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FOREWORD

When energy and material resources are extracted, processed, converted,
and used, the related pollutional impacts on our environment and even our

health often require that new and increasingly more efficient pollution control
methods be used. The Industrial Environmental Research Laboratory - Cincinnati
(lERL-Ci) assists in developing and demonstrating new and improved methodo-
logies that will meet these needs both efficiently and economically.

This report covers the construction and evaluation of an improved
leafy greens vegetable washing system. This system consisted of two series

drum immersion washers, each with associated settling tanks and moving belt

screens. Wash water was used in a counter-current flow regime. Results

obtained when comparing the prototype process to current commercial washing
systems were encouraging. Significant reductions in wash water requirements

and wastewater generation were reported; as was an increase in cleaning

efficiency.

It appears that this process modification will become a building block

in the development of economically achievable waste management systems for

the leafy greens processing industry. As a result this report should be of

interest to processors of leafy greens, designers of processing facilities,

equipment manufacturers and environmental regulatory agencies.

Further information on this project can be obtained by contacting the

Food and Wood Products Branch of lERL-Ci.

David G. Stephan

Director
Industrial Environmental Research Laboratory

Cincinnati
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ABSTRACT

This project was undertaken to construct and test an improved leafy

greens washing system employing water recirculation, to characterize the

quality of the wash water and waste stream, and to make comparisons to con-

ventional washers. The prototype system produced a cleaner product while

reducing water requirements and consolidating waste loads.

The prototype system consisted of two drum immersion washers in series,

each with associated settling tanks, filters, and water recirculation systems.

Construction was similar to conventional washers but with modifications to

improve removal of floating trash and increase hydraulic agitation of

product. Fresh water input was limited to that required to replace water

carried off by the product plus a small, overflow, effluent stream from the

system.

The prototype was tested in a commercial processing plant during the

fall and spring harvesting seasons, 1975-76. Sixty-seven metric tons of

collards, spinach, and turnip greens were processed through the prototype

in 52 hours of actual operating time. Conventional washers were monitored

for 27 hours (38 tons) for comparison. Insect and bacteria counts, COD,

TSS , VSS , and several other water and product parameters were measured at

predetermined times and locations. Data were obtained to predict expected

waste loads from the products processed.

Economic considerations indicate that the annual fixed costs of owning

the prototype system would be approximately $600 per year more than the costs

of owning a conventional system, of comparable capacity. Operating costs,

however, were $100/day less for the prototype than for the conventional

system in an example problem using conditions similar to those at the test

site. These results would, of course, vary considerably depending on local

utility rates and other operating costs.

This report was submitted in fulfillment of Grant No. S802958 by the

Virginia Polytechnic Institute and State University under the partial

sponsorship of the Environmental Protection Agency. This report covers the

period from May 1, 1974 to January 31, 1977, and work was completed as of

January 31, 1977.
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SECTION 1

INTRODUCTION

A 1971 estimate by the National Canners Associations indicated that the

1838 fruit and vegetable canning and freezing plants in the U. S. used 99

billion gallons of water and discharged 96 billion gallons of wastewater (14).

Approximately 626 million pounds of leafy greens and broccoli were processed

in 80 plants during that same year (6) (21) requiring an estimated 2.5 billion
gallons of process water. Even though greens processing represents only a

small percentage of the fruit and vegetable industry output, research in

areas related to it can have general applicability in many instances.

Two major concerns of leafy greens processors are water use management

and initial cleaning of freshly harvested product. Concerns in water

management, particularly those related to effluents, have assumed added

importance in recent years relative to the new emphases on environmental

protection. Major problems have arisen in handling effluents from the lack

of knowledge of waste stream characteristics. Design information on waste-

water parameters for treating combined flows from fruit and vegetable

processing is sketchy at best. Flow and concentrations of waste stream

constituents from unit operations within plants are even less available.

A limited amount of information is available on combined waste stream

loadings from leafy vegetable processing in reports by Mercer (12)

,

Ramseier (16), Frey (8) (9), the NCA (14) and SCS Engineers (18). Carter (4),

Bough (2), Frey and SCS Engineers have reported on certain unit operations.

The data available, however, are still inadequate for proper design of in-

plant or out-of-plant waste stream management. The parameters reported vary

from study to study and might include any of the following: BOD, COD, TS,

TSS, VSS, dissolved 0„, pH, alkalinity, or bacterial counts. Methods of

reporting each parameter may also vary. For instance, COD may variously be

given in terms of miligrams/liter of wastewater, pounds per ton of product

processed or even pounds per 1000 cases of canned product. Other important

information, such as flow rates of product and water, is often omitted or

crudely estimated. Total water consumption has been reported to range from 3.2

to 5.4 gal/lb of greens processed. Estimates of total water consumption re-

quired for initial washing range from 68 to 88 percent. Obviously, the major

volume of the total wastewater comes from this source. While the inconsisten-

cies cited above do not necessarily invalidate reported results, they do limit

their usefulness and/or credibility.

Virtually no information is available on the relative effectiveness of

different devices used in the initial cleaning of various greens. Typical



equipment used prior to blanching is described by Carter, Bough, Frey and

Lopez (11). This usually includes, in order, a dry tumbler for removal of

loose soil and small particles, hand inspection and picking belts, and from

one to four wet washers.

The present study was initiated to address the two major problems of

producing cleaner product in the initial processing of leafy greens and to

characterize the waste streams from these processes. An experimental, two-

washer, prototype system incorporating the principle of water recirculation

was constructed and tested during two harvesting seasons at a commercial,

frozen-vegetable processing plant. Design of the washers was based on

modifications of conventional washers developed by Frey to increase their

effectiveness. High recirculation rates within the system provided hydraulic

agitation to supplement the mechanical agitation. Input water was limited

to that required for makeup plus one small waste stream from the system.

Water and product quality and flow rates were monitored at several points in

the prototype during the fall of 1975 to determine washing effectiveness and

characterize internal and external water flows. A similar testing program,

conducted during the spring of 1976, included tests on conventional washers

for comparison purposes.



SECTION 2

CONCLUSIONS

The experimental prototype leafy-greens washing system was more
effective, though not dramatically so, in removing grit and insects from
product than the conventional washers. It also showed a potential for

better control of bacteria counts on product prior to blanching. The final

rinse, with fresh chlorinated water, appeared to be quite effective for grit

removal and bacteria control. There was no apparent increase in grit or

insects on product as washing proceeded with recirculated water. A soap-

like foam accumulated on the water surfaces of the prototype that may have

had a significant effect on product cleaning.

Differences in water use between the two systems to obtain cleaning

was dramatic, the prototype using only about 1/5 the amount of water used by

the conventional washers. Waste water discharge from the prototype was

approximately 1/12 that of the conventional washers. The average amount of

water carried out on product from the prototype was 2.2 £/kg (0.26 gal/lb)

A fresh water input rate to the system of 3.5 Ji/kg (0.42 gal/lb) is a

recommended minimum.

The amount of each type of waste constituent (TSS, VSS, COD) discharged

with the water from the prototype system per unit of product processed was

less than that from the conventional washers though the concentrations were

higher. For example, the average discharges, from each system respectively,

while processing turnip greens were: TSS - 0.26 and 1.54, VSS - 0.04 and

0.26, COD - 0.16 and 2.31 kg per metric ton of product. Some of this differ-

ence, particularly for the non-volatile solids, was due to accumulations in

the washers and settling tanks of the prototype that could be disposed of

separately from the waste stream. VSS and COD production in the prototype

was less than in the conventional washers, probably due to lower osmotic

gradients between the recirculated water and the vegetables. Average con-

centrations in the discharge from the prototype and conventional washers,

respectively, while processing turnip greens were: TSS - 273 and 85, VSS -

37 and 14, COD - 135 and 128 mg/Jl of waste stream.

Approximately 75 percent of the cleaning took place in the first washer-

settling tank sub-system of the prototype. Given steady inputs of product

and water similar to the average conditions of this study (1278 kg/hr and 72

X-/min), the waste strength parameters in the washers and settling tanks will

stabilize at some maximum value after approximately 5 hours of operation.

This maximum value will be affected, of course, by the average "dirtiness"

of the vegetables.



Waste production varies greatly between different varieties of vege-

tables and between different cuttings of the same vegetable. All para-

meters — organic, inorganic, insects and bacteria — are affected by age at

harvest, growing conditions, method of harvest, etc. Of the three varieties

tested, spinach consistently produced the most TSS per unit of product and

could be used as a model for design information for this waste parameter.

Other results, however, do not indicate that any of the three products

tested - collards, spinach or turnip greens — could be used as a general

model for VSS and COD emissions. Wash waters were generally neutral in all

trials indicating that pH would not be a problem in treatment of effluents.

The mechanical performance of the prototype washer was very satisfactory

though it could be improved as outlined in the recommendations section.

Of particular note are the product discharge conveyor belts and moving belt

screens for the recirculated water. The discharge belts were made of plastic

and appear to be a very effective and inexpensive substitute for stainless

steel. The screen belts, also of a monofilament plastic, provided a

relatively simple, inexpensive means of separating small leaf fragments and

even insects from the wash water.

Processors of frozen vegetables use large quantities of water to cool

blanched product prior to packaging. After the cooling water is separated

from the product it is usually used in the raw product washers. Assuming that

alternate means of economically cooling product (by chilled air, for example)

can be found, then freezers, as well as canners, of leafy-vegetables would

find considerable advantage in implementing low-water-ase washing systems.

Recycling wash water in the initial processing of leafy vegetables is a

viable means of consolidating wastes, reducing the amount of effluent and

reducing the amount of total water required. Increased hydraulic agitation

of product by high internal flow rates in the system coupled with a final

rinse of controlled chlorine content can improve vegetable cleaning compared

to conventional washers. These findings are significant in terms of

environmental protection, resource conservation, and food quality. They

indicate that the final efforts needed to encourage implementation by the

food industry should be taken.

The intial cost of the prototype system developed in this study was

estimated at $16,000 compared to $12,000 for a conventional system of

equivalent capacity. Annual fixed costs of ownership were $2208 and $1656,

respectively, for a difference of $552 per year. Assuming a product mix of

3/4 spinach and 1/4 turnip greens, operating conditions similar to those in

this study, and using local labor and utility costs, the daily operating

cost for the prototype was $158 and for the conventional washers $251 an

advantage of $93 per day for the prototype. The difference in annual fixed

costs, in this example then, were recovered in approximately six days of

operation. If this is considered representative, then the economics of

owning and operating the two systems strongly favor the low-water-use

prototype washing system.



SECTION 3

RECOMMENDATIONS

The prototype, leafy-vegetable washing system is effective in cleaning
leafy vegetables while using a minimum amount of water. No changes in its
functional design are considered to be necessary at this time. This does
not imply, however, that the effectiveness of the system could not be
improved by study of additional components or techniques in operation. The
relative effectiveness of the new system compared to similar conventional
washers does seem to warrant its adoption by the food processing industry
as soon as possible.

The present prototype has some limitations, unrelated to function,
that need improvement prior to considering it for commercial use over an
extended period. As now constructed, it requires too much space and is
too complicated. These problems, however, can easily be overcome by a

redesign that will not affect system performance and might possibly improve
it. For example, overflow water from each washer is now collected in a
sump and pumped over a moving-belt screen prior to discharge to a settling
tank. From the settling tank it is returned to the washer via a high pressure
spray system. The washer system could be greatly simplified by locating the
settling tanks and moving-belt screens underneath the washers where they could
receive the overflow by gravity. This would eliminate the sump pumps, reduce
the floor space required and would probably increase the effectiveness of the
settling tanks by equalizing the flow to them.

The redesign of the system should include construction of a second
prototype, some limited laboratory testing to verify certain operating
characteristics, and development of a complete set of plans and specifi-
cations. These plans could than be made available to interested food
processors and equipment manufacturers. The food processing industry as

a whole is very large and includes several giant corporations. Most food

processing plants, however, tend to operate in an autonomous fashion, draw-
ing little more than administrative support from their parent companies.
Research and development of needed machinery are pursued rather haphazardly,
usually on a "cut and try" basis. In order for a new system to achieve
maximum and speedy acceptance by this industry, information on it should

be presented in the most usable form. A processor given a complete set of

plans and specifications for an apparatus is more likely to build it in

his own shop or have it built than one who has to worry about design detail.

After the second prototype is built it should be installed in a commer-

cial processing plant, somewhere in the U. S. , and used under normal operat-

ing conditions for an extended period of two to three years. This would



provide a reference demonstration for other processors and allow for refine-
ments in design and operating technique.

Leafy vegetables go directly from the blancher to the cans in a canning
process. In frozen food plants, however, they must be cooled before being
packaged. This is usually done by fluming the product in large volumes of

fresh, cool water. The water from this cooling process, or a portion of it,

is then used in the washers after the cooled product is dewatered. Because the

cooling water is usually in excess of that required by the washers little
economic or environmental advantage would be gained by using low-water-use
washers in vegetable freezing plants without using alternate means of product
cooling. Some devices, such as air coolers, are available, but it appears
that further studies in this area of vegetable processing are warranted.

A comprehensive review of literature on both combined- and unit-
operation's effluents from fruit and vegetable processing should be

initiated before this literature becomes voluminous. This review should
be conducted with the object of accumulating known data in condensed form
and "normalizing" it to a standard form of presentation. A corollary
effort to this review would be the publication of guidelines for future
studies to indicate what data should be taken and how it should be
expressed. The review and guidelines should be developed with the view
of providing designers of processing equipment and waste treatment facil-
ities with the most useable data.



SECTION 4

PROTOTYPE WASHER SYSTEM

WASHER DESIGN

Lopez (11) described the three most common types of leafy vegetable
washers as the 1) immersion, 2) rotary spray, and 3) spray belt. Of these
the immersion (sometimes called immersion drum, drum, paddle wheel or
dunker washer) is the most popular. Frey (8) (9) , in response to industry
concerns for cleaner product, made several modifications to a conventional
immersion washer and demonstrated their effectiveness for removing insects
and grit from spinach. He also measured BOD, COD, TS, SS and VSS of the
waste stream. The water-use rate in this washer was approximately one gal/
lb of product, well below the industry average. The low levels of the waste
strength parameters indicated the feasibility of developing a washer proto-
type system incorporating the principle of water recirculation.

General Design of Washing System

A full scale prototype of an immersion washing and water recirculating
system was constructed incorporating several of Frey's modifications to a

conventional washer. It consisted of two, modified, leafy-vegetable immer-
sion washers in series and their respective settling tanks and moving-belt
screens for cleaning the water in the recirculation process. Figure 1 shows
the arrangement of the system, as well as product- and water-flow patterns.
Fresh makeup water was introduced into settling tank number 2 during trials
in the fall of 1975. This arrangement was changed to apply the makeup water
as a final spray on the product leaving washer number 2 during the spring
trials of 1976. Excess water from settling tank number 2 overflowed into
settling tank number 1. This was the only hydraulic link between the two

washing units. Excess water in settling tank 1 flowed to waste. Figure
2 is an overhead view of the washing system as it was installed.

Description of a Washing Unit

Each washer and settling tank was constructed of 11 gage, type 304,
stainless steel sheets, with a 2 x 2 x 1/4 inch angle-iron frame around the

top. The washer was designed to wash approximately 4,000 pounds of product
per hour based on similar conventional washers at a local processing plant.

Each washer was 4 feet wide and 16 feet long with three "V" shaped sections
forming the bottom of the tank (Figure 3) . This configuration aided in the

removal of grit when the tank was drained. The tank was three feet deep at

the deepest point, 1 foot-10 inches at the shallowest point, and held 688

gallons of water when filled to the working depth of 2 feet, 7 inches.
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Water was introduced from the settling tanks into the washer at several
locations. There were three banks of nozzles at the input end of the tank,
one located at the water level and two positioned above the incoming pro-
duct (Figure 3). Each bank consisted of four, brass, Flat-Jet No. 1/2
P35100 nozzles, manufactured by Spraying Systems Company. They were mounted
on 1-1/4-inch PVC pipe with split-eyelet connectors. Spraying Systems No.
8370A. These sprayers spread the incoming product, began the agitation
process to remove grit and trash, and propelled the product toward the first
agitation drum. The entire spraying system was designed for 200 gallons per
minute (gpm) at a pressure of 35 pounds per square inch (psi)

.

Three agitation drums, or paddle wheels, on each washer served to

agitate the product by alternately submerging and releasing it to remove
grit and trash. They were driven with No. 60 roller chain at 11 revolutions
per minute (rpm) by a 1-horsepower (hp) , 3-phase electric motor coupled to

a Winsmith >D00T right angle, 60:1, speed reducer. The drums were 1 foot

11-3/4 inches in diameter and were covered with 16 gage, 3/4-inch mesh,

flattened expanded stainless steel metal that allowed insects and leaf

fragments to float to the surface inside the drum while the product was

submerged (Figure 4). They each had four, 4-inch fins around their perimeter.

A stationary bank of three, flat-fan, brass Vee Jet No. H 1/2 U80100 nozzles,

manufactured by Spraying Systems Company was positioned inside each drum.

The nozzles were mounted with split-eyelet connectors on a 1-1/4 inch, PVC

pipe. This pipe was inserted through a hollow hub of the drum which located

the bank along the axis of the drum and thus allowed it to remain stationary

while the drum rotated. The nozzle bank was oriented so that the spray would

strike the drum covering at the water surface where the product was released.

This served to clean the drums during operation by preventing leaves from

becoming entangled in the expanded metal covering. In addition the spray

from these nozzles was another water input to the washer and an aid in the

agitation process. The drums propelled the product through the washer and on-

to an exit conveyor (Figures 3, 5). This conveyor was constructed of an open-

mesh belting made of plastic sections (manufactured by Intralox, Inc.). It

had flights every 24 inches and was driven with No. 60 roller chain by a

1/4-hp, single-phase, gear motor at a speed of 33 feet per minute (fpm)

.

The conveyor was inclined 30° from the horizontal.

The agitation drums had a spoked construction on one end (Figure 4) to

allow water and trash collected inside the drum to flow out through side

drains cut in the washer tank. The side drains were 4 1/2 inch diameter semi-

circles with their bottom edges located 5 inches below the top of the washer

(at the working depth of the water). Skimmers made of

3-inch diameter stainless steel tubing with lengthwise slots 4 feet long by

2 inches wide were installed directly behind each drum. They were positioned

to allow the product to flow beneath them before surfacing after it had been

submerged by the paddle wheels. Their purpose was to skim floating trash

from the water surface before it could recontaminate the product.

Water and trash from the skimmers and side drains (Figure 6) were

collected in a sump box, 2 feet by 2 feet by 1 foot 4 inches. A sump pump

(2-hp, 230 volt, single phase, Kenco No. 34N2 submersible), with a capacity
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Figure 6. View of washer side drains in operation.
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of 14,000 gallons per hour at 15 feet of head, was used to pump trash and
water from the sump box to a moving-belt screen that was mounted on top of
the settling tank. This pump was controlled by a Kenco Series 112-C12
Liquid Level Control.

A gate valve was used to regulate the flow from the sump pump through
a 3-inch, PVC pipe to the filter. The moving-belt screen was a conveyor (5

feet long by 1 foot wide) inclined at an angle of 16° from the horizontal
to prevent water from flowing off the exit end. The belt was made of

No. 410 Monofilament Polyester Screen manufactured by the Globe Albany
Company and had a permeability of 600 cubic feet per minute (cfm) per
square foot under a 1/4-inch head (Figure 7) . The belt was chain-driven
at 47 fpm by a 1/4 hp electric gear motor. Trash was carried away on the
belt while the water flowed through it. A 3/4-inch galvanized pipe, which
had forty-eight 1/16-inch holes spaced 1/4-inch apart along its length,

was positioned under the exit end of the moving-belt screen. Compressed air

was directed through this pipe and against the belt to remove the trash. This
trash was collected in boxes placed at the end of the moving-belt screen
(Figure 8)

.

Water flowed through the moving-belt screen and into a settling tank

where grit could settle out. The tank was 8-feet long by 4-feet wide with a

4-foot-6 inch maximum depth and a 3-foot minimum depth. Figure 9 shows the

settling tank construction as well as the direction of water flow through it.

The baffles prevented floating material from getting to the pump. The tank

held approximately 700 gallons of water and had an overflow rate of 2.81 gpm/

ft^ based on an assumed particle size of 50 microns and a particle density of

2.65 g/cc [Metcalf and Eddy (13)].

An Aurora Model 344 centrifugal pump, with a 3-inch inlet and a 2 1/2-

inch outlet, was used to pump the water from the settling tank to the washer

spray nozzles. The pump capacity was 200 gpm against 35 psi. It was driven

by a 3-phase, 1800 rpm, 7-1/2 hp, electric motor with a V-belt drive.

A gate valve was used to regulate the flow from the settling tank

through a 2-1/2-inch PVC pipe to the washer tank. The flow was divided at

the washer and carried to the nozzle banks by 1-1/4-inch PVC pipe.

Motor starters for the 10 electric motors in the system were assembled

on a control panel, making it possible for one person to control the entire

washing system from one location.

WATER FLOW INSTRUMENTATION

Five meters were installed in the washing system to monitor fresh

water input, recirculation rates, and overflow rates (Figure 1). Meters

and 2 measured the recirculation rates within washing units 1 and 2,

respectively. The meters used were Badger Model MLFT, 3-inch totalizing

propeller meters with a normal operating range of 35 to 200 gpm.

15
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A. Water input
B. Water outlet to pump
C. Baffles
D. Direction of flow
E. Port for draining tank

Figure 9: Prototype settling tank
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Flow meter 3 measured the flow of fresh makeup water into the system.
A 1-1/2-inch Badger Model SC-ER totalizing, disc-type meter, with a normal
operating range between 5 and 80 gpm, was used to monitor this flow which
was regulated by a gate valve. The makeup water was piped directly into
the second settling tank from the meter during the test trials made in the
fall of 1975. During the spring trials of 1976, the makeup water was intro-
duced as a spray through five nozzles (Spraying Systems Co. Flat-Jet No. 1/2
P35100) onto the exit belt of washer 2 to provide a final product rinse.
This was the only modification made to the experimental prototype between
the two seasons.

The overflow from settling tank 2 to settling tank 1 was measured by
meter number 4. This meter was an 0.8-foot deep, Plexiglas, HS flume con-
structed according to specifications in the Field Manual for Research in
Agricultural Hydrology (10). A Friez FW-2, water stage recorder was used
to continuously monitor the depth of water in the flume (Figure 10) . For

details of the construction and calibration of Plexiglas HS flumes, see

Robinson and Wright (17)

.

Meter number 5 measured the water flow from settling tank No. 1 to the

drain. An 0.8-foot, HS flume and Friez recorder were also used to monitor
this flow (Figure 11).

INSTALLATION AND MODIFICATIONS

The washing system was built in the Agricultural Engineering Department
Laboratory on the campus of Virginia Polytechnic Institute and State Univer-
sity (VPI&SU) . It was determined to be operational and then disassembled and
transported to the Exmore Foods, Inc., plant in Exmore, Virginia. The

washing apparatus was reassembled adjacent to the Exmore plant for testing

at that site (Figure 2) . Leafy greens were conveyed out of the plant to the

washers after having passed over a series of dry inspection belts. After

passing through the experimental washers, the product was carried back into

the plant and allowed to pass through the plant's conventional washers. A
reversible-feed belt was used to carry the product from the dry inspection

belts directly into the conventional washers when the experimental washers

were not in use.

Initial testing of the washer system with turnip greens revealed that

the skimmers did not function as anticipated. The product did not pass

under the skimmers, but collected on top of them. A skimmer had been used

successfully by Frey (8) , but with a considerably lower product flow rate.

The skimmers were removed and their drains sealed off. The remaining side

drains, located at the ends of jthe paddle wheels, were not large enough to

carry off the flow introduced by the nozzle banks, so two modifications

were made to overcome this problem. Larger rectangular side-drains (4 inches

high by 7 inches wide) were cut at these locations with the bottom of each

drain 2 inches below the designed water surface level of the washer. In

addition, the bank of nozzles closest to the first drum was sealed off.

This latter modification was made in order to maintain high nozzle pressure

while reducing the water recirculation rate.
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SECTION 5

PROCEDURES

OVERVIEW

Construction of the prototype leafy green's washer was completed on
June 20, 1975, and attempts were made to purchase leafy vegetables in bulk
quantities for laboratory tests. Very dry weather in the local area, how-
ever, had shortened the spring harvest season considerably. Packers, who
would normally have excess leafy greens, were importing product from other
regions to meet their obligations. Hence, testing was postponed until the
fall season of 1975. Arrangements were made in the interim to test the
prototype on site at the Exmore Foods Plant in Exmore, Virginia.

Testing the washer in a commercial food plant had several advantages.
Tests were more realistic because the experimental equipment was subjected
to the same conditions under which conventional washers operate. The minimum
material needed for a reasonable test was estimated to be 25 tons. Arranging
for delivery of this amount of material to the laboratory without spoilage,
devising means to correctly meter it into the washers and disposing of it as
waste after testing would have been a formidable task. Pre-washing treatments
of product, such as dry tumbling and hand inspection, could also be performed
more easily in-plant than in the laboratory. A final advantage was that the

experimental equipment could be tested in comparison with conventional
washers. These comparison tests were subsequently arranged for the spring
season of 1976 under an extension of the original project.

Several difficulties were encountered as a result of working under
commercial conditions. Principal among these was the distance to the test
site, 350 miles. Each trip to collect data required a minimum of three
days, two for travel and one for tests. A large volume of samples was
taken during each trial, and it required special packing to avoid deteriora-
tion during transport from the plant back to the laboratory at Virginia
Tech. For each trial, a considerable number of small instruments and a

variety of glassware had to be transported to the plant and set up in a

temporary lab on the processing floor to supplement the company's laboratory
facilities. Finally, there was considerable difficulty in arranging travel

schedules to coincide with the plant's processing schedule, which was very
unpredictable. Decisions to process a certain vegetable, dependent on

weather and several other factors, were often made only a few hours in

advance of actual processing. Decisions to terminate processing were often

more precipitous, usually depending on some factor that affected quality.
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Additional difficulties, if they can be called that, included the fact
that the investigators had no control over the rate at which product was
processed, its initial condition before washing, or down time during trials.
Even input water flow rates fluctuated somewhat due to changes in operating
pressures in the plant's water system. Developing equipment and procedures
to control all of these variables in a laboratory experiment would, of
course, have added a degree of precision to the results, plus considerable
time and expense in obtaining them. This added precision, however, would
not have offset the insight gained from working under more realistic
conditions.

Prototype Installation, Plant Layout and Conventional Washers

The prototype washer system was installed adjacent to the Exmore Foods
Plant in Exmore, Virginia during the week of August 4, 1975 as described in

Section 4. Exmore Foods has two leafy vegetable processing lines, an east

line and a west line. The prototype was located so that it could operate in

series with the conventional washers of the west line or, when not in use,

could be bypassed (Figure 12)

.

The east and west conventional processing lines had two paddle wheel
washers each in series (Figure 12) followed by a combined paddle wheel
washer/pre-blancher, and then a blancher. The washers were three and one-

half feet wide, approximately eighteen feet long, and three feet deep at the

deepest point. There were four paddle wheels in each washer for propelling

the product through the washer. Product from the blancher was cooled and

transported in a cooling flume fed by fresh water. Dewatering and recircula-

tion of the cooling flume water provided all the input water for the washers

on the west line. The water input was at the head of each washer through a

perforated pipe. The dewatering of the cooling flume water on the east line

provided only a portion of the input water. The majority of this water was

fresh, piped into the bottom of the washers. All the overflow from the

washers was wasted to an open channel floor drain.

Overflow from the conventional washers was measured with HS flumes and

water stage recorders like those used in the prototype system. An attempt

was made to measure input water, which was under pressure, with propeller-

type totalizing water meters. These meters soon became inoperative because

some large, vegetable particles were being pumped from the dewaterers to the

washers. However, an accurate estimate of the input water, it was reasoned,

could be made by measuring the amounts of effluent water from each unit and

using the data in water carried off by the product available from the proto-

type trials.

Summary of Trials

Tables 1 and 2 summarize the trials that were made during the fall and

spring processing seasons. A total of 35,200 kilograms of product was

processed through the prototype in 27 hours of actual operation during the

fall and 31,500 kilograms in 24.4 hours during the spring. A total of

16,500 kilograms was processed in 11.7 hours through the east conventional

line and 21,200 kilograms in 15.3 hours through the west conventional line
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during the spring. The amounts of product quoted here (and in the last

columns of Tables 1 and 2) are fresh (i.e. raw) weights as delivered into

the first washer from the dry inspection belts. Each trial consisted of a

complete or partial eight or nine hour shift. Down time and breaks were
substracted from total time.

The company packaged five different varieties of leafy greens during
the fall season, the largest volume of which was collards. Consequently,

travel schedules of the investigators coincided with collard processing
four out of five trials. The leaves of this variety tended to be large,

very mature, relatively clean, and easy to wash. Spinach was processed

during the fifth trial. It was not as clean as the collards, and the

leaves tended to be small and immature.

Initial plans for the spring season included dual trials with the

prototype on the west line running simultaneously with the conventional

east line. Unfortunately, there were only a few days early in the season

when both lines were processing the same product, and travel to the plant

could not be arranged at those times. As a best alternative, the prototype

system was tested during the day shift (8:00 a.m. to 5:00 p.m.), and data

were taken on one of the conventional lines the same night for the first

half of the night shift (6:30 p.m. to 11:00 p.m.). Clean-up and sample

preparation were usually complete by 12:30 a.m. Material processed during

a given day usually came from the same field, so comparisons between the

prototype and conventional lines could be made. Taking data on the con-

ventional washers for complete shifts was not necessary because the water

was not recirculated and, thence, effluent characteristics and product

quality parameters were not time dependent. Four trials were made in this

manner.

Data were taken on conventional lines alone during trials 2 and 3. The

west line, where the prototype was located, was not operated on the day of

trial 2. Plant operations were precipitously curtailed on the day of trial

3 by a deterioration in the quality of locally grown product. Only one

large truck load of spinach, purchased in a neighboring state, was processed.

Consequently, a decision was made to take data on the conventional washers

of the west line because data for spinach washing with the prototype were

already available. Quality of the spinach processed in the spring varied

considerablly—from prime (trial 3) to overly mature (trials 1 and 2) and

from very clean (trial 3) to very dirty because of sprinkler irrigation in

the field (trial 2). The variation in quality of turnip greens, although

great, was much less than spinach. Those in trial 4 were average in quality

and cleanliness, in trial 5 overly mature and clean, and in trial 6 good

quality and dirty.

SPECIFIC PROCEDURES

The following sections outline, in order, (1) water and product sampling

sites, (2) typical procedures that were followed for a trial during the fall

season, (3) modifications of those procedures for the spring trials and

(4) analytical procedures.
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Sampling Sites

Water and product sampling sites were selected so that the effect of

each major component of the system could be evaluated for each parameter

measured. Product samples were taken on the feed conveyor to the first

washer, the exit conveyor for the first washer and the exit conveyor for

the second washer in each case (product sampling sites 1, 2, 3, Figure 1

for the prototype; sites 7, 8, 10, for the east conventional line and 12,

13, 15 for the west conventional line, Figure 12). Packaged product samples

were taken at the end of the respective line in each trial (sites 11, 16,

Figure 12)

.

Water sampling sites for the prototype are depicted in Figure 1. Sites 1

and 3 were the spray nozzles at the head end of washers 1 and 2, respectively,

sites 2 and 4 the sump boxes that collected the total flow from each washer,

and sites 5 and 6 the input ends of the settling tanks. Hence, for example,

difference in samples between sites 1 and 2 measured the effect of washer 1,

between sites 2 and 6 the effect of the sump pump and filter belt, and between

sites 6 and 1 the effect of the settling tank. Similarly, water samples from

the conventional line were taken at entrance end of each washer and from the

overflow at the exit end of each washer. (Sites 7, 8, 9, 10, 12, 13, 14, 15,

Figure 12)

.

Typical Day - Fall Trials

The sequence of events for each trial, of course, varied,

outlines a typical work day during the trials.

The following

Time Event

1) Night prior to trial a) Laboratory set up on location.

b) Water quality instruments and flow

meters calibrated.

c) BOD dilution water prepared and aerated.

d) Prototype washers and settling tanks

rinsed and filled.

2) Morning of trial, before
processing

a) Washer and instruments turned on.

b) Flow rates set on meters 1, 2, and 3.

(See Figure 1).

c) Recorders started on meters 4 and 5.

d) Sodium sulfite prepared to neutralize

chlorine in BOD and bacteriological

samples.
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Time

3) Beginning of trial

4) After 15 minutes
operation

Event

a) Start-up time recorded.

a) Grab samples of product taken for moist-
ure content, bacterial counts and insect
counts.

5) After each hour of

operating time (exclusive
of breaks and dovmtime) .

b) Grab samples of water taken for biochemical
oxygen demand (BOD) , chemical oxygen demand
(COD), color, turbidity, chlorine residual,
total suspended solids (TSS) , volatile
suspended solids (VSS) , conductivity and
pH.

c) Grab samples of water collected in sterile
bottles for total plate counts and con-
form counts (repeated at middle and end
of trial)

.

a) Same as 4, a and b.

b) Number of packages of product processed
recorded.

c) Flow meters 1, 2 and 3 checked with stop
watch.

6) Between samplings a) Chlorine residual determined-

fa) bod's set up and placed in a low
temperature. Precision Model 815

incubator.

c) Conductivity, color, turbidity, and pH
determined.

d) Samples for TSS and VSS filtered, cruci-
bles and filters prepared for shipment
to Virginia Polytechnic Institute and
State University laboratory in Blacksburg,
Virginia.

e) Remaining water preserved with acid for

return to Blacksburg for COD determin-
ation.

f) Water samples for bacteriological
analysis plated and incubated at 35°C.

g) Product samples weighed and frozen in

plastic bags.
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Time Event

7) After trial a) Trash collected and weighed.

b) Tanks drained.

c) Grit collected.

8) Day after trial a) Product samples packed in ice.

b) BOD bottles placed in cartons to

maintain approximate temperature of

20°C during transport.

c) Bateriological samples with sufficient

growth were counted. Others were packed

for transport.

d) Samples and equipment transported to

Blacksburg.

9) Week following trial (in a) Moisture contents, grit particle sizes,

V.P.I. & S.U. laboratory) COD's, TSS, VSS , BOD^'s, BOD„q's, insect

counts and bacterial counts determined.

b) Preparations made for next trial.

Variations Between Spring and Fall Trials

Procedures for the spring trials were essentially the same as those for

the fall with the following exceptions:

(1) Product samples were taken for grit analysis in addition to samples

taken for moisture content, bacterial counts, and insect counts. Samples for

grit analysis were taken at two-hour intervals of operating time rather than

every hour. Product samples for grit analyses were hand washed and the wash

water filtered between sampling periods for later determination of suspended

solids.

(2) Water samples were taken for analyses of COD, TSS, VSS, chlorine

residual, pH, and pesticides both spring and fall, but BOD, color, turbidity,

and conductivity were not measured in the spring trials. Samples for

pesticide analysis were taken twice during each trial, mid-way and end, at

the outlet of the first washer of the prototype only (site 2, Figure 1).

During the fall trials water samples were taken at the input end of each

settling tank (sites 5 and 6, Figure 1) by dipping the container into the

surface of the water. Some rapidly settling solids may have been lost by

this technique. In the spring trials these samples were taken by holding

the container directly under the moving screen belt to catch the water before
it entered the settling tank.
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(3) Water and product sampling for the conventional washers were
essentially the same as those for the prototype except for sampling
associated with the settling tanks. An attempt was made to get a quanti-
tative analysis of grit accumulated in the conventional washers, but this
could not be accomplished without interfering with company personnel in
their clean-up procedures. One set of soil samples, however, was obtained
for particle size analysis.

Analytical Procedures

Following is a brief summary of the procedures used in analyzing samples
for each type of data taken during the investigation.

Water Flow Rates —
Totalizing water meters on the prototype were read at the beginning of

each trial and hourly thereafter to obtain flow rates as a function of time.
Depth of water flow through the HS flumes was continuously recorded on strip
chart recorders. Flow rates, as they varied with time, were later calculated
using these recordings and the calibration curve of flow vs. depth that had
been developed for the flumes (17).

Product Flow Rates - -

Product samples for moisture content determination were taken from input
conveyors, weighed, sealed in plastic bags and frozen for transport. Sample
packages of product from the end of the processing line were taken simul-
taneously and frozen for transport. At the lab, these samples were dried at
105°C for 24 hours in a forced convective oven, and moisture contents were
calculated on a wet basis. The relative moisture contents of input and
output product and the package counts of output product were then used to

calculate the rate of fresh product input to the washers. This was a

better measure of input product than total field weight because considerable
material was lost from the dry tumbler and the dry inspection belts ahead of

the washers and very little was removed by subsequent inspections between
the blanchers and packaging.

Grit Accumulation - -

The washers and settling tanks of the prototype were drained after
each trial and the volume of grit on the bottom of each tank was measured.
Some grit was inevitably lost while the tanks were draining. An attempt to

recover this loss was made by filtering the water as it flowed from the

tank. These filters were effective in trapping the larger sand particles,

but allowed some of the smaller silt and clay particles (those particles
with a diameter of less than 50 microns) to be lost. Grit loss in the

washer tanks was minimized by draining the tank through the port farthest
from the incoming product, where the grit accumulation was lowest. At the

end of trial 5 in the fall, a submersible sump pump was used to empty the

two settling tanks. This technique was used to empty the washers and

settling tanks in the spring trials.
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After the volume of grit had been determined, samples were taken from

each of the three bottom sections of the washers and from the settling

tanks. At the laboratory, they were dried in a forced convective oven at

lOS^C for 24 hours. A soil particle size analysis was then performed

using standard hydrometer methods (5) for particles in the range below

50 microns and standard sieve analysis (3) for larger particles.

Trash Accumulation - -

The trash collectors for the prototype were emptied at the end of each

trial and their contents weighed. Samples from each moving-belt screen were

taken, weighed, and frozen for transport to the laboratory. There, they were

dried by the same procedure as used for the product, and moisture contents

were calculated. These figures were compared with those for the incoming

product to determine the weight of trash collected when corrected to the

moisture content of the incoming product.

Water Sample Analyses - -

Following is a summary of methods used in analyzing water samples taken

during the trials.

Chlorine residual — The total chlorine residual was determined

amperometrically as described in Standard Methods for the Examination of

Water and Waste Water (Sec. 114B) (19) with a Fischer-Porter amperometric

titrator.

pH — The pH was determined as described in Standard Methods (Sec. 144A)

(19) with a Corning Model F pH Meter in the fall, with a Fisher Accumet Model

230 in the spring.

BOD;. — The BOD_ was determined as described in Standard Methods (Sec.

219) (19) . Sodium sulfite was added stoichiometrically to neutralize

the chlorine residual, which, if not treated, could kill the microorganisms

present in the sample. Experiments were conducted to determine the difference

between BOD_ of a seeded and unseeded sample. No difference was detected, so

the samples were not seeded.

Color — True color was determined by filtering a portion of water

sample through a Reeve Angei glass- fiber filter and determining the optical

density on a Klett-Summerson Photometer, using a #42 (blue) filter.

Turbidity — Turbidity was determined by measuring the optical density

of a small portion of water sample with a Klett-Summerson Photometer, using

a #42 (blue) filter.

Solids — Total suspended and volatile suspended solids were determined

according to Standard Methods (Sec. 148B and 244D, respectively) (19).

COD — Water samples for COD were acid-fixed (ph 'v 2.0) for preservation

until analyzed. Determinations were made in the laboratory as described in

Standard Methods (Sec. 220) (19).

32



Bacterial counts — The total plate count was determined according to
Standard Methods (Sec. 660) (19) except during trials 3, 4 and 5 during the
fall and trials 1, 2 and 3 during the spring when the streak-plate technique
was used instead of the pour-plate technique.

In addition to total plate counts, a non-specific coliform count was
made in the fall trials using desoxycholase agar, a selective medium for
conforms. The pour-plate technique was used during trials 1 and 2 and
the streak-plate technique was used during trials 3, 4 and 5. All colonies
growing on the media were counted.

Pesticide Analyses — Pesticide analyses were made on water samples
taken from the first washer in the prototype during the spring trials. The
samples were examined only for organophosphorus pesticides, as they were the
only ones applied to the crops during the growing season. Phosdrin was the
principal one in use at the time of the study. Methods of analyses were
EPA-approved (Federal Register 38, No. 85, Part II, Nov. 28, 1973), gas
chromatrographic analyses of solvent extracts of the samples. These were
conducted in the Department of Biochemistry Pesticide Analysis laboratory.

Product Sample Analyses —

Following is a summary of methods used in analyzing product samples
during the trials.

Bacterial counts — The method used for determining the total plate
count of the product was that used by technicians at Exmore Foods. Eleven
grams of product were placed in a bottle containing ninety milliliters of

sterile dilution water. From this bottle, a series of dilutions was made
and plated out on Total Plate Count agar. The test proceeded as described
in Standard Methods (Sec. 660) (19). Coliforms were determined on several
occasions (but not routinely) by plating aliquots of the water on desoxycho-
late agar.

Insect counts — Insect counts on product samples were made using the

gasoline extraction method described by Townsend et al. (20).

Grit on product — A simple hand washing test was devised to determine

the amount of grit on the product at each product sampling site. Duplicate,
1000-gram samples of product from each site were agitated 1-2 minutes by

hand in containers with 15 liters of water. Product was separated from the

water with a large-mesh screen and an aliquot of 500 ml. from each water

sample was filtered for solids determination.
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SECTION 6

RESULTS AND DISCUSSION

OPERATING PARAMETERS

The following is concerned with those quantities measured during the
trials that could be considered operating parameters, i.e., those things
that were either under the control of or required action by personnel
operating the systems. They include water and product flow rates for both
the prototype and conventional systems, and grit and trash accumulations
in the prototype system.

Water Flow Rates

Tables 3 and 4 summarize the water flow rates used in the prototype
during the fall and spring trials, respectively. Figures 13 and 14 are
examples of the water flows in the prototype for the fall and spring trials.
Meters 1 and 2 in each graph represent the recirculation rates for washers 1

and 2, respectively. Meter 3 is the input of fresh water to the system;
meter 4, the flow from settling tank 2 to settling tank 1; and meter 5, the
overflow to waste from settling tank 1 (refer to Figure 1). All tables and
graphs relate only to water flows during actual processing time. Meters 1, 2,
and 3 were totalizing meters and the graphs were plotted from readings taken
at timed intervals. Meters 4 and 5 were open channel HS flumes with water
level strip chart recorders. Data for the graphs was taken from the strip
charts at 15 minute intervals. Graphs for the spring trials were plotted by
hand (Figures 13, A-1 through A-4) . Graphs for the spring trials were taken
from computer plots (Figures 14, A-5 through A-12) .

Recirculation rates in the washers varied somewhat but were generally
maintained near 404 S,/min (107 gal/min). A recirculation rate of 530 Jl/min

(140 gal/min) in washer 1 was tried for a few hours in one trial (trial 5,

fall. Figure A-4) , but it was discovered that the control system on the

sump pump did not react fast enough to handle this flow.

Fresh water to the system was introduced into the second settling tank

during the fall trials (meter 3, Figure 1). No attempt was purposely made
to vary this flow, maintained as near the average of 66.8 Ji/min (17.7 gal/

min) as fluctuations in the plant water pressure would permit. Fresh water
was introduced as a final rinse spray on the produce discharge belt of

washer 2 during the spring trials. In trials 4, 5, and 6 (Figures A-5, A-6

,

A-7) this rate was increased with each trial [52.9, 71.3, 94.8 fc/min (respec-

tively, 14.0, 18.8, 25.0 gal/min)]. During the fall trials, the input
water was turned off during periods of down time. This technique was tried
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during trial 1 of the spring trials, but the amount of water carried off

by the product was such that there were periods of time after breaks when
the overflow to waste and the overflow between settling tanks was reduced
to zero (Figure 14) . In trial 4 (Figure A-5) the input was left partially
open during breaks. Again, however, there were periods of no overflow to

waste. This was due to water carried off by the product plus the low rate
of fresh water input (52.9 Jl/min) . On subsequent trials the fresh water was
left on during breaks which ultimately had the effect of reducing the con-
centration of the waste components used as measures of water quality.

Differences between the flow rates at meters 3 and 5 represent the water
being carried from the system on the product. Differences between meters
4 and 5 represent water carried from washer 1 into washer 2 by the product,
and differences between meters 3 and 4 represent additional wetting of the
product in washer 2. As expected, the amount of additional wetting of the
product in washer 2 was relatively slight in trials 1 and 2 during the fall
(Figures 13 and A-1) . However, this trend was not observed in the remainder
of the fall and spring trials. This additional wetting may have been
influenced by a number of factors including the age and variety of product.
A particularly interesting phenomenon was the build-up of a soap-like foam
on the surface of the water in the settling tanks and washers. It resulted,
no doubt, from the surfactant action of organic matter leached from the greens.

Table 5 is a summary of the water flow data for the conventional washers,
and Figure 15 is an example graph (trial 1, spring). Graphs of the flows in

other trials are included in Figures A-8 through A-12 , Appendix A.

The flow rate of water to the conventional washers was left entirely to

the judgement of the line foreman during each shift. More or less water was
used in each washer based on his judgement and experience. The graphs show
considerable variations in flow that did not always appear to be related to

initial product quality or product flow rate. One mechanical influence on

the east line (trials 1 and 2, Figures 15 and A-8) was the inefficiency of

the cooling flume dewaterer, requiring that most of the input water to

these washers be fresh. Consequently, water use on this line tended to be
minimized, especially in washer 2. Conversely, the dewaterer on the west
line (trials 4 through 6, Figures A-9 through A-12) worked well, and all of

the input to these washers was recirculated product cooling water, used
unstintingly. In most, but not all, cases more water was used in the first
conventional washer in a line than in the second. It seems obvious that

some means of cooling blanched product other than with large quantities of

fresh water would be necessary in order for a company to take maximum
advantage of a water-conserving washing system.

Several other observations can be made from the water flow data. 1)

Though the number of trials for each product are few, there is an indication
that different varieties of greens tend to carry away different amounts of

water from a washing process. Average values, in order, are: collards -

1.79 Jl/kg (0.22 gal/lb), turnip greens - 2.40 Jl/kg (0.29 gal/lb), and

spinach - 2.78 A/kg (0.33 gal/lb). These figures, on a relative basis, are

consistent with expectations based on qualitative evaluations of leaf sur-

faces; i.e., collards have a waxy, smooth surface compared to spinach.
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2) The water input to two conventional washers averaged 5.2 times that of the

prototype system, the water output or waste stream 12.7 times that of the

prototype. 3) Average fresh water input for the conventional washers was
16.9 Ji/kg (2.02 gal/lb) vs. 3.43 J!,/kg (0.41 gal/lb) for the prototype, a

ratio of 5:1.

Product Flow Rates

Several different sizes of packages were used at the Exmore plant.
Retail packages for collards and turnip greens were 283 g nominal net weight
(10 oz) and those for spinach were 340 g (12 oz) . In some cases diced
turnip roots were included with the greens (8 oz of greens, 2 oz of roots).

The weight of roots was accounted for when analyzing the moisture content of

samples, and only the greens processed are reported here. These packages
were counted with an electronic counter located immediately following the

packaging machine. Some product was packed in 6.8 kg (15 lb) trays for

institutional packs and some on open trays in lots of 181 kg (400 lb) for

bulk freezing and storage. The number of these units was recorded as they

were put into the freezer.

Figures 16 and 17 are examples of the instantaneous flow rate and cumu-
lative flow of fresh product into the washers versus operating time. Figures
A-13 through A- 30 depict flows during other trials. Initially, it was
assumed that the flow of material through the system would be rather uniform.
Consequently, only the total product processed was recorded during trial 1

in the fall. During this trial it became obvious that input to the system
was very erratic. Inputs to the prototype system ranged from 456 to 2251
kg/hr (1105 to 4963 Ibs/hr) ; for the conventional washers 459 to 3330 kg/hr
(1012 to 7341 Ib/hr) . These wide fluctuations in input rates undoubtedly
affected the quality of the product. An obvious means of improving washing
quality, and perhaps increasing the average processing rate, would be to

devise a means of metering the product more evenly into the washers.

Tables 6, 7, and 8 are summaries of the product data. The average rate
of fresh product input into the washers for all trials was 1324 kg/hr (2918

Ib/hr) , and the average rate of output from processing was 1808 kg/hr (3985

Ib/hr) , for an output/input ratio of 1.37. A limited number of tests during
the fall trails indicated that very little water was absorbed in the washing
process. It is assumed, therefore, that most of the water absorption took

place during blanching. The average input/output ratios for the three
varieties tested were: spinach - 1.54, collards - 1.34, and turnip greens -

1.25, indicating the relative abilities of each vegetable to absorb moisture
during processing. The range of absorption within each variety, however, was
considerable indicating that other factors—such as initial leaf condition
(turgid or wilted), age, size, etc.—would have effects. Particularly note-
worthy is the fact that variation in moisture content of the fresh product

(8.8%) was much greater than that of the packaged product (3.2%). Plant

records indicate that overall ratios for packaged product to product deliver-
ed from the field are approximately 0.75 for turnip greens, 0.90 for collards

and 0.95 for spinach. These ratios include wastage such as the losses on the

dry inspection belts and the gains due to water absorption. They vary con-

siderably both within seasons and from year to year.
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Grit Accumulation

Removing accumulated grit from the washers is one of the clean-up tasks
required at the end of a shift, or sooner if necessary. Mechanical or
hydraulic means for continuous removal could have been incorporated into the
experimental system at considerable expense. An expedient, but workable,
alternative used in the operation of the conventional washers was to open
the first drain valve on the first washer for a few seconds as necessary to
"flush out" excess grit, because most grit tends to settle out immediately
beneath the fresh product input. This technique was not often required,
although it did increase the effort needed in clean-up when used.

The amount of grit on incoming product varies greatly depending on the
particular type green being processed. Spinach is usually the "dirtiest"
because the convolutions in the leaf surfaces tend to trap soil particles
and because it grows close to the ground. Collards, on the other hand, have
smooth, waxy surfaces and grow erect. Turnips greens are intermediate in
these characteristics. Other factors include soil splashing from recent
rains or sprinkler irrigation, age of the leaves (older leaves tend to be
larger, smoother and cleaner) , and the cutting (first cuttings are made
closer to the ground than subsequent ones)

.

Table 9 summarizes the measurements of accumulated grit in the trials of
the prototype washer. The collards processed during the fall trials 1

through 4 were very clean, leaving very little grit in the system. During
these trials, several techniques were tried to capture or collect the grit
as the water flowed out of the drains. In trial 5 (spinach) a measurable
amount of grit accumulated in the system, and it was scooped out of each
tank after the tank had been drained over the top with a sump pump. This
technique was used in the spring trials with the prototype and required
approximately an hour's work for each clean-up plus considerable agility on
the part of the clean-up crew.

The majority of the grit collection took place in the first washer (38%
avg.) and in the first settling tank (43% avg.). Only 4 percent was collected
in the second washer and 15 percent in the second settling tank. Although
the figures for the maximum amount in each trial vary between washer 1 and
settling tank 1, the amount accumulated in washer 2 was always the lowest
for all four units. In only one case (trial 6, spring) did settling tank 2

collect more grit than settling tank 1. These figures strongly indicate
that the majority of grit removal took place in the first washer sub-system.

The washers each had three drains, located at the apex of the V-shaped
bottom sections (Figure 3) . Approximately 60 percent of the grit collected
in each of the washers settled in the first V-section, 26 percent in the

second and 13 percent in the third. Figures 18 and 19 show the summation
percentages of the particle size analyses for grit from the various units of

the prototype system for trial 5 in the fall. Figures A-31 through A-34,
Appendix A, depict these results for the spring trials. These analyses
indicate: (1) that most of the larger particles (>100 y) settle out in the

washers, (2) that the settling tanks were removing some particulate matter
smaller than the design diameter of 50 y, and (3) there was little or no
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variation in the particle size distribution of grit from spinach, collards or
turnip greens. These analyses should be useful for designers developing
similar equipment for product grown on sandy and sandy-loam soils. For
other soils, particle-size analyses would have to be developed.

The effectiveness of grit removal in the settling tanks could probably
be improved by using a lower recirculation rate. Necessary hydraulic agita-
tion could be provided by increasing the pressure on the spray nozzles in
the washers. The surges in flow to the settling tanks produced by the sump
pumps probably reduced effectiveness of the tanks. This problem could be
eliminated by locating the settling tanks beneath the washers so that they
would receive the overflow by gravity.

The amount of time required to remove acciamulated grit, and the con-
figuration of the conventional washers made it impossible to measure the grit
collected in them during the trials. Only in trial 2 (spring) was the amount
of grit on incoming product significantly different from that processed
during the prototype runs. Accumulated grit had to be shoveled out of the
first conventional washer during the lunch break—approximately 1700 kg.

Visual observation of the conventional washers in the other trials indicated
that the amount collected was of the same order of magnitude as that collected
in the prototype washers. Again, most of this accumulation was in the front
section of the first washer. Only limited amounts accumulated in the second
washer. Samples for particle size analysis were taken during trial 2 (Figure
20) . Because the accumulated soil had reached a level within a few inches
of the water level in the washer where smaller particles could be deposited
it is assumed that these results are representative of the total soil brought
in on the product. If true then, 86 percent of the grit to be removed from
the product was in the size range above 100 microns.

Trash Accumulation

Two operational characteristics can be derived from the trash collection
data for the prototype system. They are: (1) the amount of waste product
that would have to be disposed of and (2) the amount expected to be lost
during washing. Table 10 summarizes these data and indicates that neither
of the above would be a major concern. The data for equivalent weight of

fresh product lost to trash was determined by adjusting the wet weight of

the trash to the average moisture content of the incoming product during
each trial.

The trash generated by the prototype consisted primarily of leaf

particles. This type of material from the conventional washer flowed
directly into the waste stream and had to be removed by vibrating screens
before the plant effluent was released to treatment facilities.

PRODUCT QUALITY PARAMETERS

The product quality parameters measured were insect counts, bacterial
contamination and grit on the leaves. Of these, only insect and bacterial
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counts were made during the fall trials. The hand washing test for grit
analysis was not devised until the start of the spring trials.

Insect Counts

Insect infestation of product was extremely low during the fall trials
and not very severe during the spring trials. Though fortunate for Exmore
Foods, this s'.tuation did not allow for a very rigorous test of the proto-
type for removing insects. Insect counts for trial 5 (fall) and trials
1-6 (spring) are included in Tables B-1 through B-7 in Appendix B. A total
of only 10 insects were found on all the product samples taken during trials
1 through 4 in the fall with no more than 2 in any one sample.

Significant insect populations on the product appeared only during
trial 2 (spring) when the prototype was not in operation. In this trial
the two conventional washers removed 63% of the insects (aphids) from the

spinach, and for all trials averaged 62%. Whether or not this could be
considered representative is not known.

Several bits of evidence indicate that the prototype was effective in
removing insects. First, the data show that it was consistent in lowering
insect counts as the product was washed. Second, there was no evidence of

build-up of insects or insect fragments on the product as time proceeded.
This is significant in view of the fact that the wash water was being
recirculated. Finally, counts on the trash collected from the washers
during the fall averaged 124 whole insects and 81 fragments per 100 grams
even though incoming product averaged only 4 whole and 1 fragment per 100
grams of sample taken. Over all trials the prototype removed 70% of all
insects.

Grit on Product

Figures 21 through 24 depict some of the results of the hand washing
tests of product samples for grit analysis in the spring trials. Complete
data are included in Tables B-8 through B-13, Appendix B. The amount of

grit on entering product varied greatly. The amount on product leaving the

first washer varied less than initial readings and that leaving the second
washer even less. In all four trials where both the prototype and conventional
systems were operated the prototype removed a greater percentage of the grit -

averages of 73 percent and 69 percent respectively.

Spinach harbored more grit than turnip greens. In trial 1 the prototype
removed 80% of the grit and the conventional washers 73%. The conventional
washers averaged 70% removal in trials 1, 2 and 3 (spinach). The maximum
amount of grit observed on incoming spinach was 22,000 mg per lOOOg product,

10 times greater than the maximum observation for turnip greens, 2070 mg per

lOOOg of product. In trials 4, 5, and 6 (turnip greens) the prototype aver-

aged 64 percent removal and the conventional washers 59 percent. Removal

percentages for turnip greens appeared to be lower in general than those for

spinach. This probably relates more to the amount of grit on product than

any other factor in these trials. Given several varieties of greens of "equal

dirtiness" spinach would undoubtedly be the most difficult to clean.
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The greater percentage removal of grit by the prototype over the conven-
tional system may be attributed to the increased hydraulic agitation and
the final fresh water rinse. However there was a decrease in the percent
of grit removal with time in three of four trials, probably due to the use
of recirculated water. Grit removal in the conventional washers varied
randomly with time.

Bacteria Counts

Bacterial counts for both product and water samples are not as complete
as originally planned for a variety of reasons — including considerable
variation in the amount of bacteria on input product, problems in transporting
samples under controlled conditions and, in general, the rather primitive
laboratory facilities on site. The data, however, are sufficient for certain
inferences.

Bacteria counts on product samples are included in Tables B-14 through
B-23, Appendix B. Table 11 is a summary of the principal effects on product
and water bacteria. Over all trials, the prototype and the conventional
systems each reduced the bacterial counts on product 74 percent of the time.
Of special significance, however, are the prototype trials in the spring —
1, 4, 5, 6. Unfortunately, a spreader- type organism present in the water
overgrew the plates in trial 4, obscuring the colonies. In the other three
trials, however, there was a very consistent and obvious lowering of bacterial
counts (100% of the time) as the product passed through the system. Undoubt-
edly the addition of fresh chlorinated water as a final rinse on the product
in these trials had an influence here.

Factors other than chlorine in the wash water appear to be operating
in the reduction of bacteria on product. It may be that something from the

product itself, which accumulates in the water, has a bacteriacidal action.
Again, the results of the spring trials with the prototype showed a consistent
reduction in counts in the first washer which received no fresh water (Figures

25 and 26) . Counts for the conventional washers did not exhibit this

consistency (Figures 27 and 28). Two other observations can be made
from the data on bacteria counts. 1) There does not seem to be a clear
relationship, if any at all, between counts in the wash water (data presented
below) and on the product. 2) Though not obvious, it appears that higher
initial bacteria counts may be expected on spinach than on collards or turnip
greens. There are many uncontrolled influences here, however.

WATER QUALITY PARAMETERS

A total of 10 different water quality parameters were measured during the

trials. In the fall these included bacteria counts (including total coliforms)

,

chlorine residual, BOD , BOD , COD, TSS, VSS, turbidity, color and pH. In

the spring bacteria counts, chlorine residual, COD, TSS, VSS and pesticide
analyses were made.
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TABLE 11. COMPARISONS OF BACTERIAL POPULATION DENSITIES (TOTAL PLATE COUNTS)
FOR PRODUCT LEAVING TO PRODUCT ENTERING A TWO-WASHER SYSTEM AND
FOR WATER LEAVING THE SECOND WASHER TO WATER ENTERING THE FIRST
DURING GREENS - WASHING TRIALS.



Bacteria Counts and Chlorine Residual

Total plate count data are recorded in tables C-1 through C-10, Appendix
C. These counts ranged over 5 orders of magnitude during the fall trials and
4 orders of magnitude in the spring. The relative counts for water where the
product entered compared to those where it was discharged in the prototype
system exhibited some consistency as shown in the first two columns of Table
11. The bacteria count was lower for the output of the second washer compared
to the input of the first washer in 20 of 22 observations. The opposite was
true in the conventional washers where the output counts were lower only for
6 of 14 observations. These last results seem to indicate that the last water
the product is exposed to does not necessarily have a direct effect on the
product bacteria counts which were consistently lowered by the conventional
washers

.

The response to chlorine was not always consistent either as indicated
in Figures 29 and 30. Total chlorine was measured and recorded each time a

water sample was taken. Chlorine input to the fresh water in the plant was
manually regulated and varied considerably. A high value of 3.8 mg/£ was re-

corded in the fall trials and a high of 1.79 mg/Jl in the spring. Concentra-
tions usually but not always decreased toward the end of the trials (Table 11)

,

often falling to zero. This correlates with the fact that 73 percent of the

counts on water samples taken at the end of the trials (all sites) were
greater than those taken at the beginning. Fewer (54 percent) of the product
samples at those times showed higher counts , and the magnitude of these

changes was not as great as for the water samples.

The data in Table 12 re-enforce the lack of correlation between bacteria
in water and on product. There appeared to be a consistent increase in

bacteria counts in the water in both systems as time proceeded. The build-up
in the conventional system may indicate a trend to higher levels because
these trials were usually shorter than those with the prototype. The
differences in counts on the product for the fall and spring prototype trials
may be attributed to the generally higher levels of chlorine in the water
during the fall. Warmer weather in the spring may have also been a factor.

The differences between the build-up of counts on product for the prototype
and conventional washers in the spring may merely be the influence of exposing
the product to more chlorine treated water in the conventional washers.

In summary the influences on bacteria counts, both product and water, are not

clear. A system similar to the prototype using a final product rinse with
closely controlled chlorine content would appear, however, to have an

advantage over conventional washers in bacteria control.
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TABLE 12. MAGNITUDE OF AVERAGE CHANGES IN TOTAL PLATE COUNTS FROM BEGINNING
TO END OF TRIALS AT ALL SAMPLING SITES RECORDED.

Trials Water* Product**

Prototype (Fall) +169.0 -110.3

Prototype (Spring) +78.3 + 41.7

Conventional +356.0 - 4.6
_

Colonies X 10 per milliliter

Colonies X 10 per gram

Tables C-11 through C-15, Appendix C record data from the fall trials

on total conforms in the wash water. These organisms indicate the presence
of fecal material on the incoming product. Their effect on final product,
however, is not known.

TSS, VSS, COD and BOD

Figures 31 and 32 are two examples of water quality parameters at

strategic points and times during the fall and spring trials of the prototype.

In both cases the waste strength parameter is plotted vs. accumulated fresh
product input to the washers during the trial. All parameters in all trials

tended to follow similar patterns. Data on all trials are contained in

Tables C-16 through C-57, Appendix C.

The six sites in the figures represent sampling locations (refer to

Figures 1 or 12) and differences between adjacent sites in the flow pattern
represent the effect of a certain component of the system on the quality of

the wash water. Values at site 2 minus those at site 1, for instance,

represent the amount of a waste component added to the wash water in washer 1;

similarly for sites 3 and 4 in washer 2. Sites 2 and 6 bracket the effects
of the sump pump and moving-screen belts in sub-system 1; sites 4 and 5 in

sub-system 2. Sites 6 and 1 bracket the effects of the settling tank in the

first sub-system; sites 5 and 3 in the second. Site 1 also represents the

overflow to waste for the entire system.

The most obvious fact from these graphs is the considerable difference

in waste strength in the first sub-system (sites 1, 2, and 6) compared to the

second (sites 3, 4, 5). Approximately 75 percent of the product cleaning

took place in the first washer and settling tank based on analysis of grit

accumulated in the bottom of the tanks and remaining in the water at the end

of each trial. These graphs also indicate the general effectiveness of the

moving-belt screens and settling tanks. The effectiveness of the settling

tanks, as noted earlier, could be improved by lowering the recirculation

rate and eliminating the surges in flow caused by the intermittant operation

of the sump pumps. Also, the settling tanks apparently performed better in
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the fall trials than the data indicates due to the method of taking samples
at sites 5 and 6 (input ends of the tanks). In the fall trials, water samples
were taken at these points by dipping the container into the surface of the
water. Some rapidly settling solids may have been missed by this technique.
In the spring trials, these samples were taken by holding the container under
the moving-screen belts to catch the samples before the water entered the
tanks

.

Ideally, a waste strength parameter in any one of the washers or settling
tanks in a recirculating system should increase by some relationship such as:

X = A(l - e'^"^)

where

:

X = concentration of the particular parameter at any time, t.

q = total material processed to time, t.

A and B = constants.

In other words, given constant inputs - i.e., constant rate of material

input of constant "dirtiness" and a constant fresh water input rate — the

waste strength parameter should approach the asymptotic value A with time.

Material input rates, the amount of soil on the vegetables, and even the

range in volatiles produced varied too much to be able to make precise
predictions of concentrations. In general, however, it appears that the

water quality parameters in the prototype system, operated as in these trials,

could be expected to stablize in approximately 5 hours. Leaving the fresh

water on during breaks in processing would, of course, tend to dilute the

waste strength parameters, (note dip in values of TSS for first sub-system
in Figure 31) . Very low fresh water input rates as in trial 4 in the spring

(Figure 32) would tend to increase the time until stability is reached.

Accumulations of dissolved organics may also have the effect of lowering the

emission rates of COD and BOD. The decrease in osmotic gradients between

the product and the wash water could reduce the leaching of these materials
as washing proceeds with recirculated water.

Twenty-day BOD values were taken on some of the water samples during the

fall trials. These are tabulated in Tables C-54 through C-57, Appendix C.

Figures 33 and 34 show examples of water quality parameters vs.

accumulated product for the sampling sites on the conventional washers. The

waste strength parameters are again plotted vs. accumulated fresh product in-

put to the washers. Generally the concentrations in the first washer (sites

7 and 8 or 12 and 13) were higher than those in the second (sites 9 and 10

or 14 and 15). This was not always consistent, strongly affected by the

amount of water used in each washer. Waste strength also varied considerably

from beginning to end of the trials and inconsistently with the amount of

product processed. This inconsistency was the result of, not only variations

in incoming product quality, but also in water flow rates.
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pH was measured and recorded every time water samples were taken.
The range in the fall trials was 6.5 to 7.6 and in the spring trials 7.6
to 8.5. These ranges do not indicate any problems for waste treatment due
to pH.

Color, Turbidity and Conductivity

Readings on color, turbidity and conductivity were taken and recorded
during the fall trials with the prototype. These parameters generally
followed the trends of the other waste strength parameters. These measurer
ments are easy to make and any or all of them may provide simple means for
controlling the operation of recirculating systems in the future. For
example, Figures 35, 36 and 37 present simple regressions for BOD vs.
color for trials 2, 3, and 4 (fall) with collards. Further study on
these general relationships for each commodity appears warranted.

Pesticides

Water samples for pesticide analysis were taken midway and at the end of
each trial of the prototype at the overflow of washer 1 (site 2) during the
spring trials. These samples were analyzed for Phosdrin, the insecticide
used by Exmore Foods. The results are listed in Table 13 below.

TABLE 13. CONCENTRATION OF PHOSDRIN IN WATER OF FIRST WASHER OF PROTOTYPE
SYSTEM, SPRING TRIALS

Trial
Water/Product

ii-/kR Hours of Operation
Concentration

ppb*

2.18 3

5

1.45

0.81

3.99 0.17

4.22

7

4

non-detectable

Trace
(< 0.01)

6.5 non-detectable

Parts per billion.

Samples from Trial 1, the first of the four trials with the prototype
in the spring became overheated in transit, began to decompose anerobically,
and consequently could not be analyzed. Samples from the other trials indicate
that 1) concentrations of pesticide were very low, 2) they tended to decrease

with time rather than build up in the recirculated water and 3) they tended

to decrease with increased water/product ratios.
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SUMMARY OF WASTE PRODUCTION FROM WASHERS

Waste is carried from the washers by the water in three different
ways: 1) with the effluent during processing , 2) with the water carried out
of the system on the product and 3) with the water dumped from the washers
(and settling tanks for the prototype) at the end of a processing shift.
Tables 14, 15 and 16 show the amounts of each waste parameter measured in
these trials per metric ton of product processed. Concentrations for each
time period multiplied by average water flow during the period were summed
for an entire trial to obtain the total waste leaving in the effluent.
Similarly, the concentrations in the last washer multiplied by average
product flow and amount of water leaving per unit of product were also
summed. The amounts of waste in the washers and settling tanks at the end
of processing was determined by multiplying the final concentrations by the
volume of the tanks in which they were measured.

Tables 15 and 16 (spring trials) show the amounts of waste leaving the
washers by each route. The percentages in each case varied considerably.
The waste leaving the prototype (Table 15) on the product may be slightly
less than estimated here because of the final rinse on the discharge belt of

the second washer. One consistency to be noted for the three trials when
turnip greens were processed (4, 5, 6) is that the percentage of waste
removed by the system overflow increased very rapidly as the amount of fresh
water input increased.

There are at least three things that affect total waste production and
waste stream concentrations. They are: 1) the variety of vegetable being
processed, 2) the amount of water per unit of product processed, and 3)

the condition of the vegetables. Potter (15) shows that collards are high in
nutritive value — 7.5 vs. 4.3 grams of carbohydrates and 40 vs. 26 calories
per 100 grams compared to spinach. This implies that there should be con-
siderable difference in VSS and COD production from different varieties.
On the other hand. Bough (2) found that spinach produced significantly
higher waste loads during washing when compared to collards, turnip greens,
mustard and kale. The results of this study however, do not indicate that
any one of the three products tested could be used as a model for maximum
VSS and COD emission. Emission rates for TSS were consistently higher for

spinach. The combination of savoy leaf surfaces and low growth profile
undoubtedly increases grit accumulation compared to other leafy vegetables.

The amount of water used to wash a unit of product appears to have con-

siderable influence on waste production. VSS and COD mass emission rates

were consistently lower for the prototype than for the conventional system.

There are at least four possible reasons for this: 1) The concentrations
of these waste components in the recirculated water of the prototype were
considerably higher than those in the conventional washer. The more dilute
and larger amounts of water used in the conventional washers may have
affected the surface of the leaves and induced more leaching of organics,

a possibility noted by EPA (7) . 2) The water used in the conventional washers
was, for the most part, taken from the product cooling flumes and did contain
some soluble material. 3) A significant amount of these components may have
left the system with the leaf fragments separated out by the moving belt
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TABLE 14. WASTE LOADS DISCHARGED WITH WATER* FROM PROTOTYPE SYSTEM
DURING FALL TRIALS, 1975

Trial Product Waste Stream/
Product
(Ji/kg)

Waste Load, kg/metric ton+

TSS VSS COD BOD^

1

2

4

5

Collards

Collards

Collards

Spinach

1.97

0.69

1.30

1.55

0.38



TABLE 15. WASTE LOADS DISCHARGED WITH WATER FROM PROTOTYPE SYSTEM DURING
SPRING TRIALS, 1976

Trial Product

Waste stream/
Product Waste*
Jl/kg Source

Waste Load, kg/metric ton"*" and
percent of total
TSS VSS COD

Spinach 1.38

Turnip
Greens

Turnip
Greens

Turnip
Greens

0.16

1.35

1.68

A
B

C
TOTAL

D

A
B

C

TOTAL
D

A
B

C

TOTAL
D

A
B

C

TOTAL
D

0.65(25.4%)
0.97(38.2%)
0.93(36.4%)
2.54(100%)
5.30

0.43(38.1%)
0.06( 4.9%)

0.64(57.0%)
1.13(100%)
2.10

0.19(32.5%)
0.20(34.2%)
0.20(33.3%)
0.59(100%)
1.10

0.06( 6.9%)

0.53(65.6%)
0.22(27.5%)
0.81(100%)
2.90

0.11(26.6%)
0.15(38.0%)
0.14(35.4%)
0.40(100%)

0.07(44.8%)
O.OK 6.9%)
0.07(48.3%)
0.15(100%)

0.04(38.1%)
0.03(28.6%)
0.04(33.3%)
0.11(100%)

O.OK 8.3%)

0.08(66.7%)
0.03(25.0%)
0.12(100%)

0.37(32.4%)
0.39(34.7%)
0.37(32.9%)
1.13(100%)

0.20(35.2%)
0.02( 3.6%)
0.34(61.2%)
0.56(100%)

0.13(27.7%)
0.15(31.9%)
0.19(40.4%)
0.47(100%)

0.04( 8.2%)

0.32(64.3%)
0.13(27.5%)
0.49(100%)

A - Carried out with water on product.

B - Discharged from settling tank #1.

C - Remaining in water in system at end of processing.

TOTAL - Total of wastes from water in system

D - Total grit collected in the bottom of the washers and settling tanks
at the end of each trial.

+ - Waste loads given in kg/metric ton of fresh (raw) product entering
washing system. See Table 7 for factors to convert these readings
to field weight or packaged weight.
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TABLE 16. WASTE LOADS DISCHARGED WITH WATER FROM CONVENTIONAL WASHERS DURING
SPRING TRIALS, 1976

Trial Product

Spinach

Spinach

Spinach

Turnip
Greens

Turnip
Greens

Turnip
Greens

Waste stream/
Product Waste*
Jl/kg Source

Waste Load, kg/metric ton"*" and per-
cent of total

17.5

4.1

9.8

17.6

16.0

20.7

TSS

A 1.74(12.2%)
B 12.10(85.1%)
C 0.39( 2.7%)

TOTAL 14.23(100%)

A 4.30(46.5%)
B 4.52(48.9%)
C 0.43( 4.6%)

TOTAL 9.25(100%)

A 0.81(16.8%)
B 3.55(74.2%)
C 0.43( 9.0%)

TOTAL 4.79(100%)

A 0.24( 9.3%)
B 2.26(87.4%)
C 0.09( 3.3%)

TOTAL 2.59(100%)

A 0.12( 8.1%)
B 1.24(87.3%)
C 0.07( 4.6%)

TOTAL 1.43(100%)

A 0.21(14.6%)
B 1.14(79.2%)
C 0.09( 6.2%)

TOTAL 1.44(100%)

VSS

0.04(10.4%)
0.29(85.1%)
0.02( 4.5%)

0.35(100%)

0.03(13.0%)
0.19(82.6%)
0.01( 4.4%)

0.23(100%)

COD

0.22(13.0%) 0.39( 8.7%)
1.37(82.5%) 3.93(87.1%)
0.07( 4.5%) 0.19( 4.2%)
1.66(100%) 4.51(100%)

0.40(42.0%) 0.65(46.8%)
0.51(54.3%) 0.65(46.8%)
0.04( 3.7%) 0.09( 6.4%)
0.95(100%) 1.37(100%)

0.15(17.2%) 0.56(15.9%)
0.62(73.4%) 2.59(74.1%)
0.08( 9.5%) 0.35(10.0%)
0.85(100%) 3.50(100%)

0.04(10.3%) 0.45(13.5%)
0.29(85.3%) 2.74(81.9%)
0.02( 4.4%) 0.15( 4.6%)

0.35(100%) 3.34(100%)

0.49(15.1%)
2.57(79.3%)
0.18( 5.6%)

3.24(100%)

0.42(18.9%)
1.62(73.6%)
0.16( 7.5%)

2.20(100%)

A - Carried out with water on product.

B - Discharged from washers 1 and 2

C - Remaining in water in system at end of processing.

TOTAL - Total of wastes from water in system. Grit remaining in bottom of
washers at end of each trial could not be collected without inter-
ferring with plant operations.

+ - Waste loads given in kg/metric ton of fresh (raw) product entering wash-
ing system. See Table 8 for factors to convert these readings to field
weight or packaged weight.
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screens. 4) Some of these components may have settled out with the finer
soil particles in the prototype settling tanks. Soil samples taken from
these tanks were observed to be high in organic matter.

The amount of grit removed by the water from the conventional system
(TSS minus VSS) appears to be greater than that for the prototype system.
No direct comparisons, however, can be made because the grit collected in the
bottom of the conventional washers could not be measured in these trials.
The prototype showed a consistent advantage over the conventional washers in
reducing the amount of grit on product samples that were hand washed as
described earlier. Assuming that this is a correct representation of the
relative effectiveness of the two systems, then the prototype has the added
advantage of consolidating more of the wastes in its washers and particularly
in the settling tanks for disposal separate from washer effluents.

Emission rates of the various waste components are also strongly
influenced by the conditions of incoming product within a variety. This
condition is influenced by many things including maturity of plants, growing
conditions, whether wilted or turgid, rain or irrigation prior to harvest, etc.

These effects are demonstrated by the data for each variety presented in
Tables 14, 15, 16 and in Table 17 (described below). Even if these data were
"normalized" to constant amounts of water per unit of product processed there
would still be considerable differences in TSS, VSS and COD per kg of product
within each variety.

Table 17 is a summary of average waste stream size and average waste
component concentrations for each of the trials, fall and spring. These data
do not reflect the changing concentration of waste components in the prototype
system with time. They should, however, be useful in planning for design
of a waste treatment system that uses either conventional or recirculating
washers.

Overall average operating conditions for the prototype washing system
during these trials included a product input rate of 1278 kg/hr and fresh
water input of 72 X,/min. Under these conditions 2.20 Jl/kg left the system
with the product, 1.18 left via the waste stream and the waste concentrations
(TSS, VSS, COD) in the various units of the system could be expected to

stabilize in approximately five hours of continuous operation. The number
of trials run were insufficient to indicate whether or not these were
"optimum" conditions. Nevertheless, they appear to be "good" or minimum
conditions for producing suitably clean product. For all product flow
rates a minimum fresh water input of 3.5 Jl/kg (0.42 gal /lb) is recommended.

ECONOMIC COMPARISONS

The following is an example problem to demonstrate the comparative
economics of owning and operating a two-washer prototype system vs. a two-
washer conventional system of equal output. Many variables will, of course,
affect this type of comparison. The basis here is an assumed "reasonable"
set of operating and economic conditions.
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TABLE 17. WASTE STREAM CHARACTERISTICS FROM PROTOTYPE AND CONVENTIONAL
SYSTEMS



Annual Fixed Costs

The assumptions here are: 1) The two conventional washers will cost

$12,000 ($6,000 each. Estimate from A. K. Robins Co., Baltimore, Md.) and
the prototype will cost $16,000. The prototype cost is based on an estimate
of 1.33 times that of the conventional washers and assumes that it will be
constructed to include the simplifications cited in the recommendations
(section 3 of this report). 2) Useful life of the equipment is 12 years and

salvage value at the end of usefulness will be 10% of initial cost. Straight
line depreciation will be used. 3) Interest on investment will be equal to

8% of the average value of the equipment over its useful life, per year; and

4) cummulative over ownership costs (taxes, housing, insurance) are equal to

2% of the initial cost per year. The following annual costs are derived
using these assumptions.

Item

Depreciation
Interest on investment
Taxes, housing, insurance
Totals

Washer



Power to operate washers, kw
Electricity costs, c/kwh
Fresh water cost, $/1000 gal
Sewer charge for water, $/1000 gal
High strength surcharge rates, <?/lb

TSS above 200 mg/«,

COD above 120 mg/

I

Repairs and maintenance,
(0.02% of initial cost/hr.) $/hr.

3.0
3.4

0.5
1.0

10
7

2.40

14.6
3.4

0.5
1.0

10

7

3.20

Using the above assumptions the following daily operating costs were calcu-
lated:

Item Washer Line
Conventional Prototype

Electric Power
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APPENDIX A
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Plpire A-1: Water flow racee vs. operating tine, trial 2, Pall. 1975.
whan prooeaslog collardi with prototype waahcr.

OPERATINO TIME (HRS)

Figure A-2: Hater flow races ve. operating tlac. trial 3, Pall, 1975,
when processing collards with prototype waaher.



^^^

OPERATING TIME (hrs.)

Figure A-5: Water flow rates vs. operatlnR time. Trial i. Spring,
1*176, when processing turnifi (treens with prototypp
systes.

Figure A-6: Untct flr>w rates

OHtRATINC TIME (hrs.)

oper.irloR time. Tri.il 5. Sprinc,
when processing turnip greens with prototype washer.

HETF.R 3

METER <•

METER 5

3 4 S 6

OrERATINC TIME (hrs.)

TOTAL

WASIIKR 1

WASHi.k 2

Figure A-7i Water flow rale* vs. oporatlng tlin'. Trial 6, SprlnR. 1976.

when processing turnip grecn.« with prototype washer.

OPERATINC TlHV (hrs.)

Water overflow ralefi from conventional washers vs.

operating time. Trial 2. Spring. 1975, when processing

spinach on the cast line.

73



500





9 «

(^H/>:i) 2vn noii i^aaond

(tiH/OX) 31VU MOId lOnOOHd

< ^ ">

(9)1) indNi ionooHd 03i.vnnwnD3v

-J a
-« o

3 — .

OX) indNi ionooHd aaxvnnwnoov

76



S 9000

s

a 75O0

u

g 6000





S3JVJ.N33H-I.1 NOIlVWWnS
S'JDVJ.H33HHd NOIlVHHnS

N o e

snoviNHnan.! Noiiviwns SHtJVlN^DUtH.r NOllVHHnS

79



APPENDIX B

TABU B-1.
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TABLE B-9. MILLIGRAMS OF GRIT TtR KILOGRAM OF PRODUCT KOR TRIAL 2.
TABLL B-IO. MILLIGRAMS OF GRIT PER KUAXIRAM OF PRODUCT FOR TRIAL 3,

SfRINC. WASHING OF SPINACH GREENS, MAY 21. 1976



TABLE B-U. TOTU, PLATE COUNT (COLONIES Xio' PER CRAM) ON PRODUCT FROM
PROTOTYPE FOR TRIAL 5, FALL. WASHING OF SPINACH GREENS.

DECEMBER 15. 1975

TABLE B-I8. TOTAL PLATE COUNT (COLONIES XIO PER CRAM) FOR PRODUCT FROM
PROTOTYPE AND CONVENTIONAL SYSTEMS FOR TRIAL 1. SPRING.
WASHING OF SPINACH CRLENS. APRIL 22. 19 ?6

Site



APPENDIX C

TABLE C-l. TOTAL rL*Tt COUNT (COLONIES'' X 10 PER HH.Llt.lTEII) IN WASH
WATER FROM PROTOTYPE FOR TRIAL 1. FALL, WASHING OF COLLARO
CREEBS, OCTOIIER 24. 1975 ^_^

Hourit of QpTntlon

1

ua.o

0.2

0.2

U.6

13.3

10.2

10.2

IS.O

33.0

6.0

O.S

s.s

232.0

>30.0''

3.3

3.9

110.0

710.0

Slca

1

TOTAL PUTE COUNT (COLONlt.s X 10"^ PKR MILI.I LITER) IN WASH
WATER FROM PROTOTYPE FOR TRIAL i. FALL, WASHING OF COLLARD
GREENS. NOVEMJER 4, H;-;

.0.25
.

15.
t*^

24.7"=

U.O'

14.0"=

13.7'

le.o'

Houra of Operation

)_

345.0''

561.0^

2.7"

7.6'

3.2^

1573.0"

4

1177.5'

1065.0'

9.2'>

3.8"

12.7"

1270.0*'

Average of two values. ""Average of ihrce 'aluea. Average of four values

Average of nore Chan one value. Insufficient dilutions before placing.
TABLE C-4. TOTAL PLATE COUNT (COLONIES X lo' PER MILLILITER) IN WASH

WATER FROM PROTOTVPt FOR TRIAL 6. FALL WASHING OF COLLARD
GREENS. DECEMBER 1. n;s

^^

TABLE C-3. TOTAL PLATE COUNT (COLONIES X 10 PER MILLILITER) IN WASH

WATER FROM PROTOTYPE FOR TRIAL 3, FALL, WASHING OF COLLARD
GREENS, NOVEMBER 20, 1975

Hours of Operaclon

Hours of Operacloo

U.O

0.1

100.0

18.0

100.0

32.0

All values replicated. Colonies were 991 Bacillus subtllls .

TABLE C-5. TOTAL PLATE COUNT (COLONIES X 10 PER MILLILITER) IN WASH

WATER FROM PROTOTYPE FOR TRIAL 5. FALL, WASHING OF SPINACH

(3f£ENS. DECEMBER 15. 1975
,

36.
0"

18.0*

0.2=

0.2

16.1

Average of two values.

3

3.9

7.
a"

9.2'

9.4"

2.8'

2.9»

6.6'

14.0

Hours of Operation

TABLE C-6. TOTAL PLATE COUNT (COLONIES X 10 PER MILLILITER) IS PROTOTYPE

AND CONVENTIONAL WASH WATER. TRIAL 1, SPRING, WASHING OF

SPINACH GREENS. APRIL 21. 1976



TABLE t-9. TtTTAI, riATf. CdUMT (rjlUWlfS I 10 ' ri« Mll.l.l I.ITKI) III MCOTOTTPE TAIIJ C-IO. TOTAl. PUTT. CUUfT (.'OURIIES X lo' PKt NIIXILITa) l« PMITOnn
AHD COHVarriOIIAL UATLII ro« THIAl. S. SPKlHi;. MASIIIIir. or TUWIP AND COUVDtTlOIIAL yATtH ITMI TilAL (.. SPHtHC AUIIB 0» Tvnir
CHEEKS, JWE 10. 1976 -

i»p»ir

Hour* of OpTatlon



T*BLE C-17.



TABLE C-24. A1IA1.YTICAL COKCENTRATIOIl (mg/t) OF TOTAL SUSPENDED SOLIDS, TABLE C-25. ANALYTICAL C0NCEN1 RATIONS (tnR/O OK TOTAL SUSPENDED SOLIDS.
TRIAL 5. SPmNC, UASHIWC OF TURNIP CREENS. JUNE 10, 1976



TABLE C-29. AHALYTICM, CCWCmTRATIONS (m»/0 OF VOLATILE SUSPWOFD SOLIDS, lABLF. C-IO. ANALYTICAl. CONCENTRATrwiS (ait/l) OF VOLATFIF SUSrF.HDtO SOLIDS.

TRIAL 3, FALL. UASHINr. OF COUMW r.»t.e>IS. HOVrFgH ZO, 1975 TBIAL «. FALL. WASIIIMC OF COLLAM) r«F.tNS

.

UF I FMI\F» I. 1975

Hours of Op«r«clon Hours of Operation

46"

2»'

*Averase of two values

106

120

120

SO

108

150

17-



TABLE C-3«.. ANALYTICAL CONCENTRATIONS (ruR/t) OF VOLATILE SUSPENDED SOLIDS, TABLE C-37. ANALYTICAL CONCENTRATIONS (cg/l) OF VOLATILE SUSPENDED SOLIDS,

TRIAL 5, SPRING. HASHING OF TURNIP GREENS, JUNE 10, 1976 TRIAL 6. SPRING, UASHINC OF TURNIP GREENS. JUNE 11, 1976

Niiura or Oncratlon

lie



TAIL! C-«3. ANAUTICAL CONCENTRATIONS (ii|M) OF CIICHICAL OXYOIN DUMND,
THIAL 1. aniNC. WASHIKC 07 SPIWACM CMENS. APML 22. H7t

TABLE C-«4. ANALYTICAL CONCEHTKATIUNS (m|/t) Or ClIIIHICAL OXYCLN DEHAND,
miAL 2. SrRINC. WAJHINC Of SUMACH GREENS. HAY 12. 197t

Houri ot Operat ion Houf of Oporatlon

1

2

3

4

S

e

7

8

9

10

0.25

82*

89''

U»

63

109

lit

274

261'

117

in"

161"

194*

106

124

72'

318*

506

514

247

277"

313

354

76

136*

105

343*

271*

204

97*

96

433* 463*

579 765^

173

203*

183

563*

49

53

69

220

347*

229

641°

164*

168"

155

134

431-

538°

170*

185*

181

414*

388

509*

132

164*

145

492*

;

378

464

136

168*

152

492*

9

10

7

280*



TABLE C-4H. ANALYTICAL CONCENTRATION (mg/t) OP CllfcHICAL OXYCbN DEHAHD,
TR I AL_ /jj_ SPRING, WASHIWti UF^ fURN IJJiW.MH , J UNE__UjlJ9±b

TABl.t C-69. ANAI.YTfCAL CtWCKNTRATIdNS (mg/O OV FIVK-I>AY HItK;tli:MH:AI.

nXYUKN nKHANI). TKIAl. I. VALL, WASItINC OF CUl.LAKU i:k>.KNS,

lltMirw of li|ifi(il Iti

2 3

li.i^u(j»_ iJ__up_»miii_op__

1



TAILE C-St. ANALVTICAL COCUITIUTIONS (ag/I) OF ZO-DAV BIOOIEmCAL OnCEM
DUIAMD, TlltAL 1, FALL, UASHIHC OF COLLARS CUENS, OCTOIER 2i,

H75

Houf of Optratton

tHe «.0

1 99

2 lOS

1 10

» 21

i M
« »]

lAlU C-55. AKALYTICAL COHCtHTHAT IONS («/') OF 20-DAV BIOCHEMICAL OXYGEN

DCHAND, T«UU. 2, FALL, UASHIHC OF COLLARD UREEHS, NOVEMBER 4,

1975

Uoura of Opgration

Average o( two v.ilu«-9.

TABLE C-S«. AHALVTICAL COMCENTRATIONS (•(/!) OF 20-DAV BIOCHEMICAL OXVCEN

DEHAMD TRIAL * FALL. WASIUHC OF COLURP (.Rt:tJIS. DECEMBER 1. 19 7}

Houri of Opration

1 35"

2 12 S0°

3 It 10*

« - 13"

5 »"

6 J?*"

'Avaraga of two valuea. Avaragc of threr valuea. *^Avcrage of four values.

TABLE C-il. AHALVTICAL COHCRMTRATIONS (•«/>) OF 20-l>AY BIOOILMLCAL OXVCEN

DEHAHII . TRIAL 5. FALL. MASHING OF SPIHAO I CKtEHS. DFX . . IS. 1975

Houra of Oparatlon
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