of the largest processors of frozen potatoes. Its local plant in Grand
Forks employed nearly 500 people.

Sources of Wastewater [20]

The main sources of wastewaters consist of silt water and process wastewater. The silt waste
resulted from raw potato washing and fluming operations. It contained a large amount of soil
removed from the raw potatoes. Process wastewater results from potato processing operations
including peeling, cutting, blanching, and packing. The process wastewater included caustic
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Table 6.3 Characteristics of Wastewater from French Fry Plants

French fries

French fries and starch plant

Spray Plant Caustic Wash Peel Trim Blanch Plant
Parameters washer  Trimming Cutting Inspection Blanch composite peel water waste table waste  effluent
COD (mg/L) 2830 45 150 32 1470 1790 - 100-250 10,000— 150-200 600-700 6450
12,000

BOD (mg/L) 1950 30 77 5 1020 1150 4300 - - - - 4100

Total solids 14,900 270 880 260 2283 8100 11,550 700 10,000— 600 1600 7794
(mg/L) 15,000

Suspended 2470 7 16 15 60 1310 - - - - - 4050
solids (mg/L)

Settleable solids - - - - - - - 2.0-55 200-400 0.6 2-3 -
(mg/L)

Total nitrogen 60 - - - - 20 - - - - - 224
(mg/L)

Total 81 27 29 14 160 80 - - - - - 23
phosphorus
(mg/L)

pH 11.5 6.9 7.2 6.9 4.7 11.1 - 7.0 - 6.2 5.1 10.7

Source: Refs. 11 and 12.
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Table 6.4 Characteristics of Wastewater from Starch Plants

BOD COD
Plant capacity Flow rate Solid content Protein in
Type of waste (tons/day) (gal/ton) mg/L 1Ib/ton mg/L 1b/ton (%wt) solid (%owt)
Waste stream
Flume water - 1740° 100 0.4 260 1.5 - -
Protein water - 670 5400 30.1 7090 40.3 1.7 38.5
First starch washwater - 155 1680 2.2 2920 3.3 0.46 31.1
Second starch washwater - 135 360 0.4 670 0.8 - -
Brown starch water - 30 640 0.2 1520 0.4 0.81 -
Starch water - 25 150 0.0 290 0.0 - -
Pulp (dry basis)® - - - 24.8 - 56.8 - -
Total organic load without pulp
Plant I 200 - - 45.3 - - - -
Plant II 250 - - 27.7 - - - -
Plant IIT 150 - - 26.2 - - - -
Plant IV 62.5 - - 31.7 - - - -
Plant V 180 - - 35.0 - - - -
Average 333
Total organic load with pulp
Plant I 200 - - 70.1 - - - -
Plant II 250 - - 52.5 - - - -
Plant IIT 150 - - 51.0 - - - -
Plant IV 62.5 - - 56.5 - - - -
Plant V 180 - - 59.8 - - - -
Average 58.1

#No recirculation.

An average of 55.5 1b of pulp (on dry basis) were produced per ton of potatoes processed.

Source: Ref. 12.
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Table 6.5 Characteristics of Wastewater from Different Potato Processing Plants

Wastewater after screening

and presettlement

Wastewater influent

Wastewater (Zoutberg and Eker, 1999)!4 Wastewater (Hung, 1989)!¢
after settling from potato
(Austerman- chips plant Wastewater Wastewater
Haun, et al. (Hadjivassilis, (Kadlec, et al.  from potato from mashed
Parameters 1999)"3 Smith food Peka Kroef Uzay Gida et al. 1997)° 1997)"° juice potato
Total daily flow 1700 912 1600 890 115 - - -
(m’ /day)
Hourly peak flow - (38 av.) 90 (67 av.) (37 av.) 15 - - -
(m’ /hour)
COD (mg/L) 4000 5000 7500 4500 7293 1100-3100 2546 1626
BOD (mg/L) - - - - 5450 - - -
Total suspended - - - - 1300 280-420 18,107 33,930
solids (mg/L)
VSS - - - - - - - -
Total TKN 120 286 50-200 20-70 - 95-145 - -
(mg/L) (max. 400)
Total P 60 - 10-50 2-10 - 10-15 - -
(mg/L) (PO4-P) (PO4-P)
pH 6.6 4.5-17.5 4.5 (after 5-9 4-10 - 7.6 7.3
(adjusted) buffering)
(continues)
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Table 6.5 Continued

80¢

Potato flakes (slicing,

Potato flour
(raw screened waste)

Wastewater Primary settling Potato chips (slicing washing, precooking
from potato tank effluents and washing) (Cooley and cooling) (Cooley (Cooley et al.,  (Olson et al.,
Parameters starch (Hung, 1984)"7 et al. 1964) et al. 1964)° 1964)° 1965)"®
Total daily flow - - 1140 gal/ton 1540 gal/ton - -
(m*/day) (4.3 m?/t) (5.8 m’/t)
Hourly peak flow - - - - - -
(m?/hour)
COD (mg/L) 1270 2500 7953 4373 12,582 8314
BOD (mg/L) - - 2307 2988 7420 3314
Total suspended 62,444 500 5655 1276 6862 4398
solids (mg/L)
VSS - 450 6685 4147 6480 3019
Total TKN (mg/L) - - - - - -
Total P (mg/L) - - - - - -
pH 7.8 6.7 7.4 52 42 6.9

Source: Refs. 6, 8, 13-18.
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potato peeler and barrel washer discharges, as well as all other liquid wastes from the processing
operations, including cleanup water.

Characteristics of Wastewater [20]

The characteristics of the potato processing wastewater were influenced by potato processing
operations. Potato peeling was the first stage of potato processing. Caustic soda was used to soften
the potato skin so that it can be removed by the scrubbing and spraying action of the polisher. The
liquid effluent from the polisher, which contained a majority of the contaminants of wastewater,
accounted for about 75% of the alkalinity of the wastewater from the plant. It was also high in COD
and BOD, with values of about 2000 and 1000 mg/L, respectively. The TDS (total dissolved
solids) and TSS (total suspended solids) were about 29,000 and 4100 mg/L, respectively.

Polished potatoes were then conveyed to the cutter. The degree of size reduction depended
upon the requirements of the final product. Here the surface of the potato and the amount of water
used for washing determine the quantity of soluble constituent in the waste stream. The pH of the
stream was about 7. The COD and BOD values were about 50% of those of the effluent from the
polisher. The TDS and TSS were approximately 1390 and 460 mg /L, respectively. The blanching
process removed reducing sugar, inorganic salts, gelatinized starch, and smaller amounts
of protein and amino acids. The effluent stream from this operation had pH 6.2, total dissolved
solids 1500 mg/L, phenols 8.2 mg/L, COD 1000 mg/L, and BOD 800 mg/L, respectively.

The wastewater treatment processes used in the plant included shaker, primary settling
tank, aerated lagoon, and final settling tank. The effluent from the final settling tank was
discharged to the municipal sewer and was transported to Grand Forks Municipal Wastewater
Treatment Plant, Grand Forks, North Dakota, for treatment. A portion of the final settling tank
effluent was treated by tertiary sand filter. The filtered water was reused inside the plant.

During the period of September 1978 to March 1979, primary effluent had an average
concentration of 4250 mg/L COD and 3000 mg/L TSS. After primary settling tank treatment,
the effluent had an average concentration of 2500 mg/L COD and 500 mg/L TSS. After the
aerated lagoon and final settling tank treatment, the effluent had an average concentration of
410 mg/L COD and 350 mg/L TSS and pH 7.55. The aerated lagoon had 4900 mg/L MLSS
(mixed liquor suspended solids) and 4100 mg/L. MLVSS (mixed liquor volatile suspended
solids). The onsite treatment plant removed 90.35% COD and 88.33% TSS.

6.4 TREATMENT METHODS

Wastewater from fruit and vegetable processing plants contains mainly carbohydrates such as
starches, sugars, pectin, as well as vitamins and other components of the cell wall. About 75% of
the total organic matter is soluble; therefore, it cannot be removed by mechanical or physical
means. Thus, biological and chemical oxidations are the preferred means for wastewater
treatment [21,22].

In the United States, there are three geographical areas of major potato processing activity:
(a) Idaho, eastern Oregon, and eastern Washington; (b) North Dakota and Minnesota; and (c)
Maine. Most plants are located in sparsely populated areas where the waste load from the plants
is extremely large compared to the domestic sewage load [11]. By contrast, potato chips and
prepeeled potato plants, while expanding in number and size, are largely located near
metropolitan areas, where the waste effluent is more easily handled by municipal facilities. In
general, these plants are much smaller than French fry or dehydrated potato plants and produce
less waste load.
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6.4.1 Waste Treatment Processes

An integrated waste treatment system usually consists of three phases: primary treatment,
secondary treatment, and advanced treatment. Primary treatment involves the removal of
suspended and settleable solids by screening, flotation, and sedimentation. Secondary treatment
involves the biological decomposition of the organic matter, largely dissolved, that remains in
the flow stream after treatment by primary processes. Biological treatment can be accomplished
by mechanical processes or by natural processes.

The flow from the biological units is then passed through secondary sedimentation units so
that the biological solids formed in the oxidation unit may be removed prior to the final discharge
of the treated effluent to a stream. When irrigation is used as the secondary treatment system,
bacteria in the topsoil stabilize the organic compounds. In addition, the soil may accomplish
removal of some ions by adsorption or ion exchange, although ion exchange in some soils may
fail. In all cases, great importance should be given to the steps that contribute to reducing the
waste load in the plant itself. As for the industrial wastewaters, most of them require equalization
(buffering) and neutralization prior to biological treatment, according to the characteristics of the
resultant effluents.

In many parts of the world, potato processing wastewater treatment systems employed
primary treatment from 1950 until 1970 to 1980. Thereafter, potato processing plants invol-
ved either secondary treatment or spray irrigation systems. Currently the most commonly used
treatment methods, particularly in the United States, depend on screening, primary treatment,
and settling of silt water in earthen ponds before discharging to municipal sewers or separate
secondary treatment systems.

Many countries that have potato processing industries have determined current national
minimum discharge limits following secondary treatment or in-land disposal. For example, the
US Environmental Protection Agency (EPA) has proposed nationwide such limits for potato
processing effluents [12].

To meet national effluent limits or standards, advanced waste treatment is needed in many
cases to remove pollutants that are not removed by conventional secondary treatment. Advanced
treatment can include removal of nutrients, suspended solids, and organic and inorganic
materials. The unit processes for treating potato processing effluent are shown in sequence in
Table 6.6.

Figure 6.7 illustrates a general treatment concept typical for the treatment of potato
processing effluent: advanced treatment is added as a result of the growing environmental
requirements. Currently, different treatment units are combined as a highly effective system for
the secondary (biological) treatment that covers both anaerobic and aerobic processes. Note that
it is quite acceptable and applicable that wastewater after preclarification (screening and primary
treatment) can be discharged into the public sewer system to be treated together with sewage
water in the municipal treatment plants.

The following describes in detail the current wastewater treatment units and subsystems.

In-Plant Treatment

Minimizing waste disposal problems requires reduction of solids discharged into the waste
stream and reduction of water used in processing and clean-up. To reduce the solids carried to
waste streams, the following steps should be undertaken [11]:

e improvement of peeling operation to produce cleaner potatoes with less solids loss;
e reduction of floor spillage;
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Table 6.6 Treatment Units, Unit Operation, Unit Processes, and Systems for Potato Processing
Wastewater

Treatment unit or Unit operation/unit process/

subsystem treatment system Remarks

In-plant e Conservation and e Reduction of waste flow
reuse of water and load

e Process revisions
e Process control
e New products

Pretreatment e Screening (mesh size: 20 e 10-25% BODs removal
to 40 per inch)
Primary treatment e Sedimentation e 30-60% BODs removal
e Flotation ¢ 20-60% COD removal
e Earthen ponds
Equalization e Balancing tank/buffer tank e Constant flow and concentration
Neutralization ¢ Conditioning tank e pH and temperature corrections
Secondary treatment e 80-90% BODs removal
1. Aerobic processes e Natural systems e 70-80% COD removal

— Irrigation land treatment

— Stabilization ponds and aerated
lagoons

— Wetland systems

e Activated sludge

e Rotating biological contactors

o Trickling filters

2. Anaerobic processes e Upflow anaerobic sludge blanket e 80-90% BODs removal
(UASB) reactors
e Expended granular sludge bed e 70-80% COD removal

(EGSB) reactors
¢ Anaerobic contact reactors
e Anaerobic filters and
fluidized-bed reactors
Advanced treatment ¢ Microstraining ® 90-95% BODs removal
e Granular media filtration ® 90-95% COD removal
(Sometimes >95%)
e Chemical coagulation/
sedimentation
¢ Nitrification—denitrification
o Air stripping and ion exchanging
e Membrane technology (reverse
osmosis, ultrafiltration)

Notes: BODs and COD removal percentage depended on experience of the German and other developed countries. There
are other advanced treatment methods (not mentioned in this table) used for various industrial wastewater such as
activated carbon adsorption, deep well injection, and chlorination that are not expected to be highly used in potato
processing wastewater treatment.

e collection of floor waste in receptacles instead of washing them down the drains;
e removal of potato solids in wastewater to prevent solubilization of solids.

Water volume can be reduced by reusing process water, with several advantages. First,
the size of wastewater treatment facilities can be decreased accordingly. Secondly, with
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concentration of the waste, the efficiency of a primary settling tank is increased. In the final
processing stages, chlorinated water should be utilized to prevent bacterial contamination of the
product. Other steps to reduce wastewater volume include alternate conveying methods of
transporting potatoes other than water fluming, improved cleaning facilities for equipment and
floors (high-pressure nozzles, shut-off nozzles for hoses), collecting clean waste streams, and
discharge to natural drainage or storm water systems.

Pretreatment (Screening)

Typically, the screen is the first device encountered by wastewater entering the treatment plant.
Screening is often used to remove large pieces of waste so that the water can be reused within the
processing plant. Three types of screens are commonly used: stationary gravity screens, rotary
screens, and vibratory screens. These units are similar to screens used in dewatering products
during processing. Coarse solids are normally removed in a fine screen with a mesh size of
1 mm. The simplest type of stationary screen consists of a number of bars eventually spaced
across the wastewater channel (bar rack). In modern wastewater treatment plants, the racks
are cleaned mechanically. Rotary screens are used to a large extent and a variety of types are
available. The most common type is the drum screen, which consists of a revolving mesh where
wastewater is fed into the middle of the drum, and solids are retained on the peripheral mesh as
the water flows outward. Another type of rotary screen is the disc screen, which is a perforated
plate of wire mesh disc set at right angles to the waste stream. The retained solids are removed at
the top of the disc by brushes or water jets. Vibratory screens may have reciprocating orbital or
rocking motion, or a combination of both. The wastewater is fed into the horizontal surface of
the screen, and the water passing through the retained solids is bounced across the screen to a
discharge point.

The waste screen should be carefully located and elevated. Plant wastewaters can be
collected in a sump pit below the floor level of the plant, from which they are pumped to the screen.
The screen is elevated so that the solid wastes may fall by gravity into a suitable hopper. Then, the
water flows down into the primary treatment equipment or to the sewer. With suitable elevations,
the screen can be located below the level of the plant drains. After screening, the solid waste is
conveyed up to the waste hopper and the water pumped into the clarifier, or other disposal system.

Primary Treatment

Sedimentation. Sedimentation is employed for the removal of suspended solids from
wastewater. After screening, wastewater still carries light organic suspended solids, some of
which can be removed from the wastewater by gravity in sedimentation tanks called clarifiers.
These tanks/clarifiers can be round or rectangular, are usually about 3.5 m deep, and hold
the wastewater for periods of 2 to 3 hours [23]. The required geometry, inlet conditions, and
outlet conditions for successful operation of such units are already known. The mass of settled
solids is called raw sludge, which is removed from the clarifiers by mechanical scrapers
and pumps. Floating materials such as oil and grease rise to the surface of the clarifier, where
they are collected by a surface skimming system and removed from the tank for further
processing.

Figures 6.8 and 6.9 show cross-sections of typical rectangular and circular clarifiers. Con-
struction materials and methods vary according to local conditions and costs.

In the primary treatment of potato wastes (Fig. 6.10), the clarifier is typically designed
for an overflow rate of 800—1000 gal/(ft*/day) (33—41 m’/m?/day) and a depth of 10—12 ft
(3—3.6 m). Most of the settleable solids are removed from the effluent in the clarifier. The COD
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removal in this primary treatment is generally between 40—70% [11]. In comparison with
cornstarch wastes, it was reported that BOD removals of 86.9% were obtained from settling this
kind of waste [24].

To reduce the volume of the settled waste, which contains 4—6% solids, vacuum filters or
centrifuges are used.

Withdrawal of the underflow from the bottom of the clarifier is accomplished by pumping.
The resulting solids from caustic peeling have a high pH. The optimum pH level for best vacuum
filtration of solids differs from plant to plant. However, when the underflow withdrawal is
adjusted to hold the solids in the clarifier for several hours, biological decomposition begins and
the pH of the solids falls greatly. At a pH of between 5 and 7, these solids will dewater on a
vacuum filter without the addition of coagulating chemicals.

As for the solids resulting from steam or abrasive peeling operations, these will also
undergo biological degradation in a few hours. With a longer duration, however, dewatering of
solids becomes more difficult.

Flotation. Flotation is another method used for the removal of suspended solids and oil
and grease from wastewater. The pretreated waste flow is pressurized to 50-70 Ib/ in? (345—
483 kPa or 3.4—4.8 atm) in the presence of sufficient air to approach saturation [24]. When this
pressurized air—liquid mixture is released to atmospheric pressure in the flotation unit, minute
air bubbles are released from the solution. The suspended solids or oil globules are floated by
these minute air bubbles, which become enmeshed in the floc particles. The air—solids mixture
rises to the surface, where it is skimmed off by mechanical collectors. The clarified liquid is
removed from the bottom of the flotation unit. A portion of the effluent may be recycled back to
the pressure chamber.

The performance of a flotation system depends upon having sufficient air bubbles present
to float substantially all of the suspended solids. This performance in terms of effluent quality
and solids concentration in the float, is related to an air/solids ratio that is usually defined as
mass of air released per mass of solids in the influent waste.

Pressure, recycle ratio, feed solid concentration, and retention period are the basic
variables for flotation design. The effluent’s suspended solids decrease and the concentration of
solids in the float increase with increasing retention period. When the flotation process is used
for primary clarification, a detention period of 20—30 min is adequate for separation and
concentration. Rise velocity rates of 1.5-4.0 gal/(min/ft*) [0.061—-0.163 m’/(min/m?)] are
commonly applied [24].

Major components of a flotation system include a pressurizing pump, air-injection
facilities, a retention tank, a backpressure regulating device, and a flotation unit, as shown in
Figure 6.11. The pressurizing pump creates an elevated pressure to increase the solubility of air.
Air is usually added through an injector on the suction side of the pump or directly to the
retention tank. The air and liquid are mixed under pressure in a retention tank with a deten-
tion time of 1 to 3 min. A backpressure regulating device maintains a constant head on the
pressurizing pump.

Equalization

Equalization is aimed at minimizing or controlling fluctuations in wastewater characteristics for
the purpose of providing optimum conditions for subsequent treatment processes. The size and
type of the equalization basin/tank used varies with the quantity of waste and the variability of
the wastewater stream. In the case of potato processing wastewater, the mechanically pretreated
or preclarified wastewater flows into a balancing tank (buffer tank). Equalization serves two
purposes: physical homogenization (flow, temperature) and chemical homogenization (pH,
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nutrients, organic matter, toxicant dilution). For proper homogenization and insurance of
adequate equalization of the tank content, mixing is usually provided, such as turbine mixing,
mechanical aeration, and diffused air aeration. The most common method is to use submerged
mixers.

Neutralization

Industrial wastewaters that contain acidic or alkaline materials should be subjected to
neutralization prior to biological treatment or prior to discharge to receiving wastes. For
biological treatment, a pH in the biological system should be maintained between 6.5 and 8.5 to
ensure optimum biological activity. The biological process itself provides neutralization and a
buffer capacity as a result of the production of CO,, which reacts with caustic and acidic
materials. Therefore, the degree of the required preneutralization depends on the ratio of BOD
removed and the causticity or acidity present in the waste [24].

As for potato processing wastewater in general, the water from the balancing tank (buffer
tank) is pumped into a conditioning tank where the pH and temperature of the wastewater are
controlled or corrected. Continuous monitoring of the pH of the influent is required by dosing a
caustic or acidic reagent, according to the nature of resulting wastewater. The required caustic or
acidic reagent for dosing in the neutralization process is strongly related to the different peeling
methods used in the potato processing plant, since peeling of potatoes forms the major portion
of the organic load in potato processing waste. Three different peeling methods are used
extensively today: abrasion peeling, steam peeling, and lye peeling. Between lye and steam
peeling wastes, the biggest difference is the pH of the two wastes. While steam peeling wastes
are usually almost neutral (pH values vary between 5.3 and 7.1), lye peeling wastes have pH
values from 11 to 12 and higher [3].

Secondary Treatment

Secondary treatment is the biological degradation of soluble organic compounds from input
levels of 50—1000 mg/L BOD or more to effluent levels typically under 15-20 mg/L. In all
cases, the secondary treatment units must provide an environment suitable for the growth of
biological organisms that carry out waste treatment. This is usually done aerobically, in an open
aerated tank or lagoon. Also, wastewaters may be pretreated anaerobically, in a pond or a closed
tank. After biotreatment, the microorganisms and other carried-over solids are allowed to settle.
A fraction of this sludge is recycled in certain processes. However, the excess sludge, along with
the sedimented solids, must be disposed of after treatment.

As for potato waste, the most full-scale secondary treatment systems have been applied
since 1968, although considerable research works of a pilot-plant scale have been conducted
prior to that date. The description or characteristic data of these pilot-scale secondary treatment
designs have been presented in detail [11]. Among the different known aerobic processes for
secondary treatment of wastewater, we concentrate here on the most common treatment pro-
cesses for potato processing wastewater with relevant case studies.

Natural Treatment Systems: Irrigation Land Treatment. Land treatment of food-
processing wastewater resulting from meat, poultry, dairy, brewery, and winery processes has
proved successful mainly through spray irrigation, applied as various types and methods in many
areas. By 1979, there were an estimated 1200 private industrial land-treatment systems [24].
Potato processing wastewater can be utilized as irrigation water to increase the crop yield,
because they are not polluted biologically. Irrigation systems include ones in which loading rates
are about 2—4 in./week (5—10 cm/week).
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Factors such as the crops grown, soil type, groundwater, and weather determine the
required land area for irrigation. Some potato processors choose land disposal systems (spray or
flood irrigation) because other treatment systems, while they give a higher efficiency rate, are
exposed to operational problems.

Loamy, well-drained soil is most suitable for irrigation systems. However, soil types from
clays to sands are acceptable. A minimum depth to groundwater of 5 ft (1.5 m) is preferred to
prevent saturation of the root zone [24]. If a 5 ft depth is not available due to higher groundwater,
underdrained systems can be applied without problems. As for potential odors issued from spray
irrigation, they can be controlled by maintaining the wastewater in a fresh condition in order not
to become anaerobic.

Water-tolerant grasses have proved to be the most common and successful crops for
irrigation disposal, due to their role in maintaining porosity in the upper soil layers. The popular
cover crop is reed canary grass (Phalaris arundinacea), which develops extensive roots that are
tolerant to adverse conditions. In addition, water-tolerant perennial grasses have been widely
used because they are able to absorb large quantities of nitrogen, require little maintenance, and
maintain high soil filtration rates.

In some cases, wastewaters have been sprayed into woodland areas. Trees develop a high-
porosity soil cover and yield high transpiration rates. Irrigation systems normally consist of an
in-plant collection system, screens, low-head pump station, pressure line, pumping reservoir,
high-head irrigation pumps, distribution piping, spray nozzles, and irrigation land. It is pref-
erable in this respect to preclarify the potato processing wastewater by using a primary settling
tank with a minimum 1.5 hours detention time to decrease the suspended solids content, in order
to prevent closing of spray nozzles and soil. If the effluent has excess acid or alkali, it should be
neutralized prior to discharging to land so that cover crops may be protected. Groundwater
contamination from irrigation can be a serious problem and must be addressed during the
predesign phase of a project, with the consideration that continuous monitoring of groundwater
is necessary at all times in the irrigated area.

Design Example 1. A potato processing industry plans to treat its resultant wastewater
by a land irrigation system. Determine the area required under the specific conditions:
flow = 0.2 MG/day (756 m®/day), BOD concentration = 2600 mg BOD/L, N concentra-
tion = 100 mg N /L. The regulation limits are: loading rates are 2 in./week (5 cm/week) and
535 Ib BOD/acre/day (0.06 kg/m?/day), nitrogen loading rate for crop’s need of grass is
250 1b N/acre (0.028 kg/ m?) (the spraying period for the grass is 16 weeks).

Solution: Prescreened wastewater: assuming that 20% BOD is removed by using fine
screen with mesh size 1 mm. Residual BOD: 2600 x 0.8 = 2080 mg/L.

where Om is in million gallons per day, A is in acres, and r is the average wastewater application
rate (inches per week).

0.2 2

A 258
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and A = 26 acres (10.5 ha = 105,000 mz).

2080 mg BOD Ib/MG
2080mgBOD ) > MG /day x 8342/
mg/L

Daily loading of BOD =

= 3469.41b/day (1575 kg/day)

3469.41b/d

_ M = 6.5 acres (2.6 ha = 26,000 m?)
5351b/acre.day

100mgN s

Total loading of N = x 0.2MG/day x 8.34

mg/L

x 16 weeks x 7 days/week
= 18,6821b N (8482 kg)

18,6821bN
= 75 30.4 ha = 304,000 m?
2501bNyacre | actes (30.4ha 000 m)
or
om_ _NC
A~ 584nT

where NC is nitrogen removal by the growing crop (Ib/acre), n is nitrogen concentration of the
wastewater (mg/L), and T is the number of weeks of the irrigation season.

0.2 250

A~ 584 x 100 x 16
and A = 75 acres (30.4 ha = 304,000 mz) or, in metric units:

@ __143NC

A~ nT

756 m3 /day 143 (0.028 kg/m?)
A o 100 x 16

where A = 304,000 m”> = 30.4 ha (75 acres).
The area required is 75 acres (30.4 ha).

Natural Treatment Systems: Stabilization Ponds and Aerated Lagoons. A wastewater
pond, sometimes called a stabilization pond, oxidation pond, or sewage lagoon, consists of a
large, shallow earthen basin in which wastewater is retained long enough for natural processes
of treatment to occur. Oxygen necessary for biological action is obtained mainly from
photosynthetic algae, although some is provided by diffusion from the air. Lagoons differ from
ponds in that oxygen for lagoons is provided by artificial aeration.

Depending on the degree of treatment desired, waste stabilization ponds may be designed
to operate in various ways, including series and parallel operations. In some cases such as
industrial wastewater treatment, they are referred to as tertiary ponds (polishing or maturation
ponds), in order to remove residual pollutants and algae prior to effluent discharges.

The majority of ponds and lagoons serving municipalities and industries are of the
facultative type, where the wastewater is discharged to large ponds or lagoons. Usually the
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ponds vary from 3 to 6 ft (0.9 to 1.8 m) deep, for a period of 3 weeks and longer, while lagoons
vary from 6 to 15 ft (1.8 to 4.6 m), for a period of 2 weeks and longer.

Climatic conditions play an important role in the design and operation of both ponds and
lagoons. Air temperature has a great effect on the success of this type of treatment. Within
naturally occurring temperature ranges, biological reactions roughly double for each 10°C
increment in water temperature. This fact encourages countries with warmer climates to utilize
ponds and lagoons for wastewater treatment, particularly where land is abundant, thus providing
considerable savings in both capital and operating costs.

The use of a stabilization pond in treating combined wastewaters of potato processing
wastewaters and domestic wastewaters has been examined [25]. Extensive treatment loading
rates for stabilization ponds were recommended in the range 5.6—6.7 kg BOD/1000 m*/day.

High-strength wastewaters require long detention times, increasing heat loss, and
decreasing efficiency in cold climates. Additionally, highly colored wastewaters cannot be
treated effectively by facultative ponds, where oxygen generation is supplied mainly by
photosynthesis, which depends on light penetration. Therefore, it is necessary to use aerated
lagoons in which the required oxygen is supplied by diffused or mechanical aeration units. The
biological life in such lagoons contains a limited number of algae and is similar to that found in
an activated sludge system. In addition, aerated lagoons prevent the completion of anaerobic
conditions with their attendant odor problems.

There are two types of aerated lagoons: aerobic and facultative lagoons. They are
primarily differentiated by the power level employed. In aerobic lagoons, the power level is
sufficiently high to maintain all solids in suspension and may vary from 14 to 20 hp/MG
(2.8-3.9 W/mS) of lagoon volume, depending on the nature of the suspended solids in the
influent wastewater [24].

In facultative lagoons or aerobic—anaerobic lagoons, the power level employed is only
sufficient to maintain a portion of the suspended solids in suspension, where the oxygen is
maintained in the upper liquid layers of the lagoon. The employed power level in such lagoons
for treating industrial wastewater is normally lower than 1 W/ m’.

As for the design of facultative ponds and aerated lagoons, several concepts and equations
have been employed, and they can be found in many publications. The following is a design
example for the treatment plant of potato processing wastewater.

Design Example 2. A potato processing wastewater flow of 1150 gal/ton of raw potatoes
(435m’ /ton) has a BOD of 2400 mg/L and a VSS content of 450 mg/L (nondegradable). It
is to be pretreated in an aerobic lagoon with a retention period of one day. The k is 36/day; the
raw potatoes processed are 150 tons/day. Estimate the following: the effluent soluble BOD
concentration; the effluent VSS concentration; the oxygen required in mass/day; where a = 0.5,
a =0.55, b =0.15/day.

Solution: Effluent soluble BOD (Se), by rearranging the equation:

Se _1+bt

So akt

o _ Sl +b0) _ 2400mg/L(1 +0.15/day x 1day)
T akt 0.5 x 36 x 1day

Se = 153 mg/L
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Effluent volatile suspended solids (VSS.¢.): the mixed liquor volatile suspended solids can be
predicted from the equation:

_ as;
T 14bt

+Xi

A

where X; = influent volatile suspended solids not degraded in the lagoon.

_0.5(2400 — 153) mg/L
¥ T 1+0.15/day x 1.0day

+450mg/L

= 977 4 450
= 1427 mg/L

Oxygen required, using equation:

Or = [d' (S, — Se) + 1.4bX,1]0
= [0.55(2400 — 153) mg/L + 1.4 x 0.15/day x 977 mg/L x 1day]
x 4.35m?/ton x 150 ton/day

= (1235.85 +205.17) 652.5 x 1072
= 940.27 kg/day (2069 1b/day)

Remark: The pretreated wastewater in an aerobic lagoon can be discharged to a municipal
treatment system, or to facultative ponds followed the aerobic lagoon.

Natural Treatment System: Wetland Systems. Wetland treatment technology of
wastewater dates back to 1952 in Germany, starting with the work of Seidel on the use of
bulrushes to treat industrial wastewaters. In 1956, Seidel tested the treatment of dairy wastewater
with bulrushes, which may be regarded as the first reported application of wetland plants in food
processing industries [26].

Throughout the last five decades, thousands of wetland treatment systems have been
placed in operation worldwide. Most of these systems treat municipal wastewater, but a growing
number of them involve industrial wastewaters. Frequently targeted pollutants are BOD, COD,
TSS, nitrogen, phosphorus, and metals.

The design and description of treatment wetlands involves two principal features,
hydraulics and pollutant removal [9], while the operational principles include biodegradation,
gasification, and storage. Food-processing wastes are prime candidates for biodegradation. The
attractive features of wetland systems are moderate capital cost, very low operating cost, and
environmental friendliness. The disadvantage is the need for large amounts of land.

Reed beds in both horizontal and vertical flows have been successfully used in treating
wastewater of the potato starch industry [27]. Several types of meat processing waters have been
successfully treated using wetland systems [28—30]. The vertical flow of the integrated
system has been used with favorable results in several domestic wastewater treatment
applications [31-33].

Engineered natural systems have been used successfully to treat high-strength water from
potato processing. Such integrated natural systems consist in general of free water surface and
vertical flow wetlands, and a facultative storage lagoon (Fig. 6.12) [34]. (For a detailed
description of wetland components with regard to their operational results and performance refer
to case studies.)
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Figure 6.12 Schematic layout of an integrated natural system (wetland) for treatment of potato processing wastewater (from Ref. 15).
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Case Studies

Case Study 1. A full-scale integrated natural system has been used to treat high-
strength potato processing water for 2 years [34]. The integrated natural system consists of
free water surface and vertical flow wetland, and a facultative storage lagoon. Wetland
components were designed for sequential treatment of the wastewater. Wastewater is pumped
from a primary clarifier to ten hectares of free water surface wetlands constructed for sedi-
mentation and mineralization of wastewater (W1/W2). The process water from the W1/W2
wetlands is sprayed onto 4 hectares of vertical flow wetland (W3) for oxidation of carbon and
nitrogen. These wetlands were filled with 0.9 m of a local sand (D50 = 2.6 mm) excavated on
site. These vertical flow wetlands were operated as intermittent sand filters with duty cycles of
6-72 hours. They were not planted with Phragmites australis due to poor growth when
sprayed with the wastewater [15]. Water flows by gravity from the W3 into 2 hectares of
denitrifying free water surface wetlands (W4). Raw process water is supplemented to augment
denitrification in the wetlands. Treated process water flows into a 0.48 million m> lagoon (126
million gallon), which provides facultative treatment and storage prior to land application
(Fig. 6.12).

The wetlands were constructed in stages throughout 1994 and 1995 in Connell,
Washington. Connell is located centrally in the Colombia Basin, which is an arid agricultural
area sustained by irrigation water from the Colombia River. All wetlands were lined with
1.0 mm (40 mil) HDPF liner impregnated with carbon black for UV resistance. All free water
surface wetlands had 20—30 cm (8—12 in.) of native soil placed on the liners as soil for Typha
sp. and 2 spaces of Scirpus sp.

The wetlands system is designed to treat an annual average flow of 1.4 mgd (approx.
5300 m® /day) of wastewater with an annual average concentration of 3150 mg/L COD,
575 mg/L TSS, 149 mg/L TKN, and 30 ml/L NH,4-N. The winter design temperature was 1°C,
with the consideration that the flow to the engineered natural system was lower in the winter
season, due to operational difficulties in the water supply system.

Regarding the operational results of the integrated natural system, there were excellent
reductions of TSS and COD, while organic nitrogen was effectively mineralized. TKN was
reduced by about two-thirds, which is the requisite amount for balancing irrigation and nitrogen
supply to the crop [15].

The net COD removal through the system was greater than 90% all year round. The
W1/W2 wetlands removed about 85-90% of the COD, and 80-90% of the TSS. The average
COD loading to the W1/W2 was 0.5 kg/m’/day (31 1b/1000 ft’/day) and 0.3 kg/m?/day
(18 1b/1000 ft*/day) for the summer and winter, respectively. This loading rate is similar to the
low rate covered anaerobic lagoons used for COD reduction in food processing. The effluent
concentrations from the wetlands are lower in COD and TSS than from equivalently loaded
covered anaerobic lagoons [35,36].

The effluent TSS from W1/W2 wetlands is consistently less than 75 mg/L. The W1/W2
wetland plants have proven to be very effective in solids removal. The TSS concentration
increases in the lagoon due to algae growth.

In terms of nitrogen removal, the treatment objective of the system is a 53% reduction
in total nitrogen (TN). The wastewater application permit requires an annual nitrogen load
of 500 kg/ha/year on 213 hectares of land used to grow alfalfa and other fodder crops. The
results related to TN removal indicate that the wetlands operate better than design
expectation.

With regard to organic carbon, the potato water mineralizes very rapidly so that >60% of
the organic carbon was mineralized to NH4-N prior to entering the wetlands. This mineralization
continued in the W1/W2 wetlands so that <15 mg/L organic nitrogen remained.

© 2006 by Taylor & Francis Group, LLC



Downloaded by [Universidade de Sao Paulo (USP) (CRUESP)] at 13:27 16 August 2016

226 Hung et al.

More than 60% of the TN entering the W1/W?2 wetlands was in the form of NH4-N, and
10-20% of the NH, was removed from the W1/W?2. The pH in the W1/W2 was always >7.0
and may have contributed to volatilization of NH4-N. The NH4-N removal through the vertical
flow wetlands averages 85% during the summer and 30—50% during the winter.

Removal of nitrate and nitrite is critical for compliance with TN removal goals in order to
minimize the amount of oxidized N applied in land. Reduction of COD or BOD is often viewed
as a prerequisite to establishment of nitrifying conditions [37]. Dissolved oxygen is slightly
higher in the winter, but most of the system is anoxic except for the vertical flow component.
Alkalinity is sufficient to support nitrification (ca. 1000 mg/L) [15]. The majority of the
denitrification occurred in the W4 wetlands. Endogenous carbon in the W4 wetland was
inadequate to support significant denitrification. Addition of raw potato water allows >90%
denitrification, but also resulted in increased effluent NH4-N concentrations. Approximately 5—7
NO;3-N were removed for each NH4-N added.

Regarding the problem of odor, which generates from the decomposition of potato
products, the strongest odors arose from the death of a large population of purple sulfur bacteria
in the W1/W2 wetlands and the resulting sulfides >40 mg/L.

The integrated natural system is effective in reducing sulfate concentrations, from about
40 mg/L to 10 mg/L, in wetland W1. Because W1 is devoid of oxygen, sulfate has been reduced
to sulfides or sulfur, including the possibility of hydrogen sulfide formation. The effluent of the
treatment system has no serious odors. The final product is high-quality water with available
nutrients and no odor problem during land application.

In comparing this integrated natural system with other treatment wetlands for treating food
processing wastewaters, such as meat processing waters, it may be concluded that potato
processing water is comparable to meat processing effluents in treatability [15]. Furthermore,
it has been demonstrated that the use of this full-scale engineered natural system is a cost-
effective treatment alternative for high-strength industrial wastewater. Continued research and
development in operations and design of the full-scale system have resulted in better per-
formance than that of the original design.

Activated Sludge Processes. In these processes, the preclarified wastewater is discharged
into aeration basins/tanks, where atmospheric oxygen is diffused by releasing compressed air
into the wastewater or by mechanical surface aerators. Soluble and insoluble organics are then
removed from the wastewater stream and converted into a flocculent microbial suspension,
which is readily settleable in sedimentation basins, thus providing highly treated effluent.

There is a number of different variants of activated sludge processes such as plug-flow,
complete mixing, step aeration, extended aeration, contact stabilization, and aerobic sequential
reactors. However, all operate essentially in the same way. These variants are the result of unit
arrangement and methods of introducing air and waste into the aeration basin and they have, to a
large extent, been modified or developed according to particular circumstances.

For the treatment of food and vegetable industrial wastewater, the common activated
sludge methods are shown in Figure 6.13.

With regard to potato wastewater treatment, the first full-scale activated sludge system was
applied in the United States toward the end of the 1970s, by the R.T. French Company for
treating their potato division wastewaters in Shelley, Idaho. Thereafter, many other potato
processors installed biological treatment systems, most of which were activated sludge processes
(Table 6.7).

Hung and his collaborators have conducted extensive research in various treatment
processes for potato wastewater [10,16,17,20,38—41]. These included activated sludge pro-
cesses with and without addition of powdered activated carbon, a two-stage treatment system of
an activated sludge process followed by biological activated carbon columns, a two-stage
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Figure 6.13 Flow sheets of activated sludge processes.

treatment system of an anaerobic filter followed by an activated sludge process, anaerobic
digestion, and bioaugmentation process in which bacterial culture products were added to the
activated sludge and anaerobic filter processes, and activated carbon adsorption process. In a
laboratory study activated sludge treatment removed 86—96% of COD from primary settled
potato wastewaters with 2500 mg/L. COD and 500 mg/L TSS. Activated sludge followed by
activated carbon adsorption removed 97% COD from primary settled wastewaters with a final
effluent COD of 24 mg/L [17]. The hydraulic detention time in the aeration tank was 6.34 hours
and in the sludge was 20 days.

A comparison study for potato wastewater treatment was conducted for a single-stage
treatment system activated sludge reactor with and without addition of powdered activated
carbon (PAC) and a two-stage treatment system using activated sludge followed by the
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Table 6.7 Data of Various Full-Scale Secondary Treatment Designs (Source: Refs. 11 and 12)

Treatment
process Type of Volumetric BOD
and process process organic Detention removal
modification water loading time (%) Remarks
Complete Dry caustic  32-39 1b/ 2 days 73 Sludge
mixing peel (1000 ft*.day) bulking
activated
sludge
Complete Lye peel 28-841b/ 1-2 days 70-90 Removal
mixing (1000 ft*.day) varies
activated with sludge
sludge bulking
Complete Lye peel 60-1801b/ 14 hours 87 Sludge bulking
mixing (1000 ft*.day) will reduce
activated removal
sludge
Multiple Lye peel 3-61b/ 16-20 days in 98 Algal blooms
aerated (1000 ft*.day) aerated will
lagoons in aerated lagoons reduce
lagoons 105 days in removal
aerobic
lagoons
Anaerobic pond  Lye peel 25-801b/ 1 day 95 Sludge bulking
and lye peel (1000 ft*.day) will reduce
activated to activated removal
sludge sludge
Activated sludge Lye peel 60—1501b/ 14 hours in 99 Sludge bulking
and lye peel (1000 ft>.day) aerated and algal
aerated in aeration basin blooms will
lagoons basin reduce
removal
551b/ac in 52 days in
aerated aerated
lagoons lagoon
8.51b/ac in 60 days in
aerobic aerobic
lagoons lagoon

Note: 1b/(1000 ft*/day) = 0.016 kg/(m>/day). Excess sludge: 0.2—0.51b/lb COD removed at about 2.0% solid
concentration.

biological activated carbon (BAC) column [10,41]. The primary settled wastewater contained
2668-3309 mg/L COD. Results indicated that 92% of COD was removed in the non-PAC
activated sludge reactors, while 96% COD was removed in the PAC activated sludge reactors.
For the non-PAC activated sludge process, increasing hydraulic detention time in the aeration
tank from 8-32 hours reduced effluent COD from 304 to 132 mg/L. With the addition of
powdered activated carbon in the activated sludge tank, effluent COD was further improved to
78 mg/L at a hydraulic detention time of 32 hours. The BAC column removed 85% from
activated sludge reactor effluents with a final effluent COD of 34 mg/L.
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Bioaugmentation processes with addition of bacterial culture product have been used to
improve the removal efficiency of organic pollutants and to reduce the amount of sludge in
municipal wastewater treatment systems, particularly in activated sludge treatment processes.
Three different systems, namely, extended aeration, aerated lagoon, and oxidation ditch have
been used. In all three cases, bioaugmentation improved sludge settleability and BOD and COD
removal efficiency [42].

Bioaugmentation with addition of bacterial culture product LLMO (live liquid micro-
organisms) to the activated sludge reactor was investigated for treatment of potato wastewater
[38]. Influent with 2381 mg/L COD was decreased to 200 mg/L in the bioaugmented activated
sludge reactor and to 236 mg/L in the nonbioaugmented activated sludge reactor. The
bioaugmented reactor can operate at a higher F/M ratio and a lower MLVSS level than the
nonbioaugmented reactor and achieves a better COD removal efficiency. Effect of types of
bacterial culture product addition to the activated sludge reactors on reactor performance have
been studied [39]. Types of LLMO used included S1, G1, E1, N1, and New 1 LLMO. S1 LLMO
was found to be the most effective, and removed 98% TOC (total organic carbon) and reduced
67% VSS (volatile suspended solids). The effect of bioaugmentation on the treatment
performance of a two-stage treatment system using an anaerobic filter followed by an activated
sludge process for treating combined potato and sugar wastewater was investigated [40]. The
combined wastewater had 435 mg/L TOC. The bioaugmented two-stage treatment system had a
better TOC removal efficiency and at a shorter hydraulic detention time of the aeration tank than
the nonbioaugmented treatment system. The final effluent TOC was 75 mg/L and 89 mg/L at a
hydraulic detention time of aeration tank of 12 hours and 24 hours for the bioaugmented and
nonbioaugmented treatment systems, respectively.

Research on the treatment of potato processing wastewater showed that the major
disadvantages of full-scale aerobic treatment are high power consumption, the large amount of
sludge needing handling, and maintenance, in addition to the costs of sludge dewatering and
sludge disposal (dumping and incineration), increasing substantially over the years. As a result,
most potato processing companies have turned to the use of anaerobic treatment with various
type of reactors followed by aerobic treatment.

Design Example 3. Continuing design example 2, a municipal extended aerobic
activated sludge plant receives potato processing wastewater and has a combined BOD5 of
450 mg/L. The return sludge has a concentration of 7000 mg/L from the secondary clarifier.
Determine the required recycle ratio to the activated sludge reactor with an organic loading of
0.10 g BOD/g VSS, in order to produce an effluent meeting national discharge limits.

Solution: The organic loading (OL) can be expressed by:

08,
B QRer

where Q is the flow, S, the influent BOD, Qg the recycle flow, and X, the volatile suspended
solids concentration in the recirculation line expressed in g VSS/L.

Assuming 85% VSS for the recirculation, X, = 0.85, X; = 0.85 x 7000 = 5950 mg
VSS/L = 5.95 g VSS/L. The required recycle ratio can be calculated from Eq. (6.1).

OL

—=0.10g BOD/g VSS (6.1)

oS, 450 mg BOD/L x QO

Or = 5L X, ~ 100mg BOD/g VSS x 5.95 g VSS/L

= 0.7560
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Design Example 4. A municipal conventional activated sludge treatment plant is
planning to receive the potato processing wastewater given in design example 2, without
pretreatment (in an aerobic lagoon). Determine what changes need to be made in the processing
conditions of the plant to avoid filamentous bulking. Assume: 7 = 20°C, ' = 0.55, b’ = 0.15/
day, X = 0.6, N, = 1.5 1b O,/ (hp.hour).

For the potato processing wastewater (example 2): BOD concentration = 2400 mg/L,
Flow = 1150 gal/ton x 150 ton/day = 172,500 gal/day or = 4.35 m*/ton x 150 ton/day =
652.5 m®/day.

Solution: The municipal activated sludge treatment plant before potato processing
discharge has the following characteristics: QOper = 2.5 MG/day (9450 m’ /day), Sint. =
300 mg/L, S.=10mg/L, S;, =300 — 10=290mg/L, #, = 6 hours = 0.25day, X,, =
3000 mg/L, (F/M) = 0.3/day.

The dissolved oxygen required can be taken from reference (International water pollution
control, Figs. 6.6-6.15): DO, = 1.7 mg/L. The oxygen needed can be calculated by equation:

Orp = (@'Sep + b’ XXy ptp)Ob
= (0.55 x 290 + 0.15 x 0.60 x 3000 x 0.25)mg/L
x 2.5MGD x 8.34(1b/MG)/(mg/L)
= 2733 1b/day (1241 kg/day)
= 113.91b/hour (51.71 kg/hour)

The power requirement is:

113.91b/hour

b= Oro/No 1.51b/(hp.hour)

=76 HP (57kW)

After the potato industry discharge in the municipal activated sludge plant, the following will
apply. Assume for the MLVSS, the value X, , = 4000 mg/L.

Oafter = Qvefore + Qind = 2.5+0.1725 = 2.6725 MG/day (mS/daY)

A ObSintb + OinaSind
inf.a —
Qa

(2.5 % 300) + (0.1725 x 2400)
- 2.6725

= 43,505 mg/L

The BOD removed will be:
Sra =435.5 —10 =425.5mg/L
The new retention time will be:

Oy
t,=t— =0.25d
2 =My 36725

= 0.234 day

The new F/M ratio can be computed using the equation:

Sinf.a 435.5

F/M), = =
(F/M), Xya-ta 4000 x 0.234

= 0.465 day
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From the reference mentioned above, the dissolved oxygen required is: DO, = 3.6 mg/L.
Assuming the same values for @/, b' and X, the oxygen required can be computed:
Ogr.a = (0.55 x 425.5 + 0.15 x 0.60 x 4000 x 0.234) mg/L
x 2.6725 MGD x 8.34 (Ib/MG)/(mg/L)
=7093.71b/day (3220.5kg/day)
= 295.61b/hour (134.2kg/hour)

The oxygen saturation at 20°C is: C; = 9.2 mg/L. The new N,:

(Gs—D0O,) 15160y 9.2-3.6

N.=N _
@ = (€.~ DOy~ (hp.hour) 92— 1.7

= 1.121b/(hp.hour) (0.68 kg/kW .hour)
The power required is:

295.61b/hour
HP, = Oga/Ny = ————> """ _ 264 HP (197 kW
a = Ora/Na 1.121b/(hp.hour) ( )

The additional power required is:
HPyq = HP, — HP, = 264 — 76 = 188 HP (140kW)

Remark: To avoid the filamentous bulking in the conventional activated sludge plant, the
following modifications are needed:

e increasing the MLVSS from 3000 to 4000 mg/L;
e increasing the power required from 76 HP (57 kW) to 264 HP (197 kW), in addition to
the necessity to control the bulking.

Rotating Biological Contactors. The rotating biological contactor (RBC) is an aerobic
fixed-film biological treatment process. Media in the form of large, flat discs mounted on a
horizontal shaft are rotated through specially contoured tanks in which wastewater flows on a
continuous basis. The media consist of plastic sheets ranging from 2 to 4 m in diameter and up to
10 mm thick. Spacing between the flat discs is approximately 30—40 mm. Each shaft, full of
medium, along with its tanks and rotating device, forms a reactor module. Several modules may
be arranged in parallel and/or in series to meet the flow and treatment requirements (Fig. 6.14).
The contactor or disc is slowly rotated by power supplied to the shaft, with about 40% of the
surface area submerged in wastewater in the reactor.

A layer of 1-4 mm of slime biomass is developed on the media (equivalent to 2500—
10,000 mg/L in a mixed system) [24], according to the wastewater strength and the rotational
speed of the disc. The discs, which develop a slime layer over the entire wetted surface, rotate
through the wastewater and contact the biomass with the organic matter in the waste stream and
then with the atmosphere for absorption of oxygen. Excess biomass on the media is stripped off
by rotational shear forces, and the stripped solids are held in suspension with the wastewater by
the mixing action of the discs. The sloughed solids (excess biomass) are carried with the effluent
to a clarifier, where they are settled and separated from the treated wastewater.

The RBC system is a relatively new process for wastewater treatment; thus full-scale
applications are not widespread. This process appears to be well suited to both the treatment of
industrial and municipal wastewater. In the treatment of industrial wastewaters with high BOD
levels or low reactivity, more than four stages may be desirable. For high-strength wastewaters,
the first stage can be enlarged to maintain aerobic conditions. An intermediate clarifier may be
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Figure 6.14 Rotating biological contactor system. (a) Flow-sheet of typical staged rotating biological
contactors (RBCs). (b) Schematic diagram of the RBCs.

employed where high solids are generated to avoid anaerobic conditions in the contactor basins.
Currently used media consist of high-density polyethylene with a specific surface of 37 ft* / ft®
(121 mz/m3). One module or unit, 17 ft (3.7 m) in diameter by 25 ft (7.6 m) long, contains
approximately 10,000 m” of surface area for biofilm growth. This large amount of biomass
permits a short contact time, maintains a stable system under variable loading, and should
produce an effluent meeting secondary-treatment limits or standards.

Recirculating effluent through the reactor is not necessary. The sloughed solids (biomass)
are relatively dense and settle well in the secondary clarifier. Low power requirement and simple
operating procedure are additional advantages. A 40-kW motor is sufficient to turn the
3.7 x 7.6 m unit previously described [43]. Therefore, it can be clearly realized that the RBC
can be applied successfully for treatment of potato processing effluents, in particular for values
of BODs and COD concentrations not exceeding, in the main, 5000 to 6000 mg/L in the
wastewater stream. Depending on these properties, the data taken from case studies for treating
contaminated wastewater with BODs and COD concentrations close to those found in
wastewater from potato processing, can be of much benefit. These data are based on the
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experience published by USEPA [44]. Table 6.8 summarizes the experience represented in
design criteria and performance of the applied RBC for treating landfill leachate, which can be
successfully applied to the potato processing industry within the range of pollutant con-
centrations mentioned above. However, an optimum design can be achieved by a pilot-plant
study of the RBC.

Design Example 5. Design a rotating biological contactor (RBC). Determine the surface
area required for an RBC system to treat preclarified potato processing wastewater with a flow of
150,000 gal /day (567 m®/day) and BOD concentration of 4000 mg/L, with a maximum system
effluent of 20 mg BOD/L. Minimum temperature is expected to be 32°C (90°F). The selected
plastic medium is manufactured in 8 m shaft lengths, with each shaft containing 1.2 x 10* m® of
surface area.

Solution: RBC performance:

4000 — 20
—_— 1 = . 0
2000 x 100 =99.5%

No temperature correction in loading is needed, because the wastewater temperature is >55°F
(13°C). Based on the hydraulic surface loading, the selected design value of Table 6.8 is:
Hydraulic loading rate = 1.2 gal/ft*/day (49 L/m?/day).

Table 6.8 Design Criteria and Performance of Rotating Biological Contactors [44]

Parameter Range

(a) Design criteria

MLSS (mg/L) 3000-4000
MLVSS (mg/L) 1500-3000
F/M (Ib BOD/Ib MLVSS/day) 0.05-0.3
Maximum BOD volumetric 15-60
loading
(Ib BOD/1000 ft* /day)
Maximum BOD surface loading 0.05-0.7 (4—8 g BODs/m?/day according to
(Ib BOD/1000 ft? /day) German experience)
Number of stages per train 1-4
Hydraulic surface loading 0.3-1.5
(gal /day/ft%)
HRT (days) 1.5-10
Compound Influent (mg/L) Removal (%)
(b) Performance
SCOD 800-5200 55-99
SBODs 100-2700 95-99
TBODs 3000 99+
TOC 2100 99
DOC 300-2000 63-99
NH4-N 100 80-99

Remark: These design and performance data are based on results of different references including EPA publications that
handle landfill leachate treatment.
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Disc area is calculated directly in a simple form:

150,000 gal/d
- M — 125,000 ft2
1.2 gal/ft*/day
567 m3/day 5 4 2
= MY 11,600m® = 1.16 x 10
0.049 m3/m?/day m wm

Based on the organic surface loading, normally adopted in Germany, the selected design value of
Table 6.8 is: Organic loading rate = 4 g BOD/m? day.

567 m3/day x 4000 mg/L
1000

Influent BOD loading = = 2268 kg/day

Disc area is:

, 2268kg BOD/day 1000 g

= = 567,000 m* = 5.67 x 10° m>
d 4g/m?/day . lkg m xwm

In comparing A4 and A, it is clear that the required disc area will be:

Al =567 x 10°

5.67 x 10° m?
Modules number = 12 x 10° m2/Module = 47 Modules

On average, 50 modules are required for the first stage of wastewater treatment.
For potato industrial wastewater, a minimum of four stages (200 modules) in series will be
required. These can be placed in two lines, each line to contain four stages.

Anaerobic Treatment Systems. With more than 1800 plants worldwide using different
applications (food processing, chemical industry, pulp and paper industry), anaerobic treatment
has gained widespread use as a reliable and efficient means for reduction of COD [45]. Of
all anaerobic processes, those technologies based on high-rate, compact, granular biomass
technology, such as upflow anaerobic sludge blanket (UASB) and expended granular sludge bed
(EGSB), have a leading position (more than 750 plants) [14].

A large number of analyses have been carried out since 1958, when the first full-scale
anaerobic wastewater treatment plants were introduced. In Germany alone there are currently
125 methane reactors treating industrial wastewater. Forty-three plants are working with a
contact process, 38 plants run sludge blanket reactors, and 33 plants work with fixed-film
methane reactors. The other 11 plants have completely stirred tank reactors (CSTR), self-made
contribution, hybrid reactors, or other unnamed reactor types [13].

Table 6.9 gives an overview of the typical problems and solutions in various food and
beverage industries, including potato processing and potato starch industries, for all kinds of
anaerobic reactor systems. This experience gathered by German researchers reveals that each
industry has its own specific problems. Therefore, specific investigations should be undertaken
to find the relevant solutions. Furthermore, these data show that it is possible to treat several
different industrial wastewaters together in one plant, which is particularly beneficial for small
factories, especially in the food industry [13].

Batch mesophilic anaerobic digestion processes for potato wastewater treatment have
been conducted [16]. After 33 days of anaerobic digestion at a reactor pH of 6.5-7.3 and at a
temperature of 22°C the batch treatment process removed 84, 82, and 90% COD from potato
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Table 6.9 Several Food and Beverage Industries with Their Special Problems and Solutions
(Source: Ref. 13)

Industry Special problem Solution
Potato processing industry Solids Sieve, acidification tank, EGSB
methane reactor
Potato and wheat starch industry Precipitation of MAP pH regulation
(magnesium ammonium
phosphate)
Beet sugar factories Lime precipitation Cyclone
pH lower than 5 in the Lowering the pH in the circuit
pond system system
Pectin factories High nitrate concentrations Denitrification stage before
over 1000 mg NO3-N/L methane reactor
Breweries Considerable pH variations Equalizing tanks, pH regulation
Kieselguhr contents Treatment together with
municipal sludge
Aluminum precipitation in Settling tank
the acidification stage
Distilleries (alcohol production Discontinuous production Equalizing tanks and pH
from molasses slops) regulation
Anaerobic pretreatment of Different small factories Anaerobic pretreatment of the
wastewater from different with high loaded wastewater mixture of a
industries in one plant wastewater and brewery, two vegetable, and
campaign processing one fish processing factory at
the municipal sewage treatment
plant
Anaerobic/aerobic treatment Carbon : nitrogen relation Bypassing the anaerobic stage,
bulking sludge pretreatment

Source: Ref. 13.

juice, mashed potato, and potato starch wastewater, respectively. Hydrolysis played an
important role in the anaerobic digestion process by converting the particulate substrate in the
mashed potato and potato starch wastewaters to soluble substrate, which was subsequently
utilized by anaerobes for production of organic acids and methane production.

Based on the wastewater composition (average data of settled samples: COD 4000 mg/L;
total N 120 mg/L; total P 60 mg/L), wastewater from the potato processing industry is very well
suited for anaerobic treatment. Accordingly, there are over 50 anaerobic plants in this sector of
the industry worldwide, the majority of which consist of UASB reactors. More recently, the
EGSB process (high-performance UASB), developed from the UASB, has been implemented. In
the potato processing industry, several UASB plants have been built by Biothane Systems Inc.
and its worldwide partners for customers such as McCain Foods (French fries) and Pepsico
(potato crisps). Recently, other Biothane UASB plants have joined the Pepsico network, such
as Greece (Tasty Foods, Athens), Turkey (Ozay Gida, Istanbul) and Poland (E. Wedel,
Warsaw) [14].

An important prerequisite is that the influent to the UASB reactor must be virtually free of
suspended solids, since the solids would displace the active pellet sludge in the system. The
newly developed EGSB reactors are operated with a higher upflow velocity, which causes a
partial washout of the suspended solids [14]. EGSB technology is capable of handling
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wastewater of fairly low temperatures and considerable fluctuations in COD composition and
load throughout the year.

A description of the first large-scale EGSB (Biobed reactor) in Germany will be presented
in case studies to follow.

Comparison Between Biothane UASB Reactors and Biobed EGSB Reactors [14]. The
UASB technology (Fig. 6.15) and the EGSB technology (Fig. 6.16) both make use of granular
anaerobic biomass. The processes have the same operation principles, but differ in terms of
geometry, process parameters, and construction materials.

In both processes, wastewater is fed into the bottom of the reactor through a specially
designed influent distribution system. The water flows through a sludge bed consisting of
anaerobic bacteria, which develop into a granular form. The excellent settleability (60—80 m/
hour) of these anaerobic granules enables high concentrations of biomass in a small reactor
volume. The granules do not contain an organic carrier material, such as sand or basalt.

In the sludge bed, the conversion from COD to biogas takes place. In both reactor types,
the mixture of sludge, biogas, and water is separated into three phases by means of a specially
designed three-phase, separator (or settler) at the top of the reactor. The purified effluent leaves
the reactor via effluent laundries, biogas is collected at the top, and sludge settles back into the
active volume of the reactor.

One of the most important design parameters for both types of reactors is the maximum
allowable superficial upflow liquid velocity in the settler. Upflow velocities in excess of this
maximum design value result in granular sludge being washed out of the reactor. The Biobed
EGSB settler allows a substantially higher upstream velocity (10 m/hour) than the Biothane
UASB settler (1.0 m/hour).

Effluent >

< Biogas

Settler
s A N/ ] 1. Sludge/biomass inlet
2. Gas baffle plates
¢ 2 2 L 3. Return settled sludge
[ ] .
. 3 W 3 ..
2 \
AYYPRIS
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!_Lv

I
y -i; i

Influent

Figure 6.15 A cross-section of the Biothane UASB reactor (from Ref. 14).
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Figure 6.16 A cross-section of the Biogas EGSB reactor (from Ref. 14).

Another important design parameter is the maximum COD load allowed. The Biobed
EGSB process operates under substantial higher COD loads (30 kg/ m3/ day) than the Biothane
UASB process (10 kg/m?/day). The result of this is that for a given COD load, the Biobed EGSB
reactor volume is smaller than for a Biothane UASB reactor. Biothane UASB reactors are
typically rectangular or square, with an average height of 6.0 m and are usually constructed of
concrete. Biobed EGSB reactors have a substantially smaller footprint. These high and narrow
tanks are built in FRP (fiber glass reinforced plastic) or stainless steel and have a typical height
of 12— 18 m. The height of the granular sludge bed in the Biothane UASB reactor varies between
1 and 2 m and in the Biobed EGSB between 7 and 14 m. A Biobed EGSB reactor is normally
built as a completely closed reactor resulting in a system with zero odor emission. Additionally,
a Biobed EGSB reactor can be operated under overpressure, thereby making any use of gas-
holders and biogas compressors redundant. The general differences between the processes are
shown in Table 6.10.

Wastewater in the potato processing industry contains substantial amounts of suspended
solids. The Biothane UASB process is characterized by longer hydraulic retention times than the
Biobed EGSB process. As a consequence, use of the Biothane UASB process results in a greater
removal of suspended solids and, therefore, higher overall COD removal efficiencies. The
Biobed EGSB process has been designed mainly for removal of soluble COD. Therefore, the use
of Biobed EGSB in the potato processing industry is emphasized for those applications where
the anaerobic effluent will be discharged to a sewer or to a final aerobic post-treatment.

Thermophilic UASB Reactors. In general, hot wastewater streams discharge from food
industries including vegetable processing. These streams are generated from high temperature
unit operations and are highly concentrated due to enhanced dissolution of organic material at
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Table 6.10 Comparison of the Main Characteristic Parameters of Biothane UASB and
Biobed EGSB (Source: Ref. 14)

Parameter Unit Biothane UASB Biobed EGSB
Load kg COD/m?/day 10 30
Height m 5.5-6.5 12-18
Toxic +/- ++
Components

Viiquia settler m/hour 1.0 10
Viiquia Teactor m/hour <1.0 <6.0

V gas TEACtOT m/hour <1.0 <7.0

Source: Ref. 14.

elevated temperatures. Anaerobic treatment, especially the thermophilic process, offers an
attractive alternative for the treatment of high-strength, hot wastewater streams [46].

In the thermophilic process, the most obvious benefits compared with the mesophilic
anaerobic process involve increased loading rate and the elimination of cooling before
treatment. Furthermore, the heat of the wastewater could be exploited for post-treatment, which,
for example, if realized and mixed with sewage water could assist in obtaining nitrification with
a normally low sewage temperature (less than 10°C) [46].

Loading rates of up to 80 kg COD/ m’ /day and more have been reached in laboratory-
scale thermophilic reactors treating volatile fatty acids (VFA) and glucose [47,48], acetate and
sucrose [49,50] and thermomechanical pulping white water [51].

As mentioned before, during the past half century, anaerobic treatment of food processing
wastewaters has been widely studied and applied using mesophilic processes. In many cases,
compared with single aerobic treatment, anaerobic treatment of food industry wastewaters is
economical due to decreased excess sludge generation, decreased aeration requirement, compact
installation, and methane energy generation. Thermophilic anaerobic treatment of food industry
wastewaters, such as vinasse [52] and beer brewing [53] wastewaters, has been studied on
laboratory and pilot scales.

The removal efficiencies of pollutants in these thermophilic reactors have been found to be
very satisfactory. For example, in UASB reactors treating brewery wastewater and volatile fatty
acids (VFA) at 55°C with loading rates of 20—40 kg COD/ m’ /day, the COD removals reached
over 80% in 50—60 days.

Thermophilic anaerobic processes have been used for the treatment of high solids content in
vegetable waste (slop) from distillery [24-29 kg total solids (TS)/ m’ 1 [54] and potato sludge [42 kg
suspended solids (SS)/ m®] [55]. This technology has also been applied on a laboratory scale for the
treatment of vegetable processing wastewaters in UASB reactors at 55°C, where the wastewater
streams result from steam peeling and blanching of different processed vegetables (carrot, potato,
and swede) [46]. For further information about this application, refer to the case studies.

Case Studies

Case Study 1. This study examines the first EGSB operating in a German potato
processing factory [13]. A wastewater flow of 1700 m> /day passed through a screen and a fat
separator into a 3518 m® balancing tank (weekly balance 30% constant retention) that also
served as an acidification tank. Owing to the high retention time, it may be assumed that a nearly
complete acidification took place, between 40 and 50% related to filtered COD. The methane
reactor had a height of 14 m with a water volume of 750 m>. The feeding of the reactor occurred
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at a constant rate from a conditioning tank (pump storage reservoir), where the recirculation flow
mixed with the influent and the pH was adjusted to 6.6, using sodium hydroxide. The effluent
from the methane reactor passed through a lamella separator for the removal of solids, which
could also be placed between the acidification and methane reactor. The anaerobically treated
wastewater was fed into the municipal wastewater treatment plant.

With an average filtered COD of 3500 mg/L in the influent, the efficiency of the anaerobic
treatment was 70—85%, resulting in a biogas production with about 80% methane content. The
concentration of filterable solids in the influent fluctuated between 500 and 2500 mg/L.
According to operational experience in this anaerobic system, these values have not caused any
considerable deterioration of the pellet sludge structure during operation.

Case Study II. This study addresses the anaerobic treatment of wastewater from the
potato processing industry. A Biothane UASB reactor and Biobed EGSB reactor were installed
at two different potato processing facilities in the Netherlands [14]. The first example is Smiths
Food, which produces potato chips. They chose the Biothane UASB anaerobic treatment process
for bulk COD removal from their wastewater and aerobic final treatment to meet the discharge
limits. Figure 6.17 shows the flow scheme of this process. Coarse solids are removed in a
parabolic screen (mesh size 1 mm). After this screen, the water enters a preclarifier designed at a
surface load of 1 m/hour for removal of suspended solids and residual fat, oil, and grease. The
settled solids are dewatered in a decanter and the water flows by gravity into a buffer tank of
400 m®. From the buffer tank, the water is pumped to a conditioning tank for pH and temperature
correction. Conversion of COD takes place in the Biothane UASB reactor. The total anaerobic
plant has a COD removal efficiency of approximately 80%. The remaining COD and kjeldahl
nitrogen is removed in the aerobic post-treatment.

The final COD concentration is less than 100 mg/L and the K;-N concentration is less than
10 m/L. The final effluent is discharged to the municipal sewer. The performance of the
combined UASB anaerobic-carousel aerobic wastewater treatment plant of Smiths Food is
specified in Table 6.11.

The second example is Peka Kroef, which produces potato and vegetable-based half
products for the salad industry in Europe. Owing to the specific characteristics of the resulting
wastewater (low temperature, COD load fluctuations, COD composition fluctuations, high
suspended solids concentration) an alternative for the conventional UASB, the EGSB
technology, was tested. Extensive laboratory research showed good results with this type of
anaerobic treatment at temperatures of 20—-25°C.

Figure 6.18 shows the flow scheme of the EGSB process at Peka Kroef. The wastewaters
from the potato and the vegetable processing plants follow similar but separate treatment lines.
Coarse solids are removed in parabolic screens and most of the suspended solids in a preclarifier.
The settled solids are dewatered in a decanter and the overflow is fed into a buffer tank of
1000 m*>. The anaerobic plant consists of two identical streets, giving Peka Kroef a high degree
of operational flexibility. From the buffer tank the water is pumped to the conditioning tanks
where the pH of the wastewater is controlled. Wastewater is then pumped to the Biobed EGSB
reactors where the COD conversion takes place. The conditioning tanks and the anaerobic
reactors operate under 100 mbar pressure and are made from FRP. It is possible to operate
without a gasholder or a compressor. In addition, the EGSB reactor guarantees operating under a
“zero odor emission” and supports the aerobic post-treatment in order to increase nitrogen and
phosphorus removal for final discharge to the sewer. Initial results of this Biobed reactor in the
potato processing industry are very promising.

Case Study III. In this study, vegetable processing wastewaters were subjected to
thermophilic treatment in UASB reactors at 55°C [46]. The high-strength wastewater streams,
coming from steam peeling and balancing of carrot, potato, and swede were used. The
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Figure 6.17 Schematic representation of the pretreatment stage and anaerobic treatment stage at Smiths Food (from Ref. 14).

© 2006 by Taylor & Francis Group, LLC

ove

‘e 1@ Buny


http://www.crcnetbase.com/action/showImage?doi=10.1201/9781420037128.ch6&iName=master.img-016.png&w=545&h=324

Downloaded by [Universidade de Sao Paulo (USP) (CRUESP)] at 13:27 16 August 2016

Potato Wastewater Treatment 241

Table 6.11 Performance Data of Wastewater Treatment Plant at Smiths
Food (Source: Ref. 14)

Parameter Unit Value Efficiency

Influent (data after primary clarifier)

Flow m®/day 517
t-COD mg/L 4566
s-COD mg/L 2770
SS mg/L 890

Anaerobic effluent
t-COD mg/L 926 80%
s-COD mg/L 266 90%
SS mg/L 600
TKN mg/L 196

Aerobic (final) effluent
t-COD mg/L 165 96%
s-COD mg/L 60 98%
BOD mg/L 17
SS mg/L 82
TKN mg/L 4

Source: Ref. 14.

wastewater characteristics are summarized in Table 6.12. Carbohydrates contributed 50—60% of
the COD in different wastewaters.

The reactors were inoculated with mesophilic granular sludge. Stable thermophilic
methanogenesis with about 60% COD removal was reached within 28 days. During the 134
day study period, the loading rate was increased up to 24 kg COD/m3/day. High treatment
efficiency of more than 90% COD removal and concomitant methane production of
7.3 m® CH,/m?/day were achieved.

The highest specific methanogenic activity (SMA) reported in this study was 1.5 g CHy-
COD/g VSS/day, while SMA; of 2.0 and 2.1 g COD/g VSS/day have been reported with
sludge from 55°C UASB reactors treating other food industry wastewaters [52,53].

Key points of interest that can be drawn from this case study are as follows:

e The results support the previous finding that 55°C UASB reactors can be started with
mesophilic granular sludge as inoculum.

e The anaerobic process performance was not affected by the changes in the wastewater
due to the different processing vegetables.

o The achieved loading rates and COD removals demonstrated that the thermophilic
high-rate anaerobic process is a feasible method to treat hot and concentrated
wastewaters from vegetable processing.

Design Example 6. Design an anaerobic process reactor to achieve 85% removal of COD
from a preclarified wastewater flow 360 m> /day (95,100 gal/day) resulting from a potato
factory, depending on the steam peeling method, where total influent COD = 5000 mg/L, COD
to be removed = 85%, pH = 6.2, and temperature = 30°C. The anaerobic process parameters
are: sludge age (SRT) = 20 days (minimum), temperature = 35°C, a = 0.14 mg VSS/mg COD,
b =0.021 mg VSS/(mg VSS/day), K = 0.0006 L/(mg VSS/day), X, = 5500 mg/L.
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Table 6.12 Characteristics of Vegetable Processing Wastewaters after Removing Solids Through
Settling and Drum

Total COD (g/L) Soluble COD (g/L)
Raw

Unit material Average Range Average Range
Steam peeling Carrot 19.4 17.4-23.6 17.8 15.1-22.6
Potato 274 13.7-32.6 14.2 11.7-17.5
Blanching Carrot 45.0 26.3-71.4 37.6 22.1-45.8
Potato 39.6 17.0-79.1 31.3 10.9-60.6
Swede 49.8 40.5-59.1 494 40.5-58.3

Source: Ref. 46.

Solution: Prior to anaerobic treatment of potato processing wastewater, it is important to
provide favorable conditions for the anaerobic process through equalization and neutralization
of the influent. Because the preclarified wastewater is almost neutral, there is no need for
neutralization, and accordingly no need for correction of pH and temperature. Buffering of the
wastewater is necessary here, to guarantee constant or near-constant flow. Total daily flow
(average) = 360 m* /day. Flow (average after buffering) = 15 m’ /hour, assuming that retention
time is approximately 1 day in the buffer tank (balancing tank), with volume = 350 m>. Influent
COD (average) = 5000 mg/L. (Exact calculation of the buffer tank requires data plotted as the
summation of inflow vs. time of day.)

Digester volume from the kinetic relationship:

o s, 5000 x 0.85
D r= - — 172
etention time: 7 = & ¢ = 2200 % 0.0006 x 750 _ /248

The digester volume is therefore:

V = (1.72 day)(360 m® /day) = 620 m® (0.1638 MG)

Check SRT from the equation:

Xyt Xyt
SRT=—=———
AX, aS; — bX,t
5500 x 1.72

= 0.14 x 4250 — 0,021 x 5500 x 172~ >+day

This is in excess of the recommended SRT of 20 days to ensure the growth of methane formers.

1
1000

=3.0kg/m’ - day

Daily COD load = 5000 mg/L x 360 m®/day x

1800 kg/day
620 m?

= 1800kg COD/day
Design volumetric loading =
This value is acceptable for a conventional anaerobic contact process. In the case of a
UASB reactor, the organic loading can be easily increased to 10 kg/m3/day, that is, it is

sufficient to have only one-third or less of the calculated volume (about 200 m3), to achieve the
same performance.
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In the case of the expanded granular sludge bed (EGSB) reactor, the organic loading can
be increased up to 30 kg/ m’ /day, where the required volume becomes only:

1
800 kg/day — 60m’
30kg/m?3 - day

The sludge yield from the process is:

AX, = aS, — bXyt
= (0.14)(4250) — (0.021)(5500)(1.72) = 396.34 mg/L

AX, = 396.34mg/L x 360 m’/day x

1000
= 142.7kg/day (3141b/day)

Gas production
G = 0.351(S, — 1.42AX,)
where G = m® of CH, produced/day

G = 0.351[(4250)(360) — (1.42)(142.7)]
= 0.351 (1530 — 202.63) = 465 m*CH,4/day

or
G = 5.62(S; — 1.42AX,)
where G = ft® of CH, produced/day

G = 5.62[(4250)(0.0951 MG /day)(8.34) — (1.42)(314)]
= 16,433.5 ft* /day (465 m>/day)

Heat required can be estimated by calculating the energy required to raise the influent
wastewater temperature to 35°C (95°F) and allowing 1°F (0.56°C) heat loss per day of detention
time. Average wastewater temperature = 30°C (86°F) and heat transfer efficiency = 50%.

W(T - To)

BTUeq. = — 5 X (specific heat)
(95,100 gal /day)(8.34 1b/gal)(95° + 1.72°F — 86°) 1B
N 0.5 11b.°F

= 17,004,792 BTU (17,940,055 KJ)

The heat available from gas production is BTU, = (16,433.5 ft* CH,/day) (960 BTU ft*
CH,) = 15,776,160 BTU/day (16,643,850 kJ/day). External heat of 17,004,792 —
15,776,160 = 1,228,832 BTU/day (1,296,207 kJ/day) should be supplied to maintain the
reactor at 35°C (95°F).

Nutrients required: the nitrogen required is:

N = 0.12AX, = 0.12 x 142.7kg/day = 17.124 kg/day (37.673 b/day)
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The phosphorus required is:
P = 0.025AX, = 0.025 x 142.7kg/day = 3.568 kg/day (7.851b/day)
Remarks:

1. The effluent from the anaerobic plant alone does not meet the national minimum
discharge limits because of the high values of residual COD (15% = 750 mg/L).
Therefore, it is recommended here to handle the anaerobic process effluent in an
aerobic post-treatment (such as activated sludge). The final effluent of this com-
bination of anaerobic and aerobic treatment processes can certainly be discharged to
the central sewerage system or reused within the factory.

2. The equalization (buffering) was indicated in this example to dampen the fluctuations
in potato processing wastewater flow that occur on a daily or longer term basis. It must
be noted that optimum equalization of both flow and concentration are not achievable
in a single process. To equalize flows, the buffer tank at certain times should be empty.
To equalize concentration, the tank should always be full. Nevertheless, a tank that
equalizes flows will also produce some reduction in peak concentration. Optimally,
the organic loading to the anaerobic process reactor is constant over a 24-hour period.
Equalization of flow was intended to be considered and simplified in this design
example.

Advanced Treatment

Advanced wastewater treatment comprises a large number of individual treatment processes that
can be utilized to remove organic and inorganic pollutants from secondary treated wastewater.
The following treatment processes presented can be used to meet the effluent discharge
requirements for potato processing plants. These may include suspended solids, BOD, nutrients,
and COD.

Microstraining. Microstrainers consist of motor-driven drums that rotate about a hori-
zontal axis in a basin, which collects the filtrate. The drum surface is covered by a fine screen
with openings ranging from 23—-60 wm. It has been reported that effluent suspended solids and
BOD from microstrainers following an activated sludge plant have a ranges of 6—8 mg/L and
3.5-5 mg/L, respectively [56].

The head loss of the drum is less than 12—18 in (30—46 cm) of water. Peripheral drum
speeds vary up to 100 ft/min (30.5 m/min) with typical hydraulic loadings of 0.06—0.44 m/min
(1.5-10 gal/ ft>-min) on the submerged area; the backwash flow is normally constant and ranges
up to 5% of the product water [57]. Periodic cleaning of the drum is required for slime control.

Granular Media Filtration. Granular filtration employing mixed media or moving bed
filters plays an important role in improving the secondary effluent quality, where most of the
BOD is found in bacterial solids. Therefore, removal of the suspended solids greatly improves
the effluent quality. Granular filtration is generally preferred to microstraining, which is
associated with greater operational problems and lower solids removal efficiencies.

Effective filter media sizes are generally greater than 1 mm. Filtration rates range from
0.06 to 0.5 m/min (1.5 to 12 gal/ft>-min) with effluent suspended solids from 1—10 mg/L. This
represents a reduction of 20 to 95% from the concentration in the filter influent [57,58].
Secondary effluent should contain less than 250 mg/L of suspended solids in order to make
filtration more suitable [11]. In the case of higher concentrations of suspended solids, the
secondary effluent should be first led to polishing ponds (maturation ponds) or subjected to
chemical coagulation and sedimentation.
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Chemical Coagulation Followed by Sedimentation. Phosphorus is a nutrient of
microscopic and macroscopic plants, and thus can contribute to the eutrophication of surface
waters. Phosphorus may be removed biologically or chemically. In some cases, chemicals may
be added to biological reactors instead of being used in separate processes while in others,
biologically concentrated phosphorus may be chemically precipitated. Chemical phosphorus
removal involves precipitation with lime, iron salts, or alum. Lime should be considered for
this purpose if ammonia removal is also required for pH adjustment. For low effluent phosphorus
concentrations, effluent filtration may be required due to the high phosphorus content of the
effluent suspended solids.

Whatever coagulant is employed, a large quantity of sludge is produced. Sludge lagoons
can be considered as an economical solution to sludge disposal, although this treatment requires
considerable land area.

Improved removal of phosphorus without any chemical addition can be obtained by a
biological process that employs an anoxic or anaerobic zone prior to the aeration zone. When
this process is used to maximize phosphate removal (sometimes called a sequencing batch
reactor), it is possible to reduce the phosphorus content to a level of about 1 mg/L, with no
chemical addition.

The principle of bio-P removal is the exposure of the organisms to alternating anaerobic
and aerobic conditions. This can be applied with or without nitrogen removal. The alternating
exposure to anaerobic and to aerobic conditions can be arranged by recirculation of the biomass
through anaerobic and aerobic stages, and an anoxic stage if nitrogen removal is also required.
General flowsheets of these processes are shown in Figure 6.19.

As for potato processing wastewater, which often contains high concentrations of nutrients
(N and P compounds), it is recommended here to apply biological phosphorus removal including
an anoxic stage for the advanced treatment.

The abovementioned role of chemical coagulation may be followed by sedimentation in
the reduction of nutrients. This method can also be applied to treat potato processing wastes in
general [59]. Coagulating and flocculating agents were added to wastewater from abrasive-
peeled, lye-peeled, and steam-peeled potato processing. Total suspended solid and COD
concentrations were significantly reduced with chemical and polymer combination treatments,
at adjusted pH levels.

Nitrification—Denitrification. Based on water quality standards and point of discharge,
municipal treatment plants may be: (a) free from any limits on nitrogen discharges, (b) subject to
limits on ammonia and/or TKN, (c) subject to limits on total nitrogen. Nitrogen can be removed
and/or altered in form by both biological and chemical techniques. A number of methods that
have been successfully applied can be found in many publications. Biological removal
techniques include assimilation and nitrification—denitrification. Occasionally, nitrification is
adequate to meet some water quality limitations where the nitrogenous oxygen demand (NOD)
is satisfied and the ammonia (which might be toxic) is converted to nitrate. According to USEPA
publications, the optimum pH range for nitrification has been identified as between 7.2 and 8.0.
Regarding the effect of temperature, it has been noted that nitrification is more affected by low
temperature than in the case of BOD removal [60].

Nitrification can be achieved in separate processes after secondary treatment or in
combined processes in which both BOD and NOD are removed. In combined processes the ratio
of BOD to TKN is greater than 5, while in separate processes the ratio in the second stage is less
than 3 [57].

Denitrification is a biological process that can be applied to nitrified wastewater in order to
convert nitrate to nitrogen. The process is anoxic, with the nitrate serving as the electron
acceptor for the oxidation of organic material.
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Figure 6.19 General flow sheets of biological phosphorus removal with and without nitrification—
denitrification (from Ref. 24).

There is a variety of alternatives for the denitrification process such as suspended growth
and attached growth systems with and without using methanol as a carbon source. Chemical
nitrogen-removal processes generally involve converting the nitrogen to a gaseous form (N,)
and ammonia (NH3). The processes of major interest include break-point chlorination, ion
exchange, and air stripping. Natural zeolitic tuffs play an important role as ion exchange media
for ammonium and phosphate removal through columns or batch reactors [61], where the total
volume treated between generation cycles depends on the ammonium concentration in the
wastewater and the allowed concentration in the effluent. The wastewater itself can be stripped
of ammonia if it is at the requisite pH (10.5—-11.5) and adequate air is provided. The feasibility of
stripping the wastewater itself depends on whether the necessary pH can be achieved at
moderate cost. The air stream carries with it the stripped ammonia to be released to the
atmosphere. When the ammonia is dissolved in the solution, it forms the ammonium salt of the
acid, which has an economic value as a fertilizer to the soil.
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Regarding land-application systems for treatment of potato processing wastewaters, they
may be satisfactory regarding nitrogen removal with no need for additional biological or
chemical treatment.

Membrane Technology. Membrane technology encompasses a wide range of separation
processes from filtration and ultrafiltration to reverse osmosis. Generally, these processes pro-
duce a very high quality effluent defined as membrane filtration and refer to systems in which
discrete holes or pores exit the filter media, generally in the order of 10?—10* nm or larger. The
difference in size between the pore and the particle to be removed determines the extent of
filtration efficiency. The various filtration processes in relation to molecular size can be found in
Ref. 24.

The criteria for membrane technology performance are related to the degree of
impermeability (the extent of membrane’s detention of the solute flow) or the degree of
permeability (the extent of membrane’s allowance of the solute flow). The design and operating
parameters for a reverse osmosis system are presented in detail in Ref. 62.

Regarding potato processing wastewaters, reverse osmosis and ultrafiltration have been
used for treating wastewater for the recovery of sweet potato starch [63]. They may also be
successful for application within in-plant treatment and recycling systems. Other advanced
treatment methods used for various industrial wastewaters such as activated carbon adsorption,
deep well injection, and chlorination, are not suitable for potato processing wastewater treatment
due to their high costs of application.

It is worth mentioning that important research has been carried out regarding the treatment
of potato processing wastewaters by the activated carbon adsorption process used as an
advanced treatment method. It was reported that activated carbon adsorption treatment
following complete mix activated sludge treatment removed 97% COD from primary settled
potato processing wastewaters with an effluent COD of 24 mg/L [17]. In addition, it was
concluded that powdered activated carbon was more effective than granular activated carbon in
removing COD from activated sludge treated effluents.

6.4.2 Bases of Potato Processing Effluent Treatment

For an existing plant, it is necessary to measure the flow of all waste streams and determine the
quantity and character of the pollutants found in these flows. The reduction of wastewater
discharge into the final plant effluent and the reduction of water flow throughout the plant is of
major importance. For a proposed new plant for which the waste treatment units must be
designed, information may be found in the literature for a similar installation. In most cases,
however, a reasonable estimate of the waste flow may be determined from the estimated capacity
of the plant, the recovery of product expected, and the type of screening and clarification
equipment to be installed. It is necessary to have accurate estimates of water usage and methods
of reuse in application. For preliminary estimates, it can be assumed that a 1b (or 1 kg) of dry
potato solids exerts a BOD of 0.65 Ib (or 0.65 kg) and a COD of 1.1 1b (or 1.1 kg) [11].

6.5 BYPRODUCT USAGE
6.5.1 In-Plant Usage of Potato Scraps

Plants processing French fries have developed additional product lines to utilize small potatoes
(chopped or sliced), cutter scraps, slivers, and nubbins. These are processed similarly to French
fries and include potato patties, mashed or whipped potatoes, diced potatoes, potato puffs, and
hash browns [64].
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6.5.2 Potato Peels

Approximately two million tons per year of potato peels are produced from potato processing as
byproducts [65]. Potato peels provide a good source of dietary fiber, particularly when processed
by a lye-peeling technique [66]. Potato peels contain 40 g dietary fiber/100 g dry matter,
depending on the variety of potato processed and the method of peeling [67]. Application of
extruded and unextruded potato peels as a source of dietary fiber in baked goods has been
evaluated [1]. Acceptable muffins were made with a 25% replacement potato peel for wheat
flour. Potato peels were also found to prolong muffin shelf-life by controlling lipid oxidation
[65]. Extrusion cooking of potato peels affects the color of baked goods, and some physical and
chemical properties of the peels [67]. Potato peels have also been used in limited quantities in a
commercial snack food potato skin type product.

6.5.3 Potato Processing Wastes as Soil Conditioner

Potato processing solid wastes are often applied to agricultural land as a disposal medium.
Research supports this method [68]. Solid potato processing wastes containing nitrogen are
obtained by filtering or centrifuging the settled solids from the primary clarifiers. Wastes are
applied to land and used for crops, which utilize the applied nitrogen. The soil does not
accumulate the nitrogen or other organic waste and becomes increasingly fertile with continued
wastewater application. Additionally, potato processing wastewater was found to be effective in
promoting corn growth as effectively as commercial ammonium nitrate fertilizers, when applied
at optimum nitrogen levels [69]. Applying wastewater and solid wastes from potato processing
provides an effective method of applying reusable nutrients that would be otherwise wasted, and
thus reduces pollution levels in municipal waterways.

6.5.4 Potato Wastes as Substrate for Organic Material Production

Potato wastes have also been evaluated as a potential source from which to produce acetone,
butanol, and ethanol by fermentation techniques [70]. This application of biotechnology in
membrane extraction resulted in a procedure to extract a biofuel that utilizes potato wastes as a
renewable resource.

6.5.5 Cattle Feed

Filter cakes and dry potato peels are used as an excellent carbohydrate source in cattle feed.
Using potato wastes instead of corn in cattle feed does not affect the metabolic state or milk
status of the cattle [71]. Typically, potato wastes are fed in a dry, dewatered form. The use of wet
potato wastes in cattle feed has been investigated to reduce drying expenditures. Wet potato
processing wastes can be introduced into cattle feed up at to 20% without negative results.
The issue of dry vs. wet application of potato processing wastes was also explored. Again,
dry potato wastes are expensive due to the drying processes used to stabilize the wastes. Wet
wastes must be used quickly and within a close proximity to the potato processing wastes site
due to microbial and enzymatic spoilage of the waste. Barley straw has been investigated as
silage material to be mixed with wet potato wastes to absorb excess moisture [72]. Problems
encountered with this procedure are due to elevated pH levels being attained following five
weeks of storage. Elevated pH levels can permit growth of toxigenic bacteria.
Carbohydrate-rich potato wastes can also be converted to protein for additional nutrients
for animal feed [1]. Research indicates that starchy substances such as potato wastes can be
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converted to “microbial biomass protein” by digestion with a amylolytic, acidophilic, ther-
mophilic fungus. The fungus hydrolyzes starch, under specific high-temperature /low-pH con-
ditions. Utilizing nitrogen in the potato wastes, the fungus produces protein which is filtered, and
has been shown to be nutritionally effective in animal feeding trials if supplemented with
methionine. Limitations of this process include the short time that wastes are viable for this
treatment. Wastes can become toxic to fungus during storage. Potato and corn single-cell protein
was also used in place of soybean meal as a source of supplemental protein in cattle feed. Results
indicate the substitution can be made, if in conjunction with soybean meal protein for growing
steers [73].

6.5.6 Potato Pulp Use

Processing potato starch results in potato pulp as a major byproduct, particularly in Europe.
Research indicates that potato pulp can be fractionated to produce several commercially viable
resources. Pectin and starch can be isolated, as well as cellulase enzyme preparation [74]. It was
hypothesized that ethanol production would be feasible, but low sugar concentration prevented
this. Potato pulp may also have applications for reuse in the following industries: replacement of
wood fiber in paper making, and as a substrate for yeast production and B, production [74].
Potato pulp isolated from potato starch production can be isolated and sold as pomace [75].
Protein can also be isolated from the starch processing wastewater and sold as fractionated
constituents [74].

In summary, new technologies have served to minimize potato processing wastes and
appropriate means of utilizing the rich byproducts are still under research. The vast quantities
of wastes will continue to be minimized and byproducts have found new applications
as renewable resources and potential energy sources. All of these goals will continue to be
realized as research leads to the development of unique technologies to treat wastes, minimize
the impact on the environment, reduce use of valuable natural resources, and reduce the impact
of waste effluent.
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