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ABSTRACT 

House flies (Musca domestica) were tested for 

behavioral disturbances due to AChE reduction from 

malathion p.o .. The flies occupied a habitat where 

the water supply was contaminated to a 0.001% 

concentration of malathion for a 24-hour period. 

The behavior disturbances were evaluated by mean 

movement and comparison of ethograms. Data 

indicates that such a dosage, has a significant 

effect on fly behavior, with no direct lethality. 
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CONCLUSIONS 

This study resulted in the following 

conclusions about the effects of a 0.001% malathion 

concentration p.o. on the Musca domestica for a 24-

hour exposure: 

(1) 20% of the test group died from secondary 

effects (drowning). 

(2) 20% of the test group was physically 

impaired from wetting of the wings (a result from 

slipping into the water dish). 

(3) The test group did significantly more 

grooming of their back legs than the control group. 
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Neostigmine (Prostigmin) in treating CNS 

anticholinergic syndromes such as PCP intoxication 

(Huff, 1988; U.S. Army, 1974; Casarett, and Doull, 

1975). 

As stated in the introduction above, the 

antiacetylcholinesterase compounds are superseding 

the chlorinated hydrocarbons as the pesticide of 

choice. AChE is an essential enzyme for any 

organism with a nerve system. Its purpose is to 

hydrolise the neuro-transmitting chemical 

acetylcholine, thereby preventing acetylcholine 

accumulation at synaptic sites (Fig. 2). The 

importance of acetylcholine hydrolysis is to keep 

nerve cells receptive to further acetylcholine 

stimuli. If Acetylcholine is allowed to 

accumulate, the nerve cell will remain in a 

"firing" mode, which keeps activities such as 

muscle contraction continuous until the muscle 

depletes its ATP supply. 

There are two major classes of AChE inhibiting 

pesticides: the OPC's and the carbamates. The 

OPC's are irreversible inhibitors of AChE, and 

symptoms subside from the regeneration of AChE by 

the organism (Fig. 3). Carbamates, on the other 

hand, are reversible inhibitors of AChE, and 

symptoms will subside within 8-hours (Fig. 4). For 
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this difference OPC's were chosen as the class of 

pesticides to be tested. The OPC's are a 

cumulative toxicant, and an effect could be arrived 

at, from a small concentration, over a 24-hour time 

period (Dreisbach, 1980; Casarett, and Doull, 

1975). 

Malathion is a common, easily acquired 

pesticide. Due to its accessibility, malathion was 

chosen as the toxicant for this study, and was 

supplied as a 50% emulsifiable concentrate. 

The experiments were performed in a one week 

time period as four test runs. Each test run was 

performed by collecting ten flies from the 

laboratory's fly cage, and stunning them in a 

refrigerator's ice box. These ten flies were 

separated into two groups of five, and placed into 

fly habitats (Fig. 5). The control group had 

deionized water for their drinking water, and the 

test group had a 0.001% malathion solution for 

theirs. It was not believed that the flies would 

avoid the tainted drinking water on the basis of 

other researchers claim that minnows did not avoid 

malathion (Lincer, Haynes, and Klein, 1976). Both 

groups were set aside for 24-hours before recording 

the results. 

The results were recorded by a VHS video set-
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Fly habitat 
FIGURE 5. 
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up, which video taped the fly habitat for 15-

minutes, after their 24-hour isolation (Fig. 6). 

The flies were allowed to sit for 5-minutes before 

taping so that they were not agitated on video. 

These taping sessions were made between 14:00 to 

15:00 (S); a time of day when the flies were fairly 

active. 

The analysis of the data was based on three 

runs. The b-square analysis, for the ethograms, 

were devised from five-minute observations of a fly 

in each group. This fly was picked at random. The 

mean movement analysis were devised from a one­

minute observations of a fly in each group. 
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Recording set-up 
FIGURE 6. 
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RESULTS AND DISCUSSION 

In each run, the test group always had one 

fatality. These fatalities were not from the 

direct activity of malathion, but were due to a 

secondary effect. In each of these fatal cases the 

fly was found drowned in the water dish. In one of 

those cases the fly was still alive prior to video 

taping, but in the move the fly slipped and fell 

into the water dish. Such an event would hint to a 

failure in coordination, or event slight 

disorientation. However, any conclusion as to 

cause of these fatalities would require further 

investigation. 

Of the three runs performed, a number of 

casualties resulted. This category of effect 

differs from behavioral effects in that the victims 

were physically impaired. In the first test run 

two-fifths of the flies were impaired from flying. 

This handicap was due to wetted wings from falling 

into the water dish. The second test run had only 

one such casualty, and the last test run had no 

casualties. Again, these impairments may hint to a 

failure in coordination. 

The movement of the flies was recorded, and 

the averages of the two groups (control vs test) 

were found to be insignificant according to the 
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Mann-Whitney U-test (Table 1). This movement was 

measured as both cursorial and aerial. Though the 

mean movement was found to be insignificant, a 

larger sample size would probably reverse such a 

finding. It is likely that this finding was in 

error. As the evidence in the Table 1 suggests, 

malathion probably does increase the mean movement 

of a fly. In the future a larger sample size must 

be used. 

From inspection of the ethograms (Figs. 7 and 

8) and transition matrix's (Table 2 and 3) it is 

obvious that there is a difference between the two 

groups. The first discernable fact is that there 

are less behaviors performed in the test group. 

Only ten behaviors were recorded (mostly due to 

video resolution). Of these ten behaviors were 

digging at the sides of the petri dish (D), flying 

(F), feeding (Fd), grooming back legs (Gb), 

grooming front legs (Gf), grooming head capsule 

(Gh), hopping (H), lying on back (Ob), sitting 

still (S), and walking (W). Of these behaviors, 

only grooming of the back legs was found to be 

significantly different in the test group from the 

control. Though it may not be tested, this 

grooming of the back legs may well be due to the 

sensation of paralysis of the low extremities. 
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Run 1 

Control group 46 

Test group 56 

2 

41 

47 

3 

43 

42 

*All values in inches/minute. 

Mean movement 
TABLE 1. 
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First behavior 

Gb Gf Gh 

1 

4 2 

4 6 

1 

2 

1 

2 9 1 

2 3 

H 

1 

1 

1 

1 

1 

Control transition matrix. 
TABLE 2. 
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First behavior 

Gb Gf Gh 

2 

47 4 

2 8 

1 1 

1 

7 1 1 

3 9 

H 

1 

1 

4 

Test transition matrix. 
TABLE 3. 
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Control ethogram 
FIGURE 7. 
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Test ethogram 
FIGURE 8. 

Page 30 
Reid Kirby 

35% 

18'fo 

~h ll&) 
,t---,.---..:tt=t-~o,. 



Lindenwood College 
Spring/1988-DRAFT 

REFERENCES 

Bookhout, Cazlyn G., Costlow, John D., "Effects Of 

Mirex, Methoxychlor, And Malathion On 

Development Of Crabs," Gulf Breeze 

Environmental Research Laboratory, Gulf 

Breeze, FL, March 1976. EPA-600/3-76-007. 

Borror, D. J., De Long, D. M., Triplehorn, C. A., 

An Introduction To The Study Of Insects 5th. 

Ed., New York: Saunders College Publishing, 

1976. 

Casarett, Louis J., and Doull, John, Eds., 

Toxicology: The Basic Science Of Poisons, New 

York: Macmillan Publishing Co., Inc., 1975. 

Dept. Of Defense, Military Entomology Operational 

Handbook Washington D.C.: GPO, 1971 

Dreisbach, Robert H., Handbook Of Poisoning 10th 

Ed., Los Altos, CA: Lange Medical 

Publications, 1980. 

Huff, Barbara B., Ed., Physician's Desk Reference 

42nd Ed., Oradell, NJ: Medical Economics Co., 

Inc., 1988 

Lincer, Jeffrey L., Haynes, Marita E., and Klein, 

Marian L., "The Ecological Impact Of Synthetic 

Organic Compounds On Estuarine Ecosystem," 

Environmental Research Laboratoy, Gulf Breeze, 

FL, September 1976. EPA-600/3-76-075. 

Page 31 
Reid Kirby 



Lindenwood College 
Spring/1988-DRAFT 

Malakhov, S. G., Duttweiler, David W., "Forms And 

Mechanisms By Which Pesticides And Chemicals 

Are Transported," Symposium On Environmental 

Transport And Transformation Of Pesticides, 

Environmental Research Laboratory, Athens, GA, 

Febuary 1978. EPA-600/9-78-003. 

Sitting, Marshal, Handbook Of Toxic And Hazardous 

Chemicals, Park Ridge, NJ: Noyes 

Publications, 1981. 

Stryer, Lubert, Biochemistry 2nd Ed., San 

Francisco: w. H. Freeman and Co., 1981. 

Sutton, William W., Mullen, Anita A., Lloyd, 

Stephen R., Mosley, Robert E., "Biological 

Transfer Of Plutonium Via In Vivo Labeled 

Goat's Milk," Environmental Monitoring And 

Support Laboratory, Las Vegas, NV, March 1976. 

EPA-600/3-76-025. 

Tietjen, William J., Ayyagari, L. Rao, and Uetz, 

George W., "Symbiosis Between Social Spiders 

And Yeast: The Role In Prey Attraction," 

Psyche, Vol. 94, Nos. 1-2 (1987): 151-158. 

U.S. Army, Treatment Of Chemical Agent Casualties 

And Conventional Military Chemical Injuries 

(TM 8-285), Baltimore, MD: US Army AG 

Publications Center, 30 May 1974. 

Windholz, Martha, Ed., The Merck Index 10th Ed., 

Page 32 
Reid Kirby 



Lindenwood College 
Spring/1988-DRAFT 

Rahway, NJ: Merck and Co., Inc., 1983. 

Witt, P.N., Reed, Ch. F., and Peakal, D.B., ~ 

Spider's Web: Problems In Regulatory Biology, 

New York: Springer-Verlag, 1968. 

Page 33 
Reid Kirby 



SAFETY ASSURANCE 

Lindenwood College 
Spring/1988-DRAFT 

APPENDIX A 

CALCULATIONS 

The volatility of malathion was calculated 

from its vapor pressure at 30 C as 0.70mg/cu m. 

This was calculated by the ideal gas law as 

follows: 

-5 
0.70mg/cu m = 16000 x 330.36g/mol x 4xl0 mm/Hg 

303 K 

This volatility results in a maximum received dose 

of 0.05mg/kg for a safe-sided estimate of mild 

active people in a 10-hour period. This was 

calculated from the dose-dosage relation as 

follows: 

0.05mg/kg= (0.015cu m/min x 50% x0.7mg/cu m) 600min 
60kg 

The author estimated the maximum allowable dose 

as 1.lmg/kg by calculating the dose from the NIOSH 

permissible exposure limit for malathion (i.h.) as 

follows: 

1.lmg/kg = (0.015cu m/min x 50% x 15mg/cu m) 600min 
60kg 

From these calculations, any activities that take 

place where malathion is allowed to evaporate will 
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not endanger human life, require a gas ventilator, 

or are regulated by federal law. 

CONTAMINATION CONCENTRATIONS 

The usual application of malathion to control flies 

is a 5% emulsion (DOD, 1979). A 0.001% malathion 

concentration was chosen, based on experience, as 

the sublethal concentration for a 24-hour period 

p.o .. Using a 50% malathion emulsifiable 

concentrate, the "test" drinking solutions were 

prepared as follows: 

0.001% = 1ml pesticide x 50% malathion x 100 
500ml H20 

The solutions were prepared prior to each test run 

to prevent depletion of the concentrations due to 

hydrolysis. 

CHI-SQUARE ANALYSIS 

The expected value for Gb was 5.9%, while the 

observed value was 34.5%. x2 = 138.6, thus Ha>> p 

0.001. This behavior was significant. 

The expected value for S was 23.5%, while the 

observed value was 13.2%. x2 = 4.51, thus Ha<< p 

0.001, and even p 0.05. This behavior, and others 

with even less differences, were insignificant. 
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APPENDIX B 

PROPERTIES OF MALATHION 

Chemical name: [(Dimethoxyphosphinothioyl)thio]bu­

tanedioic acid diethyl ester. 

Alternative nomenclature: insecticide no. 4049; 

carbofos; mercaptothion; phosphothion; ENT 

17034; Cythion; Malamar 50; Malaspray; 

Prioderm; Maldison; Malathiazol; Malathiazoo. 

CAS Reg. No.: 121-75-5 

DOT designation: ORM-A 

Molecular formula: C H o PS 
10 19 6 2 

Mol. wt.: 330.36 

Molecular structure: 

s 
II 

(CH 0) P-S-CH-COOC H 

M. p. "'c: 2. 9 

3 2 I 2 5 
CH-COOCH 

2 2 5 

• B.p. C: 156-157 
0.7 

25 
d 1.23 

4 

-5 
Vapor Pressure at 30 C: 4x10 mm/Hg 
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Stable in a water solution buffered to pH 5.26 

Hydrolyzed at pH >7.0 or <5.0 

Toxicity: LD 50 1000-1375mg/kg 

Purity: 99+% 
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