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Photoalteration of Pesticides: Summary of Workshop 

The abundance of pesticides and other 

persistent organic compounds in our en- 
vironment provokes the question of the 

potential effect of light on these chem- 
icals. Evidence originating in a number 
of laboratories suggests that photo- 
chemical reactions involving these ma- 
terials may be more common than previ- 
ously suspected. In recognition of these 

possibilities and their significance in 
terms of environmental contamination, 
a workshop was organized by the U.S. 
Atomic Energy Commission and the 

Agricultural Research Service of the 
U.S. Department of Agriculture on 
6 to 8 April 1972 at the National 

Academy of Sciences, Washington, D.C. 
The objectives of the workshop were 

to evaluate the magnitude of the phe- 
nomenon, including a definition of the 

contributory factors entering into photo- 
chemical alterations. Photochemical 

products may have altered toxicity, bio- 

logical activity, or capacity to undergo 
degradation by comparison with the 

parent substance. The possibility of 
using such information for the improve- 
ment of future strategies of pesticide 
use was also an important aim. 

About 30 invited participants were 
selected from several disciplines to as- 
sure as broad a technical exposure as 

possible and to stimulate communica- 
tion between disciplines as diverse as 
molecular photochemistry and marine 

biology. Representatives of govern- 
mental agencies and industry were also 
in attendance. 

The first session was concerned with 
the current status of pesticide photo- 
chemistry. J. Casida (University of Cali- 

fornia, Berkeley) discussed the photo- 
lability of different classes of insecticides 
and summarized reaction types. Reac- 
tions of compounds ranging from the 

relatively labile pyrethroids and juvenile 
hormone analogs to the more stable 

organophosphorus compounds, methyl- 
carbamates, and chlorinated hydrocar- 
bons were included. Photoalteration 

products are frequently less toxic to 
mammals and insects than the original 
compounds, with several important ex- 

ceptions such as dieldrin. Often a com- 

plex mixture of products results from 
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photoalteration: the structures and bio- 
logical properties of these compounds 
are in many cases unknown. Approaches 
aimed at altering photostability include 
modification of molecular structure at 
a site remote from the toxophore and 
the use of photosensitizers to accelerate 
the rate of residue degradation. 

J. D. Rosen (Rutgers University) 
categorized reaction types common to 
chemical classes of herbicides. The fis- 
sion of aryl halogen bonds in halogen- 
ated herbicides is typical. The reaction 

product is a reactive aryl radical which 

yields further products by subsequent 
attack on solvent or neighboring mole- 
cules. Such reactions in "natural wa- 
ters" could yield a variety of products 
since the reaction is dependent on the 
environment of the free radical. Sur- 
face factors are important; for exam- 
ple, in aqueous solution paraquat is un- 

changed by sunlight, but on leaves or 
on a layer of silica gel rapid photo- 
decomposition is observed.. 

In his review of the status of the 

photochemistry of fungicides and plant 
growth substances, M. Zabik (Michigan 
State University) highlighted examples 
of the types of conversions that may 
occur, including oxidations, reductions, 
substitutions, dimer formation, and 
other reactions. The problem of pesti- 
cide residues in the environment is 

greatly magnified, because relatively few 
of these reactions are documented and 
current monitoring systems fail to de- 
tect their products. Zabik made a strong 
plea for greater standardization, devel- 

opment of model systems for compara- 
tive study, and the need for data on the 

quantum efficiency of these reactions. 
C. L. Foy (Virginia Polytechnic Insti- 

tute) discussed the ways in which pesti- 
cides encounter light during field ap- 
plication. The volatility of pesticides is 
a significant factor in determining their 

exposure to light. Many substances are 

applied as finely divided droplets from 
either aircraft or ground sprayers, thus 

providing significant transport of the 

pesticide through air and exposure to 

light. Evidence exists for changed photo- 
chemistry under plant canopies where 
the quality and intensity of the radia- 

tion is different from that above the 

canopy. Unfortunately, there are no 

complete balance sheets which can be 
used to evaluate the contribution of 

photochemistry relative to other path- 
ways for the dissipation of pesticides 
in the environment. 

E. P. Lichtenstein (University of Wis- 
consin) spoke on factors affecting the 
fate of pesticides. Soils are the major 
recipients of pesticides, and their dissi- 

pation is influenced by biological, chem- 
ical, and physical processes. The photo- 
decomposition of aldrin on soil and of 
azinphosmethyl in water, the nature of 
the decomposition products, and their 
fate in soil and in crop plants were de- 
scribed. 

E. F. Corcoran (University of Miami) 
considered the distribution of pesticide 
residues in the aquatic environment. 
Using the Mississippi River system as 
an example, he explained that a sur- 

prisingly small amount of pesticide used 
in the delta area reaches the Gulf. 
These observations may be explained 
in terms of the tendency of pesticides 
to absorb to hydrosoils and sediment. 
Because the current concentrations of 

pesticides in the oceans cannot be ac- 
counted for solely on the basis of river 
drainage, rainfall and atmospheric fall- 
out contaminated through pesticide 
vapors or pesticides adsorbed on par- 
ticulate material are suggested as the 

principal modes of entry. Solubilization 
and accumulation of chlorinated hydro- 
carbons in naturally occurring lipid films 
or oil spills at the ocean surface may 
render this a potentially important site 
for the localization of photochemical 
reactions. 

P. H. Wendschuh (University of Cali- 
fornia, Riverside) discussed the photo- 
chemical fate of organic molecules in 
the atmosphere. The phenomenon of 

oxygen-enhanced light absorption was 
stressed as a means by which non- 
absorbing molecular species may be in- 
duced to absorb light and subsequently 
to photodecompose. Photoreactive spe- 
cies are present in the atmosphere, but 
higher concentrations are present in the 
air surrounding urban areas. Thus there 
is a much greater probability of gen- 
erating atmospheric photoalteration 

products of pesticides where smog is 

prevalent. 
A. A. Lamola (Bell Telephone Labo- 

ratories) emphasized the use of light 
sources which can be measured with 

respect to the intensity and spectral dis- 
tribution of natural radiation. Most 

pesticides have triplet levels in the vis- 
ible region of the spectrum, and these 
can be excited by the absorption of 
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light, although with low probability. 
There are a number of direct and sen- 
sitized mechanisms that can conceiv- 

ably permit light absorption by pesti- 
cides in the environment. On the sur- 
faces of soil particles, for example, 
charge-transfer processes may be very 
important. Electronic energy transfer is 

likely to be the least important pro- 
cess for pesticides in the environment. 
Mechanisms involving ground-state 

complex formation and excited com- 

plex formation, electron transfer, and 
"chemical" sensitization are much more 

likely to occur, and their operation will 

depend on the nature of the microen- 
vironment. 

C. S. Foote (University of Cali- 
fornia, Los Angeles) outlined mecha- 
nisms of photochemical oxidation re- 
actions occurring in the presence of oxy- 
gen. Oxygen may function as an energy 
acceptor in a reaction with the photo- 
excited triplet state of an organic mole- 
cule to give singlet oxygen, a metastable 
excited species. The reaction pathways 
of singlet oxygen with olefins, dienes, 
heteroatoms, and phenol were out- 
lined. Another significant oxidation re- 
action is the reaction of free radicals 
with oxygen to give a peroxy radical 
which often initiates a chain autoxida- 
tion process. 

0. L. Chapman (Iowa State Uni- 

versity) outlined the relationship of 
organic photochemistry to pesticide 
chemistry. Predictably, pesticide mole- 
cules might be expected to undergo a 
number of types of photochemical re- 
actions. These include rearrangement 
of heterocyclic or aromatic systems, 
photo-Fries reactions, elimination pro- 
cesses, and rearrangements, of aromatic 
or olefinic nitro compounds to nitrites. 
Photooxidation, photoreduction, photo- 
dimerization, halogen bond cleavage, 
and the enhancement of phenol acidity 
by light are among the types of photo- 
chemical reactions that may be signifi- 
cant in tlhe natural environment. 

Research in photodynamic action was 
summarized by J. D. Spikes (University 
of Utah). Photodynamic damage to bio- 
logical macromolecules results by selec- 
tively sensitized photooxidation of com- 
ponent residues such as the guanine 
residues in DNA and several amino 
acid residues in proteins. The formation 
of a triplet-excited state of a dye is the 
first stage of photodynamic action, and, 
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residues in DNA and several amino 
acid residues in proteins. The formation 
of a triplet-excited state of a dye is the 
first stage of photodynamic action, and, 
subsequently, singlet oxygen may be 
produced by the reaction of triplet dye- 
stuff with molecular (triplet) oxygen. 
In a second pathway, the triplet dye 
may abstract a hydrogen atom from a 
substrate molecule to give a free radical 
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that undergoes oxidation. Finally, other 
metastable states of the dye may be 
formed and react with substrate. Sev- 
eral examples of the practical impor- 
tance of photodynamic reactions were 
cited. The possible role of photodynamic 
reactions in the photodegradation of 

pesticides in the environment was also 
discussed. 

W. Klein (Radiation Biology Labo- 

ratories, Smithsonian Institution) dis- 
cussed efforts to quantify the intensity 
and quality of the visible and ultra- 
violet radiation which reaches the earth 
and which would be available for photo- 
chemical reactions. He presented re- 
sults which indicated that this radia- 
tion exposure is highly variable de- 

pending on season and cloud cover, as 
well as smog and haze. 

A general discussion of the practical 
significance of pesticide photoalteration 
followed, with D. G. Crosby (Univer- 
sity of California, Davis) as chairman. 
Several panels considered various as- 

pects of the problem, and their con- 
clusions and recommendations may be 

briefly summarized as follows: 
The use of pesticides, especially syn- 

thetic pesticides, undoubtedly will con- 
tinue for many years, but an accounting 
of the distribution of pesticides is very 
incomplete. A fundamental problem is 
the location and fate of residual pesti- 
cides. Present information indicates that 
most pesticides are altered by sunlight, 
but there is very little indication of 
the magnitude of photoalteration pro- 
cesses that affect pesticides. The princi- 
pal concern is with the identity and 
the potential hazard of photoalteration 
products. Development of reliable in- 
formation on the toxicology of the 
photoproducts is impeded by several 
considerations: (i) ignorance of the 
chemical nature of the photoproducts 
produced; (ii) a lack of standardized 
procedures for the investigation of 
photochemical reactions; and (iii) a lack 
of knowledge of the nature of the 
macro- and microenvironments to which 
pesticides are exposed in the field, in- 
cluding the intensity and spectral dis- 
tribution of solar energy at the earth's 
surface, the effects of adsorption on 
soil or foliar surfaces, and the effects 
of sensitizers in the solid phase or in 
water. 

The most likely sites in which photo- 
alteration can occur appear to be the 

that undergoes oxidation. Finally, other 
metastable states of the dye may be 
formed and react with substrate. Sev- 
eral examples of the practical impor- 
tance of photodynamic reactions were 
cited. The possible role of photodynamic 
reactions in the photodegradation of 

pesticides in the environment was also 
discussed. 

W. Klein (Radiation Biology Labo- 

ratories, Smithsonian Institution) dis- 
cussed efforts to quantify the intensity 
and quality of the visible and ultra- 
violet radiation which reaches the earth 
and which would be available for photo- 
chemical reactions. He presented re- 
sults which indicated that this radia- 
tion exposure is highly variable de- 

pending on season and cloud cover, as 
well as smog and haze. 

A general discussion of the practical 
significance of pesticide photoalteration 
followed, with D. G. Crosby (Univer- 
sity of California, Davis) as chairman. 
Several panels considered various as- 

pects of the problem, and their con- 
clusions and recommendations may be 

briefly summarized as follows: 
The use of pesticides, especially syn- 

thetic pesticides, undoubtedly will con- 
tinue for many years, but an accounting 
of the distribution of pesticides is very 
incomplete. A fundamental problem is 
the location and fate of residual pesti- 
cides. Present information indicates that 
most pesticides are altered by sunlight, 
but there is very little indication of 
the magnitude of photoalteration pro- 
cesses that affect pesticides. The princi- 
pal concern is with the identity and 
the potential hazard of photoalteration 
products. Development of reliable in- 
formation on the toxicology of the 
photoproducts is impeded by several 
considerations: (i) ignorance of the 
chemical nature of the photoproducts 
produced; (ii) a lack of standardized 
procedures for the investigation of 
photochemical reactions; and (iii) a lack 
of knowledge of the nature of the 
macro- and microenvironments to which 
pesticides are exposed in the field, in- 
cluding the intensity and spectral dis- 
tribution of solar energy at the earth's 
surface, the effects of adsorption on 
soil or foliar surfaces, and the effects 
of sensitizers in the solid phase or in 
water. 

The most likely sites in which photo- 
alteration can occur appear to be the 
atmosphere, either in the vapor phase 
or on particulates, and organic films on 
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all components of the environment. 

Regulation of pesticides will require 
protocols for standardized estimation 
and prediction of photoalteration. Be- 
fore such protocols are closely defined, 
gaps in current knowledge must be 
filled. Furthermore, many of the po- 
tential alternative methods of pest con- 
trol such as the use of microbial agents, 
insect juvenile hormones, pheromones, 
and chemosterilants are not exempt 
from photoalteration reactions. 

There is a lack of communication 
between researchers in basic photo- 
chemistry and those concerned with 

pesticide use and development. There is 

enough common ground between these 
two groups to ensure fruitful exchanges 
of information, and this needs en- 

couragement. It is also possible to be 
critical of industry and government be- 
cause of their reluctance to make public 
research information that has been de- 

veloped to ensure the registration of 

propietary compounds. Some clearing- 
house of photochemical information 

generated, regardless of source, would 
be extremely beneficial for more rapid 
progress on these problems. 

Despite the proportions of the prob- 
lem delineated, a somewhat unantici- 

pated piece of information which 

emerged from the meeting was that re- 
search support for the general area ap- 
peared to be decreasing. A more ex- 
tensive summary of the proceedings is 
in preparation and will shortly be avail- 
able on request from J. R. Plimmer. 
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