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ABSTRACT 

An Investigation of some of the chemical and biological 

factors Influencing the environmental fate of methoxychlor 

( 1 , 1, l-trichloro-2,2-bis (p-methoxypheny Dethane) has been 

conducted. 

Methoxychlor is an organochlorine insecticide which 

is used extensively in Canada and has been proposed as a 

potential DDT replacement. It has been reported in the liter 

ature that methoxychlor exhibits a low toxicity towards most 

mammals and is also partially degraded by these organisms. 

Although much information exists on the interaction of this 

insecticide with higher animals, less information is available 

on the interaction between this compound and organisms at 

lower tropic levels, especially the microorganisms. Methoxy 

chlor, because of its use as a larviclde in and around natural 

water systems, has the potential to interact directly with non- 

target aquatic biota. Therefore an investigation concerning 

the interaction between methoxychlor and aquatic microorganisms 

was initiated. The microorganisms chosen for this study were 

common species of green algae, Chtovetta pyrenovdosa and 

Chlorella vulgaris. The biological effects of methoxychlor 

have been studied in vitro using axenic cultures of the test 

algae . 

Known metabolites and derivatives of methoxychlor 

required for this study were synthesized. The extensive modi 

fication of the literature methods for the preparation of 

these compounds has resulted in improved yields and purer 
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products for virtually all compounds synthesized. The 

synthesis of 1-monochloro-2,2~bis (p-hydroxypheny1) ethylene, 

a known methoxychlor metabolite, has been developed and 

almost completed. The synthesis of this compound has not 

been reported in the literature before. The product of the 

previously reported base-promoted rearrangement of 1,1-dich 

loro-2,2-bis (p-hydroxypheny1) ethane has been identified and 

a mechanism for its formation postulated. 

Also, to aid in the selection of solvents used for 

the extraction of the polar metabolites of methoxychlor from 

aqueous samples, the p-values (ie. extractability) and solu 

bilities (in water and organic solvents) of these compounds 

have been determined. 

The toxicity of methoxychlor and hydroxychlor (1,1,1- 

trichloro-2,2-bis(p-hydroxypheny1)ethane) towards both 

species of algae was assessed. Although both species are 

tolerant of relatively high concentrations of these compounds, 

the hydroxy analogue was much more toxic than the parent 

insecticide. Growth rate studies revealed that both raethoxy 

chlor and hydroxychlor had little effect on the overall growth 

of Chtoretta py reno'Cdosa, The growth of Chtorelta vulgaris 

was however, significantly depressed by methoxychlor, while 

on the other hand hydroxychlor stimulated the growth of this 

alga. Recovery experiments indicated that the uptake of 

methoxychlor and hydroxychlor by ChloreHa pyrenoidosa is 

mainly due to physical adsorption. In the case of Chtoretta 

vutgaris very little of the added methoxychlor could be 
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recovered. Recovery experiments conducted with ChloTella 

vulgaris and hydroxychlor suggest that at least some of this 

compound is reductively dechlorinated by this organism. 
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CHAPTER I: INTRODUCTION 

The development and widespread use of the organochlor 

ine pesticides during and after the Second World War has made 

possible tremendous advances in the production of food and 

fiber, and has also contributed significantly to public health 

on a worldwide basis. The insecticide DDT (1,1,1-trichloro- 

2, 2-b is (p-chlo ropheny 1) e thane , I, figure 1-1) is a primary 

example of this group of pesticides and is probably best known 

for its outstanding success in antimalarial campaigns. Its 

simplicity of manufacture, low acute mammalian toxicity (LD^^, 

200mg/Kg, male rat), and effectiveness against a broad range 

of insect pests have, in the past, contributed to its wide 

spread use and acceptance. The chemical stability, low vapour 

pressure (1.5 x 10 ^mm at 20®C), high solubility in lipids 

(ca. 100,000ppm), and low solubility in water (0.002ppm) of 

this compound also add to its effectiveness as an insecticide 

(1). However, DDT and its major metabolites, DDD (1,1-dich 

lo ro-2,2-b is (p-ch loroph eny 1) e th an e , II), and DDE ( 1 , 1-di ch loro- 

2, 2-bis (p-chlorophenyl) ethylene , III), because of the above 

chemical properties are among the most persistent compounds 

known and are classic examples of environmental contaminants. 

Perhaps the most serious aspect of environmental pollution by 

DDT is its almost universal distribution in fresh and sea 

waters, and the ability of aquatic animals to concentrate it 

in their body lipids to levels thousands of times higher 

!/ 

through direct absorption and storage. Predatory birds and 
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Cl 

DDT(I), 1,1,1“trichloro-2,2-bis (p-chloropheny1) ethane 

Cl 

DDD(II), 1,1-dichloro-2,2-bis (p-ch1oropheny1) ethane 

Cl 

DDE(III), 1,1-dichloro-2,2-bis (p-chloropheny1) ethylene 

FIG, 1-1. DDT and its major metabolites. 

terrestrial animals also accumulate DDT and its metabolic 

products. The environmental impact of DDT has been well 

documented in numerous review articles (2,3,4) and in several 

books (5,6). As a result of the increasing concern regarding 
I 

the longterm bioactivity and persistence of DDT, its use in 

Canada was restricted in 1969 (7). 

The problems associated with the persistence and 

bioaccumulation of organochlorine pesticides have, to a 

certain extent, been answered by the use of "softer" or more 

biodegradable compounds. These replacement compounds of 
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necessity must be effective against target pests. However, 

at the same time the alteration products formed through 

degradation by biochemical, photochemical and other chemical 

pathways should also be non-persistent in the environment. 

Me thoxychlor ( 1 , 1, 1-1 ri chloro-2,2-bi^s (p-me th oxypheny 1) 

ethane, IV, see figure 1-2) is an organochlorine pesticide 

related to DDT and is one of the earliest compounds to receive 

attention as a potential DDT replacement (8). 

Gardner and Bailey (7) have reviewed much of the early 

literature on methoxychlor , This early work included methoxy 

chlor degradation, bioaccumulation and bioassy, but the major 

ity of the work reviewed dealt with the toxicity of methoxy 

chlor. The toxicity studies were largely confined to mammals, 

birds, and fish. In general methoxychlor displays a lower 

acute toxicity towards mammals and birds, than does DDT. 

Reported lethal doses (LD^^) of methoxychlor for mammals range 

from 800mg/Kg for mice to 10,000mg/Kg for dogs. These authors 

also reported that methoxychlor was quite toxic to fish (LC^Q 

figures range from 14ug/L to 2000ug/L), although massive fish 

kills have never been reported when methoxychlor was used at 

the recommended rates for insect control. It was also report 

ed that unlike DDT, the cumulative storage of relatively high 

levels of methoxychlor by most terrestrial animals does not 

generally occur. 

One of the most comprehensive studies on the metabo 

lism and bioaccumulation of methoxychlor was reported by 
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Kapoor et. aZ. (8). Radiotracer studies by these authors 

demonstrated clearly that methoxychlor was biodegraded in 

mammals by a stepwise 0-dealkylation of the methoxy substi 

tuents. It was observed that 98.3% of the methoxychlor 

administered to mice was eliminated within 24 hours. These 

animals degraded methoxychlor to phenolic products, the major 

metabolites being, l,l,l-trichloro-2-(p-methoxyphenyl)-2-(p- 

hydroxyphenyl)ethane(methoxyhydroxychlor, V) and 1,1,1-trich 

loro-2,2-bis(p-hydroxyphenyl)ethane(hydroxychlor, VI). Minor 

degradation products also found were, 1,l-dichloro-2,2-bis 

(p-hydroxyphenyl)ethylene(hydroxychlor olefin, XIV), 2,2-bis 

(p-hydroxyphenyl)acetic acid(dihydroxy acid, VIII), and 4,4'- 

dihydroxybenzophenone (XIX), (see figure 1-2 for structures). 

These authors also incubated labelled methoxychlor with mouse 

liver microsomes and found some of the above metabolites 

present, suggesting that 0-dealkylation in the mammalian 

liver is the major pathway for methoxychlor metabolism. A1 

though methoxychlor is structurally related to DDT it is 

potentially more biodegradable by virtue of the alkoxy substi 

tuents on the aromatic rings of this molecule. It was suggested 

(1) that such sites provide the necessary "handle" for the 

attack of hepatic multifunction oxidase enzymes found in a 

wide variety of organisms. The DDT molecule on the other 

hand, because of the stability of the aryl chlorine bonds, is 

not susceptable to attack at these sites and is therefore not 

readily degraded. Kapoor and co-workers also developed a 

"model ecosystem" in which the bioaccumulation and ecological 
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HC-CCI3 

IV methoxychlor, R = R* = CH^ 

V methoxyhydroxychlor, 1,1,1-trichloro-2- 
(p-methoxypheny1) -2- (p-hydroxypheny1) 
ethane, R = H, R* = CH^ 

VI hydroxychlor , 1,1,l-trichloro-2,2-bis 
(p-hydroxypheny1) ethane, R = R’ = H 

HCCOOR Ji 

VII dimethoxy acid, 2,2-bis (p-methoxypheny1) 
acetic acid, R = R* = CH^, R" = H 

VIII dihydroxy acid, 2,2-bis (p-hydroxypheny1) 
acetic acid, R = R’ = R" = H 

IX dimethoxy acid methyl ester, 2,2-bis (p- 
methoxypheny1) acetic acid methyl ester, 
R=R’ =R"=CH^ 

OR 
X 

XI 

XII 

dimethoxydichloro derivative, 1 , 1-dichloro- 
2,2-bis (p-methoxypheny1) ethane, 
R = R' = CH^ 

dihydroxydichloro derivative, 1 ,1-dichloro- 
2,2-bis (p-hydroxypheny1) ethane, R = R’ = H 

dibenzyIdichloro derivative, 1 , 1-dichloro- 
2,2-bis (p-benzyloxypheny1) ethane, 
R = R’ = 

Methoxychlor and its metabolites and chemical 
derivatives. 

FIG. 1-2. 
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OR 

XIII methoxychlor olefin, 1,1-dichloro-2,2- 
bis (p-methoxypheny1) ethylene, 
R = R* = CH^ 

XIV hydroxychlor olefin, 1, l-dichloro-2,2- 
bis (p-hydroxypheny1) ethylene, 
R = R* = H 

XV dimethoxymonochloro olefin, l-chloro-2,2- 
bis((p-methoxypheny1) ethylene, 
R R’ = CH^ 

XVI dibenzyImonochloro olefin, l-chloro-2,2- 
bis (p-benzyloxypheny1) ethylene, 
R = R’ = 

XVII dihydroxymonochloro blefin, l-chloro-2,2- 
bis (p-hydroxypheny1) ethylene, 
R = R' = H 

'XIX 4,4'-dihydroxybenzo 
ph enone 

XVIII methoxy olefin, 2,2-bis 
(p-methoxypheny1) ethylene 

FIG. 1-2. cont'd 
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magnification of methoxychlor could be assessed. Using such 

a system methoxychlor was found in fish, at the top of the food 

chain, in concentrations 1500 times that found in water. 

Comparative studies with DDT showed magnification factors of 

90,000 times. Methoxychlor appeared to be in dynamic equili 

brium with the ecosystem while DDT and its metabolites were 

stored in organisms at the highest tropic levels. Thus 

Kapoor's group was able to demonstrate clearly the biodegrada 

bility of methoxychlor through metabolism and "model ecosystem" 

studies and suggested the compound as a replacement for DDT. 

These authors concluded by stressing the need for further 

research concerning the metabolism and characterization of 

metabolites in organisms and their fate in the ecosystem. 

Of course the fate of pesticides in the environment is 

not exclusively determined by biological factors. Thus, depend 

ing on the chemical reactivity of a pesticide, the action of 

sunlight, and the pH and mineral content of water and soil may 

also play a role in the degradation of these compounds. The 

photodecomposition of methoxychlor has been examined in water 

and as a thin film. Zepp et, at, (9) found that the major 

photolysis product in water was 1 , l-dichloro-2,2-bis (p-methoxy 

phenyl) ethylene (XIII, see figure 1-2). MacNeil et. at, (10) 

investigated the photolysis of methoxychlor as a thin film 

sprayed on pyrex glass and in addition to the above olefin 

(XIII), another product 1,1-dichloro-2,2-bis (p-methoxypheny1) 

ethane (X, see figure 1-2) was also formed. The degradation of 

methoxychlor in water has been studied by Wolfe et, at. , 
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These authors reported that the degradation rate of methoxy 

chlor at 27®C and pH 5 was about twelve times faster than the 

rate of DDT under the same conditions. At pH 12 and 27®C 

Wolfe and co-workers found that the major degradation product 

was 1,l-dlchloro-2,2-bls (p-methoxypheny1) ethylene (XIII). 

Walker (12) on the other hand» reported that surface water 

samples with salinities up to 28ppt amended with methoxychlor 

and incubated in the dark at 30°C caused no change in methoxy 

chlor concentration even after 84 days. 

The usage patterns of methoxychlor in Canada have also 

been reviewed. Gardner and Bailey (7) reported that methoxy 

chlor is mainly used for biting fly control. Methoxychlor has 

been used in aerial spray programs against mosquitoes and 

blackflies in Northern Canada. In Western Canada it has been 

used to control heavy infestations of blackflies on rangeland. 

In some of these areas methoxychlor is introduced directly into 

the surrounding water systems (calculated maximum concentration 

0.31ppm) to kill larvae before they emerge as adults. These 

authors also pointed out that methoxychlor is strongly absorbed 

on suspended solids and sediment of lakes and streams during 

larviciding operations. It was suggested that more research 

in this area is needed in order to assess the behaviour of 

methoxychlor on soil and in benthic sediments, and particularly 

the interaction of this insecticide with microorganisms which 

inhabit these ecological niches. 

Recently this area of study has come under closer 
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scrutiny by several authors, Baarschers et, at, (13) and 

Bharath (14) have studied the toxicity of methoxychlor and many 

of its degradation products which may be present in the envir 

onment (see figure 1-2, structures IV to VI and X and XI) 

towards several species of soil and aquatic fungi. These 

authors reported that the phenolic derivatives of methoxychlor 

were significantly more toxic to the test fungi than the parent 

insecticide. It was observed that the aquatic fungus Saproleg 

nva 'parasitica was most sensitive, being totally inhibited by 

hydroxychlor (VI) at concentrations as low as B.lppm. The 

above authors concluded their report by noting the significance 

of the degradation products, and stated that current scientific 

opinions concerning the use of "soft" pesticides, be tempered 

by the observation that the degradation products may also have 

the potential for environmental damage. 

In a subsequent paper Baarschers et» at, (15) described 

the partial biodegradation of methoxychlor by the bacterium 

Klehsietta pneumoniae, These researchers demonstrated clearly 

that this bacterium was capable of degrading methoxychlor and 

the phenolic analogue hydroxychlor (VI) via reductive dechlor 

ination to the dimethoxydichloro derivative (X) and the 

dihydroxydichloro derivative (XI) respectively (see scheme 

1-1, steps a and e) . Incubation of the dimethoxydichloro 

derivative (X) with this bacterium also showed that this 

organism was incapable of cleaving the methoxy substituents. 

These authors also proposed a metabolic pathway (see scheme 1-1) 














































































































































































































































































