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S Z  O F  AGRICULTURAL CHT31ICALS U 113s increased remarkably during 
the past 15 years, and all signs indicate 
the next 25 are going to be even more 
remarkable. Among the key ingredi- 
ents for a successful future will be 
research and development of new 
agricultural compounds to promote a 
higher standard of living. Probably 
the biggest factor which will curtail 
this vital research and development is 
the rising cost of bringing a new prod- 
uct to the marketing stage. Estimated 
costs of product development in this 
field are fantastic. One company 
estimates it requires four years and 
about $2 million to see a new product 
reach sales. When this time and 
money are compared to the average 
life expectancy of the new chemical, 
estimated by some to be from five to 
10 years, it becomes apparent why a 
conservative management might view 
the whole field of agricultural chemis- 
try as unsatisfactory for investment 
dollars. Those of us engaged in this 
field of research, whether as active 
investigators or consultants, must uti- 
lize a research budget in the most 
effective manner. This can be done 
Xvithout restricting scientific ingenuity 
if some practical thought is incorpo- 
rated into a development program. 

Experience and training in many 
philosophies are required in any de- 
velopment program. As consultants 
to industr) , our orga.nization has 
recognized this iieed and has at- 
tempted to bring about the close co- 
ordinatioii of biology and chemistry. 
\17e find that many times the t ~ o  
g:oups are unaware of the furidamen- 
tal concepts involved. Dr. Hazleton (3) 
I:.is previously discussed the role of 
Iiolog;; in the development of new 
;;gricultural chemicaIs. at has become 

evident that residues are playing an 
equally vital role and must be given 
the same considerations in initial 
planning and in total evaluation. 

Basic philosophies change as new 
information is made available, and 
this is especially true with residues. 
The old philosophy that residues 
should be held to zero has been 
altered; today we feel that residues 
should be held to safe levels. The 
reasons behind this change are numer- 
ous, but primarily they are the results 
of progress made in the fields of ento- 
mology, plant pathology, chemistry, 
toxicology, and education. The chem- 
ist has given the entomologist and 
plant pathologist newer and better 
tools with which to work. Til? toxi- 
cologist has learned to evaluate the 
safety of the new chemicals. The 
general public has been educated on 
how to use these nev7 chemicals effec- 
tively and to enjoy the results through 
better, bigger, and more flavo:.ful 
food. 

The chemist must accept the re- 
sponsibility not only of developing the 
compound but also for providing the 
analytical method whereby the chemi- 
cal can be measured on a food crop. 
This is no small job. 

A better understanding of this re- 
sponsibility is provided by a back- 
ground of the legal requirements. 
Prior to 1954, residues of any chemical 
occurring in foods were evaluated by 
the Food and Drug Administration 
under authority of Section 406 of the 
Food, Drug, and Cosmetic ,4ct. This 
section permits the establishment of 
residue tolerances through public 
hearings for harmful and deleterious 
chemicals, if it can be shown that the 
chemical is necessary and that residues 
cannot be avoided by good manufac- 

turing process. Until 1950, few pesti- 
cide chemicals were granted toler- 
ances under this provision because 
residues were not ~ e I l  understood and 
the data were rarely adequate to 
evaluate fully either residues or safety. 
Of the more than 90 chemicals con- 
sidered in the 1930 hearings, niany 
of the studies appeared to have been 
conducted with the obvious thouglit 
in mind that residues would be non- 
existent. Even in the case of the 
really persistent compounds such ‘1s 
DDT, efforts were made to keep resi- 
clue values as low as possible. 

In our work we have been asked 
to assemble the available e%ciency, 
toxicology, and residue data for sub- 
mission as a petition for tolerances to 
the regulatory agencies, and have 
found that niiicli of the residiic data 
are meaningless. This leads 11s to 
believe that the importance of resi- 
dues has been overlooked in the early 
stages of compound development. It 
becomes necessary to dela>- applicd- 
tion for the tolerances until such time 
as adequate data are gathei,ecl, often 
resulting in the loss of a whole gro~v-  
ing season. It is impossible to esti- 
mate the financial loss to the compmy 
that this delay represents. 

\Vith passage of the Pesticide 
Chemicals Amendment, Section 408 
of the Food, Drug, and Cosmetic Act, 
certain basic concepts have become 
recognized. The first is that the terms 
“necessity for use” and “necessary in  
the production” are to be interpreted 
as “effective for the uses recom- 
mended.” The second concept is 
that maximum effectiveness, or e%- 
ciency, of a pesticide chemical can be 
attained only if the chemical is used 
to control a disease or insect pest at 
the proper time in the growing sea- 
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son. With this latter idea, it becomes 
feasible to apply a chemical when it 
is most needed, even if that need 
should arise only a few days before 
harvest. It has also brought out the 
real need of understanding what hap- 
pens to the chemical in or on the 
plant, not just how long it remains. 
This can be stated as the most im- 
portant change of concept we have 
witnessed, because residues are now 
removed from straight analytical 
chemistry and are placed in il cate- 
gory all their own. 

It will be some time before a full 
understanding of residues will be 
reached and until then the analytical 
chemist and the biochemist must work 
closely together. Basically the ana- 
lytical chemist finds the work of re- 
sidue analysis esthetically displeasing 
because he is not prepared by his train- 
ing to accept the challenge of work- 
ing with so complex a mixture as 
blood, feces, urine, or plant homog- 
enates. These substrates are in the 
realm of the biochemist who has had 
a great deal more training in separat- 
ing the various biological chemic.ils. 
I t  is regrettable that a biochemist may 
not be readily available when residue 
problems arise, because the job there- 
fore falls on an organic chemist who 
is usually the one who originally syn- 
thesized the compound. Because 
residue problems involve two systems 
of thought, they should be brought 
closely together early in the develop- 
ment program to ensure rapid success. 

Many schemes and plans have been 
published from time to time and are 
used by many companies to show the 
steps in the development of a new 
chemical. Such plans are important 
if they are keyed to the problems to 
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be faced. The chart on the next page 
presents one such scheme which, in 
general, would appear to be satisfac- 
tory. I t  is keyed to the important fac- 
tors which must be considered, yet it 
does not include specific problems 
which may arise. Its most important 
contribution is the placing of residues 
i n  proper perspective, on a par with 
use tests and toxicology. 

The chemist who synthesizes the 
compound is the logical one to provide 
the initial analytical key to the resi- 
due problem. In other words, the 
organic chemist, by being aware of 
his additional responsibility, can di- 
rect his thoughts to the analysis as 
well as to the synthesis of the com- 
pound with which he is working 
without significantly increasing re- 
search costs. His ideas should be 
written down and preserved for future 
use, should the compound prove use- 
ful. 

Idenfifying Residue Problems 

Many of the analytical procedures 
commonly used for rel:itively pure 
samples are dismal failures when ap- 
plied to biological materials. In any 
residue analytical procedure, one of 
the greatest problems is the adequate 
clean-up of the extract by removal of 
any interfering substances. During 
the second step in the development 
program material can be made avail- 
able on which clean-up methods can 
be worked out and analytical proce- 
dures can be tested. Thus, specific 
residue problems can be identified at 
this stage in the development program. 

After a chemical has been shown 
to be effective in the screening pro- 
gram, it  is tried under field condi- 
tions. Ample material is available 
for residue analysis when food crops 
are involved. A residue program de- 
signed and conducted to produce the 
maximal information relating to the 
end use of the compound in question 
can yield valuable results and save a 
great deal of money later. 

Up to this point, very little time or 
money has been wasted on the large 
number of compounds which have 
proved unsatisfactory under screening 
conditions. The concentrated effort 
is made only on those chemicals 
which indicate some economic value 
and which might be expected to show 
a return on the investment. 

Evaluation of a program must be 
made periodically, and the appropri- 
ate timing depends on the particular 
company involved and the type of 
development program being followed. 
It is obvious that a sound decision can 
be reached only if all the major prob- 
lems are recognized. Early considera- 
tion of residue, toxicology, and effi- 

cacy can provide a b:isis for making 
a decision which will result in better 
utilization of a research budget. 

“Management evaluation of results” 
includes many factors such as formu- 
lations, production problems, and mar- 
ket analysis which must be con- 
sidered in terms of capital invest- 
ments. If all the factors are avail 
able for evaluation, it becomes possi- 
ble to apply fur a temporary tolerance 
under Section 408 of the Food, Drug, 
and Cosmetic Act, and an Experimen- 
tal Permit from the USDA. Addi- 
tional data on efficacy and residues 
can be gathered on a nation-wide ba- 
sis by university groups, Federal and 
State Experiment Stations, farmer 
cooperators, and independent research 
groups. At the same time the experi- 
mental data necessary for the evalua- 
tion of safety for use is being con- 
ducted. The company has given ade- 
quate assurance that the public health 
is not jeopardized and is in a position 
to recover at least a part of the re- 
search costs at an earlier date thun 
would otherwise be possible. 

This outline oversimplifies the prob- 
lem and does not take into account 
the various ramifications of the whole 
agricultural chemicals industry. It 
does, however, include the basic prin- 
ciples which show the need for an 
early understanding of the biologicnl 
and chemical activity of a new cum- 
pound. A satisfactory residue pro- 
gram for a given chemical depends 
upon many factors; it must clearly 
show what happens to a chemical 
when applied to a plant, its rate of 
disappearance, the breakdown prod- 
ucts, and their fate. I t  is no longer 
adequate just to prove quantities at a 
given time. 

General rules can h e  laid down, 
based on previous experience. For 
the insecticides which exert their ac- 
tion on the surface of the plant, it 
becomes important to know initial 
deposits in relation to entomological 
effect: it is equally important to know 
how long that effect can persist. By 
using the approach suggested by 
Decker (1 ) and by Gunther and Blinn 
(Z), a half-life value for a given in- 
secticide on a given crop can be de- 
rived. With such information, practi- 
cal dosages and suitable formulations 
can be determined. These data are 
essential for the evluation of the 
toxicological information: limits of 
safety will always dictate maximal 
residues which, in turn, dictate maxi- 
mal efficiency. Finally, it points out 
the range in time, from application to 
harvest, in which to concentrate fnr- 
ther residue studies to evaluate fully 
the chemical in terms of public health. 

Systemic pesticide chemicals offer 
different problems but some of the 
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same considerations apply. The rate be studied to prove conclusively the 
of uptake, rate of translocation within questions of translocation, biological 
the plant, and site of possible con- concentration, metabolism, and resi- 
centration, are all vital data if the dues in the soil, as well as in food. 
chemical is to  be understood and To summarize briefly, in order to 
properly utilized, Metabolism must develop economically a new organic (1) Decker, c*, Advances Chemistry Series, in press. 

( 2 )  Gunther, F. A. and Blinn, R. C., be studied and metabolites identified compound which will adequately 
and evaluated. These also are the meet the government demands for “Analysis of Insecticides and 
responsibility of the chemist. safety to the general public, the or- Acaricides,” Interscience Pub- 

Soil fumigant chemicals including ganic chemist and biochemist must lishers, Iiew York, 1955. 
nematocides, pre- and post-emergence work together on the residue problem ( 3 )  EIazleton, L. w,, J. AGR. F ~ ~ J I  
herbicides, and soil fungicides, must early in the development program. CHEXI. 2, 452 (1954). 

This will not only ensure greater finan- 
cial success to the industry but will 
promote a better, safer future. 
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UBLIC LAW 518, popularly known P as the Miller Bill, is an amendment 
to the Federal Food, Drug, and Cos- 
melic Act, which empowers the De- 
pzrtment of Health, Education, and 
Welfare to establish tolerances or ex- 
emptions from the requirement of 
tolerances in or on raw agricultural 
commodities destined for shipment in 
interstate commerce. This law assigns 
to the U. S. Department of Agriculture 
two responsibilities. A certification of 
usefulness of each pesticide chemical 
for which a tolerance or exemption is 
sought and an opinion as to the 
amount of residue likely to result on 
specified commodities. These respon- 
sibilities have been delegated to the 
Pesticide Regulation Section, Plant 
Pest Control Branch, Agricultural Re- 
search Service. 

In regard to the opinion on residue, 
Public Law 518 reads as follows: 
“The Secretary shall submit to the 
Secretary of Health, Education, and 
LVelfare with any certification of use- 
fulness under this subsection an opin- 
ion, based upon the data before him, 
whether the tolerance or exemption 
proposed by the petitioner reasonably 
reflects the amount of residue likely to  
result when the pesticide chemical is 
used in the manner proposed for the 
purpose for which certification is 
made. ” 

The regulations of the Plant Pest 
Control Branch include the following 
statement: “If a tolerance proposed 
by the petitioner is reasonably to re- 
flect the amount of residue likely to 
result when a pesticide chemical is 
used, it must be large enough to in- 
clude all residue which is likely to re- 
sult when the pesticide chemical is 
used in the manner proposed by the 
petitioner, but not larger than needed 
for this purpose.” 

The 

Residue 

Pesticide Regulation Section, Agricultural Research Service, USDA 

Food and Drug Administra- 
tion’s regulations for the enforcement 
of Public Law 518 makes the follow- 
ing reference to the opinion on resi- 
due: “The tolerance thereinafter 
established ordinarily will not exceed 
that figure which the Secretary of 
Agriculture states in his opinion rea- 
sonably reflects the amounts of resi- 
clues likely to result.” 

lnformafion and Data 
Required in Petitions 

Certain information and data arc 
required to be a part of petitions and 
are necessary before the development 
of an opinion can be undertaken. This 
information includes: ( 1) chemical 
identity of pesticide, ( 2 )  proposed 
tolerances or exemptions, ( 3 )  detailed 
directions for use of the pesticide, ( 4 )  
adequate residue data, and (5) a 
complete description of the analytical 
method or methods which were em- 
ployed in obtaining the data. 

It should be  emphasized at this 
point that USDA’s evaluation of meth- 
ods and residue data contained in the 
petition and data otherwise available 
is solely for the purpose of providing 
a sound basis for an opinion on resi- 
due. In the process of establishing 
safe tolerances the Food and Drug 
Administration must recognize factors 
in addition to those taken into account 
by USDA in fulfilling its responsibility 
under the law. 

The various types of methods coin- 
monly employed in obtaining residue 
data include biological assay, radioiso- 
tope, enzymatic, and chemical meth- 
ods. The nature of the problem is 
such that sometimes results by two in- 
dependent methods may be required. 
The chief advantages of biological as- 
say and radioisotope methods lie in 
their sensitivity and relative freedom 

from interferences. A criticism is their 
lack of specificity. A number of spe- 
cific and sensitive colorimetric and 
spectrophotometric methods have been 
developed for various pesticides which 
include insecticides, fungicides, herbi- 
cides, and certain antibiotics. Enzy- 
matic methods have been developed 
and used to determine residues of or- 
ganic phosphate insecticides or their 
metabolites. Examples of this type 
are those based upon the inhibition of 
acetylcholinesterases by these insecti- 
cides. 

For a proper evaluation of a residue 
method, it is necessary to examin? data 
from experiments specifically designed 
to establish the sensitivity, precision, 
and accuracy in the application to a 
particular substrate. 

A meaningful way in which the sen- 
sitivity may be expressed is in terms 
of parts per million of sample, units 
generally employed for stating toler- 
ances. It has been suggested that the 
sensitivity be stated as the smallest 
quantity of material that will give ;I 

detectable reading for some property 
such as light absorbance or transmit- 
tance, pH, or volume of titrating solu- 
tion over and above that noted in n 
control or blank experiment in a total 
of nine out of 10 experiments. This 
would appear to be a precise expres- 
sion of sensitivity. 

Precision, of course, refers to the re- 
producibility of a method or a deter- 
mination. Poor reproducibility with a 
method may be due to inherent weak- 
nesses in the method, unusual varia- 
tion in the composition of control 
samples, or to losses of the material 
sought in various steps of the ana- 
lytical procedure-to mention a few 
causes. 

Accuracy means the extent to which 
a given quantity of material can be 
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