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(35), and (39) reported that the removal of dust, grease, 

and other similar contaminants was improved by ultrasonic 

cleaning when compared with conventional cleaning methods 

such as pressure washing, agitation, vapor degreasing, and 

manual brushing for metal, glass, or fiber parts. The 

forces of cavitation involved in the cleaning of collard 

leaves was the same as for glass of metal parts. The 

particles of residue are subjected to the explosive forces 

of cavitation in which, according to Tint (46), cavitation­

formed bubbles collapse during the compression phase of 

the cycle. This creates a powerful scrubbing action which 

excedes the tension by which the particles are held to the 

leaf surface. The forces of cavitation lift the particles 

from the leaf surfaces and disperse them throughout the 

cleaning medium. 

Pressures exerted on the cell walls ruptured them 

dissipating the contents of the cells. The losses of cell­

ular contents due to disruption of the cell walls ~nd dis­

persion of the constituents of the cells was extensive 

enough to significantly decrease the content of ascorbic 

acid and carotene in the ultrasonically washed collards. 

Evidence that these losses might be significant can be 

observed in Plate 3. 

Although sections of the IO-minute ultrasonically 

treated leaves showed little evidence of cell disruption, 
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losses of components tend to support the findings of Hughes 

and Nyborg (21) that components of cells of microorganisms 

might be released before major damage has been caused to 

the cell wall. 

II. Respiration Study 

The respiratory rate of collard leaves was predomi­

nately inhibited by the ultrasonic treatments. Except for 

the ultrasonic treatment for 20 minutes at 450 ma, all 

ultrasonic treatments reduced the rate of oxygen utilization 

and carbon dioxide evolution. The ultrasonic treatment 

for 20 minutes at 450 ma increased both the utilization 

of oxygen and the evolution of carbon dioxide. This is 

similar to results obtained by several workers (3), (5) 

and (17) that mechanical stimulation of cherry laurel leaves 

and cell deformation of potato tuber tissues increased the 

respiratory activity. The studies, on the effect of the 

ultrasonic treatments on the influence on cellular struc­

ture, indicated that the treatment for 20 minutes at 450 ma 

injured the cells and disturbed and disrupted the ohloro­

plasts more extensively than the other treatments. These 

effects are brought about by the high pressures and accele­

rations produced by cavitation-formed bubbles which set the 

contents of the cell in motion (10). These effects coupled 

with the increase in temperature due to the cavitation 

increased the rate of the chemical processes involved in 
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oxidative respiration, the breakdown of sugars with the 

release of carbon dioxide, to irlcrease the respiratory 

activity. This is in agreement with Carlin (10) concerning 

the biological and chemical effects of ultrasonic energy. 

It further agrees with the report of Audus (4) that stim­

ulation of cherry laurel leaves acted on one or more of 

the stages of oxidative respiration subsequent to the break­

down of metabolite into 3-chain carbon compound and further 

to carbon dioxide in a later stage. Deformation of the 

tissues by the ultrasonic treatment at 450 rna for 20 minutes 

was apparently extensive enough to increase the respiration 

but not great enough to curtail it. 

The ultrasonic treatments for 5 and 10 minutes at 450 

rna, and 5, 10 and 20 minutes at 200 rna decreased the respira­

tory rate of the collard leaves. This response may be due 

either to the differences in the injury to the tissues or 

to the "degassing" fect on the tissue which alters the 

levels of oxygen and carbon dioxide present. Inhibition of 

the respiratory activity due to a decrease in oxygen concen­

tration within the intercellular spaces is in agreement 

with the observations of Goddard and Bonner that low levels 

of oxygen decrease cellular respiration (15)1 and Denny (12) 

that low levels of oxygen markedly inhibits respiration of 

potatoes, and roots of beets, radish/ and turnips. Injury 

to the tissues was prevalent on the treatments at 450 rna. 
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This increased their res irotioll in comparison with the 

rate of the treatments Qt 200 mil which showed less injury 

and less intercellular space. 
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SUMMARY 

These investigations of the removal of endosulfan 

(Thiodan) residues from collard leaves by using ultrasonic 

cleaning treatments, and the influence of such treatments 

on the ascorbic acid and carotene content, respiratory 

rates, and histological changes within the tissues were 

conducted to evaluate the feasibility of applying ultra­

sonic cleaning to vegetable crops. Samples of collard 

leaves, to which Thiodan had been applied, were washed for 

periods of 5, 10 or 20 minutes each at 200 or 450 milliam­

peres (rna) in an ultrasonic cleaning unit. For comparison, 

leaves were washed by hand for the same periods of time. 

The treatments at 450 rna most extensively injured 

the leaf tissues. Cell walls were ruptured and in some 

areas the structure of the walls was destroyed. Chloro­

plasts and nuclei in the injured areas were coagulated or 

fragmented forming a suspension of fine particles •. Clean­

ing for 20 minutes at 450 rna reduced the residue level an 

average of 79 percent. This was significantly different 

when compared with the level retained on the unwashed 

leaves, or leaves washed by hand for 5 minutesa The reduc­

tion was 12 percent greater than either the 5 or the 10 

minute sonic wash, and 27 percent greater than the average 

of the hand washes. The utilization of oxygen and produc­

tion of carbon dioxide was increased, indicating a more 
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rapid breakdown of metabolites. Losses of 31 percent of the 

ascorbic acid and 37 percent of the carotene contained 

were brought about by the ultrasonic wash. The reductions 

were less after treating for 5 and 10 minutes. Carbon 

dioxide evolution was reduced 18 percent and oxygen utili­

zation by 25 and 21 percent. This indicated a probable 

lack of oxygen within the treated leaves and supported the 

theory that cavitation produced a degassing effect within 

the tissues. Reduction of intercellular space and compact­

ing of the cells during treatment further supported the 

degassing theory_ 

The treatments at 200 rna did less damage to the cells 

and tissues than those at 450 rna. The principle effects 

were those of degassing of the cells and dissipating of the 

cellular contents. These effects are supported by a 28 

percent average loss in ascorbic acid content, a 27 percent 

average loss in carotene content, a reduction up to 22 per­

cent in oxygen utilized and up to a 26 percent decrease in 

carbon dioxide evolved. Sectioned leaf tissues indicated 

few cell walls were ruptured but extensive coagulation 

and fragmentation of chloroplasts and nuclei were evident. 

The ultrasonic treatments at 200 rna reduced the Thiodan 

residue level an average of 71 percent. This was an average 

of 20 percent greater decrease than by the hand washes. 

When compared with the Thiodan level on unwashed leaves, 
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all treatments at 200 rna significantly reduced the residue 

level. 

In general, increasing the duration and power output 

of the ultrasonic treatments decreased the residue level 

and the content of ascorbic acid and carotene, and increased 

the rate of oxygen utilized and carbon dioxide produced by 

the tissues. Increasing the power output and the duration 

of the ultrasonic treatment increased the injury to the tissues 

and cells and coagulated and fragmented chloroplasts and 

nuclei more extensively, forming a suspension of very fine 

grained particles within the cells. 
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CONCLUSION 

It may be concluded from t.his investigation that ultra­

sonic energy at the frequency, ilmplitudes and duration of 

treatments used in these experinents reduced Thiodan residue 

to significantly lower levels than the check and also signi­

ficantly lower than cleaning treatments without ultrasonic 

energy. Injury, produced by the forces of cavitation, 

ruptured cell walls and dissipa-ted the cellular contents. 

The ascorbic acid and carotene vIas significantly reduced in 

leaves washed in the ultrasonic cleaning unit. Cells in the 

most extensively injured areas vlere empty. 

Ultrasonic cleaning of collard leaves caused a signi­

ficant amount of damage to the tissues at the energy levels 

and for the durations used, thus it is felt that such clean-

ing is not commercial feas iblE~. 
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ULTRASONIC ESERGY AS A CLEANING AGENT 

AND ITS INFLUENCE ON THE RESPIRATORY 

ACTIVITY AND LEAF ANATOMY OF 

Brassica Oleraceae var. Acephala 

by 

Donald Elmer Hudson 

This investigation was undertaken to determine the 

effectiveness of ultrasonic energy in removing spray resi­

due from collards, to determine its effect on the content 

of ascorbic acid and carotene levels in the treated tissues, 

and to investigate the influence of ultrasonic energy on 

the respiratory activity and the histological changes of the 

tissues involved. 

Samples of collards sprayed with Thiodan at the rate 

of 1 1b per acre were harvested at 0, 3, 7, 10 and 14 day 

intervals after spraying and washed in an ultrasonic clean­

ing unit at 200 and 450 milliamperes (rna) power output for 

periods of 5, 10 and 20 minutes. Samples washed by hand for 

the same length of time were used as comparisons. The samples 

for residue determination were extracted with a n-hexane­

isopropyl alcohol mixture, the extracts cleared up with a 

carbon-magnesium oxide absorbant, evaporated in a 50°C 

water bath and reacted with methanolic sodium hydroxide and 

pyridine. The ultrasonic wash for 20 minutes at 450 rna 

reduced the residue level 81 percent from 10.63 ppm to 2.00 



86 

ppm, the official tolcrQl1cQ level established for the crop, 

the day Thiodan was applied. All other treatments except 

the hand wash for 5 minute!J reached the tolerance level 

3 days after application of Thiodan. The hand wash for 5 

minutes and the unwashed leaves did not reach the tolerance 

level until 7 days after the spray was applied. The ultra­

sonic cleaning treatments differed significantly, when 

compared with unwashed leaves and the most severe ultra­

sonic wash had a significantly lower overall Thiodan resi­

due level than the 5-minute hand wash, but most differences 

between the ultrasonic washes were insignificanto 

Aliquots, of ascorbic acid extracted with metaphos­

phoric acid collard leaves were determined colorimetrically 

using 2, 6 dichlorophenol indophenol as an indicator dye. 

Compared to the untreated samples, all ultrasonic treat­

ments significantly decreased the ascorbic acid content. 

Thirty-three percent of the ascorbic acid was removed 

from the leaves by the IO-minute ultrasonic treatment at 

200 rna and 31 percent was removed from the leaves by the 

20-rninute ultrasonic treatment at 450 rna. 

Petroleum ether extracted carotene, filtered through 

columns of dicalcium phosphate, was determined colori­

metrically. When compared with the content of untreated 

leaves, a 49 percent reduction in carotene was caused by 

washing for 10 minutes at 450 rna. When compared to the 5-
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minute treatments at Doth 200 and 450 rna, the IO-minute 

treatment reduced the cont(=nt by 42 percent and 39 percent 

respectively. 

Discs from collard leaves vlere analyzed manometrically, 

in a Warburg Respirometer, to determine the effect of ultra­

sonic cleaning treatments on thE~ metabolic processes o'f 

oxygen utilization and carbon dioxide production. Except 

for the treatment for 20 minutes at 450 rna which increased 

the respiratory activity, the general effect of the ultra­

sonic treatments was to decrease the respiratory activity as 

the duration decreased. Evidence of two causes of inhibi­

tion of respiratory activity existed. One was the degassing 

effect of cavitation which appeared to greatly reduce 

gases in the intercellular spaces. The second cause was 

injury to the tissue. The increase in injury apparently 

caused the respiratory activity to accelerate~ 

Standard methods of microtechnique were used to pre­

pare sections from collard leaves to study the effect of 

ultrasonic energy on cells and tissues. Abnormalities and 

aberrations within the tissues were caused by cavitation. 

Degassing of the tissues reduced'intercellular space. 

Chloroplasts and nue i were displaced, coagulated and often 

fragmented to form a suspension of fine grained particles. 

In areas of most extensive injury, cell walls were ruptured 

and the cellular contents ssipated, with cells in some 
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area'disintegrating. 

Although ultrasonic energy at the frequency, and dura­

tion of treatments used in these experiments reduced Thiodan 

residue on collard leaves to lower levels than other clean­

ing treatments, it is felt that injury to the leaf tissues 

and subsequent losses of cellular contents by such a method 

of cleaning makes it commercially infeasible. 


