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ABSTRACT 

Dlmilin, also known as diflubenzuron, Is a benzoyl phenyl urea 
compound that functions as an effective insecticide preventing the growth of 
chitin-containing organisms. Its main mode of action results in the 
inhibition of chitin deposition which leads to the death of the molting 
Insect, such as the gypsy moth, Lymantria dispar L. The method of HPLC, 
high-pressure liquid chromatography, was chosen to assay for Dlmilin 
because of its ability to accurately and gently separate a great variety of 
molecules by size, adsorption, reverse phase, or Ion exchange. There are 
many variables that may affect a final result such as column type, solvent, 
pump rate, solvent ratio, and detector type. This study will investigate the 
action, fate, and overall effect of Dlmilin in the environment with existing 
scientific literature and attempt to assay for the chemical via the HPLC 
method. 
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Literature Review 

The effects and detection of pesticides in the environment are 

growing concerns of society today. In order to determine the exact 

influences of these chemicals, they must be tested extensively with various 

methods in order to find an acceptable level of dosage to use. One such 

pesticide is the trade chemical Dimilln, or diflubenzuron. Dimilin is an 

insecticide that is used to combat chitin-containing organisms that cause 

disturbances in crop or forest growth. Chitin is the chemical that enables 

insect larvae to develop their exoskeleton, a necessary component during 

growth. During the molting process the weakened exoskeleton cannot 

provide sufficient support allowing internal pressure to rupture the cuticle. 

Dimilin, a benzoylphenyl urea, disrupts this chitin deposition by blocking 

the terminal polymerization step in the chitin formation within the 

integument, resulting in the death of the insect. Since chitin is not found 

in plants or vertebrates, it is considered relatively safe for use in the 

environment. 

Diflubenzuron is believed to interrupt a step in which the chitin 

molecule is condensed from acetylglucosamine sub-units. However, Hajjar 

and Casida (1979) demonstrated that diflubenzuron does not affect the 

transport of N-acetylglucosamine into the integument in the adult milkweed 

bug, suggesting proof that diflubenzuron blocks a terminal step in chitin 

synthesis. One advantage of Dimilin's mode of action is its capabillty to act 

synergistically with a pathogenic fungus such as Metarhizium antspltae 

(Hassan and Charnley, 1989). By weakening the cuticle of the insect, it 

allows easier penetration by the fungus. This can be advantageous since 

lower doses of Dimilln can be used, therefore decreasing the chance of a 

build-up in resistance against the pesticide. 

------ ~-~-- - ----
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An application of DimiUn Is in gypsy moth (Lamatria dtspan control 

during Its larval stage. Timing Is a key factor during application because It 

will not affect the Insects as adults. The toxicity of the insecticide will also 

increase inversely with the suspended particle size. Munson and Reardon 

(1979) compared different forms of Dlmilin and their efficiencies and found 

011 formulated Dlmll1n (OD-25) saved more In operational costs since it was 

applied at a lower volume than the water based form (W-25). This allows the 

spray plane to apply the pesticide to more area per load without loss of 

effectiveness. 

The fate of Dimilin in the environment has been studied and is 

considered to be relatively safe (Uniroyal, 1987). When It has been sprayed 

in the air and it lands on a plant, it can be expected to reside on the foliage 

for at least three to four weeks and up to four months since it Is not 

susceptible to photodegradation nor easily washed off by rainfall. Since It 

cannot enter Into the plant cell, no harmful side effects have been observed 

in plants thus far. 

Once in the soil, Dimilin may exist for one week or less before 

breaking down into two metabolites. One, 2,6-diflubenzoic acid, is 

eventually decomposed through decarboxylation to byproducts of H20 and 

002' As cited in the U.S. Department of Agriculture's Environmental 

Impacts of Diflubenzuron (Dimilinl Insecticide (1978), its degradation is 

largely dependent on particle size and microbial activity in the soil. The 

other product, 4-chlorophenyl urea, contributes to soil residues. In fact, a 

study at Brigham Young University, cited in the U.S. Department of 

Agriculture's publication (1978), found III bacteria that could utilize the 
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diflubenzuron as a sole carbon or carbon and nitrogen source (Pintar et al., 

1975.) In a water environment, Dimil1n will not dissolve nor will it leech or 

become run-off. Its half-life in water is also less than one week with the 

breakdown product being 4-chlorophenyl urea. This product has only been 

detected at 1 ppb four days after treatment with 11 ppb diflubenzuron 

(Uniroyal, 1987). 

Extensive studies have also been performed to find Dimilin's effects on 

mammals. Research has proven it to have extremely low toxicity and be 

relatively safe. However, it may cause a condition known as 

methemoglobinemia that raises the percent of hemoglobin found to be in a 

chemically oxidized state. A two year feeding study by Philips-Duphar 

(Uniroyal, 1987) on cats given high doses (10,000 mg/kg) of Dimilin found 

maximum levels of methemoglobinemia to be two to three percent, which is 

inSignificant. Ph1l1ps-Duphar (Uniroyal, 1987) also found that in rats, 500A> 

of the diflubenzuron will pass directly unaltered through their system while 

the other 500k degrades to 2,6-difluorobenzoic acid and 4-chlorophenyl 

urea. Both of these byproducts are eventually eliminated via urine and bUe. 

Studies conducted on larger animals, such as cows and chickens, exhibited 

similar results with no adverse affect. 

Moving down the food chain to birds and bees, there have been no 

observable toxic effects. However, in fish, when dlflubenzuron is 

metabolized, a carcinogenic breakdown product, 4-chloroanUine is found. 

This compound is not toxic to fish, but questions have been raised due to its 

potential harmful effects on man ingesting these fish. 

When it comes to its effects on non-target organisms in a forest 
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ecosystem, there is such a small effect that it is considered safe to the non

target community organisms. On the other hand, in an aquatic ecosystem, 

Farlow, as cited in the government publication Environmental Impacts of 

Diflubenzuron CDimilinl Insecticide (1978), found that only five out of 72 

coastal marsh species were affected. A study by Mulla, as cited in the 

previous government publication, specifically found these species to be 

water fleas and immature copepods. Fortunately, these populations restored 

themselves in 14-28 days after the diflubenzuron exposure was removed. 

Therefore, the variable environmental impact is concluded to be short-lived. 

A study by Smucker (1986) looked at the effects of diflubenzuron of 

Streptomyces spp., a bacteria in soil and sediment microbial communities. 

It showed that diflubenzuron altered the development of the Inner spore 

wall, outer spore wall, and spore hairs which are composed of chitin. 

However, diflubenzuron had no inhibition on chitin synthesis since the 

chitin fibrils in the Streptomyces spp. were still produced at levels of 1600 

ppm diflubenzuron. 

High pressure liquid chromatography, HPLC, is a method of separating 

chemical mixtures into its individual components with the aid of a constant 

force and solvent. It is advantageous over gas chromatography since a 

greater variety of molecules can be dissolved in a solvent and still retain its 

original structure. It is a simple process that involves pumping the sample 

through a packed column with a solvent to separate the components that 

will be detected by a monitor as the components emerge from the column. 

On the readout, chromatography peaks emerge as a function of time. There 

are four types of separations: size, adsorption, reverse phase, and ion pair 
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exchange. Size separates by weight with the largest molecule emerging 

first, adsorptlon is based on polarity and the least polar elutes first, reverse 

phase pulls the most polar out first. and ion pair exchange uses gradient 

ions to push the sample through the column while counter ions replace the 

position of the sample. Other characteristics that contribute to variability in 

HPLC include solvent type, solvent ratio, flow rate, detector, and column, 

which determines the mode of separation. Corley (1974) has found HPLC to 

be one of the best methods of assay due to its sensitivity and speed in 

detecting N-4-chlorophenyl-N'-2,6-difluorobenzoyl urea (a structure similar 

to Dimilin) in cow's milk. 

This paper deSCribes the attempt to study the detection of Dimilin via 

HPLC at two different wavelengths, 214 nm and 254 nm, combined with a 

review of available scientific literature pertaining to the effects of Dimilin in 

the environment. 

Methods 

A Beckman Model 110A High-Pressure Liquid Chromatograph (HPLC) 

was used along with a Beckman 160 Absorbance Ultraviolet detector to 

identify the sample. A white powder form of Dim1lin (25W) was dissolved 

with HPLC-grade water at 10 ppm and 20 ul was injected into a Beckman 

CIS Ultrasphere ODS column. It was pumped through at a rate of 2.0 

ml/min. with a methanol (70%) and HPLC-grade water (30%) solvent. 

Detection was measured at a wavelength of 214 nm. The outcome was 

recorded using a Spectra-Physics 4270 Integrator. Another sample of 



Dimilin at 0.1 ppm was injected into the system at 1.0 ml/min. with all of 

the other variables duplicated. 

Results 

At a concentration of 10 ppm with a flow rate of 2.0 ml/min. and a 

detection at 214 nm, Dimilin produced the peaks as shown in Figure 1. 

The sample at 0.1 ppm, 1.0 ml/min., and at 214 nm produced the peaks 

displayed in Figure 2. 

Discussion 

The two main objectives of this study were to investigate the action, 

fate, and overall effect of Dimilin, a benzoylphenyl urea, in the environment 

from existing SCientific literature and to assay for Dimilin via the HPLC 

method using two different wavelengths. 

Results of the injection of Dimilin into the HPLC at 10 ppm and 

6 

0.1 ppm demonstrated varying sizes in peaks at 214 nm as shown in Figures 

1 and 2. However, data for the injections at 254 nm was unable to be 

obtained as planned due to unexpected complications in the functioning of 

the instrument. Despite this setback. I was still able to present my research 

at the 1993 Sigma Zeta National Convention in Philadelphia, Pennsylvania, 

on March 21. 

The review of available literature pertaining to the effects of Dimilin on 

various ecosystems and organisms provided extensive background and 
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insight into its degree of hazardousness in the environment. In the soU and 

water and on plants, it was shown to have no significant harmful residual 

effects. In fact, III bacteria were discovered at Brigham Young University 

that benefit by utilizing the diflubenzuron as a sole carbon or nitrogen source 

(Pintar. et al., as cited in the U.S. Department of Agriculture's publication 

Environmental Impact of Diflubenzuron (Dimllin) Insecticide, 1975). Its 

breakdown products in the soil and water are 4-chlorophenyl urea and 2,6-

diflubenzoic acid (soU only). 

Regarding its effects on mammals, methemoglobinemia seemed to be 

the only side effect of the diflubenzuron, but even maximum levels of two to 

three percent in rats proved to be insignificant (Uniroyal, 1987). Birds, 

bees, and fish were also studied and shown not to be adversely affected 

either. However, when fish metabolize DtmUin, 4-chloroan1line is a 

byproduct that is a potential carcinogen to man, and may also lead to 

increases in the level of methemoglobin in the blood (Uniroyal, 1987). Non

target organisms in an aquatic community, such as water flea and copepod 

populations, are slightly altered with a reduction in population numbers 

after exposure to diflubenzuron (Mulla. 1975. as cited in the U.S. 

Department of Agriculture's publication Environmental Impacts of 

Diflubenzuron roimilin) Insecticide). This impact is short-lived, though, 

because the populations are able to restore themselves in 14-28 days after 

exposure is removed. 

Dimilin's main mode of action targets chitin-containing organisms 

such as species belonging to Lepidoptera, Coleodoptera, and Dtptera. It kills 

the insect during its larval stage by intervening with the insect's ability to 
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deposit chitin (a main component of the cuticle). The insect's weakened 

integument cannot withstand the internal pressure and it ruptures. The use 

of Dimilln to combat these organisms is considered less expensive than 

other chemical pesticides or biological products. The application is 

supposedly easier with fewer repeated treatments. 

As far as using HPLC to detect Dimilin. our results do not prove or 

disprove the effectiveness of the instrument. High-pressure liquid 

chromatography is a sensitive form of detection that requires exact 

conditions to be met in order to have a successful analysis of a particular 

sample. The variables include: solvent ratio. column type. flow rate. and 

detector. According to Dr. Mary Wimmer of West Virginia University. 

ultraviolet detection with HPLC tends to lose sensitivity when extracts of 

complex environmental samples Oeaves. bark. leaf litter and soll) are used 

because interferences are caused by the UV -absorbing characteristics of 

many co-extracted compounds. In order to overcome these interferences. 

too many manipulations are required that should be avoided when analyzing 

large numbers of samples. 

In conclusion. further research regarding Dimilin in the environment 

will always be valued the more it is exposed to various ecosystems. For 

instance. it would be benefiCial to study the biomagnification effects of the 

diflubenzuron metabolite. 4-chloroaniUne. in fish in order to determine 

potential carcinogenicity to humans. More studies can also be conducted 

regarding high-pressure liquid chromatography and its effiCiency in 

detecting Dimilin and its breakdown products at various wavelengths and in 

various environmental samples. 
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Relative Absorbance 

Figure 1- Injection of 10 ppm Dimllin with a flow rate of 2.0 ml/m1n. at 

214 nm. 
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Relative Absorbance 

Figure 2- Injection of 0.1 ppm DimUin with a flow rate of 1.0 mI/min. at 

214 nm. 
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