G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

INDUSTRIAL PRODUCTION
AND FORMULATION
OF PESTICIDES
IN

DEVELOPING COUNTRIES

VOLUME I: GENERAL PRINCIPLES AND FORMULATION OF PESTICIDES

ﬁm\'l " \

| .4’«31&\??’“' B
Py %\.iéﬁ;ﬁ Gt
----* y-.':: "i‘:»f NETE ,.13::,&1-—--
- SRS \m: N LN —
—-”:E{; "’, :: N ﬁ“ Nl 1 0“ :.. —.
»—--—'33-.:: ?l“ ! "}?«-ﬂ————
“-«“ ‘,,d";‘tt‘\:“
. e










§INDUSTRIAL PRODUCTION AND FORMULATION OF
PESTICIDES IN DEVELOPING COUNTRIES







UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
VIENNA

INDUSTRIAL PRODUCTION
AND FORMULATION
OF PESTICIDES
IN
DEVELOPING COUNTRIES

VOLUME L
GENERAL PRINCIPLES AND FORMULATION OF PESTICIDES

UNITED NATIONS
New York, 1972




Opinions expressed m signed articles are those of the authors and do not
necessarily reflect the views of the secretariat of UNIDO. Material in this
publication inay be treely quoted or reprinted (except chapter 4 which UNIDO
has reprimted by permission trom Academic Press, New York). Acknowledge-
nent s requested and a copy ot the publication coutaining the quotation or
Teprin.

The designations employed and the presentation of the material in this publica-
tion do not imply the expression of any opinion whatsoever on the part of the
Secretariat of the United Nations concerning the legal status of any country
o territory or ot its authoritics, or concerning the delimitation of its frontiers,

UNITED NATIONS PUBLICATION
Sales No.: E.72.11L.B.3
Price: SU.S. 3.00 (or equivalent in other currencies)




Preface

The emphasis on rationalization and modernization of agriculture in develop-
ing countrics includes the use of industrial products; e.g. fertilizers, machinery
and pesticides. Pesticide production, formulation and use have unique potential
for the initiation of new industrics in developing countries because they serve
both the agricultural and industrial sectors of the cconoiny.

As a part of the over-all commitment to transfer technology from the
industrialized countries to developing countries, the United Nntions Industrial
Development Organization (UNIDO) sponsored group in-plant training pro-
grammes on the Industrial Production and Formulation of Pesticides in Developing
Countries in Syracuse, New York and at sclected industrial locations in the
United States in July and August 1969 and 1970,

Information on the chemistry of pesticides is available, but it is usually not
in a form suitable for usc by industrial chemists responsible for pesticide produc-
tion and formulating facilities. It is hoped that the present publication, dis-
seminating the Syracuse lectures and discussions on pesticide formulation and
production, will scrve both educational and practical purposcs. Although many
of the principles arc generally applicable to pesticide production and formulation,
the emphasis of the seminar was on such production in developing countries. The
installation of multiple-purpose plants has been cmphasized in contrast to very
large single-product facilitics. The use of local raw materials for preduction
of technical grade or formulated pesticides has been stressed wherever possible.

The present volume includes a gencral discussion of the history of modern,
synthetic pesticides and their importance to developing countries. Two chapters
arc devoted to laboratory analysss of pesticides and the establishment of a pesti-
cide laboratory in a developing country. The principles of pesticide formulations
arc described in detail; uscful suggestions are given on the cthicacy and suitability
of pesticide formulations. Safety of inherently toxic pesticide chemicals in in-
dustrial plants and during shipment are discussed in detail; the importance of
safety must not be overlooked when introducing pesticides to farmers and produc-
tion workers in developing countries. In the concluding chapter, governmental
pesticide regulations are discusscd on the basis of experience in the United States;
these regulations must be appropriatcly modified for use in other countrics.

The interest and co-operation of Mr. I. H. Abdel-Rahman, Executive
Director of UNIDO, Mr. N. Beredjick, Director of the UNIDO Pesticides
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Training Programmes, Mr. G, Zweig, Dircctor of the Life Scicnces Division,
Syracuse University Recsearch Corporation and Mr. E. Schoenfeld, Assistant
Dircctor, Life Sciences Division, Syracuse University Rescarch Corporation,
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. THE IMPORTANCE OF PESTICIDES IN
DEVELOPING COUNTRIES

by Guuter Zeig*

Jonathan Swift wrote, more than tWo centuries ago, in Gulliver's Trapels,
“that whoever could make two cars of comn or two blades of grass to grow
upon a spot of ground where only onc grew before, would deserve better of
mankind and do more cssential scrvice to his country than the whole race of
politicians put together”, The proverbial ten plagucs quoted in the Bible include
locusts,  grasshoppers, vermin, lice, rodents and the death of the first-born,
probably duc to a highly infectious bacterial discasc. The plagucs may have
never occurred if the ancient people had known something of modern post
‘and discase control. Yet, even today in the twenticth century, an agricultural
scientist engaged in €rop protection (there is not cven a name for such a profcs-
sion) must in fact be a chemise, cntomologist, plant physiologist, political scicntis,
cconomist and a systems-oricnted generalise,

Before discussing pesticides in developing countries, it is cssential to take
a summary glance at the environment jn which pesticides—c.g.  herbicides,
insecticides, fungicides and rodenticides—are expected to operate beneficially.
Although pesticides are the majn subject, chemical pest control cannot be isolated
from other factors which include plant breeding, fertilizers, cconomics, and
social and political processes,

Wortman! has introduced the concept of a crop production cquation as a
product of variables such as plant varicty, fertilizer, soil condition, water, climate,
distribution, and pest and weed control. The property of his cquation is that if

multiplier is zero, the total yield is zero. Thus, no water, the yield is zero; no
weed or pest control, the yield approaches zero and so o, Wortman implics
that successful agriculture i systematic agriculture. The pesticide factor of the
crop production equation will be discussed with reference to the future of pes-
ticides in developing countries as it affects adequate food production in an

increasing population,

— .
* Director, Life Sciences Division, Syracuse University Rescarch Corporation, Syracuse,
New York.

! Wortman, S. (1967) “The crop production cquation”, Lecture at Annual Meeting
of the Weed Society of America, Washington, D.C.
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FLEDING 11E WORLD'S POPULATION

Based on the latest demographic figures available but no taking into account
birth control methods, the world’s popudation will increase from 3.3 billion in
1960 to an- estimated 6.4 billion in the year 2000—a doubling of the world's
population in about 40 years! According to a 1963 survey of the Food and
Agricutture Organization (FAQ), the world’s food supplics must be increased more
than 33 percent by 1975 merely tosustain the unsatisfactory present level of nutrition.
With a reasonable improvement in dict, this hgure will have to be raised to
50 per cent for the entire world or 8 per cent in the developing countries. By
the year 2000 these countrics will have to quadruple the volume of their current
food production.

Figure 1. Rice yield[ha in India, Pakistan and United States
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Source: H. H. Cramer, Plant Protection and World Crop Production, Spring, 1967, Farben-
fabriken Bayer AG, Leverkusen.

It is an obvious suggestion that modern pest control and chemical weed
control might double the world’s food supply without changing any other
factors of farming. This is illustrated by cxamining the following estimated

losses of agricultural crops grown in the United States duc to inscct pests and
plant discase:
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Year Million dollars
1937 789
1954 3,980
1965 6,936

The apparent increase in loss (excluding that duc to weed infestation) is explained
by an enormous increasc in yield per acre, while the pereentage of loss due to
insccts and diseases is constant. Thus in the United States since 1939, the produc-
tion of wheat, maizc, rice and cotton per unit arca has increased by 75 to 115
per cent,

The use of modern agricultural methods has markedly increascd crop viclds.
As an cxample, Sgure 1 shows 4 steady increasc in rice production per unit
arca in the United States after the introduction of better agricultural methods
during the last ewenty years. During this period, the low productivity in India
and Pakistan has remained almost constant,

INCREASING AGRICULTURAL PRODUCTIVITY

It may be argued that increased agricultural productivity may create greater
problems in countries where widespread unemployment alrcady exists. The
argument follows the rationale that gainful employment must be provided for
the greatest number of people, cven with a resulting discconomy.

Industrialized countrics have expericnced the migration of farm workers
to the citics after the introduction of improved agricultural practices. Howecver,
the displacement of the rural population is not solely responsible for contemporary
social and cconomic problems. The lack of adequate industrial retraining pro-
grammes for all unskilled farm labourers who migratc to the cities is another
factor.

The devcloping countries will undoubtedly face even greater problems
when outdated farming methods arc changed and a large number of the rural
population are forced to seck industrial employment. This is a strong argument
for agricultural chemical manufacturers from the industrialized countrics to
build fertilizer and pesticide factories in the developing countries rather than only
to export the chemicals.

INTEGRATED AGRICULTURE

As stated carlier, the pesticide market must Srow at a rate commensurate
with the growth of other factors affecting agricultural productivity. Millikan
and Hapgood? list the following physical input factors that control agricultural
development : fertilizers, pesticides, animals, tools and fucl. In terms of Wortinan's
yield cquation,? these factors are important. Failure to optimize any of the

2 Millikan, M. F. and D, Hapgood (1967) Ne Easy Harvest, Little, Brown & Co., Boston.
3 Wortman, S., op. cit.
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Lctors means nmed succes development. Pernitting one tactor to become

rero cgonne of afertthzer unsinted o the land or the plant varicty --means
substantally zero vehd.

Ligure 2V aeld of ditterent rce varictios after the use of witrogen fortilizer
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Source: “Toward the Conquest o! ' iunger”, The Rockefeller Foundation, Agricultural
Sciences Progress Report, 19651966,

Figure 2 illustrates this point. Peta is a variety of ricc long favoured because
of resistance to certain discases. It shows little responsc (in fact, a negative response)
to chemical fertilizers, while the newly developed varicty IR-8 from the Inter-
national Rice Rescarch Institute, Loz Banos, Philippines, cxhibits an excellent
response to the addition of n'trogen. Although chemical weed control increascs
the crop yield, the economics in this particular case require a consideration of
whether the increased costs are Justified by the slighdy higher yicld. Tt is also
noticcable that IR-8 is quite inscct- and discasc-resistant. The last point is im-
portant in the marketing of pesticides. If other, cheaper and less hazardous crop
protection techniques are available, the use of organic pesticides should not be
adviscd. Morc than twenty years of research at the International Rice Institute
were necessary to develop the resistant rice varicty. In most cases, there is not
sufficient time to wait for an optimum development.

Many of the modern inputs, especially the large quantities of fertilizers,
creatc new problems that traditional methods cannot handle. The new crop
varictics give high yields because they use the added nitrogen to obtain increased
grain yichls without lodging. The nitrogen seems to make the crop (at least
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rice) more susceptible to fungus (blast), bacteria (bliohn), virus discases and
insect damage. Furthermore, the nitrogen makes the weeds grow more vigorously
and compete more strongly with the crops. Therefore pesticides are necessary
inputs to realize the potential vields of the new varictics and to avoid yield losses
caused by the various pests,

THE ECONOMICS OF PEST CONTROL

The market for pesticides is very implicit in the integrated approach to
agricultural production. The potential, global market for pesticides would be
very large if the demand for pesticides was related to crop damages caused by
insect pests and plant discases. Figure 3 shows the actual production of crops

Figure 3. The actual production and estimated losses of different groups of crops
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Source: H. H. Cramer, Plant Protection and World Crop Production, Spring, 1967, Farben-
fabriken Bayer AG, Leverkusen.

and the cstimated losses. Food losses duc to pest insccts and plant discascs are
about one-third of the total production. Not included in this cstimate are the
loss of grain and sceds during storage duc to insects and rodents, and the loss
of livestock duc to insccts and discases. Agriculiural production could be further
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increased by chennea! weed contrdd; the prosent “loss™ due to weeds is ditficuly
to estimate.

Cramerd however, estimuates tic tollowing plobal Tosses:

Fronn eccr pestsy 83297 billiov or 138 par cent ot potential production;
From discases, $24.8 billion or 116 per cont ot potential production ;
From weeds, $20.4 blhion or 9.3 per cent of potential producuon,

The market tor pesticides s this rooged e aencultural production wlhich cur-
rently forgoes some 875 hillion or approximnately 35 per cent in potential income.

It has been estimated that the total annual loss from inscct pests, weeds
and discases is at lease $70 billion and probably i closer to $90 billion. Yet the
total annual production of insccticides. fungicides and herbicides is only valued
atabout $1 billion. This 70-to-1 ratio speaks for itselt; i terms of human survival,
it speaks tor th continimg victims of undernourishment (now ncarly 2 hillion
persons).

As Cramer potuts out, “Application of modern pesticides as routine pro-
grammes on all firms would very quickly put an end to most of the shortages
in world food supply, at relatively low capital expenditure.”s For example,
an adequate pest control programme that is carefully linked to and co-ordinated
with irrigation, fortilization. plant variety and distribution would increase
production sufficiently to provide 2 billion people with a daily quantity of food
cquivalent to 1.4 kg of rice.

A recent survey of the Brazilian pesticide market by Abralianist clearly
showed that the use of pesticides fluctuated from year to year and showed no
steady increase. Furthermore, the pesticides were used mair” y in the well devel-
oped state of Sio Paulo on one major crop (cotton) and at a much lower level
on coftee. Only minor quantities of all pesticides used in Brazil were manu-
factured domestically; most pesticides were importcd. The following conclusions
arc derived from this survey:

There is a need for the use of pesticides on many crops indigenous to the
developing countries and in all regions of these countrics.

The alternatives arc importing pesticides or building chemical factorics in
these countrics. The latter development is more desirable from the country’s

point of view but depends in part on the availability of raw materials and
other factors.

The United States export of pesticides increased from more than $173 million
in 1966 to morc than $195 million in 1967. A large percentage of pesticides

+ Cramer, H H. (197) Plant Protection and World Crop Production, Farbenfabriken
Bayer AG, Leverkusen,

S Ihid., p. 492 .

8 Abrahams, A E. (1967 private communication.
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produced in the United States, especially those manufactured by non-proprictory

technology, could be replaced in many developing countrics or rezions by locally
produced materials,

Tue vroBLEMS OF PESTICIDE MARKETS IN DEVELOPING COUNTIGES

The ecology and resistance problens

Intensive agriculture results in multicropping, thicker foliage and denser
stands and thus provides year-round fuxury tor insect pests and Jiscases, Excessive
and niscriminate use of pesticides has the inherent danger of destroying the
ceological balance, killing benehicial insects and increasing the popualation of
other damaging pests.,

Since the reproductive evele of most inscets is short, resistant species are
quickly developed after the introduction of a new pesticide. The most widely
cited example is the common vousefly and mosquito in their highly successful
counter-attack on DDT. Brown stated in 1961 that “the total number of specics
with resistant surains has risen since 1945 to che appalling figurc of 137. .. Rusist-
ance was about equally divided beeween plane-feeding insects and mites, and
insects or ticks of public health or veterinary importance”.’?

The relative effectiveness of chemicals used for agricalrural pest control
changed sutficiently in recent years to alert the FAO to the need for intensive
study of the problem. In the Repore of the First Session of the FAO Working
Party, it was noted that since Brown's study the number of resistant specics of
pest insects had risen to over 200, It is **a sobering indication of the rate of spread
and ubiquity of this threat to crop protection”. 8

Further complicating this unhappy sicuation is the cross-resistance phenom-
cnon. In a 1964 study by Winteringham and Hewlett,9 a scries of resistant
groups were bred in which resistance to one chemical meant resistance to all
pesticides in the group. Notable examples cited are DDT, lindane, dicldrin,
chlordane and other chlorinated pesticides. It is important, therefore, to recom-
mend that growers in the developing countries use pesticides sparingly and
only in those cases where other pest control metiiods are no longer successful,

Pesticides may be poisons

A further danger arises from the basic nature of pesticides. They are poisous,
and while much is known about their effect on humans and livestock, there is
an inherene danger in the simple presence of such materials in the farmyard.

7 Brown, A. W. A, (1961) Bulletin of the Entomological Socicty of America, Vol 7.p. 7

8 Food and Agriculture Organization (1965) Report of the First Mecting of the FAO
Working Party on Pest Resistance to Pesticides, Rome, PL/1965/18,

® Winteringham, F. P. W, and P. S. Hewlett (1964) Chemistry and Industry, Vol. 35,
pp. 15121518,
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hteracy is common in nuny developing countries, and the w

arning on the bag
i trequently not read and understood.

Fwo casevallusirne the inherent dinger of some of the most effective
the most poisonous pesticides. On 27 September 1967, in the town of Tijnana,
Mexico, just south ot San Dicgo, California, 17 persons died and many others
were hospitalized after cating bread in which parathion was found. The insecticide
was traced to a container of parathion stored next to bread mgredients in the
warchouse. A more tragic accident occurred two months later in a small town
in Colombia, where 80 persons died after cading bread contaminated with
parathion. The contamination was traced to a one-pint container of pesticide
which broke and leaked into flour which stood next to the pesticide. A reader
of the New York Tines wrote to the editor after the accident had occurred and
suggested to simply add a colomed dye 1o the parathion, so that the baker would
mmediately become suspicious if he saw, say, red flour or blue sugar. Con-
sequently, @ dircetive from the Commissioner of the Food and Drug Adminis-
tration (FDA) now forbids the storage or transport of

any pesticide next to or
with food products.

Manutacturers and supplicrs of such inhcrently dangerons substances have
a respomsibility o take cvery step possible to protect the user and the general
public. Exporters of pesticides must necessarily work dircctly or indircctly with
the governinents of other countries to establish the n

ceessary educational pro-
grammes which will ensure the safe use of pesticides.

The residue problem

Pesticide residues in foods is a problem because residucs are present in
minute quantitics in almost all crops grown under modern methods, The resistance
phenomenon intensifies the problem of residues since the carly stages of insect
resistance may be overcome by increased use of the pesticide. The FAO Report
states, “One obvious cffect is an increase of residucs of persistent compounds as
a result of increased dosage rates. Many problems of undesirable residucs in
milk, meat and other animal products that have been carefully investigated can
be traced to the contamination of an animal feed that is in whole or part made

from by-products of processing a root crop, or fecding the non-marketable root
crops themselves™ 10

The pesticide manufacturer and user
the producer country and in its ¢
stantially. DDT and othe
attack by toxicologists
there is an active campai

must be aware of legal tolerances in
xport markct. These tolerances can vary sul
r chlorinated pesticides, tor cxample, are under severe
in many countries including the United States, and
gn to prohibit the use of these pesticides completely. Yer

19 Food aad Agricubre Organization, op, ¢ir,
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DT is still one of the cheapest, most readily produced and most cffective
pesticides,

It s remarkable that the threat to hannan health at low levels has not been
established. The banning of DDT scems to have grown out of an cmotional
reaction rather than an estublished scientific observation. In countrics where
technological advances in agriculture have resulted in a level of productivity
which permit the nse of sophisticated control techniques, the banning of one
insceticide may be acceptable. B, it is suggested thatin the developing countrics
with 2 billion starving or nearly starving people, such arbitrary action is a hixury
bevond reason.

The sociological problem

Millikan and Hapgood point out that pest control, like irrigation projects,
demands a high form of social control: “Many forms of pest control cannot
be uscfully adopted by a single farmer or even a majority within a community,
This is true for combating migratory insccts and discases that spread from one
hield to the nexe. n order for the pest to be successfully controlled, cach farmer
in the arca must be convineed or cocreed to Join the program” .1

FUTURE DEVELOPMENTS

The problem of increasing food production to keep pace with the world’s
increasing population and of attempting to meet minimum nutritional standards
is 50 vast that no single industry or no single country can undertake all of the
necessary measures. Efforts of the Rockefeller and Ford Foundations in establishing
the International Rice Rescarch Institute in the Philippines are Liudable. Two
pesticide laboratories have been established by FAO in Brazil and in Egypt. They
facilitate testing pesticides for specitic, regional problems. The industrialized
nations of the world have recognized that the way to help developing countries
is first to feed them by supplying food, but secondly, and much more important,
giving them tools and know-how so that these countries will cventually be able
to feed themselves. Thus forcign experts have been sent on special missions;
¢.g. to the Philippines to develop chemical control methods against weed in-
festation in rice ficlds and to Brazil to survey the pesticide industry and the need
for pest control. The latter mission was sponsored by the FAO.

The 1967 conference on food safety held in Mayaguez, Pucrto Rico, was
sponsored by the United States Public’ Health Service and was designed for
food cxperts from North and South America, Besides bacterial and toxic con-
tamination of foods, pesticide residues in agricultural crops were discussed. Many

" Millikan aud Hapgood, op. cit. p. 49,
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of the delegates trom South America remarked that minute pesticide residues
n foodstufts were really the “luxurious”™ concern of the overfed nations, and that
the larg. st problem today was the teeding of an undernourished population.

Study of specific problems

What can the agricultural chemical industry of industrialized countrics do
to help developing countrices in the introduction of modern pest control methods?
It would be a mistake for a chemical company to export pesticide chemicals
and know-how which might be applicable to the United States but may have
no relation to the developing countries which are situated mostly in the tropical
zone. Agricultural experts from the Union of Soviet Socialist Republics, the
United States and Western Europe should study in detail the particular pest
inscets, plant discases and cconontic and sociological factors of cach developing
country or region. Only then can the needs of a particular country or region be
determined. Thus, it is most imperative that pesticides are not exported indis-
criminately.

Development of specific pesticides

Once a determination has been made of a particular pest control need in a
developing country or region, specific pesticides must be developed to combat
the particular infestation or discase. Normally, screcning of new pesticide chemicals '
by industry is restricted to those compounds which would have the greatest
domestic market potential. In the United States, important crops arc maize,
soybeans, wheat and cotton. Rice is by far the largest crop in the Far East, and
coffec is an important crop in South America, Thus, it is most important for
the pesticide industry in the industrialized countrics not to forget the crops,
pest insects and discases in other countries. To encourage a broader spectrum of
pesticide chemical developmnent, institutes like the International Rice Rescarch
Institute, the FAO pesticide laboratories and many cxperimental agricultural
stations throughout the world are most anxious to test new compounds and to
make appropriate recommendations, Although this testing service is in most :

cases voluntary, the establishment of rescarch grants or fellowships by industry
might facilitate the work,

Insport versus dowestic production of pesticides in developing countries

The decision to import or to produce pesticides Iocally should be decided
on an individual basis. What arc the raw materials situation and the labour
market? What is the industrial climate? How urgent is the need for pesticides?
It would appear that production of basic pesticides like DDT and parathion in
cach country iy preferable to importing pesticides since auy new industry created
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in the countrics may help to alleviate the uncmployment created by mechanized
farming,

In conclusion it must be stressed that a vast potential market for the produc-
tion of all kinds of pesticides exists in developing countrics, The development
of this industry represents not only an excellent return to investors but a great
humanitarian act by helping to feed the hungry, the undernourished and the
starving people of the world.
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2, INTERNATIONAL ASPECTS OF PESTICIDES

by Kenneth C. Walker*

There are many approaches to the subject of international aspects of pes-
ticides. One of the major aspects could well be the production, demand and
usage of pesticides on an international scale. This approach could be expanded
to include the projections of pesticide usage such as from insecticides to herbicides
as the inscct problems are brought more under control and the problems of
weed control become morce acute.

Another main approach to the subject could be the potential impact that
the usage of pesticides in any one country could have on the health and well-
being of its population. Consideration of the health aspects of pesticide usage is
not limited to the particular country but quickly encompasses other countrics
when the producing country becomes engaged in the export of pesticide-
protected commoditics. both of the above approaches will be touched upon in
presenting the information which follows.

PRODUCTION AND USE OF PESTICIDES

According to the 1968 Pesticide Review, the production of pesticides con-
tinucs to increase in proportion to the increased usage in the United States and
the increased cxport demand. Within the United States, certain government
rules and rcgulations influcnce the amount of detail that can be presented in
the publication of production figurcs. The main influence is cxerted by the
regulation that protects the production information of companies that are cither
the major supplict or the sole supplier of a particular commodity. This rule
covers the situation where there are not more than three supplicrs and onc of
the three companics produces the bulk of the chemical. Under these conditions,
the production figures of the company or companies are privileged information
and as such cannot be revealed to the general public. For this reason, certain
pesticides have been grouped in the presentation of the production data. For
example the term “aldrin-toxaphene group™ is uscd, although it is recognized
that the pesticides included in this group (aldrin, chlordanc, dicldrin, heptachlor,
strobane and toxaphenc) are not necessarily closcly related from a chemical

* Assistant to Deputy Administrator, Agricultural Research Service, United States
Department of Agriculturc, Washington, D.C.
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stindpoint. However, these chiemicals are produced by single companices and the
production firures are privileged informacion,

The production of synthetic organic posticides in the United States jncreased
more than 37 per cent between 1903 and 1967 1t ranged from 2.5 per cent in
1904 1o 155 per cent in 1966, The dollar valie of pesticide exports increased
more than 61 per cent hetween 1963 annd 1967

The production and sales of herbicides lave mereased at a faster rate than
those of insecticides. Herbicide sales have risen 27 per cent in value since 1963,
which is more than double the rate for insecticides. The herbicide share of the
wmarhet has continued to grow at the expense of the other groups,

It is believed that the United States produces from 50 to 73 per cent of all
pesticides manufactured in the world, Exact figures on pesticide production on
A worldwide basis are rot obtainable for a variety of reasons. As indicated above,
there are certain rules and regulations within the United States that provide
protection for manufacturers, Undoubtedly there are similar constraines applicd
in other countrics.

ludging from the United States export market, the demand for pesticides
in other countrics is increasing to meet the world's food needs, It s anticipated
that other countrics will develop additional capacity or increase cxisting capacity
to produce these chemicals. As this development takes place, the proportion of
the total pesticide production from the United States will decrease. Insecticides
and fungicides will probably dominate the herbicides in the world market.
However, advances in the mechanization of agriculture will continuc to promote
the growth of the market for herbicides,

Data preparcd by the Business and Defense Services Administration, United
States Department of Commerce, indicate that the production of DDT in the
United States in 1968 increased 33 per cent over the 103 million pounds produced
in 1967, Of the 138 million pounds of DDT produced in 1968, the export market
accounted for 79 per cent of the sales, Exports of all pesticides in 1968 were
valued at $241.5 million, which is an increase of 23.4 per cent over the 1967
market.

A large complex of pest species share man’s requisite for food. They include
viruses, bacteria, fungi, protozoa, nematodes, insects, birds and rodents. Weeds
do not consume food dircctly but reduce food production through competition
with plants for nutrients, water and sunlight. The dircct loss of food as a result
of pests has been impossible to determine accurately, bue it is known to be
large, and the minimum estimates of world losses range from 20 to 30 per cent
of the total food produced. In planning for increased agricultural production,
recognition must be given to the extensive and convincing cvidence that pest
problems arc intensificd as yields are increased through the use of more fertilizer,
better seed, better water management and other improved production practices.
If the maximum benefits are to be obtained from a system employing these
production inputs, cffective crop protection methods must be a part of the system.

An example of the importance of Crop protection comes from rice produc-
tion. Formerly, weed control was obtained by maintaining a 6- to 8~inch (15.2
to 20.3 cm) depth of water. The development of sclective herbicides has made
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it possible to control the weeds without this CXPensive water  nianagement
technique. With the proper use of herbicides it is now possible to lower the
water level to 2 inches (5.1 em) and use some of the shorter stemmed rice varictios
that respond more effectively to higher levels of fertilization (v chapter 1).

The use of chemical pesticides increases very rapidly as plant producton
is increased. The 1963 FAO Production Yearbook shows pesticide use and the
yields of major crops for seven arcas or countries as the table below indicaes,
There is excellent correlation between pesticide use and yields.

AREAS AND COUNTRIES IN ORDER OF PESTICIDE USE PER 11V AND OF MAJOR CROP YIEIDS

Area or country p(';;;:;‘:‘ ( :;/‘;:: )
Japan oo 10,790 5,480
Burope .. 1,870 3,430
United States ..., 1,490 2,600
Latin America .................... e e 220 1,970
Oceamia . ..o 198 1,570
India....o o 149 820
AfFICa . 127 1,210

PESTICIDES AND WORLD HEALTH

In recent years the presence in food of pesticide residucs has reccived in-
creasing attention, especially in Europe and the United States. The public,
including government officials, farmers, the agricultural industry, scientists of
varying disciplines and the consumer, has participated in numerous deliberations
on this subject. Concern has been expressed that pesticide residucs are a threat
to the public health and that they may adversely affect the quality of food. It
has been claimed that food crops can be grown without using pesticides; that
a hazard to wildlifc is created by their use, and that pesticides have upset “the
balance of naturc”. Reference is often made to the “hazard” of using pesticides
and the “toxicity” of thcse matcrials. Hazard and toxicity when coupled with
the word chemical seem to create a subconscious fear in the minds of the general
public, which lacks the scientific training and basic knowledge to make a calm
appraisal of the subject.

Pesticides, like other elements that influence man’s environment today,
have both real values and potential dangers. It is unfortunate that in no phase
of man’s existence can all risks be climinated. This is truc of chemicals as it is
of atomic cncrgy, the automobile and cven the many aspects of cvery-day
living. The challenge in the safe use of pesticides is to cnsure an adequate supply
of wholesome and nutritious food, provide sanitary living conditions and freedom
from pest-borne diseases, and at the same time, prevent hazards to the health of
man, bencficial anin:als and other segments of the environment.

The health of humans and of beneficial animals and the general ecological
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balance o of great concern to all, When posticides are nsed. cvery eftort nmst
be muade to avoid sorions mpaces on fish, widlite and other segiments of the
enviromment. Morcover. the entry of pesticrdes into the food chain of fish and
wildlite and the concentraion o (hese pesticides in certain organs are important
matters which muost receive thorough and intensive mvestigation,

Since alntost evervone mes pesticides of one sort or another. the responsibility
for their safe se shonld be shared by all. The pesticide dustry has a grave
responsibility for developing and producing chemicals thae are safe and useful
for the public. Professional workers i agriculture. public health and private
medicine have a responsibility for sgnalhng danger when any aspect of man's
changing cnvironment poses a threar to human health. Extreme care st
continue to be used in recominending and regulating the most efficient and the
safest possible methods of pest control.,

The continued and widespread me of pesticides is cssential to the production
and protection of increasing vields of agricultural products and to the control
of many discases of man and animals, Experience has shown that varions cssential
precautions must be carcfully followed during the course of pesticide manu-
factare, distribution and use. In some countries, regulations to promote safe and
cffective use are in offect: in other countries, regulations have been introduced or
arc under comsideration.

The coutrol of risks to which workers or others may be exposed during
the process of munuficture and formulation of pesticides presents problems,
many of which are common to those relating to the manufacture of other chemicy
products (sce chapter 8). Simlarly. the protection of employees and other persons
who mav be exposed during the course of the application of pesticides in the
field raises special problems. In many countrics these risks are covered by legis-
lation which relates specitically to the respective tickls of activity,

The Dircctor-General of FAQ in July 1963 cstablished a working party of
experts on the official control of pesticides. 1t reviewed the existing pesticide
control schemes in approximately 25 countries. The report of the working
party included recommendations for provisions which should be mcorporated
in comprehensive pesticide legislation of any country tor the guidance of the
governments. The provisions in the form of guide-lines have been reviewed by
interested national and international organizations and have been discussed with
representatives of the World Healtls Organization (WHO) and the International
Labour Organisation (ILO).

The guide-lines presented by the FAO Working Party will aid in regulating
the safe and cffective use of pesticides insofar as this can be done by registration
of pesticides for marketing and sale. The problem of registration and regulation
of pesticides during their manufacture, formulation, transportation, distribution,
sale and usc is not a matter with international aspects unless one or more of
these activitics become involved in international commierce. Pesticides may be
manufactured and formulated in one country and then transported, distributed,
sold and used in another country. When these conditions cxist, the many phases
of the international aspects of pesticides come into play. The guide-lines proposed
by the FAO Working Party and published Jointly by FAO and WHO are not
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all-inclwsive. but they do contain suggestions on many fundamental factors
that are mvolved when pesticides are produced, transported and sold in inter-
nationad commerce.

Pesticipe RESIDUES

Another aspect of pesticides in international commeree concerns the residucs
of the pesticides or of their metabolites on or in agricultural commaoditics shipped
from onc country to another. Like the process of registration and regulation of
pesticides. the establishment and enforcement of pesticide residue tolerances
varics from country to country. In some countries official residue tolerances
have not been established; in other countries tolerances are established and have
the force of legal regulations. They can be enforced with appropriate penaltics
when violated. In recent years, the number of countrics that have cstablished
residue tolerances for certain pesticides on or in raw agricultural commoditics
has increased. It appears reasonable to expect that there will be further increases
in the number of countries that will establish residue tolerance regulations. The
right of cach country to establish its own food laws cannot be questioncd. How-
cver, the large and ever-increasing volume of international trade in foods would
deem it desirable that reasonably uniform food legislation and tolerances be
established.

Because the pesticide residuc problem is of international concern, the dif-
ferent approaches adopted by various governments indicate an urgent need for
the international exchange of views and experience as well as technical infor-
mation. During recent years, efforts in this dircction have been initiated by
Unitced Nations agencics and other international groups.

Activitics of FAO and WHO

At a joint mecting in 1961 of the FAO Pancl of Experts on the Use of
Pesticides in Agriculture and the WHO Expert Committee on Pesticide Residues,
it was reccommended that studics be undertaken to evaluate the consumer hazard
arising from the use of pesticides. Toxicological and other pertinent data on
those pesticides known to leave residues in food, even when used in accordance
with good agricultural practices, were to be examincd and the conclusions made
known.

The FAO Committee on Pesticides in Agriculture and the WHO Expert
Comumittee on Pesticide Residues held a joint meeting in Geneva in 1963 and
issued a report dealing with 37 pesticides and suggested acceptble daily intakes
for 15 of them. The same substances were re-cvaluated at a subsequent joint
meeting in Romce in 1965. In addition, other pesticides were cevaluated and
the results of the deliberations reported. These reports, which concerned them-
sclves primarily with the recommendations of acceptable daily intakes, were
then considered by the FAO Working Party on Pesticide Residucs, which is a
subgroup of the FAO Committce on Pesticides in Agriculture, with the aim
of recommending tolerances and appropriatc methods of analysis for certain
pesticides used on cereals.
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fhe parpose and terms of reterence of the FAQO Working Party on Pesticide
Restdues are to advise and assist the Dircctor-General of FAO on all muatters
related 10 pesniarde residues with particular reterence to:

Pacrnunation of the avarlabihey of residue data and e collection of these

&LI(.I;

Evaluanon of data and proposal of pesticide residuc tolerances;

Eviluaton of adveical methods and recommendations of acceptable

methods of analyais; ‘

Recommendations designed o initiate, stimulate and co~ordinate  the

necessary rescarch as indicated by their studics.

The WHO Expert: Committee on Pesticide Residucs s responsible for
advising the Dircctor-General of WHO on all matters related to pesticide residues
with particular reference to:

Review of toxicological and related data on certain pesticide residues;
Proposal of. where possible, acceptable daily intakes for man for these
posticide residucs that have been reviewed ;

Recommendations designed to initiate, stimulate and co-ordinate necessary
rescarch.

Codex Committee on Pesticide Residues

The recommendations of the FAO Working Party on Pesticide Residucs
were presented to the merber governments of another international organization,
the Codex Committee on Pesticide Residues. In 1962, the Codex Alimentarigs
Commission was cstablished to implement the Joint FAO/WHO Food Standards
Programme with the organization outlined in the figure. The purpose of the
programme s to protect the healih of consumers and to ensure fair practices
in the fuod trade, to promote co-ordination of all food standards work under-
taken by international, governmental and non-governmental organizations, to
determine prioritics and initiate and guide the preparation of draft standards
through and with the aid of Appropriate organizations, to finalize standards and
after acceptance by governments, to publish them in Codex Alimentarius cither
as regional or world-wide standards,

The Codex Alimentarius Commission is comprised of the members and
associate members of FAO and WHO which have notificd the Director-General
of FAO or WHO of their wish to be considered as members. As of 1 June
1968, 53 countries had become members of the Commission. The members of
the Commission and of national codex contract points are given in annex 1.

The Commission has cstablished scventeen subsidiary bodies of which two
deal with general policy and co-ordination, six with subject matters relevant
to the work of ali commodity committces and nine with specific groups of
foods. The Codex Committee o Pesticide Residues is one of the six committecs
with subject matter relevant to the work of all commodity committees.

This Committee s responsible for proposing intcrnational tolcrances for
pesticide residuces iy specific foods. A further responsibility is the preparation
of a list of prioritics of those pesticide residucs found in food commodities entering
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mternational trade for toxicological evaluation by the WHO Expert Commirtee
on Pesticide Residues and examination by the FAO Waorking Party on Pesticides,
The list of prioritics is forwarded o the rwo expert committees tor consideration
and s not binding on them, The expert conumittees establish thar cwn lises of
posticides to- be investigated. The committes werve as scientific advisers to the
Codex Committee on Pesticide Residue,

There are ten specified steps or proceduces which muase be tollowed i order
to cstablish an international tolerance. An ontline of the procedure for the clab-
oration of world wide Codex standards is given in annex 2. At the third and
ssth steps the individual country has an opportunity to comment on the pro-
posed toleranice. At the ninth step the individual government has the opportunity
to accept or reject a proposed international tolerance, At present, proposed
international tolerances are at nearly all steges of comideration from the first
sage (2 decision to request 4 tolerance), to the ninth stage (the governments
can decide to aceept or to r¢ject the proposed tolerance level). No international
tolerances for pesticide residues have been finalized to the point that they wre
ready for publication.

To date. the bulk of the data that have been available to the FAO and WHO
committees for evaluation has been generated in- councrics with the most ex-
perience in the use of pesticides because these comtries could provide the facilitics
and personnel for the determination of toxicological. pharmacological and
pathological propertics of some pesticides. inaddition, data have been accumulated
on the chemical and entomological aspects of pest control agents and on residucs
resulting from good agricultural practices.

In considering the use of pesticides there is general agreement among toxi-
cologists and other health experts that the level of human exposure should be
mamtained as low as possible. This is simply good public-health policy. Like-
wise, there is general agreement that pesticides are uscful and essential in helping
to provide a supply of food for an ever-cxpanding world population. From
thes: gencral agreements arises one of the major problems in the development
of itternational pesticide residuc tolerances. The level of pesticides in food
must be kept at a minimum and. on the other hand, food supplics must be
protected by pesticides to provide basic nutrition requirements; pesticide levels
must be high cnough to provide this protection. It is not always possible to
accommodate the three factors to the same degree.

The establishment of international tolerances is further complicated by the
requirements that pesticides be used within the concept of good agricultural
practices, which is a rather ill-defined term. Good agricultural practices vary
between countries and even between different geographical locations within one
country. For example, warm semi-tropical countrics with long growing scasons
ay require more frequent applications of a pesticide than a cooler arca. Dif-
ferences in rainfall between countrics of within a country may well affect the
use of pesticides such as fungicides. Local conditions of availability of labour
can have an influence on the use of herbicides. These and many other factors are
Al part of good agricnltural practices. Thereis little if any reason to believe
that agricultural practices can be standardized to an extent suficient to warrant
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their consideration as a part of establishing international tolerances based mainly
on the protection of human health.

International tolerances for pesticide residues must be bas~d on the highest
tolerance: required under good agricaltural practices by any of the exporting
countrics. The established igure must be at such a level that the ingested pesticide
residues resulting from these and other uses of the particular pesticide do not
exceed the acuai daily intake (ADI) established by WHO. There can be no
exception to this rule regarding ingested residues. Any international tolerance
recomnzended to member governments by Codex Alimentarius must recognize
the needs of the exporting country provided that country has demonstrated
the need for the tolerance under good agricultural practices and provided the
tolerance level has been established by the Joine FAO/WHO Expert Conmittee,

To actally determine if the consumer s ae risk, it is necessary that the
ADI of the pesticide be determined. This type of determination has been done in
the measurement of the “dinner plant” or “market basket” samples conducted
in the United States and a few other countrics. With onc exception, the results
of these studies have indicated that the actual ADI was well below the per-
mitted daily level. In the one exception, immediate changes in the patterns of
pesticide use reduced the ADI of the pesticide to a level well below the cal-
culated permitted daily level. This type of investigation is time-consuming and
expensive but adequately justificd in establishing the safety of pesticide residuc
control procedures.

The Director-General of FAO called attention to the following recommen-
dation in the 1966 Joint Report of the FAO Working Party on Pesticide Residucs
and the WHO Expert Committee on Pesticide Residues:

In the course of its work, the FAO Working Party on Pesticide Residues
frequently encountered gaps in information on world patterns of pesticide
use, residues resulting from experimental programmes, residues found in
commerce, and losses of residue during storage and food processing.

The results of residuc analysis of total dict studies have also been particularly
uscful in assessing the probable actual intake of pesticide residucs by man. The
Director-General of FAQ is required to ask member governments to obtain
these data and to make them available to FAO.

Thus, until the above gaps in information arc filled, the decisions on tolerance
levels can only be based on the data presently available. The developing coun-
trics can help to provide this badly nceded information through appropriate
organizations and ofticial goverminental bodics so that the purposc of Codex
Alimentarius as stated in the general principles may be fully realized:

Codex Alimentarius is a collection of internationally adopted food standards
presented in a uniform manncr. These food standards aim at protecting
consumer’s health and ensuring fair practices in the food trade. Their publi-
cation is intended to guide and promote the claboration and establishment
of defmitions and requirements for foods, to assist in their harmonization
and in so doing to facilitate international trade.
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3. HISTORY OF PESTICIDES
by Herbert Haller*

From time immemorial, man has been in a continual battle with pusts,
which compcete for his food supply. damage his possessions and attack his forests,
his livestock and himsclf. Pests include injurious insccts, plant discascs, weeds,
nematodes and rodents. Some inscets transinit plant discascs, destroy vegetables,
fruits and cereals, and damage livestock. Others infest grains in storage and
dried fruits during and after the drying process. Clothes moths, carpet beetles
and termites ruin clothing and damage houses. In addition to the destruction
caused by their voracious appetites, insects harbour and transmit some of the
most scrious discases of humans and animals. Some of the world’s most dreaded
discases, such as malaria, cpidemic typhus, bubonic plague and African slecping
sickness, arc insect-borne. Plant discases caused by fungi, bacteria and viruses
interfere with crop productivity. Weeds compcte aggressively with vegetables,
cereals, forage and similar crops and sometimes ruin large range arcas. Nematodes
and rodents similarly are destructive to man's agricultural resources. National
frontiers have no meaning for these enemies of mankind. The problem of their
destruction is of prime importance for the well-being of all countrics; their
necessary control requires international co-operation.

The conwrol of agricultural pests may be accomplished in several ways—by
biological mcthods, that is the use of parasites and predators; by planting resistant
varictics of crops, by cultural practices such as crop rottion, by the proper
timing of plowing and planting, and by the use of chemicals, From carliest
times chemicals have played an important role. Such clh. micals arc now designated
by the comprehensive or generic term pesticides. The terin includes insccticides,
fungicides, herbicides, nematicides and rodenticides, as well as plane defoliants

and desiccants.

INSECTICIDRS

A few of the present-day insccticides have been used for many centuries.
However, until about 100 years ago, most of the carly uses were sporadic and

were not part of a continuous cffort. Early suggestions for protecting fhnts
from inscct attack included superstitions that cultivating practices should be

* Consultant, National Agricultural Chemicals Association, Washington, D.C.
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. N ‘
carted oat durme catan phases of the moon. A pracace meome Unted States
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cark ot the noon

AArseni conipornids

Among the carly uses of insecticides were baits contaming arsenic for grass-
hopper docust) control. Records indicate that the Chinese cmployed arsenic
sulphides to control inscets on garden plants as carly as 90 A.D. The burning
of sulphuy Tus Tong been cmploved to check infestations in stored products and
v diantectant.

Abont 1861, several developments made agriculturalises in - the United
Mates more comions of the need for insect control, Intensive agriculeure resubred
m mualucropping with chicker toliage. and denser stands of plants provided
vear round feedmyg for insect pests and the spread of plant discases. Probably
the most urgent development was the sudden appearance of the Colorado
potato becthe av an ccoromic problen. This insect is native to the castern slopes
of the Rocky Mountaing of western United States where it had previously fed
o wild solinaccous planes. It found the potatoa particularly aceeprable food
when the wotward spread of potato cutture broughe that important crop within
s reach. Paris green copper acctoarsenite) which was being used av a paine
pzment was found o be highly cflcetive against the beetle, and by 1870 it
was ised widely as an agricultur J insecticide. Within 2 fow years London purple
{r mixture of calcium arsenite. calcium arsenate and miscellancous materials
mchiding small amounts of dve) became available and from 1880 1o 1900 these
two chemical were the ot commonly used insecticides. Paris grecn was
wedall over the world where othng was formerly the only chemical means in
nalaria-control operations. Paris green burns foliage and is therefore an cxample
of the requirement that the formulation must not be phytotoxic. Morcover,
Paris green is a heavy powder that settles rapidly trom suspensions and has
poor adhesive properties. Thus the need for nsceticides having beteer physical
and chemical propertics was evident., Emphasis at that time was on insecticides
contaming arsenic, and in 1892 lead arsenate was prepared for the first tme.

The superiority of lead arsenate over other insccticides was soon demon-
strated, and by 191041 had Largely replaced Paris green and London purple. Until
displaced by DDT and parathion shortly after the end of the Second Workd
War, dead arsenate was more extemsively used against orchard pests than any
other iusecticide. In 1920, abour 30 million pounds were used and by 1945 the
anvual consumption had increased to about 80 million pounds.

Calcium arsenate is o complex mixture of soveral calcium. arsenates and
an excess of caleium hydroxide. It became available commercially in the Unieed
States about 1919, although it had been firse prepared ten years carlier. Because
alaum hydroxide was less expensive than lead arsenate, it soon found cxtensive
e as 1 dust on cotton for boll-weevil control frequently in combination with
sulphur. Although offctive againt a mumber of fickl and horticulearal insect
poses. calcium arsenae could not be used on apples, peaches, beans and other
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crops because of ity burning cfect on the fruit and foliage. By 1947, approxinutely
A8 million pounds of calcium ars .. ¢ were used in Amicrican agriculture. The
tollowing year the consumpticar of calcium arsenate for boll-weevil control
wis deereased to about 26 milljon pounds largely due to its displacement by DDT.

A number of other arsenates including wuminium., nagnesium,  copper,
lead and iron have been studied as iseeticides. Arsenites likewise received some
attention: but most are too injurious to plants. Antimony is an clement thae is
closely related to arsenic; it has been used jn the form of tartar emetic (potassium
antimony tartrate) for combating certain species of thrips.

Fluorine componuds

Inorganic fluorine compounds have been employed as insccticides for a
long time; sodium fluoride (NaF) was probably the first (as a roach powder).
In 1396 a British patent covering several fluorides, fuosilicates and borofluo-
silicates was issued. Sodium fluosilicate (NasSiFe) at one time was widely used
as a mothproofmg agent. Cryolite or sodium fluoaluminate (Na;AlFg) finds
limited use as an agriculeural insecticide. Since about 1907 commercial mixtures
of sodium fluoride and dinitrophenol known as Wolman sales have been used
as wood prescrvatives, especially in Europe. Zine fluoride has been used for the
same purpose.

Sulphur

Elemental sulphur is a valuable insecticide and fuigicide. It is the only
pesticide in general use in the elemental form and in various compounds. As an
nsecticide, sulphur is used in dust form, as 2 wettable powder and as a diluent
for other pesticides. From a historical standpoint, sulphur was probably the
first chemical used for the control of plant-feeding mites. Sulphur is effective
against a number of imscets, especially scale insects on citrus fruit. With the
advent of the newer organic insecticides its use has declined, but it is still valuable
as a diluent or carrier and in combination with other chemicals. A lime-sulpl.ar
solution has been used in orchard practice since 1880. Its usc as a sheep dip for
the control of the scab mite is even older. About 1917 a dry lime-sulphur was
developed to avoid handling the liquid concentrate. For the most part the dry
lime-sulphurs are somewhat less cffective than the solutions. Although still
widely used as a spray matetial, the lime=sulphur solution has been supplanted
in part by sulphur dusts, petroleum oil sprays, newer types of copper sprays
and certain synthetic organic compounds.

Mercury compounds

Mercuric chloride (corrosive sublimatc) and mercurous chloride (calomel)
are the mercury compounds of most value in iusect control. They have been
used against fungus gnats, cabbage worms and onion maggots. Mcrcury com-
pounds find their principal value as fungicides and are described below.
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Fumigans

Fumigants are chemicals which in the gascous state are toxic to scets, They
are geverdly applicd o plants or producs in tghtly enclosed spaces such as
greenbouses, trees under tenes, ships aid closed grain warchouses. Fumigants
are used Lo combat sl Kinds of inscers, The vapours of burning sulphur were
among thie tirst fumigants used by mun. Uniil the carly 1920° hydrogen cvanide
and carbon disulphide, which was used as carly as 1854, were the most im-
portant commercial fumigants. Hydrogen eyanide was originally developed for
the control of scale insects on citrus fruit. Carbon disulphide found wide use as
a grain fumigant. Although cficacious, it is lammable and it vapours when
mixed with air are highly explosive. This expericnce led to the scarch for less
explosive fumigants. The application of synthetic orgamic chemistry has produced
a large number of inseet fumigants. Among those that have been widely used
arc methyl bromide. cthylene dibromide, cthylene oxide, clhiloropicrin. carbon
tetrachloride, dichloropropanc-dichloropropene (D-D). naphthalene and para-
dichlorobenzene.

Fumiganes are widely used against soil-infesting insects, ncmatodes, fungi
and weeds. For this purpose, a gascous or liquid fumigant is introduced into
the loosered soil through furrows or drills with the expectation that it will
distribute iesclf throcghout an adjacent arca.

Soil tumigation is growing in popularity, especially for treating seed beds.
Carbou disulphide is one of the most efficient chemicals for soil treatment because
of its vapour tension and penctrating qualitics. D-D finds wide use as 2 soil
fumigant in the control of various soil organisms including nematodes and
msect larvae,

Oils

Petrolerm oils

Marco Polo wrote at the ¢nd of the thirteenth century that crude mineral
oil was employed for treating camels for mange. It was not until the second
half of the nincteenth century, however, that systematic studies were undertaken
to determine its value in insect control. On horticultural crops, cils serve as
dormant sprays against scale insccts, mites, insect ¢ggs and certain hibernating
caterpillars. They are used as additives to increase the cffectivencss of other
insccticides and as carriers for many insccticidal chemicals. In 1865, kerosene
was recommended for the control of scale insects on orangc trees. Because
undiluted kerosene severely injurcd foliage and fruit, emulsions of oil in water
produced at first merely by violent mechanical agitation and later with the aid
of an emulsifying agent were substituted, Kerosene was gradually replaced by
crude oils and eventually by highly-refined lubricating oils. For usc as an in-
scticide, petroleum oils must meet certain specifications depending upon the
purposc for which the oil is intended. Data commonly required arc the viscosity,
boiling range (for the lighter ils), density and sulphonation test. The lateer
indicates the percentage of the oil that dogs not react with sulphuric acid and
s a measure of safety for application to plant and animal life. Dormant spray
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oils have a sulphonation test of 70 -85 per centand summer foliage oils of 90 o
98 per cent.

The use of petroleum oil in mosquito control has been a common practice
for many years. Its use as a mosquito larvicide depends upon the distribution
ofa very thin film of vil over the surface of viter inhabited by the larvae. The
ideal oil must be toxic to the mosquito but largely non-toxic to plants, wildlife
and humans. Although oil solutions contaming DDT and other insecticides
have reduced the consumption of petroleum oil for mosquito control, it is
estimated that more than 1 million gallons of il are still used annually in mosquito-
control programmes.

Vegetable oils

Uncombined vegetable oils find little insecticida] application in the United
States or in other countries with a highly developed petroleum industry. Olive,
groundnut and palm oils have been recommended for spray emulsion purposcs
i Spain and northern Affica. Groundnut oil is used in France and clsewherc
in Europe. Cottonseed oil is sometimes used in the Far East against cotton aphids,
and rapeseed oil has been recommended in England because it is casily emulsified
and has some valuc as an insecticide.

Plant materials

Plant matcrials arc a source of some of the most useful insccticides. Tobacco,
pyrethram, derris, lonchocarpus, hellebore, sabadilly and quassia arc some of
the more important plants that were in use for many years prior to a systcmatic
scarch for effective materials in the plant kingdom. The components of plant
insecticides vary widely in their chemical composition. Tobacco, hellebore and
sabadilla depend for their activity upon the alkaloids they contain. Alkaloids
may be defined as nitrogenous bases and usually occur in plants as sales of acids.
such as tannic, malic and citric, The insceticidal value of pyrethrum is due to
its esters; the two principal esters are pyrethrins. Rotenonc is the principal
insecticidal constituent of derris and lonchocarpus. The nature of the insecticidal
principle of quassia is unknown. All of the active insccticidal principles of plant
insccticides possess complicated chemical structural formulae, and a comparison
among them reveals no common grouping to which their activity might be
attributed.

Nicotine

Insccticidal preparations made from the tobacco plant have been used for
hearly two centuries. Both water extracts and the powdered lcaves were used
and cxhibited high toxicity to soft-bodicd insects, such as aphids. In 1828 the
active pesticidal principle of tobacco was shown to be an alkaloid identificd as
1-methyl-2~(3'-pyridyl) pyrrolidine. Nicotine alkaloid, nicotine sulphate and
various fixed nicotines (e.g. nicotine bentonite) have been used as contact in-
secticides, fumigants and contact poisons. Many compounds that are derivatives
of cither pyridine or pyrrolidine have been synthesized and tested for their
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msecticidal properties. but only neomcotne was found to be of valie as an
msecticnde Subsequently an imsecneida alkaloid was found i the weed Anabasis
aphylta and designated as anabasine. Chemical studies showed it to be identical
with neonicotine,

Pyrctfiriem

The date of the first use of the pyrethrum plant, which is a species of chry-
santhemum, as aninsecticide is unknown. The daisy-like flower was probably
first used in Iran. les value was discovered in Dalmatia on the castorn shore of
the Adriatic Sea about 1840, Dalmatia and adjacent arcas were the most important
growers and exporters of pyrethrum andil the First World War when Japan
became the Lading producer. The industry began o flourish in Kenya about
1932 and by 1940 Kenya was the principal source. There is currently commercial
production of pyrethrum in Brazil. Ecuador, Kenya and Zaire. The insce-
cide 15 found w the Hower blosoms and is at 2 maximum in the fully
opened blossom. Practically no insecticide occurs in the leaves and stems, Har-
vesting s manual as no practical mechanical harvester has been developed. Kenyan
Howers contain about 1.3 per cent pyrethrius, Japanese and South American
Howers about 0.9 per cont and Dalmatian flowers 0.7 per cent. About 1916,
kerosene extracts of pyrethrum fowers were extensively used as a spray especially
against houseflies and mosquitoes. Previously, only the tinely ground blossoms
had been used. The insecticidal principle of pyrethrum is unique in the rapidity
with which the treated insccts are paralysed. Nouc of the other plant insecticides
or the synthetic organic insccticides possess this rapid “knockdown” action.

The pyrethrins at one time were thought to be two esters known as pyre-
thrin 1 and pyrethrin 11, Subsequent studics identified the presence of two
additional insceticidally active esters. These have been designated as cinerin 1 and
cinerin 1.

Structural formulac for the pyrethrins were proposed about 1922 but it
was not umil 1938 that detailed structures of the pyrethrins and cinerins were
determined with certainty. Structural studies were soon followed by attempts to
synthesize the pyrethring or closely related compounds designated as pyre-
throids. One of these is allethrin, which is produced in sizable commercial quan-
titics and is extensively used in fly sprays and acrosol bombs, but it has proved
somewhat less effective than the natural pyrcthrins as a general-purpose insec-
ticide. The pyrethrins are used as houschold insccticides, grain protectants and
msccticides against certain agricultural pests.

Rotenone and rotencids

Although plants containing these products have been used as fish poisons
for centurics, their application to combating many injurious agricultural insects
only started about 100 years ago. Rotenone and the rotenoids arc most frequently
tound in derris, lonchocarpus, tephrosia and mundulea; they are all members
of the Leguminosae plant family. The roots of these plants arc used cither as
tmely ground dusts or as extracts made with organic solvents which remove
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both the rotenone and the rotenoids that are the principal insccticidal ingredients.
Derris is a native of the Orient while lonchocarpus flourishes in the American
tropics. In Peru, lonchocarpus is called cube or barbasco: in Brazil it is known
as timbo. For many years, British Malaya and the Dutch East Indies were the
principal sources of derris. Today most of the rotenone-containing material iy
imported into the United States from Peru as cube. The rotenone insceticides
are of special value for the control of plant pests (especially where toxic residues
are not desired) and catele grubs.

The scarch for insecticides which might be used as substitutes for the more
toxic arsenicals led to rescarch in the late 1920 into the chemistry of derris
extractives by workers in Germany, Japan, the United Kingdom and the United
States. Rotenone, which is readily obtained in crystalline form from the roots
of the plants, was shown to have the cmpirical formula C33H3504, and in 1932
the structure of tlic molecule was definitely established. Chemically, it possesscs
a rather complicated structural formula. It has three characeeristic systems; a
central dihydro-gamma-pyronce flanked on one side by a dihydro-benzopyran
and on the other by a dihydro-benzofuran system. Numcrous derivatives of
rotenonc and synthetic compounds related to parts of the molecule have been
tested for insecticidal propertics but without success. As with the other plant
insecticides, derris and lonchocarpus have felt the inroads of the newer synthetic
organic insccticidcs.

Synthetic organic componnds

From the standpoint of the chemist, insecticides may be divided into two
broad classcs; viz, inorganic and organic insecticides. Inorganic insccticides, such
as those containing arscnic, lead or fluorine, owe their insecticidal propertics
primarily to thosc clements. Organic insecticides arc compounds of carbon in
combination with one or more clements such as hydrogen, oxygen, nitrogen,
phosphorus, chlorine and sulphur. (Examples of synthetic organic insccticides
arc methyl bromide, paradichlorobenzene, PDT, benzene hexachloride and
parathion.) Unlike the inorganic insccticides, the organic insccticides do not
posscss a specific clement to which insccticidal propertics may be ascribed. Their
insccticidal action is duc to a definite arrangement of the elements within the
molecule and to the molecule as a whole rather than to a specitic clement or
combination of clements. Many examples could be cited to illustrate this fact.
For instance, there are three dichlorobenzenes having the formula CgH,4Cl,, but
only paradichlorobenzene finds use as an insecticide. A more complicated case
is benzene hexachloride. There are cight theoretically possible isomeric benzene
hexachlorides having the formula CeHgClg. Of the tive isomiers that have been
preparcd, only the gamma isomer (lindanc) has outstanding insecticidal pro-
pertics. Many other examples could be cited. Another characteristic of organic
insecticides is that relatively minor modifications of their structures frequently
lessen their insecticidal value.

Perhaps the first commercial use of an organic insecticide was in 1892 when
the potassium salt of dimtro-ortho-cresol was marketed in Germany. It has had
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comiderable visetulness as an msectcide (acaniande), as a dormant spray for aphids,
mites and seale inseets and as a4 toxie barrier agannst clanch buges, grasshoppers
and swarms of migatory foansts, e 1932 several organic tliocyanates were
markcted onca sizeable scale m the Unined States for use as Hy ard catle Sprays
and as honschold msectandes, The di\(n\'cry ot the msecticid.al properties of
DDT. however, s the most signiticant development i the ficld of insecticides
In recent vears,

H
Orgaine chilonine compornds

Dichlorodphenyl trichlorocthane (DDT). The secticidal propertics of DDT
were discovered by Miller in Switzerland in 1939, When firse used it possessed
a remarkable degree of efiectivencess against a large number of insects. It way
the first synthctic msecticide 10 supplant the arsenicals for the control of such
chewing insects as the codling moth on apples, the gypsy moth and spruce
budworm on forest trees and the pink boll-weevil on cotton. Its prolonged
stability to the action of light and air results in a residual deposit chat kills un-
treated mseets which crawl over them. DDT iy also highly cftective for the
control of many inseets of importance to public health. It was widely used during
the Sccond World War for the control of typhus and as a larvacide for the
contr>l of the mosquito vectors of malaria. and it is still the most widely used
msccticide for this purpose.

The development of resistance of the housefly as well as a number of agri-
cultural inscets has lessencd the use of DDT in many arcas. Its attinity for lipids
resultirg in storage in animai fats has further curtailed the use of DDT. There
is no evidence of injury from these minute residues to man or his animals, how-
ever, and it is regarded by some toxicologists as a safe insceticide. It isineffective
against red sprders and other spider mites. the cotton boll-weevil and many aphids.

The insecticide DDT, which has the empirical formula Cy4HgCls, contains
30 per cent chlorine. It is casily produced from the following readily available
and incxpensive raw material: chloral, chlorobenzenc and sulphuric acid. The
technical DT s essentially 2 mixture of two isomeric compounds comprising
65 to 70 per cent of p,p’-DDT and 30 to 35 pet cent of 0,p’-DDT.

Mcthoxychlor and TDE are closcly related to DDT in chemical structure
and have found wide use as insecticides. Mecthoxychlor, unlike DDT, is not
stored in the fat of animals, but it is not s long lasting and it costs considerably
more than DDT.,

Benzene hexachloride. The outstanding insccticidal property of benzenc hexa-
chloride (BHC), abso called hexachlorocyclohexane (HCH), was discovered
independently and simultancously in France and the United Kingdom during
the Sccond World War when communication between the two countrics was
not possible. Theoretically, there are of ght possible isomeric henzene hexachlorides,
but only the gamma isomer (lindanc) has insccticidal value. The name benzene
hexachloride has been confused at - times with hexachlorobenzene which is
insecticidally inert but is valuable as a fungicide. Both products are obtained
from benzene and chlorine. Benzene hexachloride is an addition product of
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benzene and chloriiie and has die formula CotHpClg, while hesachlorobenzene
is a substituted benzene and has the formula CeClg. As benzene hexachloride
is casily preparcd from benzene and chlorine, both of which normelly are readily
available and low in cost, extensive commerdial production of it was undertahen
m Europe and the United States shortly after the end of the Second Weorld
War. The gamma isomer of the carly commercial production ranged from
10 to 15 per cent, although there were occasional claims of 35 per cent. The
umpurificd commercial product possesses a disagrecable pungent odour. Attempts
at odour removal by treating solutions of the erude product in organic solvents
with deodorizing absorbent materials met with crratic success. The gamma
isomer of 97 per cent or higher purity has becomue an important insecticide under
the generic name lindane.

Benzene hexachloride has exeeptional value in the control of grasshoppers
(focusts), cotton boll-weevils, wireworms and other soil pests. Lindanc is used
for poultry and livestock pests, sced treatment and for some agricultural crops.
The use of benzene hexachloride on edible produce, however, has been severcly
hampered by the production of off-flavour. In the United States the use of
benzene hexachleride on cotton grown in rotation with peanuts (ground nuts)
has been discontinued because of off-flavour problems.

Cyclodienes. This group of insccticides comprises chlordane, heptachlor, aldrin,
dicldrin, isodrin, c¢ndrin. endosulfan and toxaphenc. All are highly chlorinated,
cyclic hydrocarbons with characteristic “endo-methylene bridged” structures.
With the exception of toxaphenc, they are produced by a reaction developed
by the German chemists Dicls and Alder. Their discovery and development as
insceticides are largely the result of the work of Hyman and his associates from
about 1945. These insecticides arc extensively used for the control of locusts,
cotton boll-weevils and houschold insccts, as soil insecticides and for many other
purposcs.

Chlordane made its commercial appearance as an insecticide soon after the
end of the Sccond World War. Although the technical product contains a
number of related compounds, the principal component comprises 60 to 75 per
cent of octachloro-4,7-methanotetrahydroindane. Chlordanc is obtained by the
reaction of hexachlorocyclopentadiene and cyclopentadiene and treatment of
the resulting compound with chlorine. Technical chlordane contains 64 to
66 per cent chlorine. It is a dark, viscous liquid, soluble in organic solvents and
insoluble in water, Chlordanc is cffective against a wide varicty of agricultural
insect pests and certain cockroaches. It is used for the control of lice on cattle,
hogs and horscs.

Toxaphene was first tested against insccts about 1945, It is prepared by the
chlorination of the bi-cyclic terpene, camphene, to a content of 67 to 69 per
cent chlorine and has the approximate empirical formula CgH,¢Clg. Toxaphenc
1s a mixture of isomeric compounds, the exact structural formulac of which
are not known. The technical product is a pale yellow, waxy solid soluble in
the common organic solvents. Toxaphene is effective against a wide range of

insccts and is especially useful for the control of locusts, cotton boll-weevils and
pests of livestock.
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Stroowse iy similar in composition. It is obeained by the chlorination of
camphene and pinene and contains 66 per cent chlorine. The insecticidal propertics
of strobanc arc essentially the same as those of toxaphene,

The highly chorinated mseeticidal compounds aldrin and dieldrin were
introduced i 1948 py Hymun. Aldrin is produced by the Dicls-Alder reaction
of cyclopentadiene and acetylene and subsequent treatment of the reaction
product with hexachlorocyclopentadienc, Chemically it s 4 hexachloro-hexa-
hydro-dimethanonaphthalene. The pure compound is a white crystalline com-
pound; the technicyl product is a brown, waxy solid with 90 per cent content
of the principal insceticidal ingredient. Aldrin is cffective against a wide range
of insccts and finds extensive use for soil treatment. In the sofl as well as in plants
and ammals, aldrin is converted by oxidation into s cpoxide. dicldrin: jrs
insecticidal propertics are similar to those of aldrin.

Isodrin is an isomer of aldrin; that is, it has the same cmpirical formula
as aldrin but differs in jts spatial contiguration. Endrin is an cpoxide of isodrin, It
has the same relation to jsodrin as dicldrin docs to aldrin,

Organic phosphorns conponnds

This class of compounds was discovered in the late 1930' by Schrader in
Germany, but their outstanding insccticidal value did not become generally
known until abour 1945, Tetracthyl pyrophosphate was the first to become
commercially available in the United States, [t is highly cffective and rapid in
its action on aphids. spider mites, small caterpillars and nuany other insects, It is
highly toxic to man and other amimals. In water solution it soon decomposes
by hydrolysis into non-toxic + ater-soluble products. Tetracthyl pyrophosphate
was soon followed by parathion. It excres a rapid kill of a wide varicty of insccts
and is highly toxic to man. It js comparatively stable and the spray or dust residue
remains effective for several days. The discovery of the outstanding insecticidal
propertics of tetracthyl pyrophosphate, parathion, octamethyl pyrophosphor-
amide and others stimulated research in this ficld, and hundreds of organic
phosphorus compounds of many types have been evaluated for insccticidal
propertics. Among those commercially available arc demeton, EPN, trichlorfon,
malathion, diazinon, ronnel and dioxathion. Millions of pounds of parathion
have been used annually but jts use may be curtailed by the introduction of less
hazardous compounds, such as malathion, chlorthion and diazinop.

Carbamates

These insecticides were introduced in the ficld of pest control about 1952
by the Geigy Company, Switzerland. The carly compounds were carbamic
acid csters of heterocyclic cnols, The carbamates are potent systemic insecticides
which arc highly selective in their action. Dimctan and isolan have 4 rapid
pyrethrum-like action on fjes and have been used commercially as contact
insecticides against aphids, thrips, granary weevils and other small insects, Inten-
sified rescarch by several companics on carbamate insecticides revealed several
compounds having potent broad-specirum insecticidal propertics. Of these,
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carbaryl (marketed under the trade-name Sevin) has achieved widespread use
as a broad-spectrum insceticide effective against many inscct pests of fruits,
vegetables, cotton and other crops. Carbaryl, however, is relatively ineffective
against aphids and spider mites.

HERBICIDES (WEED KiLLERS)

Though chemicals have been used for many years to control weeds, no
large-scale applications were made before 1930, Up to 1942, the chemicals in
use were contact herbicides and soil sterilants, such as arsenicals, chlorinates,
benzenes, chlorates, sulphuric acid, sulphates, substituted phenols and oils. Sodium
arscnite was widely employed for weed control along railroad tracks, and dicsel
oil was used along highways. The discovery of the herbicidal action of 2,4-di-
chlorophenoxyacetic acid (24-D) in 1944 had far-reaching cffects on weed
control. Within five years after its discovery and the demonstration of its selective
action, 2,4-1) was used to control weeds on more than 18 million acres of small
grain and 4.5 million acres of maize in the United States, This spectacular use
stimulated the chemical industiy in Europe and the United States to synthesize
and cvaluate the weed-killing properties of hundreds of chemicals. As a result,
about 135 cffective and sclective organic herbicides #re today available to farmers
and home owners. The chemical formulac of herbicides cover the wide range
of phenoxy compounds, aliphatic acids. phenols, benzoic acids, carbamates,
substituted urcas, triazines and others. The use of herbicides in the United Statcs
more than doubled between 1959 and 1963: an estimated 85 million acres or
about 20 per cent of the cropland was trcated in 1962.

Qils have gained commercial use as weed killers since about 1940. Most
are by-products of petrolcum distillation. They act as contact herbicides and
may be selective o1 gencral as weed killers. Diesel oils which arc usually moderatcly
heavy low-grade oils arc generally too toxic to plants for sclective weed control.
In addition to treating cropland, herbicides are used to control weeds that clog
irrigation and drainage canals and interfere with the usc of ponds, lakes and
streamns.

In view of the susceptibility of many vegetable crops to injury by herbicidal
*prays, trcatments may be made prior to emergence of 3 specific crop or weed.
Such treatment is spoken of as pre-cmergence treatment. Post-cmergence treat-
ment is any treatment after emergence of a specified crop or weed. For example,
2,4-D gives effective post-cmergence control for most broadleaf weeds in maize,
sorghum grains and grass pastures.

FuNcicipEs

Fungicides are used to control plant discases on many crops. The fungicidcs
are applied to the sced to prevent rotting or to foliage as sprays or dusts to protect
the plant by destroying the sporcs of the fungi before they penetrate the foliage
and cause infection. Every crop plant is prone to one or morc plant discascs,
such as blight, smut, scab, wilt, mildew and rust caused by fungi, bacteria and
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viruses. No effective chemical is available for bacterial discases or viruses although
the antibiotic streptomycin has been used with some success against tireblight on
apples and pears.

Copper. sulphur and mercary: compounds were relied upon from carliest
tmes as fungicides. Over 3,000 years ago, sulphur was recognized for its fun-
gicidal and insecticidal properties. Mercuric chloride was recommended as a
wood preservative in the cighteenth century. In 1882, Millurdet of Bordeaunx,
France. discovered that a mixture of lime and copper sulphate is effective in
protecting grape foliage from downy mildew. This mixture became known as
Bordeaux mixwre and was used for many ycars as a fungicide. On certain
plants Bordeaux mixture produced injury. In 1905, lime-sulphur, which is a
mixture of calcium polysulphide formed by boiling sulphur and lime in water,
was introduced. It was exceptionally cfficient against apple scab and climinated
the russcting of fruit that followed the use of Bordeaux mixture. From 1907
un:il about 1930, both Bordcaux mixture and lime-sulphur were used extensively
to prevent fungus discases on fruits and vegetables. In 1934, the dithiocarbamatcs
were patented as fungicides but were not marketed for almost ten years. In
1940 chioranil (tctrachlorobcnzoquinonc) was introduced as a practical sced
protectant. An outstanding authority on fungicides, Robert Horsfall, belicves
that chloranil triggered the use of organic compounds in agriculture. Previously
these fungicides had been regarded to be too expensive for farmers, Today the
following organic fungicides are available for use on fruits and vegetables:
nitropyrazole, quinoline, phenol, glyozalidine, iron, copper and mangancse salts
of dimethyldithiocarbamic acid and captan,

In this brief summary of the history of pesticides, insecticides may appear
to have been presented in greater detail than the other pesticides. This is duc in
large part because of their longer history, and the fact that the number of in-
jurious insccts far exceeds the number of all the other pests combined. It does
not mean, however, that fungicides. herbicides or nematicides are less important.

It may well be that the potential in future chemical control of these pests is far
greatee than the future of insecticide use.




4+ THE EVOLUTION OF PESTICIDE ANALYSES*

by Gunter Zweig**

In the good old days before the 1940k, farmers around the world sprayed
their crops with well-tested insecticides such qs lead, arscnic., fuoride and possiliy
cxotic natural extracts like nicotine, pyrethrin and rotenone. Those were the
days when the Food and 1 Jrug Administration (FIA) only occasionally inspected
and analysed fruits, vegetables or dairy products for ressdual pesticides. House-
wives reminded their children to wash the fruit before cating, thus probably
removing surface residucs of the inorganic pesticides. It was common then that
a “worm” (larva of the codling moth) might crawl out of the apple. and that
rotten spots had to be cviscerated from raw fruits and vegetables,

However even in those good old days. the California State Government in
1927 mstituted a law ! regulating the permissible residuc for Paris green and
later for lead, arsenic and Auoride i raw agricultural crops at 3.5 w0 7.0 ppm
(milligram per kilo of fresh weight). Quantitative analytical methods devised
by Hoskins and Ferris2 and by Cassil and Wichmann® wre used by government
inspectors to enforce the pesticide laws,

However, the peaceful days of pesticide usage were soon to be shateered.
While screening insccticides in 1939, the Swiss organic chemist Maller came
across a chlorinated biphenyl compound, 4.4-dichlorodipheny! trichlorocthane
(PDT) which had actually been synthesized in the nineteenth century by Zcidler.4
During the Second World War, Gerinan chemists discovered a new class of
powerful insecticides, the organophosphates.* At the same time, American and
British rescarch workers came across 3 completely new class of compounds, the

* Reprinted with permission by the publisher from Essays in Toxicology, Vol. 1 ( 1970)
Academic Press, New York.

** Director, Life Sciences Division, Syracuse University Research Corporation, Syra-
cuse, New York.

Y California Agricultural Cod., Division 7, Agricultwral Chemicals, Livestock Remedses, and
Clommercial Feeds (1927) chapter 1.

2 Hoskins, W. M. and C. A. Ferris (1936) ludustrial and Engincering ( hewistry, Analysical
Ldition, Vol 8, p. 6.

4 Cassil, C. C. and H. J. Wichmann (1939) Jourual of the Associstion of Official Agri-
altural Chemists, Vol. 22, p. 436.

4 Zeidler, O. (1874) Berichte, Vol. 7, p. 1180.

3 Schrader, G. (1963) Die Entwiclelung neuer inseketi zider Phosphorsaure-Ester, 3rd od.,
Verlag Chemie, Weinheim/Bergstr.

35




7———

3o INTIUSTRIAL PRODUC TION AN TORMUFATION OF PESTICLDES

synthetie plamt hormones of the phenoxyatkyl acid 1ype widh its best known
representative 2,41 (2d-dichlorophenoxvacete actd).® Thas, durmg the middle
40 agnicultural revobinen of synthetic orgamce msecticrdes and herbicides
took plice; 25 vears liter 1t \hows no abatement, | he production and use of
these chemncals during the poa two and one-hylf decades have grown to ap-
proxmuately 500 milhon Ky ducd at $750 milkian 1 the United States alone.?

Phe Umited States Government took the mitiative and cracted regulations
which would accommadate the syntheue pesticides under existig food and drug
legislanon. Pubhc Law 518 (the Miller Bill) was an amendment o the Federal
Food. Drug, and Cosmctic Act of 1938, The concept ot the amended law per-
taming to pesticides was that the presence of an Y possonous or deleterious pesticide
chenical in the daily dict of the popubation: was undesirable unless 2 “safe”
tolerance for these chemicals had been established by the government, Safety
was based on factors such as the smullest quantity that induced physiological
changes in experimental animals. 4 buile-in satety factor of 100, the percentage
ot a certain food i the daily diet of the population and the possible mnduction
of cancer m man or animal. This last testriction, known as the Delaney Clause
of 1958, madc it mandatory for the establishment of 4 zero tolcrance of any
cancer-inducing pesticide chemical,

THE CONCEPT OF TOLERANCE

The zero wolerance

As alrcady mentioned. the legisiators introduced the concept of a zero
tolerance for certain pesticides used in agricultural crops without much concern
about chemical reality. Furthermore, analytical chemists could not accept in
good conscience the concept of “no residuc” used by the United States Depart-
ment of Agriculture (USDA) in the registration of pesticide chemicals which
under good agricultural practices could be shown not to leave “any residue” on
the raw agricultural crop (see chapter 2).

An additional complication was that the Sceretary of Health. Education and
Welfare could mvoke a “zero” tolerance for certain foods such as milk, on the
advice of a knowledgeable group of scicntists. This indeed was the case for
methoxychlor. « pesticide related in structure to DDT. for which the E. 1. Dy
Pont de Nemours Company requested 2 0.25 ppm toleruce in milk. A scientific
advisory commiittee recommended that the petition by the manufacturer be
denied. The zera tolerance for any pesticide chemical in milk and milk products

. (such as icc cream and butter) became the accepted regulation. However, a
tolerance for DDT in the fat of beef catthe was cstablished and found to be
acceptable. The situation was complex and unrcalistic. Strict enforcement would
have climmated the use of many pesticides on the farm.

* Zummernnan, B W and A ¢ Hitcheock (1942) Contribaions of the Boyer Thompron
st Vol 12 p 312

T United SMates Tarfl Commussion (1968) Synthetic Organic Chemicals, U.S. Production
il Nale s o Posttorde - and Ry lated Produt. Wdﬂﬂﬂghtﬂ. XS
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Three incidents took place during the past decade that disturbed the scien-
titic community and resulted in modifications of the zero tolcrance. The first
meident took place in Oregon and Massachusetts one week before Thanksgiving
in 1959, when the FDA contiscated most of the cranberry harvest for that year
and even tins of berries from harvests of previous years. The reason for the
wizure was that small traces of amino-triazole herbicide had been detected by
FDA chemists. A zero tolerance for amino-triazole had been established previously
based on the obscrvation of a cancer or tumour in experimental rats during
acute-feeding studies. The method of analysis which had been used to detect
fnite quantitics of amino-triazole was ton-cxchange purification followed by
the production of a colour and spectrophotometric determination of the ab-
sorbency. This period in time is referred to by some pesticide chemists as B.C.
and A.C. (before and after cranberries). It marked a critical turning point for
the analyses of the proverbial zero molecule. Onee a zero tolerance based on a
certain analytical method had been established and its inherent sensitivity and
speciticity: were known, a new, alternate procedure developed later mighe be
used to detect zero molecules, which, if enforced, would result in scizures of
food and crops by government inspectors.

The second incident was the problem of contaminated dairy products. On
28 January 196G. Hawaiian newspapers reported that United States Government
health authoritics had scized about 920 pounds of butter contaminated with
insccticides. The butter had been shipped from the mainland but none of jt
had been sold. The impracticality of the zero tolerance in milk for pesticides
was clearly demonstrated by the analysis of paper chromatography of chlorinated
pesticides using micthods perfected by Mills* and Mitchell.® A large number of
mulk and butter samples which were examined contained finite, detectable
quantitics of chlorinated pesticide residucs probably as the result of the presence
of these pesticides in the feed of dairy cattle. Zweig and associates ' showed
that 0.5 ppm of DDT in the feed of dairy cattle resulted in no detectable residues
i the milk on the basis of the colorimetric procedure of Schechter and Haller. !
However, | ppm of DDT in the feed resulted in detectable residucs of this
msecticide in the milk. These studies have been verified by Archer using gas-
liquid chromatography with a much greater sensitivity than the colorimetric
procedure.!? The revelation that pesticide residucs were tound in a great number
of milk and butter samples, even though present in quantitics less than 0.1 ppm,
nevertheless, caused a dilemma for the government. Milk and butter samples
contaiving more than onc molecule of pesticides should have been subject to

§ Mills, P. A. (1959) Journal of the Association of Official Agricultural Chemists, Vol, 42,
p. TM,
¥ Mitchell, L. C. (1958) Joumal of the Association of Official Agricuitural Chemists, Vol. 41,
p. 781,

' Zweig, G., L. M. Smith, S. A. Peoples and R.. J. Cox (1961) Joumal of Agricultural
and Fo. | Chemistry Vol. 9, p. 481,

I Schechier, M. S, 8. B. Soloway, R, A, Hayes and H. L. Haller (1948) Industrial and
FEngincering Chemisery, Analytical Edition, Vol 17, p. 704,

12 Crosbhy, D). G. and T. E. Archer (1966) Bulletin of Environmental Contamination and
Toxiology, Vol. 1, p. 16,
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scizare. To illustrate the impracticablity of such a narrow VICW Iy to consider
that one litre of mjlk contaming 10 9 g of D | (the smallest quantity detectable
by modern analytical techniques) would still contain 2 . 1012 molecules of the
pesticide, 13

By late 1968, the Federal Government had relaxed ity view on the zero
tolerance and no-residue concepts. Both terms lave been chminated in the
vocabulary of government regulations and the terms “inconsequential” or
“insigniticant” residues have been adopted. This means that chemically finite
tolerances can now be ostablished which are based on the stated method of
analysis. This does not preclude, however, the right of the Government to lower
the finite residuc or tolerance it more sensitive analytical techniques or new
toxicological data are dev loped ata future date. Finite tolerances for insecticides
in dairy products have now been grauted and will be established for 4] previous
no-residue registrations,

The third incidene which truly revolutionized the entire concept of “safe”
pesticide residucs and tolerances was the publication of Carson's 14 Silent Spring
1962, It becamne a best seller imimcdiately and had an explosive effect on the
general public by revealing that toodstufts “had been contaminated” by poisonous
pesticide chemicals. The pesticide community, including personnel at umversity
cxperimental stations, agricultural chemical companics, toxicology departments
and governmental agencies, ha long known about safe level of pesticides and
the presence of fow residucs in the daily diet. However, it has always been
ditticule to explain to the public that the presence of minute quantities (more
than onc molecule) of 4 poisonous chemical may be inconsequential to public
health. It 15 admitted thag the pesticide community was amiss by not intorming
the public. This iy w ¥ Carson’s revelation made such an impact on the average
citizen. The beneticial resuls of Carson’s book were the expenditure of greatly
increased governmental funds for studics of the analytical technology of pes-
ticides, toxicology and the ccological effects of pesticides. Furthermore, Carson's
book has resulted in the decreasing use of non-biodegradable pesticides. The
scarch for safer and less persistent pesticides by chemical companics and the
search for alternate methods of pest control like biological control, irradiation
and third-gencration pesticides (juvenile hormoncs). 15

The scarch for zero

Once of the culprits of the pesticide revolution started by the first synthetic
ofganic pesticide was the pesticide residue chemise. For ycars he has striven to
devise more wnsitive and specitic methods of analysis and has enriched the
chemical vocsbulary with termy Jike microgram (10 6 g), nanogram (10 9 g)
aud picogram (10 12 #). (See table L) If it had not been for the retinement of
analytical technigues. the illusions might still exist of zero residuc or no residue
m crops which have been sprayed with pesticides. Since no residucs could be

' Zwens, G (1904, ¢ droinatogaphic Reviews, Vo, 6, p. 110,
" Carson, R (1962) Sijenr Srring, Houghton Mittin, Boston.
5 Withams, (M 1907 Ncientific American, Vol 17, p 13
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detected by conventional colorimetric methods, it scemed that the applicd
pesticide chemical had disappeared as if by magic. Perhaps some of the applicd
pesticide had disappeared by translocation in plants, volatilization, chemical or

TABLE 1. CONVERSION FABLE OF WEIGHT UNITS USED IN RESIDUL ANALYMS
OF PESTICIDES

(lg 100 mg - 106 pg - 109 ng 1012 pg)

Unit ) fram
picogram  (pg) - 10-12
nanogram (ng) 1y
microgram (ug)  10-0
milligram (mg) = 102

Figure 1. The progress of analytical methods of residue analysis from 1940 through 1968
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Key: GLC — gas liquid chromatography ; FLUOR — fuorometry; TLC — ehin-dayer

chromatography; PC — paper chromatography ;. EC — electron-capeure detection ; calor-
ety

mectabolic transformation and degradation. The spesific colorimetric method
did not always reveal clues about the biclogical transformation of the parent
compound to potentially more toxic metabolites, as for example parathion to
para-oxon, heptachlor to the cpoxide and aldrin to dicldrin,

Table 2 is a summary of approximate limits of detection of pesticides by
various analytical techniques. In figure 1, the limits of detectability arc plotted
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against the year in which the method became practical. 1t is seen that the analytical
world has shrunk from aboue 25 #g to 0.1 pg during the past 25 years. In other
words, the sensitivity for the detection of pesticides has been increased by a
factor ot 250 million!

Lasie: 2. Avproximare HIMIT Ot PESTICTDL DETECTION

Method of analysis Pesticide De&e; gi)bilily
Colorimetry ... DDT, Parathion 10-5
Fluoromeery . T Guthion f0-8
Infra-red spectrophotometry . Endosulfan 105
Oscillography ... " pbT 5 x 10-6
Parathion 4 x 10-9
Paper chromatography ... bnT 17 ta 10-0
Thin-laver chromatography .. . Chlorinated and
Phosphatc 10=7 1o 10-5
Gas-liquid chromatograph,
Detector
Katharometer ... Ve Endosulan 2.5 x 108
Elecron-captuee . nnT 10-12
Microcoulometry pbT 10-6
Thermionic ... Parathion 10-to
Flame photometry (phosphorus made) Dimethoate 109
Flame photomerry (sulphur mode) | . Omite 2 x 1o

Another way of demonstrating the great strides which have been made in
increasing the sensitivity of residuc analysis methods is shown in table 3, During
the cight-year period from 1955—1963. the sensitivity for the detection of

DDT in milk, for example, was increased from 0. ppm to 0.001 ppm.

Crop ppm

Fosticide - T TR NCYE
Endrin ... . Cabbage 0.2 0.0}
bOT T Maize 0.1 0.02
bor.. T Bwter and animal far 25 om
Chlordane .

Heptachlor } ....................... Groundnuts .1 601
Dildein ... Potatoes 0.1 0m
Adrin ... e Alalfa 0.4 0.0
bor.... Milk 0.1 0.004

Soune: Benvenue, A. (197) Analptical Meshods for Pestcider, Plant Coowth Regubaor: amd | ood Addiions,
Vol V, ed. by (G, Zweig, Acatumic Ph‘n{&NrW York, chapeer f, S '

In the beginning of the pesticide cra, 20 1o 25 ug of arscnic could be detected
by the Gutzeit method 16 of a modified, volumetric micromethod, 17 The Schech-

1* Guather, F. A and 1L C. Bl (1955) Analysic of Msceticides and Acaricides, Inter-
wience Publishers, New York.
7 Cassal, € and H J Wichmana, o o
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ter-Haller colorimetric procedure for DDT and the Avercll-Norris method 1%
for parathion extended the range of sensitivity to about 2 seg. The advent of
paper and thin-layer chromatography increased the deteetability to 0.1 g and
added another parameter, namely the physical scparation of mixtures of pesticides
and metabolites. By the use of specific colour spray reagents, different pesticides
and metabolites could be identified. By using an enzyme spray reagent containing
cholinesterase, the biological activity of spots scparated by chromatography 19
could be ascertained.

Gas-liquid chromatography with specific detectors for halides, sulphur,
phosphorus and nitrogen has further enhanced the case with which complex
mixtures of pesticides can be quickly separated and identified. The specitic organo-
phosphate detector is capable of detecting as little as 0.04 ppm pesticide in water,20
The clectron-capture detector?! s capable of producing a significant signal for
0.1 pg of lindanc and 1 pg of DDT,

Attempts to link gas-liquid chromatography to rapid infra-red analysis or
ass spectrometry are still in their infancy. However, as instrumentation is
improved, these sophisticated and absolute methods of jdentification should
achieve the sensitivity required for pesticide residues and be within practical
reach of the residuc chemist as was predicted by the author?? in 1964.

CLEAN-UP PROCEDURES

The scarch for zero as discussed above may be misleading; by increasing the
absolute sensitivity of the final method of analysis, the over-all detectability of
pesticide residuces in crops is not necessarily improved. The final extract must be
suthiciently purificd in order to minimize possible interferences in the last analytical
step. These interferences may be caused by natural constituents in foods and
crops such as oils, fats or pigments. The substances may cause tailing of chromato-
graphic cluates, clogging of syringe needles and overloading of detectors, columns,
papers ot thin-layer plates. General clean-up methods are desirable and have
been attempted along the following lines.

Chromatographic techniques using Florisil adsorbent (15 per cont MgO and
84 per cent 5i0y) have shown the greatest popularity. Thice independent labora-
tories tested the standardized and conmercially available absorbent Florisil PR
and found excellent reproducibility for the elution of seven chlorinated pesticides
in maize and spinach.2} Nearly quantitative recoveries were achicved when the
clution volumes were adequate.

18 Averell, P. R. and M. V. Norris (1948) Analytical Chemisiry, Vol. 20, p. 753.

19 Menn, J. J. and |. B. McBain (1966) Neture, Vol 209, p. 1351,

0 Zweig, G. and J. M. Devine (1969) Residue Reviews, Vol. 26, p. 17.

! Bonelli, E. J., R Harrmann and K. P. Dimick (1904) Journal of Aericultural and
Food Chemistry, Vol. 12, p.

2 Zweig, G, op. cit.

3 Beckman, H. of al. (1% Journal of the Assaciation of Official Analyticl Chemints,
Val. 80, p. 1251,
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Anattempt was made by the anthor2? to devise | general clean-up method
by utthzing a gas ¢ hromatography apparatus without detector that was supplied
with g simple glass collector at the end of the colunate. The collector was tashioned
trom a dength of tpered vlas tubing packed with solvent-moistencd glass wool,
This techmque proved cHective for the residue Aalvses2 of two soners of
endosulfan i a variery of crops by mtra-red spectrophotometry as will be dis-
cussed - detal below” A similar approach has been sigggested for the clean-up of
simples prior to thin-layer chiromatography.20 The Haw in these methods,
however, lies i the unpredictable chromatographic behaviour of pesticides i the
presence o large ainomits of mtertering substances which may be causing retarda-
ton and asymmetry of efluent peaks. Since the work js performed without a
detector swigmal, it 1 conceivable that low recoveries of pesticide residues may
result.

Another novel approach to 4 general clean-up method has been the sweep
codnllation techmigue for pesticides in oily crops.27 Figure 2 depicts the parts
ot the sweep co-distillauon wsembly.2* The advantages ot this method over the
previously described gas-chromatographic clean-up are the cffective removal of
interfering substances by adsorption in the first vertical column and the co-
distillation of solvent and pesticides at clevared temperatures (250° C) and fast
nitrogen gas How (64 ml/min). The vapours are condensed m the ice bath and
over Anakrom and the solution is colleeted in the receiving tube in which it can be
concentrated.

Since most crude plant extracts must nndergo some measure of clean-up,
it i recommended first to attempe acctonitrile partition followed by Florisil
chromatography, if these techniques fail, sweep co-distillation should be attempted.

A simple caleulation ¢mphasizes the importance of distinguishing between
the sensitivity of the figal steir o the analysis and the over-all sensitivity of the
posticide residue determination. The following factors may be considered:
hypothctical sensitivity of detection of 1 ng, final volume of the extract of 1.0 ml,
concentration factor of 10 (volume/weight) and the aliquot to be analysed of
0.01 ml. The calculated over-all sensitivity of the method is 0.01 ppm. In most
cases this sensttivity s acceptable to prove the absence of a particular pesticide
in order to satisty the old zero tolerance, If the sensitivity of detection could be
turther increased to the picowram range which s certainly possible with clectron
capture detection (see table 2), the over-all sensitivity of the residue method
may be improved to 0.0000] ppm or 001 parts per billion. Alternately, the

M Zweig, G.oand R k. Bredenbach (1961) American Chemical Society Mecting,
Chicago, Abstract 20 A,

*dweg, G, T. E. Archer and D, Rubcnstein (1960) Journal of Agricultural and Food
{ .'kcmis‘try. Vol 8, p. 413,

o Hartoan, K. 1. (1967) Journal of the Association of Official Aualytical Chemists, Vo, 50,
{18 615

T Sotherr, ROW g RO Watts (1963) Journal of the Association of Official Aeri-
creltural Chenive, Vol 45, po 5

" Storherr, ROW 1 ) Murray, 1. Klein and L. A, Rosenberg (1967) Journal of the
Aowiimon of Oy ot Mnalytical Chemives, Vol 50, p. 605,
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dilution factor may be omitted or the aliquot to be analysed decrcased, thus
simplifying the experimental procedure and minimizing interferences.

SPRCTROPHOTOMETRIC METHODS

With the availability of commercial spectrophotometers scanning the ultra-
violet, visible (colorimetric methods) and infra-red regions, specific methods for
residue analyses of pesticides were developed. The Mi!E: amendment of the food
and drug laws made it mandatory that a company furnish 2 specific analytical
method to be applicable for the purpose of enforcement before an official tolerance
would be granted.

Limited by radiation intensity of the source and the sensitivity of detectors,
most spectrophotometric methods are uscful in the microgram range. Scnsitivity
can be increased by greater path lengths of clls for the ultra-violet and visible
reglons or by microbeam attachments for infra-red spectrophotometers. How-
ever, with increased sensitivity. often the interferences of extrancous substances
arc enhanced, or the noisc-signal ratio may not be improved correspondingly.
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Besides the limited sensitivity for spectrophotometric methods, another
disadvantage ironically is the speciti ity of these methods, thus 1 multi-com-
ponent nusture has 1o be analysed by multiple methods. Conversely, possible
metabolites, The para-oxon (the oxygen analogue of parathion) cannot be
distinguishied by the colorimetric methods.29 Some colorimetric analyses arc
extremely lengthy but are still usetul for formultion analyses or for a large
number of routine samples. Onee the routine even for g rather lengthy procedure
has been developed, a skilled hiboratory technician can handle cight to ten
analyses during a working day.

Colorimetric procedures

The necessary steps 10 develop a co’oured derivative or to read directly ehe
absorbeney in the ulera-violet or infra-red region are given as illustrations of
colorimetric procedures. The procedure for the colorimetric residue method for
aldrin is as follows, 30

Atter solvent extraction and chromatographic clean-up, the solution is
reacted with phenyl azide reagent which must be prepared in the laboratory and
puriticd duily by columm chromatography. Excess reagent is removed by cvapora-
ton, and the reultant triazole is coupled with diazotized dinitroaniline. Afeer
aaditication, the adsorbeney is measured at 515 nm; appropriate crop blanks
and standards ranging from 5 to 40 u/ml are taken through the colour reaction
steps and final readings correciced for interferences, One may compare this
laborious method with the single-step gas~chromatographic tcchnique (sec below)
by which a complete analysis requires less than 10 minutes at a sensitivity 1,000
times greater than that for the colorimetric method!

Probably the best known colorimetric method of analysis for a particular
pesticide is the Schechter-Haller method3t for DDT. The plant material to be
analysed for traces of DD is extracted with a suitable solvent and evaporated.
The residue containing the suspected insecticide (DDT) is nitrated with funing
nitric acid; the resultant tetranitro compound is extracted into cther, washed with
dilute base, taken to dryness and timally reacted with sodium methylate. The colour
reagant siould be prepared in the laboratory using anhydrous methanol, which
must be procesd. The resultant colour is measured with a spectrophotometcer
at 596 nm at a sensitivity of about 10 yig yiclding an absorbency of about 0.1,

Although ten years have passed since the author and associates32 have analysed
milk samples for DDT by the above method, it might be of interest to calculate
the approximate time period involved to analyse four milk samples for DDT
ncluding a calibration curve of four points in duplicate. The assumption is made
that all rcagents are ready for use. The following approximate times (in hours)
have becir caleulated :

0 Avaredl, PR, and M. V. Norris, op. cif.

Y Poiter, POE (1904) Analytical Methods for Pesticides, Plamt Growth Regulators, and
Food Additive, Lol I Insecticides, odited by G. Zweig, Academie Press, New York, pp. 1--24,

1 Nchechter, MUS L al, op. cit.

2w, Goeral, op. cit,
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Evaporation of samples 2.0
Nitration 1.5
Extraction and washing 2.0
Evaporation 1.0
Colour development and reading 0.5

TOTAL 7.0

To the total time should be added at Ieast another hour for dish-washing and
30 minutes for lunch. During one working day, four DDT samples can be
cfficiently analysed. As will be discussed below, chiromatographic methods of
analysis (paper, thin-layer and gas-liquid chromatography) arc much less time-
consuming, morc sensitive, more accurate at low levels and suitable for multiple
analyses of closely related pesticides.

Infra-red spectrophotometry

Although infra-red spectrophotometry is a highly uscful tool for the quali-
tative and quantitative analyses of pesticide formulations.?? its adaptation to
residuc amalyses is greatly restricted by the relatively large quantities of pure
material which must be isolated. The development of microbeam condensing
units for solid KBr samples and long-path cclls for solutions has increased the
sensitivity to tie microgram range. However, the noisc-signal ratio of the
instrument and interferences by solvents and plant constituents have not been
favourable to increase the reliability of infra-red techniques at the submicrogram
level.

Zweig et al.*4 detected 4 pg of endosulfan from pears and alfalfa after cleaning
crude plant extracts by gas chromatography. Fractions were collected in solvent
traps at pre-determined retention times under rigidly controlled conditions. The
fural solution was madc in 0.2 ml of carbon disulphide in 3 mm path-length cclls,
and the unique peak of endosulfan at 8.37 um was measured at a fivefold scale
cxpansion of the instrument. A slight modification in the collection trap consisted
of condensing the cfflucut gas strcam directly on powdered KBr which was
pelleted for micro-infra-red analysis.

A similar procedure as that described above for endosulfan has been extended
to the pg range of organophosphate insccticides in a vaiicty of fruits and vege-
tables.36 At levels below 20 g, however, even qualitative identification became
uncertain due to losses of insecticide at cach stage during the procedure and the
lack of scnsitivity of infra-red detectors.

It was anticipated by the author in 1960 that the combination of gas chro-
matography and infra-red spectrophotometry would be widely accepted for
pesticide residue analyses provided that the following cquipment was developed:

Y Bruce, R. B. (1963) in Analytical Methods for 1 ticides, Plant Crowth Regnlators, and
Food Additives, Volume I, edited by G. Zweig, Academic i'ress, New York, pp. 149 167,

W Zweig, G. ¢t al., op. cit,

S Gruffrida, L. (1965) Joumal of the Acsociation of Official Aericultral Chemists, Vol 48,
p. 35S,

‘o Crosby, N. T. and E. Q. Laws (1904) Analyst, Vol. 89, p. 319
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sensitive  thermopile detectors, hiquid How-through cells and rapid-scanning
infra-red spectrophotometers. Although rapid-scanning spectrophotometers
have become available comumnercially, their semsitivity has not been extended into
the submicrogram range. However, it scems that g quantum jump has taken
place during the past ten years by combining gas chromatography with mass
Spectrometry rather than with infra-red for the qualitative analyses of trace
amounts of organic compounds.

Fluorescence technigues

Fluorescence spectrophotometric techniques for trace analyses of pesticides
appear to have the advantages of greatly increased scnsitivity and specificity. The
calculated ultimate sensitivity of fluorescence and colorimetry for three pesticides
is comparcd i table 4. The pesticide Co-Ral, for example, can be detected at
nanogram levels by the Auorescence technique, Speciticity is imparted by charac-

TabeLr 4. ULTIMATE SENSITIVITY OF FLUORESCENCE AND COLORIMETRIC; METHODS

Compound i T e Cleaed s
(1) (2 (H)/(2
Co-Ral ........................ 25 0.002 1250
Guthion ... . .. T 1.6 0.01 160
DEF.......................7o 10.0 0.02 500

teristic excitation and fluorcscence wavelengths. In order to mcasurce cmitted
Auorescence, it may be fiecessary to modify the non-fluorescent parent compound
by hydrolysis, oxidation or the formation of metal chelates 37

Although spectrofluorometric techniques scem to be ideally suited for trace
analyses of some pesticides, there are inherent difficultics. Most cxtracts from
biological materials contajn interfering, fluorescent substances which mask the
characteristic fluorcscence ~f the pesticides under investigation, In pesticide
analyses, a rule of thumb is thyy the signal for the treated sample must be at least

Ly MacLougall, D, (1963) in Analytical Methods for Pesticides, Plant Grownh Regulators, '
and Food Additives, Volume I, edited by G. Zweig, Academic Press, New York, pp. 167 —188

32 Ibid.

» Ibid,

4 Tepe, J. B. and F, J. Holzer (1967) Analytical Methods for Pesticides, Plant Growth

Regulators, and Food Additives, Volume V, edited by G. Zweig, Academic Pres, New York
Pp- 413—422,
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PAPER CHROMATOGRAPHY

By 1952, paper chromatography had become one of the most useful analytical
tools for the scparation and identification of a diverse group of chemical com-
pounds and inorganic ions in microgram quantitics. Reports appeared on the
paper chromatography of amino acid, sugars, steroids, inorganics and almost any
chemical compound, natural or synthetic, with the possible exception of hydro-
carbons.4 However, it was not until 1958 that Mitchell published his monumental
work on the paper chromatographic scparation of 114 pesticide chemicals.42 The
advances of Mitchell were the use of reversed-phase paper chromatography for
fat-soluble pesticides and a sensitive spray rcagent for the detection of chlorinated
pesticides. The reagent was an acctone solution of silver nitrate and 2-phenoxy-
cthanol. The sprayed paper chromatograms had to be cxposed to ultra-violet
light to reveal black spots duc to colloidal silver, which indicated the position of
chlorinated compounds. Mitchell had solved the problems of speed (1.25 to
2.5 hours for ten simultancous analyses), scnsitivity (less than 1 pg) and the
resolution of closcly related insecticides (sec figurc 3).

Figure 3. Paper chromatogram of niixed cilorinated posticides

SOLVENT wmde comnse
FRONT

ORIOIN et

The detection of organophosphate insecticides was accomplished by using
an enzyme spray (carboxylestcrase from beef-liver homogenates) and 1-naphthyl
acetatc as the substrate spray.43 Wherever the organophosphate insecticide liad

4 Block, R. J., E. L. Durrum and G. Zweig (1958) A Manual of Paper Chromatography
ond Paper Electrophoresis, 2nd ed., Academic Press, New York, p. 710.

4 Mitchell, L. C., op. cit.

4} McKinley, W. P. (1963) Analytical Methods Jor Pesticides, Plant Growth Regulators,
and Food Additives, Volume I, edited by G. Zweig, Academic Press, New York, pp. 227252,
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migrated on the paper, the hydralysis of the substrate was inlnbited. Thus, when
the chromatograms wore subsequently spraved with a diazo compound (Azoene
Fast Blie RR <alt) which reaces with L-naphthol to give 4 brown dye. the phos-
phates appearcd as white or veHownd spots on o dark background. The sensitivity
of the detection was about 05 s Using g sinmlar cnzyiiatic detection method
on thin-lyyver chromatagrams, Menn and McBain# climcd that as lidle as 1 ng
of sote u'rg.mnpim.\phnrc inseeticides could be detecred (sce below),

Once of the tirs roporeed spphicatioins of paper chromatography to residue
analyses was the detection of carbaryl in wine 4 The wine samples are purified
in this procedure using several solvent partition steps i order to remove waxes
and pigments. The concentrated puriticd extract is chromatographed on untreated
paper with 4 mcthanol-water solvent, The spray reagent (p-nitrobenzenedia-
zonium fluoborate) s suitable ro detect carbaryl and possibly metabolite
1-naphthol with 2 sensitivity of about 0.5 He.

The first practical, general clean-up scheme for fruits, vegetables and dairy
products published4s iy 1959 represented a real break-through ) the development
of pesticide residue methods which were faster, more general and sensitive than
conventional spectrophotometric techniques. The innovation of the clean-up
procedure was the use of acctonitrile-petroleum cther as partitioning agents for
fats and fat-soluble pesticides, the Lateer being more soluble in the acctonitrile
phase. The other modification ws an additional clean-up step by column chroma-
tography on Florisil. The fin] analytical step in the Procedure was Mitchell’s
reversed-phase paper chromatography, which revealed unsuspeeted residucs of
cMorinated pesticides and their metabolites, These compounds appear to be the
most stable and persistent residucs tound in many foods and dairy products and
could not be detected by the older analytical methods,

Similar resuits were achieved for the separation and detection of phenoxyalkyl
acid herbicides in wheat47 by one- and two-dimensional paper chromatography.
Semiquantitative estimat;on of pesticides can be achieved dircctly on developed
paper chromatograms by visual comparison of known standards or by morc
sophisticated photoclectric detsitometry, 43 Although paper chromatography is
being disglaced by even more rapi] methods likc thin-laycr chromatography and
more accuiate methods like gas chmmatography, paper chrmnatography rctaing
1ts place as a simple, inexpensive and effective screening technique for the analyses
of microgram quantitics of pesticide residues in biological samples. 49 '

THIN-LAYER CHROMATOGRAPH Y

Paper chromatography for the resolution, detection and Licntification of
pesticides has now been replaced to a great extent by thin-layer chromatography.,

“ M;nn. JJand ] B, McBain, op. cir.

4 Zweig, G.and T E, Archer (1958) Journal of Agricultural Food Chemist “ Vol. 6, p. 910,
“ Mills, P, A, op. qir.

Y7 Yip, G. ( 1962) Journal of the Association of Official Agricultural Cheinists, Vol, 45, p. Yo7
 Block, R. J. ef al., on, cit.

# Coffin, D. E. ( 1966, Joural of the Associaticn of Official Analytical Chemists, V.|, 9,

P- 038; Mitchell, L. C. ( 1957) Journal of the Association of Officiaf Aericultural Chemists, Vo, 40,

638
p. 999.
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The advantages of the latter technique are the use of untreated plates (versus the
impreguation of paper with immobile phasc), the greater speed of separation
(20 minutes versus 150 minutes), better resolution (“tight” spots versus sometime
clongated, diffuse spots) and greater tensitivity (10 ng versus 1 ug). In the first
comprehensive report on thin-layer chromatography of insccticides, W alker and
Beroza® studied 33 phosphate and 29 chlorinated pesticides. Silica gel G (with
CaSOy as binder) at a thickness of 275 nm was used with chloreform, beuzene or
I-hexane as solvents in combination with small quantitics of polar liquids. The
detection procedure consisted of 3 quick oxidation step with bromine vapours,
tollowed by fluorescein spray, then a solution of silver nitrate that contains some
phenoxycthanol and finally cxposure to ultra-violct light.

The above method was adapted to residuc analyses of pesticides in foodS!
using a carefully cleaned-up sample as described in the above discussion of paper
chromatography.$2 Pre-washing of aluminium oxide G (neutral) and silica gcf,e(}
with distilled water to remove chlorides prior to coating of the plates increased
the sensitivity of the method to 10 ng for many chlorinated insccticides, Table 5
lists migration valucs compared with the movement of DDD; an arbitrary
R-valuc of 1.0 has been assigned to DDD.

Tanie 5. Ry, VALUES OF CHLORINATLD pESTICIDES SEPARATED BY THIN-LAYER CHROMATO-

CRAPHY
. F-heptane solient

Pesticide A0 = Silica gel G
Aldein ... 1.67 200
DDE ... 1.62 1.90
Heptachlor ............................... 1.9 1.74
DT .. 1.4 145
Perthane ........................ 1.17 0™
Lindene.................................~ 1.0 0.48
DDD ... e 1.00 1.0
Heptachlor epoxide . ................. ... 074 0.36
Endiin ... 0.54 o
Dieldein .......... ..., e i e 053 0.21
Methoxychloe .......................... 0M 0.05
Kelthane ............................... 0 0.06 0.2t

A thin-laycr chromatography method for organophosphatcs, which is
twenty times more sensitive than a comparable paper chromatography teclnique,
involves the use of Al;O; G-coated plates impregnated with N, N-dimethyl-
formamide as stationary phasc.53 The mobile solvent is methylcyclohexane. The

% Walker, K. C. and M. Beroza (1963) Journal of the Association of Official Agricultural
Chemists, Vol. 46, p. 250.

31 Kovacs, M. F. Jr., (1963, Journal of the Association of Official Agricultural Chemists,
Vol. 46, p. 884,

52 Mills, P. A., op. cir.

5% Kovacs, M. F. Jr., (1964) Journel of the Association of Official Agricultural Chemists,
Vol. 47, p. 1097.
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chromogenic spray reagents used in succession are tetrabromophenolphthalein
cthyl ester, AgNO; and citric acid. Although the colour of the spots (bluc-purple
on yellow background) will fade within 4 short time, as little as 50 to 100 ng of
common thionophosphatc insccticides can be detected and estimated schi-
quantitatively by visual inspection.

An cven more sensitive thin-layer chromatography method detects as little
as 1 to 10 ng of organophosphate insccticides.*4 The required adsorbent was
cellulose powder without binder; silica gel or Horisil adsorbents were found to be
unsuitable for this tcchnique. An enzymatic spraying procedure consisted of
successive treatments of human blood plasma spray (source of cholinesterasc),
incubation for 30 minutes and mixcd spray consisting of bromthymol blue in
dilute basc and acetylchcline chloride. Blue spots on a ycllow background
indicated the presence of cholincsterase inhibitors but faded within 1 hour. A
variation®S of this procedure specificd 5-bromoindoxy! acetate as the substrate
indicator and resulted in bluc spots on a white background (sec figurc 4),

Figure 4. Thin<layer chromatograms ( Kieselgel G-H R) of organophosphate insecticides using
an enzymatic spray aud I-hexane-acctone (8:2, rolumefvolume) solvent
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¢ Menn, J.J.and } B. McBain, op, cit.

% Mendoza, C. E., P. J. Wzles, H. A. McLeod ind W. P. McKinley (1968) Analys,
Vol. 93, p. 173,
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The ready availability of pre-coated, thin-layer plates on plastic films with a
varicty of adsorbents will undoubtedly popularize this technique for the routine
amalyses of pesticide rosidues. 56 Although there scem to be no pubiished reports
on their use for pesticide analysis, there is no reason to believe that this clegant
technique would fail with the use of pre-coated films. A comparison was nade
on the scparation of plant pigments by paper chromatography and by thin-layer
chromatography on pre-coated cellulose sheets. Little difference in chromato-
graphic behaviour was noted, 57 although the resolution on thin-laycr plates was
a lieele superior.

GAS CHROMATOGRAPHY

Gas-liquid chromatography flourished during the 19505 in the analyses of
complex mixtures of chemically closely related homologues of fatty acids and
hydrocarbons. It was not until 1959, however, that Coulson and co-workers
published their classic paper on the scparation of pesticides by gas chromato-
graphy.8 The sccond paper on the subject appeared in 1960 and described the
quantitativ : analysis of the two geometric isomers of cadosulfan by gas chromato-
graphy.9 The cxperiments were conducted isothermally at 250°C using a
6-foot (183 cm), -inch (0.6 cm) diameter, stainless steel column, packed with
30 per cent by weight of Dow-11 high-vacuum silicone grease. Effluent fractions
were detected by thermal conductivity with a catharometer at an absolute
sensitivity of 25 ug based on an acceptable noisc-signal ratio. Infra~red analyses of
trapped-out fractions showed no isomerization or decomposition of endosulfan
somers.

These carly experiments on the gas chromatography of organic pesticides
illustrated the following significant findings about the instrumental analysis of
pesticides, which wure to usiier in the new cra of submicrogram detection of these
compounds that is significant to agriculture and public health:

(1) The chlorinated pesticides usually have a high melting point (c.g.
cndosulfan A isomer 203° to 205° C) and could be put through a
chromatographic column at a temperture of 250° C without signi-
ficant decomposition ;

(2) A mixture of related pesticides such as aldrin, dieldrin anc, heptachlor
could be separated on a suitable column;

(3) The scnsitivity of the method at that time was not satisiactory, and
detectors with greater sensitivity had to be developed;

% Wise, J. J. (1967) Analytical Methods for Pesticides, Plant Growth Regilators, and Food
Additives, Volume V, edited by G. Zweig, Academic Press, New York, pp. 47—66.

37 Sherma, J. and G. Zweig (1967) Journal of Chromatography, Vol. 31, p. 439.

8 Coulson, D. M,, L. A. Cavanagh and J. Scuart (1959) Journal of Aericulsural and
Food Chemistry, Vol. 7, p. 250.

% Zweig, G. and T. E. Archer (1960) Journal of Agricultural and Food Chemistry, Vol. 8,
p. 190.
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(4)  The catharometer detector was non-sclective and unsuitable for pesticide
residuc analysis in foods and crops duc to interferences from extrancous
substances present in much higher concentrations than the suspected
pesticide residue.

The past ten years have seen great progress in more selected and sensitive
detectors, and the gas chromatography instrument has become more sophisticated
to give higher reiiability and reproducibility. 1t is safe t guess the gieat majonity
of pesticide residues are analysed today by gas-liquid chromatography using
detectors with the Inghest sensitivity (clectron-capture) or sclectivity (N, P, S or
halogen). These advances are discussed below.

Columns and packings

Pyrex glass columns have largely replaced the older coluins made of
stainless steel, copper or aluminium. Metal columns tend to decompose some of
the chlorirated pesticides, and glass columns are casicr to fabricate into a variety of
shapes and sizes. It is desirable to observe through the transparent walls of the
column that the packing is uniform.

Anakrom ABS is an acid-basc-washed siliconized solid support and is
recommended for general use in pesticide analysis.00 The preferred stationary
phascs are Dow-Corning-200 oil (10 per cent by weight) or a mixture of DC-200
and a fluorosiliconc grease QF-1. Depending on the chemical nature of the pesti-
cides to be analysed, the choice of the stationary phase may be a rational one
(polar versus non-polar) or in some cases an empirical one.

To illustrate the cmipirical nature even in the choice of inert support, it was
founde! that methyl and cthyl parathion, and para-oxon could be resolved by
QF-1 on Chromosorb G but not on Chromosotb W. Table 6 summarizes the
choice of stationary phases coated on Anakrom ABS for several classes of st

cidcs.
TABLE 6. STATIONARY PHASES FOR GAS CHROMATOGRAPHY OF PESTICIDES
Pesticide e Stationary ph.se
Phosphate.......... e 1-—-3% SE 30 (0.2% Versamid)
109 DC 200
Chlorinated .................... 102, DC 200
Triazine herbicide ......... e 59 Carbowax 20 M
Pyrcthrin .. ................... . 5% SE 30 plus 5% QF-1
Carbamate ..................... 2% DC 200
Phenoxyalkyl ester herbicide. . . . . . 20% DC grease
& :Lym, T. R,, C. L, Hoffi d M. M. Austin (1968) G Sl‘bn:oy
Phases ﬁ?r“ '(c;a.-; L!’l:‘:‘omgmpky. Anﬂ:h':agwu} North Has:tn. ((:mazc!wmut ;‘;p 56—
" The support is Anakrom ABS.

103‘; Burke, I A. (1965) Journal of the Association of Official Agricultural Chemists, Vo, 48,
p. :

¢ Bevenue, A. and F. Erro (1965) Acrograph Previews and Reviews, May issue, p. 6.
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Combination methods for detection

First attempts to achicve selectivity by gas chromatography with non-
sclective detectors consisted of the preliminary separation of pesticides by GLC,
followed by the analysis of condensed fractions. The following techniques are
probably more of historical intcrest than of practical value, since in the meantiin.
specific on-stream detectors for different classes of pe acides have been developed.

GLC-colorimetrys?

Trace analysis of the herbicide amiben was accomplished by passing the
methyl ester of amiben through a GLC column (Dow-11) at 275° C and collec-
ting fractions two to five minutcs after injection. The collected fractions were
diazotized and coupled with naphthylethylenediamine and the resultant colour
rcad at 528 nm. Standard curves of 2 to 15 ug amibengave straight lines.

A similar procedure was followed for the residue determination of the
plant-growth regulator naphthalencacetic acid in olives.93 After a rigorous
clean-up with acid-basc extractions and silica-gel column chromatography, the
fnal extract was treated with diazomcthane to form the methyl ester and chroma-
tographed at 210° C on Dow-11. Fractions were collected at the appropriate
retention time of the methyl ester, and the nitrated products were measured with
a spectrophotometer at 360 um.

GLC—ultra-violet spectrophotometryod

Plant interferences from potatoes proved to be much less of a problem than
for olives in the determination of naphthalencacetic acid (NAA) and its methyl
ester (MENA). Gas chromatographic conditions were identical to those described
in the preceding method. The collected effluent fractions were dissolved in
cthanol and absorbencies determined at two peaks in the ultra-violet region. The
method yiclded a sensitivity of 0.4 ppm with respect to the crop material.

GLC—infra-red svectrophotometry

Methods for residue analyses of endosulfan and organophosphate insecticides
by infra-red spectrophotometry following GLC have been discussed above.

GLC of radioactive derivativesos

Residue analysis of the herbicide 2,4-D in ficld crops was carried out by gas
chromatography of the 14C-methyl ester of 2,4-D. Effluent fractions were collected
dircctly into phosphor solution and counted by liquid-scintillation spectrometry.
Background counts were reduced by acid-basc washings and extractions and
column chromatography on basic alumina. The final extract was treated with

62 Zweig, G. and R. E. Breidenbach, op. cit.
63 Zweig, G., . L. Gutnick, R. Gulli, T. E. Archer and H. T. Hartman (1964) Journal
of Agricultural and Food Chemistry, Vol. 12, p. 59.

64 Zweig, G., T. E. Archer and D. Raz (1962) Journal of Agricultural aud Food Chemistry,
Vol. 10, p. 199.

65 Zweig, G. (1962) Progress Report W-45, University of California, 1avis; Gutnick
D. L. and G. Zwcig (1964) Journal of Chromatography, Vol. 13, p. 319,
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HC-diazomethane and gas chromatography pertormed at 250° C on Dow-11.
Fractions were colleeted at retention times between 2 and 6 minutes. The sensi-
tivity of the method was 5 ug of 2.4-D, which corresponded to a net count of
2,000 counts/minutc.

The radioactive derivative method was extended to the analysis of the three
related phenoxyalkanoic acids 2,4-D; 2, 4, 5.-T and PCPA. The retention times
were 1.2 minutes for PCPA, 2.25 minutes for 2.4-D and 3.75 minutes for 2,4,5-T.
A fraction was collected for about 2 minutes duration close to the retention time
(sec figure 5).

Figure S, Gas chromatography of three methyl ester herbicides on Dow-11 silicone high-
vacuum grease at 210° C
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Electron-capture detector

Probably the greatest single step in increasing the detectability of chlorinated
pesticides was che development of the clectron-capture detector by Lovelock and
Lipsky.® In this techniquc, a radioactive, beta~cmitting source ionizes the mole-
cules of the carricr gas N, to produce slow clectrons,? which migrate to the anode
(sec figures 6 and 7) under a fixed potential producing a stcady current. If 2
compound is an clectron absorber, the current is reduced and measures the
quantity and clectron affinity. The radioactive source may be tritium in the form
of titanium tritide (figure 6) or ©Ni for a high-temperature detector (figure 7).

Vol i; Lo:;tuck. J. E.and S. R. Lipsky (1960) Joumnal of the American Chemical Socicty,
‘ul, 82, p. 431,

106 163 ick, K. P. and H. Hartmann (1963) Variew Actograph Techmical Buletin, Pp.
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The extent of electron affinity of various molecules is shown in table 7; CCly has
more than 400-billion times the clectron affinity of hexane. It is seen that chlori-
nated compounds are cfficient electron-capturing molecules and can serve as the
basis for a sensitive detection of chlorinated pesticides.

TABLE 7. THE RFLATIVE SENSITIVITIES OF THE ELECTRON=-CAPTURE DETECTOR
FOR ORGANIC COMPOUNDS

Compound D.U.fug
Hexane .. ... i 0.9
Heptane................... .. ..., 1.2
OCtane. .o i e 1.5
Precane ..o e, 2.6
Chlotobenzene ................ e 55
Atrazine ............ ... 0.0 ceie. 3,000
Dichloroethane ....................... 20,000
Lead tetracthyl .. ..... ......, rreas 30,000
Beazophenone ............... Creeiaens 100,000
24D e, 125,000
Tedion.. ... . i 180,000
Miuathion ........................... 250,000
Diethyl maleate ...................... . 550,000
Thiodan .......................... . 600,000
245T ..o 800,000
Kelthane (decomgosition product) . . ... . 1,600,000
DDD ... 2,000,000
DDT (paraand para’) ................. 2,000,000
DDE ... 3,200,000
Heptachlor ................... Ceeneees 4,800,000
Dieldrin,....................... Ceenns 8,000,000
Endrin ............... ... .. 8,000,000
Aldrin ... . 10,000,000
Lindane ................c00 vl 11,000,004
Dibromoethanc ............... e, 11,000,000
Fluothane ..................... Ceeanns 16,000,000
Carbon tetrachloride .................. 400,000,000

The values are not nceessarily optimum and do not represent ultimate
sensitivity. They are based on practical detectability. The value D.U.[ug is based
on peak area measurement by a disc integrator using a 60 rpm motor. Each disc
stroke is 100 disc units.

The first reported application®® of the clectron—capture detector for the
analysis of pesticide residues in crops clearly demonstrated the following basic
advantages of this technique over non-selective dztectors: (high sensitivity
10 12 g of lindane) and low background due to interferences from endogenous
plant extracts. The sensitivity of elcctron-capture is illustrated in table 8 which
lists the pesticides most amenable to this detector.89 One-half full-scale deflection

““"(‘:)oﬁd,win, E. §., R. Goulden, A. Richardson and G. G. Reynolds (1960) Chemistry
and Industry, Vol. 39, p. 1220; Moore, A. D. (1962) Journal of Ecoromic Entomology, Vol. 55,
p. 271,

¥ Burke, J. A. and W. Holswade (1966) Journal of the Association of Official Analytical
Chemists, Vol. 49, p. 374,
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Figure 6, The !'4zri.m-:la'rugmph concentric-tuli, cL"'tmu-(.zpmrv detector
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(FSD) is produced by as little as 0.3 ng of lindanc. On the other hand, this detector
is not suitable for the herbicide CIPC or the insecticide Meta-Systox-R. The
detectability can be increased by a factor of at least five by choosing !/,o FSD
instead of /, FSD as presented in table 8.

TaBLE 8. RESP()NSE OF PESTICIDES TO ELECTRON-CAPTURE DETECTION
(TRITIUM SOURCE)

Pesticide Response ng for Y, FS1»
DDVP ... 20
symetriazine ........................ .. 300
TCNB............................ ves 0.5
2,4-D mcthyl ester ...... 40
Lindane ..... e e e 0.3
Heptachlor ......................... .. 0.5 )
Aldrin ... ... . 0.6
Chlordane ......... e 20
Meta-Systox-R ............. ... 20003000
TEPP .......... et ieiieea 5000
Endrin ........ Ceeees e cees 25

. * FSD— full-scale deflection,

However, electron capture is no panacea for the pesticide residuc analyst. The
plant extract containing the suspected pesticide residue must be thoroughly
cleaned as discussed above, Excessive quantities of plant substances are usually
present at much higher concentration than submicrogram and will be detected
by clectron capture; ic. the detector s not specific for halogen-containing
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Figure 7. High temperature electrou=capture detector 1with 63N7 soure.
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molecules (see table 7). Plat extracts and bleeding of the stationary phasc from
the colunmn cause the tritium detector to become contaniinated and lose sensitivity
due to lowering of the standing current. (In this event. the tritium foil can be
cleaned by ultrasonic treatmont.) ™ The lateer problem has been partially resolved
by using ®3Ni clectroplated 1o a stainless stecl foil. 7 Afeer more than one year of
continuous operation at 300°C with a Ni detector, there was no observable
significant change in standing current or radioaciive leakage.

Practical hints
A few basic rules for the successful analysis of pesticide residues in vegetables
by gas chromatography with the clectron-capture detector should be con-
sidered:72
(a) Keep applicd voltage at less than maximum sensitivity to reduce
background signals from crops and solvents.
(b) Usc clectrometer sctting where linearity of response is obtained. Use
pre-purified nitrogen and keep detector (tritium) temperature at 200° C.
() Use pre-conditioned (4 to 5 days at 250° C) column of 10 per cent
DC 200 on Anakrom ABS for chlorinated pesticides. Condition the
column further by injecting milligram quantitics of pesticides.
(4) Sample clean-up should be thorough and follow the procedures described
above. Acctonitrile and petroleum cther should be redistilled in glass.
Keep away from polyethylene containers and bottle caps!
Quantitative aualysis
Quantitative dcterminations of pesticides bascd on retention curves are
related to standards put through the gas chromatograph. The only absolute
method based on microcoulometry is discussed below. A detailed study™ has
revealed that the following six diffrent methods of calculation yiekled comparable
results:

(aj Peak height alonc is used for slim peaks, but opcrating paramcters must
be held closely;

70 Dimick, K. P. and H. Hartmann, op. cit.

7t Ahren, A. W. and W. F. Phillips (1967) Journal of Agricwlewral and Food Chemistry,
Vol. 15, p. 647.

72 Burke, J. and L. Giuffrida (1964) Journal of the Asseciation of Official Analytical Chemists,
Vol. 47, p. 326.

73 Gaul, J. A. (1966) Journal of the Association of Official Analytical Chemists, Vol. 49, p. 389.
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(h) Product of peak height and width of the peak at half-height;

{c) “Arca” asa product of retention time and peak height;

td) - Cutting out and weighing the peaks;

(¢) Mechauical or clectrical integrator attached to recorder;

() Triangulation (a triangle is constructed by inflectional tangents to form

an apex).

If peaks are not resolved, symmetrical curves are drawn: sloping base lincs
arc drawn by connccting the lowest point of deflection. Even with all of the
imperfections of resolution, experimental pipetting crrors and interfering peaks,
it is not too ditficult to obtain quantitative data with a deviation not greater than
2.5 t0 6.0 per cent.

Flame ionization detector for phosphorns

As discussed above, selective detection of organophosphatc insccticides was
not greatly improved by the clectron-capture detector. An i mportant discovery
was made simultancously by Karmen™ and Giuffrida” who demonstrated that
different alkali metals in the hydrogen-flame ionization detector enhanced the
response from halogen- and especially phosphorus-containing compounds. The
explanation of Karmen for this phenomenon was that compounds containing a
halogen and phosphorus reacted with the metal probe to increase the rate of
relcase of the metal. The resultant vapour was excited and ionized, thus increasing
the clectrical conductivity of the flame. Giuffrida?? named this special flame
ionization detector “sodium  thermionic detector”. The construction of the
detector was a slight modification of a standard hydrogen-flame ionization
detector by replacing the positive clectrode with a platinum-iridium coiled wire
coated with NapSO, (figure 8). A graphic illustration of the selectivity of the
thermionic detector is seen in figurc 9. A mixture of a chlorinated compound

Figure 8. Modification of the standard hydrogeu-flame ionization detector to construct a
sodivun thermionic detector

7 Karmen, A. (1964) Analytical Chemistry, Vol. 36, p. 1416,

2937! Giuffrida, L. (1964) Journal of the Association of Official Analytical Chemists, Vol. 47,
p.

7 Karmen, A. (1965) Journal of Gas Chromatography, Vol. 3, p. 336,
7 Giuffrida, L., op. ¢it, P
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Figure 9. Analysis of lindave, parathion and mcthyl stearate by hydrogen-flame ionization
aud sodivm thenmionic detectors
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Figure 10. Cross-sectional shetch of the Varian-Aerograph thermionic detector

Source: Oaks, D. M., K. P. Dimick and C. H. Hartmann (1966) Varian Aerograph
Technical Bulletin, W-122, p. 13,
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Figwe 11 Rosporse of thermionic detector 1o organophosphorus pesticides
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Figurc 12. Standard curves of four insecticides showing the linearity of the thermionic detector
response
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(lindanc), organophosphatc (parathion) and hydrocarbon (methyl stcaratc) was
resolved by gas chromatography and all three compounds were detected by the
. , Jrogen-flame ionization detector, but only parathion was detected by the so-
dium thermionic detector at a three-hundredfold attenuation. toped
An improved version of the phosphorus detector deve by Varian-
Acrograph is shown in figure 10. This is a modification of the commercial
hydrogen-flame ionization detector with the addition of a salt tip made from a
pressed pellet of caesium bromide. The phosphorus detector requires a carcfully
regulated flow of air and hydrogen. The responsc of the p detector is
shown in figure 11 depicting the scparation of two mixtures of organophosphate
insecticides containing 5—40 ng of cach component as indicated. The lincarity of
the phosphorus detector may be seen in figure 12 showing standard curves of
three organophosphate insecticides and one metabolite ranging from 2—25 ng;
trithion gives a significantly higher rcsponse than the other compounds. Many
organophosphate insecticides may be detected at a sensitivity of 0.5 ng to 1.0 ng at
10 per cent of full-scale recoeder deflection and a corresponding noise level of
3 per cent.™ When helium was subsrituted as carricr gas in place of nitrogen, the
sensitivity for phosphorus-containing pesticides was increased cightfold™ with a
op k. ..J. Thomeon sad B. B. Wheals (1967) fournal of Chromatography, Vol. 30,
P

™ Ford, J. H. and M. Beroza (1947) Journal of the Association of Oficial Analytical Chem-
ists, Vol. 0, p. 601.
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Figure 13, Model 1-200 wicroconometric titration cell
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Source: Casil, C. C, (1962) Residue Reviews, Vol, 1, p. 37.

Figure 14. Microcoulometric gas chromatogram of a pesticide mixture
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ordinate at 0.§ in/min. Its attenuation factor is 8,
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Microcoulometric gas chromatography

Coulson et al. pioneered the gas chr omatographic scparation of pesticides and
developed an ingenious microcoulometric gas chromatography system.*0 In ir,
the as chromztography column is connceted to a combustion tube furnace under
oxidizing (for halogen) or reducing conditions! (for phosphorus). The zasscs are
then passed into a coulometric detecior where halides (except F ) and SO; are
titrated with silver ions which are clectrically gencrated. The titration cell is
shown in figure 13; the reference electrode for a hahde is a Ag/Ag’ cell and for
SOz the reference clectrode is a platinum-1, couple.82 The coulometer is bascd on
a continuously balancing system in which the titrating agent is kept at a fixed
concentration during the titration. When a sample cnters the titration ccll, the
clectrical current uscd to maintain a constant silver concentration is recorded as a
function of time that results in a normal graphic representation of retention curves
(figure 14). The arca underncath the titration curve is proportional to the number
of silver ions generated and can be related theoretically by Coulomb’s law to the
absolute quantity of pesticide which passed through the gas chromatographic
column. This is a real advantage of microcoulometric gas chromatography over
other detcctors. Another advantage of the system is that as lorg as endogenous
plant constituents do not alter the gas chromatographic behaviour of the pesticides
under investigation, the sample clean-up is greatly simplified. The rcason is that
only a halide or sulphur is dctected, and both elements are rarcly found in an
organic solvent extract from biological materials. The sensitivity of microcoulo-
metric gas chromatography ranges feom 0.1 pg tp 0.9 ug depending on the
sulphur and chlorine content of the respective pesticide.

Figure 15. The microcoulometric chromatography of rounc

L]

.—-—m

Key: (A) Carrier gas passing into the titration cell; (B) with chromatographic tube of
silica gel; (C) with subtraction tube of aluminium oxide.

% Coulson, D. M., L. A. Cavanagh, J. E. DeVries and B. Walther (1960) Joumal of
Agricultural and Food Chemistry, Vol. 8, p. 199.

81 Challacombe, J. A and J. A. McNulty (1964) Residue Reviews, Vol. 5, p. 57.

82 Burchficld, H. P. et ol., op. cit.
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A modined microcoulometric gas chronatography systemts employs a
reducing atmosphere at 950° O following separation on ‘the column, The con-
version products which are titrated coulometrically with silver ions are phosphine,
hydrogen sulphide and hydrogen chloride. Thus, if 4 pesticide contained sulphur,
phosphorus and chlorine, all three clements would be measured simultancously,
However, a short AL O, tube inserted between the reduction tube and titration
cell removes Hy$ and HCI leaving PHy to be titrated. Conversel ¥ placing a short
chromatographic tube of silica gelin the same position removes HCl and chroma-
tographs PH; and H,S. This principle is illustrated in figure 15 which depicts
the gas chromatography of ronncl [0.0-dimiethy] 0—(2,4.S—trichlomphcnyl)
phosphorothioate] and the inscrtion of the subtraction and chromatography
tubes,

Flame photowetric detector

Although the thermionic detector preferentially responds to phosphorus-
containing compounds, a significant signal is produced by chlorinated organics,
The sulphur detector by microcoulometry is not suitable tor subnanogram
quantitics. Thercfore, a significant advance was the new technique of flame
photometry in a nydrogen-rich flame®4 for the specific detection of organophos-

Figure 16, Characteristic Hame-emission spectra of sulphur and phosphorus
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8 Brody, S. S. andJ. E. Chaney (1966) Journal of Gas Chromatography, Vol. 4, Pp. 42—46.
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Figure 17. The flame-photometer detector
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phate or organosulphur compounds at subnanogram levels. When sulphur or
phosphorus is present, a characteristic flame emission occurs which can be separa-
ted casily by narrow-band interference filters (figurc 16). The filters used are
394 nm for sulphur and 526 nm for phosphorus. The emitted light is shiclded
from intcrfering substances by an optical atrangement whereby only the sulphur
and phosphorus compounds arc burnt in the hydrogen-rich flame in direct view
of the photomultiplicr (figurc 17).

To test the sensitivity and specificity of the fAame-photometer detector, the
pesticide omite, which contains sulphur, was chromatographed with a commer-
cial isothcrmal gas chromatograph connected to the detector with the 394 nm
filter. As is scen in figure 18, over 30 per cent FSD was achicved with 20 ng of

Figure 18. Gas chromatography of 20 ng omite in 2 per cent Se-30 on Anakrom ASB at 190°C

I =

Note : The flame-photometer detector is in the sulphur mode with a 394 nm fileer.
Source: Devine, J. M. (1969) Uniroyal Company and Syracuse University Research
Corporation, unpublished results,
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omite. Preliminary results from residue analyses of a variety of crops indicate a
minimum of clean-up necessary for interference-free analysis. With the phos-
phorus filter in place, 8 ng cach dimethoate and its oxygen analogue gave excellent
response as is scen in figure 19. The one deficiency of the present commercial

Figure 19. Gas chromatography of dimethoate and its oxygen analogue in 11 per cent DC-200
and 0.01 per cent versamid on gas chrom Qat 150°C
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Source: Devine, J. M. and N. R. Pasarels (1969) American Cynamid Compeny and
Syracuse University Research Cotporation, unpublished results.

detector for operation below 150° C due to the plastic housing has been corrected
by the inscrtion of a heat barrier, which increases the effective temperature of the
detector to 270° C. A dual-channel flame photometer detector has been devel-
oped recently; jt simultaneously detects sulphur and phosphorus from the same
molecule on two separate chart recorders. A careful analysis of the response

ratios may give important information on the identificat.on of unknown pesticide
metabolites. 85

* Bowman, M. C. and M. Beroza (1968) Analytical Chemistry, Vol, 40, p. 1448,
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Electrolytic conductivity detector

Many pesticides contain nitrogen, for example the symmetrical triazines or
parathion. Until recently there was no gas chromatographic detector for nitrogen
until Coulson developed the clectrolytic conductivity detector (see figure 20).

Figure 20. Electrolytic conductivity detector
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Note: Column: 12 per cent SE 30 on 80/100 mesh gas chrom Q, inner diameter 6 ft
(1.8 m) x 4 mm; Column temperature: 220° C; Inlet, transfer line nd venting valve tem-
i perature: 230°C; Oxidative furnace temperature : 850°C: Carrier gas—helium at 120 cm3/mi-
- nute; Pyrolysis gas—moist oxygen at 60 cm3/minute,

Key: (1) 10 ng lindane (4) 20 ng heptachlor epoxide
(2) 20 ng heptachlor (5) 30 ng dieldrin

(3) 20 ng aldrin (6) 40 ng DDT
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In the operation of this system, the effluent fractions from the gas chromatography
column are passed through the pyrolizer in a hydrogen atmosphere with a
nickel-wire catalyst converting organic nitrogen to ammonia. Interfering pyrolytic
acid products are absorbed on strontium hydroxide, and ammonium jons are
detected by measuring the change in conductivity between two platinum clec-
trodes. The sensitivity of this detector is about 23 to 50 ng but the sclectivity is
excellent. In the oxidative modc-of-operation, the conductivity cell measurcs
chloride ions with littde interference from CO2 duc to its inability to dissolve
rapidly in the water during its passage through the detector and its slight degree of
ionization.#6 As is shown in figure 21, 10 to 40 ng of chlorinated pesticides are
well resolved and detected by this gas chromatographic system coupled to an
clecirolytic conductivity detector.

Summary of chmmatographic systems

Table 9 summarizes the detection range for the chromatographic systems
discussed above. Although the electron-capture detector is the most sensitive
detection system, its specificity is not as great as that of the other detectors. In the
author’s experience, the flame-photometry detectort? is the most reliable instru-
ment. Microcoulometric gas chromatography in the hands of experienced
analysts for the determination of chlorinated and sulphur-containing pesticides is
probably the method of choice.

TABLE 9. ApPrOXIMATE WORKING SENSITIVITY OF SELECTIVE DETECTORS

Petector Detected Range
Microcoulometer.......... ... ... ClL Br,1, S and P 0.1—1 pug
Electron capture ..., .. ... . 7" Chlorinated 0.1—Ing
Sodium thermionic ..., ... . | 1.0—10ng
Flame photometer ... . .. . e Pand § 1ng
Electrolytic conductivity ..,.......... .. Chlotinated or Nj 10—100 ng

CoNcLUSIONS AND SUMMARY

An attempt has been made to review the cvolution which has taken place in
the analysis of minute quantities of pesticide residues in food and crops. The zero
tolerance established by governmental enforcement agencics was based on a
scientific concept which was impossible or at best unnecessary to achieve. And
yet, the zero tolerance gave the incentive to the ingenious pesticide residue
chemist to devise more sensitive and selective methods of analysis. Thus, when

chemists started - dously in the middle 19405 to analyse for DDT and parathion,

86 Coulson, 1), M, ( 1965) Journal of Gas Chromatography, Vol, 3, pp. 134—137.
87 Brody, S. S. and J. E. Chaney, op. cit.
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the limit of detcctability was in the microgram range. Twenty years later, the
sensitivity had been improved by a factor of 1 million.

Progress in pesticide analysis in the next decades will no longer be in the
scarch for the proverbial zero as may be suggested by the line of progress depicted
in figure 1, but it will rather be in devising methods of greater sclectivity and the
development of methods of positive identification of nanogram quantities of
pesticide residues. The reader should have become aware that the tremendous
increase in sensitivity of detection, as for cxample by clectron-capture gas chroma-
tography, has aggravated the problem of mistaken identity of chromatographic
peaks. Absolute methods of identification, as for example gas chromatography
coupled to mass spectrometry, are not within the financial capability of modestly
cquipped and funded laboratories. However, this cquipment should become
more readily available in the next ten years.







5. ESTABLISHMENT OF A PESTICIDE LABORATORY

by Kenneth K. Krausche*

A venture into pesticide rescarch in a developing country should be desizned
to stimulatc the agricultural and industrial development of the country, to help
satisfy the food and fibre needs of the people and to contribute to the cconomic
weil-being of the nation. It follows that any specific project design and plan of
operation will vary in accordance with local problems and requirements.

A pesticide laboratory in almost any conceivable situation in a developing
country should include among its first and primary functions the investigation
and development of local resources for the formulation of pesticides and testing
the effectiveness of pesticides in the laboratory and in the ficld under local condi-
tions. If pesticide products are alrcady being formulated or will be formulated,
or if pesticide chemicals are already being manufactured or will be manufactured,
the laboratory should be able to provide technical advice on the processes in-
volved. The laboratory will have to advise on optimum conditions of application
of the finished products, so that they fulfil the purpose for which they arc designed
in a safc, cfficient and cconomical manner. The responsibilitics of the laboratory
will include establishment of product specifications and probably a role in regula-
tion, registration and certification of pesticides.

Since this kind of research and development laboratory has a practical slant,
the question of production control by the laboratory may arise. The answer will
depend on the available production facilitics and the available laboratory facilitics
in the production and formulating plants. In general, it is beteer for the production
control laboratory and the rescarch and development laboratory to be in scparate
but co-operating units.

R EQUIREMENTS

The basic requisites of the laboratory will include personnel on all levels,
physical facilities (that is, a place to work) and laboratory equipment (instruments,
reagents and supplics). The required investments in mar.power, facilities and
cquipment will vary widely. The following discussion describes some typical
project needs based on a hypothetical average situation.

* Food and Agriculture Organization of the United Nations, New York.
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Dorsonnel

The project manager must be a highly competent individual, whe preferably
is outstanding botii as a pesticide chemist and as an administrator. Hie nnmmum
scientitic staft should include a formulations chenise, o posticide analveical chem-
ist, an insect toxicologist and one or more spectalists in-cntomology, plant
pathology and plant physiology depending on local necds.

The role of the formulations chemist will be described below. The anahvtical
expert will carry great responsibilitics in the project in the macro-determination
of pereentage composition of technical products, raw muaterials and finished
formulations as well as in the micro-determinations of pesticide deposits on
treated crops and residucs on and in raw agricultural commaoditics. The inseet
toxicologist will play an important and practical role in determining the incidence,
nature and causcs of resistance to insceticides by insect pests and in deciding how
to combat resistant strains in the ficld. if and when they occur,

The specialists in entomology, plant pathology and plant physiology will be
faced with the practical problems of controlling the insect pests, the plant discascs
and the weeds. Rats and certain other rodents canse grave losses in the food
supply all over the world. Possibly the hypothetical laboratory should have a
specialist in the use of rodenticides and in the application of other methods of
rodent control, who can investigate the loca! problems and design  practical
control procedurcs.

Other staff may include a specialist in biometrics and an instrument engincer
or technician. The biometrics cxpert will function not only in the mathematical
and statistical interpretation of data derived from biological cxperiments, but
more importantly, in the design of experiments so that derived data will be
statistically significant. Because instrumentation is now an cssential part of
chemical analytical procedures, an instrument expert should prove valuable by
maintaining the instruments in proper condition. Often. much time and produc-
tion can be lost when instruments break down and expert help as well as parts
and tools may not be available for their repair.

In an internationally sponsored project the foregoing types of specialists are
usually recruited by the sponsoring agency. There will be counterpart individuals
assigned by the host governinent for cach of the internationally recruited cxperts,
Whether the project is internationally sponsored or entirely a national institution,
many more scientific personnel may be assigned depending on their availability.
In addition, technicians, assistants, office help and manual labourers will be
required. A well qualified administrative officer is required to expedite procurc-
ment of local supplics, to correlate office procedures and building services, and to
supervise local office and service personnel.

Training of personnel will have to be an integral part of the laboratory plan
of operation. In addition to trained scientific personncl, various other levels of
training arc important. Scicntists may reccive their formal cducation and gain
their skills in their home countries, or they may have the opportunity to continue
their education und gain expertise in pesticide specialitics in forcign countrics
through fellowships or other arrangements. Bue a working project needs trained
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cchaans, who canassist scientists and thus allow more ¢t cient use of scarce
wientibic manpower. i developing conntries, the need for skilled or semi-skilled
tehmaans should not be overlooked : dependable personnel must be able
dely and adequat Iy handle reagenits, cquipment and simple instruments, count
vanples, measare, weight and draw significant samples. Trained technicians can
e greater respomsibility as they gain skill and, therefore, should cenjoy
meentives and prestige beyond those of the crrand boy.

Physical facilitics

The building or buildings for the project may be renovated structures or
they may be newly constructed. A greenhouse, an insectariom and controlled-
cnvirconment chambers may be required. Adequate provisions must be made for
power and maintenance serviees for the operation of the laboratory.

Some countrics aay be able to supply a good portion of their own nceds,
However, usually the machinery, formulation cquipment, reagents, glassware,
scientific apparatus, instruments, control room and greenhouse cquipment, fume
hoods, and books and journals for the library must be importced. The Journcy of
the glass apparatus and analytical and clectronic cquipment over land and sea is
cxpensive, time-consuming and hazardous; it has not been unusual to find
cvidence of rouglh handling as well as an appalling breakage of cquipment. This
kind of damage might be avoided if the project management is able to arrange
through the appropriate government officials for special supervision and special
handling of its inconung crates and packages at the docks and en route to the
laboratory.

St{f(‘fy

Very carly in the planning stage of the project, scrious thought must be
given to safety.! In ordering supplies for the project, the usual laboratory safety
cquipment, such as goggles, rubber gloves, aprons and similer items, should be
included. The installation in the laboratory of fire cxtinguishers and safety
sprinklers with quick-opening valves and drenching shower heads must not be
overlooked. First-aid cquipment and facilities for personal cleanliness must be
provided.

Many pesticides are highly toxic to man, but these hazards can be controlled
if handled carcfully and knowledgeably. When highly toxic pesticides are
mvolved, disposal of laboratory residues and wastes presents a special problem.
This is especially true when relatively large quantitics may be present, such as in
the efflucnts from a pilot plant or small-scale production unit. Wastes and cfflucnts
may require special handling, such as chemical treatmient or bio-dcgradation
m holding basins Jcsigned for that purpose. Other methods consist of special
incineration or disposal by burial in a sanitary landfill arca sct aside for the sole
purposc to reccive such wastes, Even the empty containers of some of the pesticide
materials require special handling ard disposal. If problems of disposal are an-

1 Sce also chapters 8 and 10),
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ticipated orif compounds arc involved whose possible side cfects on man and the
environment are not clearly understood, expert consultation should be provided.
Personnel must be protected and adverse offects on the environment must be
prevented.

Project management will have to cmphasize the necessity for safety to all
personnel connected with the project. The understanding of safety and the
attitude toward prevention of accidents may not be as prevalent as in some
highly developed industrial countrics. Improvement in this situation calls for
education and paticnce, Probably onc of the first steps should be the formation
of a safcty committec by staff members. The committce should establish and
implement a practical safety programme including enforcement of 4 simple
fundamental code of essential rules of safcty.

ScoPE OF THE PROGRAMME

In setting up the actual research projects and planning the investigations, it
would be advisable to carcfully look about the country—outside the immediate
sphere of the laboratory—for additional sources of technical assistance and oppor-
tunitics for technical co-operation. It may be possible to establish certain Joint
and mutually beneficial projects between the pesticide laboratory and technical
groups alrcady in existence. For example, certain investigations n mammalian
toxicology may be carried out co-opcratively with veterinary group. As
another cxample, studies of grain fumigation problems may be made joiney
with a grain storage department, which may already have the required silos,
bins and other specialized facilitics,

Through co-operative Joint programmes, the scope and range of research
investigations can be increased and the need for duplication of costly, specialized
and infrequently used cquipment can be avoided. Furthermore, more efficient
use can be made of the cquipment and of the specially trained and experienced
technicians required to operate it. Therefore, co-operative technical investie
gations arc recommended as a means of cxpanding the uscful scope of the labo-
ratory project.

Another opportunity to expand the scope and utilitarian value of a national
pesticides laboratory can arise from consideration of the common agricultural
problems in a group of ncighbouring countrics, This may lead to a decision that
the national laboratory scheme should evolye into a regional laboratory, thus
increasing its operating base and its capacity to be of service.




6. PRINCIPLES OF PESTICIDE FORMULATION

by John Flanagan*

Pesticide formulation is the process of transforming a pesticidal chemical
i a product which can be applied by practical methods to permit its cffective,
safe and economical use. It is not the intent in this chapter to present a compen-
dium of recipes and cookbook procedures whereby differcut types of formulations

~can be made. To attempt this would be outside the scope of the present publication

as well as totally misleading, There must be a practical and realistic objective and
procedure for doveloping any pesticide formulation, A presentation of the
principles and guide-lines of pesticide technology will be of practical use to those
engaged in the developnient, manufacture, testing and use of pesticides.

The material presented here s the rosult of efforts by muny workers in
sovernsent and private industry. Akhough synthetic organic pesticides have
attained spectacular success since their introduction in the middlc 1940s, all
specialists inn pesticide formulation recognize that the technology is still highly
cmpirical and primitive,

THE PESTICIDE FORMULATION

Definitions

A pesticide formulation is a physical mixture of one or more biolngically
active chemicals with inert ingredients which p-ovides effective and economic
control of pests. Because the great majority of all pesticidal chemicals require
tormulation to be used cconomically zud effectively, the term “pesticide”
throughout this chapter will refer to th. finished product ratlier than to the
active ingredient itself. Indecd, to the majority of the users of pesticides, the
term pesticide is accepted as the totai form of the finished product. Pesticide
tormulation is the art and technology of developing a formulation of a pesticide.
A pesticide formulation plant is a manufacturing facility in which pesticidal
tgredients are formulated into a final product.

Pesticide formulations are classified into two general types regarding physical
torm, ¢.g. the liquid and dry formulations. There are a number of varying types
of formulations within cach general classification, A description of these types and
their general purposes follows.

* Manager, T>chnical Services Laboratory, Velsicol Chemical Corporation. Presently
Sipervisor, Agricultural Chemical Formulating PPG Industries. Barberton, Ohio.
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Liquid formulation types
Oil conceritrates

Ol concentrates are liquid formulations containing, preferably, a high
concentration of active ingredicuts. They are generally wsed after dilution to a
practical or convenient low concentration with an inexpensive hydrocarbon
solvent as fucl oil or dicsel oil. The concentration may be expressed cither in
terms ot weight of active ingredient per unit volume of concentrate or in terms
of per cont by weight of active ingredient. It is necessary that the concentrate
be miscible upon mininmm agitation with the diluent to be used. Aromatic
hydrocarbons such as xylene or heavy aromatic naphtha are generally used as
solvents for the active ingredients in oil concentrates, There are pesticide chemicals
whose solubility in these aromatics is so limited that they are impractical as
solvents. To overcome this limitation. i is hecessary to use a more powerful
solvent, for example. isopropanol or cyclohexanone. The necesssary qualification

for the use of any of these polar solvents is that the concentrate is miscible with
the diluene oil which will be used.

Emulsifiable concentrates

Emulsitiable concentrates are similar to the oil concentrates with the excep-
tion that they contain a surfactant or cmulsifier to permit the dilution of the
concentrate with water for practical application. For best results, the solvent
system must be immiscible with water. The most generally used solvents are the
xyletie type, the heavy aromatic naphtha type or, occasionally when the solubility
of the pesticidal chemical is sufficient, aliphatics of the kerosene range.

Because of their conveniciee for the user, emulsifiable concentrates may be
considcred the most popular form in which pesticide formulations are used. They
are expected to perform well under a wide variety of conditions and to withstand
a numbcr of exiremes of packaging and storage. Although the ideal emulsifiable
concentrate s frequently songht, it is scldom attained. It will be shown that
cither compromises must be made or other uscful alternative formulation types
accepted as being more practical for certain pesticidal chemicals. Functionally,
emubsifiable concentrates must disperse spontancously in waters of all hardness

and with the aid of gentle agitation remain uniformly dispersed throughout the
spraying period.

Aqueous concentrates

Aqucous concentrates are concentrates of pesticidal chemicals dissolved in
watcr. The most frequently encountered pesticidal type found in this form is the
salt of a herbicidal acid. Because the herbicidal acid is the nominal active ingre-
dient, concentrations are generally expressed in terms of pounds of acid-cquivalent
per gallon. Since these active ingredients are soluble in water, there are generally
no problems of nuscibility, dispersability or suspendibility. The exception occurs
when magnesium, calcium or iron of natural waters used for dilution may causc
an insoluble precipitate; remedics do, however, exist for this situation.
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Oil solutions

Oil solutions are ready-to-use formulations containing, generally, a low-
odour, colourless solvent of the kerosene type and a pesticide chemical in low
concentration. The concentration of active ingredient is usually under 5 per cent
by weight. Oil solutions of insccticides are generally used for houschold or
institutional inscct control. In addition to low odour, these formulations must

preferably be non-staining and have a high flash point to minimize the fire
hazard.

Invert emulsifiable concentrates

Invert cmulsifiable concentrates are distinguished from the normal emulsifiable
concentrates by the fact that their dilution with water results in an emulsion in
which the external or continuous phase of the emulsion is the oil portion, whereas
the internal or discontinuous phase of the emulsion is water. These concentrates
arc used principally in the formulation of oil-soluble herbicidal esters. The
solvent is usually an oil having relatively low vapour pressure. Ficld dilution is
generally at a much lower ratio than that used for conventional emulsifiable
concentrates and often less than ten parts of water to one part of concentrate by
volume. The distinguishing feature of invert emulsions is that they form signi-
ficantly larger droplets than conventional emulsifiable concentrates when emitted
from special application equipment. Because the external phasc contains an oil of
relatively low vapour pressure, evaporation of the continuous phase is minimizcd.
Asaresult, there is no reduction in the size of the droplet from the time it cmerges
from the application equipment until it impinges on the target. The probability
of drift of the particle during its fall through the air is, therefore, greatly reduced.

Dry formnlation types

The important dry formulation types are dust bascs or dust concentrates,
wettable powders, dusts, granules and pellets. All dry formulations with the
cxception of wettable powders arc applicd in the ficld in their dry form as dusts,
granules or pellets. The dust bascs or concentrates and wettable powders are
intended for further dilution to field strength before final application. In the case
of dust bases, locally available low-cost diluents such as clay and talc arc usually
mixed with the concentrate at a regional formulation plant. Wettable powders
arc generally mixed with water before ficld application and then applicd as a
spray. In general, the packaging of dry formulations is considered to be less of a
problem than packaging of liquid formulations. The characteristic differences

of the dry formulations follow.

Dust bases or concentrates

Dust bases or dust concentrates are dry, free-flowing powders containing
a high concentration of active ingredients which varics generally from 25 to
75 per cent. Such products are scldom applied in this concentrated form. They arc
usually diluted or cut back to a practical concentration with a suitable inert
material for final application in the ficld. Pesticide-fertilizer mixtures are often
made by mixing the dust concentrate with the dry fertilizer. If granular fertilizers
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arc being mixed with dust bases, a sticker is often necessary to prevent the segre-
gation of the fine particles of the pesticide base which usually are below 200 mesh
(74 yom) size.

Wettable powders

Wettable powders are similar to dust bascs except that they are formulated
tor dilution with water into a fina] spray. The quality of wettable powders is
Judged by the rapidity of wetting when mixed with water and the suspendibility
in water when mixed in practical dilutions for ficld application. The speed of
wetting can be increased by the proper choice of wetting agents which reduce
the interfacial tension between the particles and the water. Good suspendibility
is attained by reducing the particle size, preferably to below 325 mesh (44 um).
Surfactants of the dispersant class are generally added to wettable powder as part
of the regular formulation to prevent the agglomeration of particles aud, in turn,
decrease the rate of sedimentation, which is a function of particle sizc. Exception-
ally finc particle size which further improves suspendibility is sometimcs attained
by air-milling the product to 2 particle size of 10 um or less, Wettable powders
are frequently used for the slurry treatment of sceds as well a5 in a varicty of
spraying techniques.

Dusts

Dusts arc very fincly powdered. dry pesticides. Dusts are formulated to
ficld strength which may vary from 1 to 10 per cent active ingredicent depending
upon the potency of the pesticide and the rate of application. Dusts must be free.
flowing so that they can be accurately metered in application equipment. Particle
size may vary, although it is usually under 200 mesh (74 pm). For acrial application
of dusts, the avoidance of drift s important; therefore, a moderate particle sizc
and uniform distribution arc necessary. Dust formulations applicd by air or ground
cqtiipment are extremely advantageous when treating maturc crops with dense
foliage. This advantage is the inherent property of billowing around the foliage
and covering the undersides of the leaves and the stems of the plant.

Granules

Granular pesticides are distinguished from powdered pesticides according
to mesh size range. I is generally accepted that a granular pesticide is a product |
which is limited to 3 range from 4 mesh (United States standard sicve scries)
to 80 mesh. For any given material (for example, a product labelled 30/60),
at lcast 90 per cent of the finished product must be within this specificd mesh
range, and the remaining 10 per cent may be distributed on cither side of the
specificd mesh sizes. The presence of fines which may become airborne by a
crosswind during application s generally considered to be objectionable in 2
granular product.

To be uscful, granular pesticides must be non-caking during storage. To
permit accurate application in metcred application equipment, the granules must
be free-flowing. Depending upon the field requircments, the granules may have
fast or slow disintegration characteristics in the presence of moisture. The disinte-
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gration characteristics of granules after entcring the soil have a direct bearing
on the release rate of the pesticides.

The concentration of active ingredient in granular pesticides may vary from
as little as 1 per cent to as high as 42 per cent depending upon the propertics of the
active ingredients, the characteristics of the carrier or upon other factors such as

the potency of the insecticide and the desired rate of application of the finished
product.

Pellets

Pesticide pellets are dry pesticide formulations in which the particle size
is larger than that specified for granular pesticide, €.g. greater than 4 mesh. There
are no established maximum sizes for pellets but, in practice, diamcters may be as
large as 0.6 cm and possibly 1.3 cm. Pellets are generally formed by mixing the
active ingredient with a suitable inert ingredient plus a binder, if necessary. The
mixing is followed by pan-granulating to the desired size or extruding (and
crushing, as required) to the desired size. Concentrations of active ingredients
may range from a fraction of a per cent as in the case of baits, in Which an attrac-
tant, incrt ingredicnt is used, to as high as 20 or 25 per cent, if fertilizer is addcd.

Other formulation types

A number of other possible formulation types are used for special purposes.
These are better classified by themsclves rather than with the familiar types
because of their unique physical form or their unusual application. Both liquid
and dry formulation types are encountered.

Aerosols

Since their development for insect control during the early years of the
Sccond World War, aerosol insecticides have become a familiar form of pesticide
formulation. As generally understood, aerosols are solutions of an active ingre-
dient in a suitable solvent plus a propellant which isa gasdissolved in the insccticide
solution andfor contained under pressure within the aerosol dispenser. The type
of spray pattern and particle size of the spray are controlled by the design of the
nozzle which is used and by the pressure in the container which forces the concen-
trate through the nozzle. The internal pressure is determined by the properties
of the propellant gas. Therc are many different approaches to the formulation

and packaging of an acrosol pesticide product including both non-aqueous and
aqueous solvent systems,

Seed dressings

Seed dressings may be cither a liquid or a dry type; indeed, there are varia-
tions within each type. Two of the most important requirements of a seed dressing
are that the sced dressing must not interfere with the plantability of the sced;
and that the seed dressing must not diminish the viability of the seed. In addition,
it is most desirable (however, seldom attained) that the seed dressing is non-toxic
and does not constitute an adulteration if the seed is later to be fed to livestock.
Secd dressings must often contain a dye which colours the seed to indicate the
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chemical treatment. Certain seed dressings have been developed in dry concen-
trate form for the addition to secd grams in a planter box as controls of insccts or
discases from the time of planting until after the seed has germinated. Weeeable
powder types of sced=treating formulations are used for the slurry treatment of
feed as well s liquid types of certain emulsitiable concentrates and water-dispers-
ible concentrates. The concentration of the active ingredient in seed-dressing
formulations follows the same rules and limitations a5 other liquid and dry
formulations.

Poison baits

Poison baits are special formulations designed to attract and kill certain
types of foraging insccts and rodents. Poison baits arc designed to preferentially
lure and poison these pests near or in their natural environnent, They are fre-
quently used as 4 barricr to intereept the migration of insccts such gs locusts into
grain ficlds. In orchards, rodenticide baits are placed around the tree trunks to
prevent their attack by rats. Another form of bait is used in the so-called bait
trap for the control of Japancese beetles in orchards or gardens and for the control
of the Mediterrancan fruit fly in citrus groves. Rodenticide baits in pellet or meal
form arc widcly used for municipal and residential rat control and for the control
of mice and rats i farm buildings and grain storage arcas.

Poison baits have numeroys physical forms and composition. Where appli-
cable, they have a distinet advantage in agricultural pest control by cffectively
reducing damage to agricultural crops by insccts and rodents without the hazard
of leaving a residuc on the plant or crop to be protected.

Capsulated formulations

The encapsulation of pesticides is a relatively new development with the
principal objective of providing a controlled release rate for specific types of
pesticide action. An encapsulated pesticide is essentially a very small mass of a
pesticidal composition surrounded by a continuous sheli or cnvelope of a coating
matcrial. Two factors to be considered in the selection of the coating material are
the material’s chemical inereness toward the active ingredient and the matcrial’s
ability to dissolve or disintegrate at a controlled rate by the action of certain
environmental factors such as moisture o soil micro-organisms. Particle diameter
varies from a few ym to 0.3 cm of larger. Theoretically, the concentration of the
active ingredient contained in the shell wall varies from a fraction of 1 per cent
up to and approaching a 100 per cent active ingredient. Although the shell thick-
ness may be very small in comparison to the diameter, the percentage of the
encapsulating shell material increases as the particle size decreascs. Similarly, the
cost of an encapsulated pesticide ingredient varies inversely with the per cent of
concentration.

Fertilizer mixturcs

The use of fertilizer mixtures containing an insecticide and/or herbicide has
ome standard practice in agriculturc as well as in gardening. Although the
use of pesticides with dry fertilizer mixturcs has become gencrally acceptable,
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the use of pesticides emulsitied or dispersed in liquid fertilizers has not attained
aceeptance. The concentration of pesticide in dry fertilizer mixtures is generally
quite low and usually under 0.5 per cent. To mecet ticld requirements in agri-
cultural nse, pesticide fertilizer mixeures are ustally prepared by local fertilizer
suppliers to order. Furthermore, because liquid fertilizers are usually applicd by
specialists, the special pesticide formulation must be added to a liquid fertilizer
MIXtUre prior to transportation to the ficld,

Pesticides are incorporated in dry fertilizers by spray impregnation or by
blending of dust bases and granules. Because of the low concentration of pesticides
i these products, great care must be exercised through cfficicnt blending tech-
hiquces to obtaina uniform product. Because of the trend towards the use of granular
tertilizers, care must be taken in the formulation of these mixtures to preveat the
possibility of scgregation of the pesticide from the bulk of the fertilizer mixeure,
When using dust bascs, it is often necessary to usc a sticker to prevent segregation
of the powdered insccticide. Granular pesticides should be roughly of the same
size or mass as the fertilizer granules to avoid separation. When adding oil
coucentrates of pesticides to granular fertilizers, only a small quantity of liquid
concentrate should be used to avoid a wet or sticky product that can wet and
migrate through the walls of the shipping bags. The quantity of liquid varics
with the density and porosity of the granule.

FuncrionaL PROPERTIES AND CHARACTERISTICS

The formulation of pesticides is a property-oricnted technology. To the
formulation chemist, the physical propertics of the pesticidal chen-icals arc of
greater concern than their chemical structure or their biological activitics.

<

Active ingredients

The active ingredicnts are those portions of a formulation which possess
biological propertics. All other ingredients in the formulation arc used to facilitate
the application of the active ingredicnts to the desired target. For a given type of
formulation, the physical propertics of the active ingredicnts limit the choice of
formulation ingredicnts.

Physical state

The physical state of a posticidal chemical defines the form in which it
occurs under normal ambient temperature conditions of shipping and storagc.
The physical state provides the first clue to the preferred method of handling the
technical pesticidal chemical in the formulation process.

Pesticidal chemicals in their technical form may be encountered as liquids,
fine crystals, powdered flakes, solid cakes or small lumps. The fine crystalline or
powdered material is gencrally preferred when dust bases or wettable powders
arc to be made by dry-blending followcd by grinding. For the preparation of
liquid concentrates, any form of pesticide may be used. Heat is generally applicd
in dissolving solid pesticide for liquid formulations to increase the rate of solution.
Because spray impregnation is the simplest and most effective way of preparing
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granubir pesticides, the solid pesticidal chemicals are generally dissolved in a
solvent 0 factlitate spraying. Some low melting solids, however, are heated
suthiciently above the melting point and sprayced through heated lines and nozzles
to obtain proper spray characteristics.

Some technical pesticidal chemicals in their normal state are WXy Or scmi-
solids and arc most suitably packaged in thin-gauge metal containers or special
leak-proof. lined or coated fibre drums. Pesticidal chemicals are removed from
their containers by stripping away the container walls or by melting them and
then pumping or pouring out the contents. Waxy or scmisolid matcrials arc
processed by dissolving them in a suitable solvent with the aid of heat.

Melting or setting point

The melting point normally refers to the temperature at which a pure
substance becomes a liquid. The setting point of a pesticidal chemical is the
temperature at which a molten or liquid pesticide becomues a solid as a result of
withdrawing heat from the system. The melting or sctting point of a pesticidal
chemical detines its physical state at room tempcrature.

The melting or setting point suggests the easc of grindability of the material ;
the grindability gencrally improves as the melting point of the pesticide increascs.
Materials with melting or setting points between 60° and 90° C can often be
ground with the addition of dry sorbent carriers. However, care must be taken,
especially with lower melting materials, to avoid a build-up of heat in the mill.
Materials which melt below 60° C are more conveniently processed after melting
or by dissolving in an appropriate solvent.

Boiling point
Most pesticidal chemicals have relatively high boiling points. In processing

pesticide formulations, it is unlikcly that temperatures will be encountered which
approach the boiling point of the active ingredicut,

Specific gravity or density

The specific gravity of a substance is a measure of the relative weight of a
substance relative to the weight of an equal volume of water at the same tem-
peraturc. Liquid and molten pesticides are pumped and metered into formulation
equipment on a weight basis by applying the specific-gravity factors with tem-
perature corrections. In this way, materials-handling and weighing problems
can be greatly simplified. In the development of liquid formulations such as
emulsifiable concentrations, the probable concentration of the active ingredient
in the finished product can be rcasonably estimated from the specific gravities
of the active ingredicnts, solvent and surfactants,

In the design or preparation of liquid formulations such as emulsifiable
concentrates, the volumc of active ingredicnt and/or solute and the volume of
solvent arc not additive. Therefore, it s nccessary to compute the volume of the
active ingredient on the basis of its apparent solution density which has been
shown in some cases to decrease with dilution,

Studies of the sorptivity of dry carricrs and diluents indicate that the maximum
quantity of liquid which can be held by a dry solid is a function of the volume
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of liquid rather than its weight. Therefore, when the volumetric sorptivity limits
of a given carrier arc known, the probable maximum weighe percentage of the
active mgredient which can be absorbed by the carrier can be estimated.

[ f'c'o.\‘ity

The viscosity of a pesticidal chemical s a functional characteristic which
muse be considered in all handling operations. Although viscosity is usually
associated with liquid products, it is likewise an inherent characteristic of molten
aind solid chemicals. In the transference of technical pesticidal chemicals from
their bulk containers into processing cquipment, the power requirement
at a given rate of flow increases as the viscosity increases.  For pump-
ing highly viscous matcrials, the use of a gear pump or a positive displacement
pump (with a bypass) is preferred rather than the use of centrifugal pumps. This
s especially true in cold weather when the temperature of the liquid may he
relatively low.

In the spray impregnation of powdered or granular carricrs for the prepara-
ton of dry formulations, a low viscosity is generally required for a good spray
pattern. To reduce viscosity in the operation, it is necessary to warm the liquid
to a suitable viscosity or to add a solvent which is miscible with the active ingre-
dient. If heat is used to decrease the viscosity of the liquid being sprayed, the heat
loss in the transfer lines from the spray kettle to the nozzle should be minimized
by insulation so that the proper viscosity will be maintained throughout the
cnure spraymg operation.

The viscosity of a pesticidal chemical is significant in cmulsifiable concen-
trates; as the concentration of the active ingredient in emulsifiable concentrates
increases, the viscosity increases. In general, the dispersibility of an emulsifiable
concentrate in water improves as the viscosity of the concentrate decreases.

Solubility

The solubility of a pesticidal chemical is an inherent characteristic dependent
upon its molecular structure and molecular weight. Although it is possible to sct
torth certain rules of solubility relating to molecular constitution, in practice
it is necessary to experimentally determine the solubility characteristics of cach
new pesticidal chemical in representative solvents. In liquid concentrates, the
solubility of pesticidal chemicals s usually expressed in terms of pounds of
pesticidal chemical (active ingredient or total technical matcrial) per gallon of
wlution: Alternatively, in experimental work or where the metric system is used,
solubility may be expressed in terms of grams of active ingredient or grams
of technical pesticide/100 ml of solution. Other units such as weight of activc
ingredient or technical material per volume or per weight of solvent may be
used, but practical application of these units requircs additional calculation based
upon density or apparent density.

The solubility of a pesticidal chemical is of high economic significance. It is
normally desired that cach pesticidal chemical has a very high degree of solubility,
so that high concentrations can be prepared in low-cost solvents, such as keroscne.
Iif the solubility is low, more expensive solvents may be required and cven then
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only low concentrations may be attainable. If the cost of producing a hquid
concentration beconies excessively high because ot poor snlubility propertics,
and it a spray-type formulation is required, alternative formulytion types, such
as wettable powders or lowable concentrates, should be comsidered.

Smlu'/iry

The stability of a pesticidal chemical is its ability to withstand the degradative
cftects encountered in storage, formulation and the cnvironment to which it is
subjected after application. The principal concern is the stability of the molecule
under all stresses rather than its stability under lowered temperatures or its
persistence as a residue.

Although many organic molecules may decompose spontancously during
storage, this cannot be tolcrated for a pesticidal chemical. If there is a tendency
for decomposition, a stabilizer must often be added to the technical pesticide to
significantly retard the tendency. Heat and the presence of impurities such as
certain metallic substances or oxides may occasionally cause breakdown of
pesticides. When this is the case, stabilizers are necessary or the impuritics must be
removed. During many formulation processes, the application of heat is often
neeessary to dissolve the pesticidal chemical or to reduce jts viscosity. Therefore,
the heat stability of the active ingredients must be studicd. Regardless of the type
of formulation to be made, the chemical compatibility of the formulation ingre-
dients must be studicd for prolonged periods of time. To accomplish this, it is
necessary that sensitive and specific methods of analysis be developed prior to the
initiation of the study (sce chapter 5).

Some pesticidal chemicals are subject to decomposition in varying degrees by
acids or bascs. In formulation, this type of decomposition might be encountered
with mincral carriers and diluents or, in certain cascs, with the particular surfac-
tants which are used. When working with pesticidal chemicals which are sensitive
to strong acids or bascs, carc must be taken to avoid formulation ingredients with
these propertics. Other organic chemicals are very sensitive to hydrolysis by the
action of watcr. If the rate of hydrolysis is too great or cannot be controlled,
a serious limitation is placed upon this chemical for use in emubsifiable or any
aqucous spray formulations. Aftcr application, the persistence of such a chemical
is of such short duration that pest control is not provided. The ability of a pesticidal
chemical to withstand degradation by air or li ght may be a factor to consider and
the use of antioxidants or light-screcning agents can be useful, although they are
gencrally of only temporary utilicy.

Other propertics

Two other characteristics of pesticidal chemicals are odour and colour.
Although colour is of no importance in agricultural applications, odour and
colour may be significant for houschold or institutional sprays. The avoidance of
colour in spray formulations of insecticides may be accomplished in some cascs
by the removal of impuritics through decolourizing processes in the technical
product of the formulation. Where colour develops after formulation, a scarch
is made for formulating ingredients which will not react with certain impurities
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m the techuical naterial. Odour can sometimes be ramoved or greatly diminished
by processmy of the pesticidal chemical. However, it is generally more expedicent
to tmd a suitable aromatic masking agent to make the inherrnt odor of the
tormulation less obuoxious.

Powdered carriers and dilucuts

The most important dry carriers and diluents used in pesticide formulations
arc inorganic materials principally of natural origin (sce table 1). They include
mincrals such as diatomite, vermiculite, attapulgite, montmorillonite, tlc,
py-ophyllite and kaolinite. They are processed for use in pesticide formulations
by many techniques ranging from simple drying and pulverizing to washing,
air-floating and calcining. Their propertics are imparted by the crystalline and
molecular structures as well as by the composition. The propertics of these carricrs
and diluents arc often enhanced by unique processing conditions. The propertics
ot powdered carriers and diluents arc now described.

rticle size

The powdercd carriers and diluents are distinguished from the granular
carriers and diluents principally on the basis of particle size. Most pesticidal carriers
and diluents are finer than 200 mesh (United States standard sicve serics). In
general, dry carriers and diluents are used for the foriaulation of dusts, dust bascs
and wettable powders. Generally, the finer the particle size, the morce snitable
the matcrial will be for wettable powder formulations because the suspendlibility
m water of a wettable powder is inverscly proportional to the particle sizc. For
this type of product, a minimum of 95 per cent of the carrier or diluent should
pass through a 325 mesh (44 gm) screen.

Sc‘rplivily

Relative sorptivity is the usual measure for distinguishing between dry
carricrs and dilucnts. Sorptive carriers are necessary when liquid or low melting
pesticidal chemicals or solutions arc to be formulated as dust bascs o wettable
. powder concentrates. For the formulation of dusting powders of pesticides,

sorptivity is of minor significance for all practical purposcs.

) Sorptivity muy be defined as the capacity of a powdered inert material to
maintain the addition of a liquid in a quantity up to but not exceeding the tran-
sition point between dryness and plasticity of the total mass. One laboratory has
adopted the term “sorption index” as the weight of technical matcrial which
can be absorbed by 100 g of the inert powdered mincral up to the point of
plasticity as defined above (sce table 1). The method for determining the sorption

* index is similar to the method used in the paint industry for determining the oil
absorption valuc of pigments.

In practice, the quantity of liquid pesticide added to a carrice never approaches
the quantity which is designated by the sorption index, for to do so would very
likely produce a highly non-flowable mixture. For cxample, diatomaccous carth
which has a sorption index of around 270 may be used with care to produce
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1 chlordane 50 per cent dust base., (The dust basc consists of 50 per cent cechuical
chlordane and 50 per cene diatomaccous carth.) It this 50 per cent concentration
of chlordane is cxceeded, the product becomes increasingly heavier and loss
flowable, which makes it more dificule to dilute with an jnert dilucnt. It is often
liccessary to add other ingredients such a5 solvents, liquid deactivators and
warfactants; all these additional ingredients have a great tendency to reduce the
available sorptivity of the inert carrier portion.

Table 2 lists a number of typical carriers and dilucnes according to their
sorption index. It shows that synthetic silica, diatomite and attapulgitc have high
sorption indices, whereas pyrophyllite, tale and pov-dered limestone (calcium
carbonate) have very low sorption indiccs and are, thercfore, classificd as diluents,

TABLE 2. SoreTiviTY OF MINLRAL TYPES COMMONLY USED A PESTICID:
CARRILRS AND DJLUENTS

Mineral Typical sorption imdex+
Carrier
Silica (synthetic) . ...
Diatomite (salt WaEE) o
Vermiculite (expanded) ........ ... .. .
Atapulgice, ...
Distomite (fresh watet)
lite.....................

......................

.....

oooooooooooooo

Ee3BLEIL

Kaolinite
Dilient

Pyrophyllite

Hentonite

--------------------------------

------------------------------

................................

---------------------

LTIz L

If the sorptivity of a carrier is determined as mentioned above by using
liquids of varying densitics, it will be found that the SOfptive capacity in terms of
the weight material absorbed varies inverscly as the density of the liquid. The
linsced oil absorption of many minerals used as carriers and diluents js uently
given by the suppliers. If the linsced ofl absorption value is known, the chlordanc
absorption or sorption index, for example, can be estimated through multipli-
cation by the ratio of the higher to the lower density,

Bulk density
Bulk density generally varics inversely as the sorptivity of the carticr or
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Figure 1 Sorption index as a functivu of bulke densiry
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The loose packed (or acrated) bulk density technique gives the bulk density
in its luffed-up form as determined with the Scott volumeter. This s a measur-
ment of randomly oriented particles that are allowed to full 4 minimum distance
and to scttle without orientation. It s a useful index in estimating the maximum
amount of carricr or dilucnt which might be added to 3 dry blender. When 4
blender is in operation, the powdered material which it contains s continually
being circulated so that acration and disoricntation are at 4 maximum.,

The packed bulk density technique gives the weight of a volume of powdercd
material after it has been vibrated to maximum oricntation. The matcrial has
beei completely deacrated and the particles are permitted to settle in their most
stable geometric alignment. Packed bulk density is the index of the greatest
weight of the powdercd material which can be pacicdina container of any given
sze (see table 1), The ratio between the loose packed density and the packed bulk
or vibrated density varics from matcrial to material according to specific gravity,
particle shape and particle size distri bution,

Surface m@t’fy and chemical wmpalibilily

Surface acidity is a common characteristic of mogt naturally occurring
mincral carricrs and dilucnes byt varics in degree depending upon the crystalline
and molecular structures of the mincral, Surface acidity may be defined as 2
disproportionate distribution of clectric charges in the mincral to produce a
surface with positively charged centres, These centres are referred 1o as acid sites
or electrophilic centres, The strength of these positively charged sites can vary
depending upon the composition of the surface and the degree of distortion
in the structure which brings about the disproportionate distribution of the
clectrical surfyce charges.

The acidity will, in turn, affect reactions with other chemicals. The strength
of the acid centres may be mcasured by certain sensitive dyestuffs known as
Hammctt indicators which change colour at very specific acid strengths. These
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dyes form conjugated bases with the nucleophilic acid centres o diffcrent surface
aidities which are defined a5 the pK with a numerica system ranging from
-7 to —8. Conscquently, the PK is 2 mcasure of a¢id strength (i.c. the athity
tor clectrons) of the average acid site,

In practice, the strength of the acid site js of importance as well a4 the number
ot acid sites in o given mass or weight of the mincral. For cxample, the most
aenve acid sites of kaolinite probably have , PK cqual to —8; kaofinite has only
about one-third 4 many acid sites as montmorillonite for a given weight of
nuterial. The surface acidity of a mineral carrier of diluent js of great importance
tor the stability or rate of decomposition of the active ingredient in the finished
tormuiation.

Pesticidal chemicals vary greatly in their susceptibility 1o decomposition a
the result of the catalytic” activity of the acid sites, Fortunately, these acid sites
< be deactivated with certaig organic chemicals which preferentially share their
clectrons with the mineraf to, torm a covalent bond which is stronger than bonds
tormed between the pesticidal chemical and ehe acid centre jtsclf, Compounds
containing oxygen in an cther linkage or amine derivatives are cffective for
this use.

For surfacc active mincrals, deactivators shoyld be tested for compatibility
with the pesticidal ingredients in the entire systens. Although urea and hexame-
thylenetetramine are excellent deactivators for formulating some materials such
as aldrin and endrin, respectively, they are not sujtable for usc in heptachlor
tormulations where , differene decomposition mechanism is encountered. For
heptachlor and chlordan, dicthylene glycol and similar neutral substances
perform well as deactivators without encountering any degradative reaction with
the active ingredient. ! Usually 6 or 8 per cent of the deactivator material js added.
s use increases the cost of tormulation. When other propertics and characteristics
of the carrier and diluent are satisfactory for 3 given formulation, an inert material
with the least surface acidity should be sclected,

The acidity or alkalinity of carricrs and dj] Hents may cause the decomposition
of certain pesticides, Consequently, only those incre ingredients which in accelera-
td storage tests do not affect the active ingredient should be comsidered in the
formulation. The acidity inferred here is the more classical acidity and not surface
wdity discussed above. This acidity can be determined by measuring the pH
of 4 10 per cent slurry of the mincral in water,

Furthermore, the presence of metallic impurities such as iron oxides in certain
clays can have a deleterious effect upon the active ingredicnt. If the pesticidal
chemical s sensitive to metallic impuritics, materials should be selected which
o not contain extractable iron salts,2

I’/ou'ability

The Aowability of 5 powdered carrier is the case with which the matcrial
il be poured, moved of displaced; it is dependent upon particle shape, density

e,

' Malina, M. A, et al. (1956) Journal of Agricultural and Food Cin’mt’my. Vol. 4, p. 1038,
*Holler, H. L. ¢ ol (1945) Iudustrial & Lngincering Chewistry, Vol. 37, p. 403,
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and to a lesser cxtent, particle size. Its significance in the formulation process is
that as flowability incrcases, the power requirement for blending or working the
material decreases. This is a significant factor in ficld application because, as
flowability incrcascs, the flow through the dusting hopper and the meter im-
proves, and the rate is more casily controlled.

Dustability

Dustability is a characteristic of powdered dilucnts relating to the ability to
flow through the air, to be transported by air currents within a limited arca of
application and to cling to the surface of the crop after application. There are no
precise laboratory methods for testing the dustability other than practical appli-
cation under actual or simulated conditions of usc.

Abrasiveness

Abrasiveness is the property of certain carriers and dilucnts to cause wear of
processing cquipment, metering devices and orifices of application equipment.
Wettable powders prepared from abrasive carriers and diluted in water can cause
the continucd enlargement of fine orifices of spray nozzles through the abrasive
process. This action significantly changes the flow characteristics of the nozzles
thereby increasing spray volume rates. The spray pattern is changed and the
resulting applications are inaccurate. Abrasive materials include pyrophyllite,
pumice, silica and diatomitc, while non-abrasive matcrials include kaolinit
and talc.

Granular carriers

Granular carriers are particulate materials which fem the basis for most
granular pesticides. These carricrs may be of mineral or vegetable origin, but
clays such as attapulgite and montmorillonitc are predominantly used as granular
carriers. Because granular pesticides are most conveniently prepared by impregna-
ting the granular carricr with the pesticidal chemical, sorptivity is a desirable

property.
Particle size

An unofficial designation of a granular carrier is that it must have a particle
size lying within the range of 4 mesh to 80 mesh (4 mesh is approximately
4,460 um; 80 mesh is 177 um). In practice, this broad particle size range is not
used. Much narrower ranges are conventionally used for purposes of product
uniformity, minimum scgregation, accurate metering and optimum particle
distribution. These size ranges may be of the following dcsignations: 8/15, 16/30, .
20/35, 20/40 and 30/60. A number of supplicrs of granular carriers have adopted
the standard that at least 90 per cent of all particles in a given designation shall fall
within the stated mesh range. As an example, the designation 16/30 states that
90 per cent of the particles should lie within the range of 16 and 30 mesh, and

that the remaining 10 per cent may be distributed on the 16 mesh screen and
through the 30 mesh screen.
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TABLE 3. VARrATION IN DISTRIBUTION OF PARTICLES IN A GIVEN MESH
RANGE OF TWO CARRIERS

Designation Coarrier (%) B —

T oo T 20
25/30 30 40
30/35 40 30
35/40 20 10

A 16-mesh screen has a size designation of 1,190 um  whereas a 30-mesh
screen is equivalent to a 590 #m opening. The 16/30 designation, however, docs
not define the distribution of the particles in this range. Indced, the majority of
particles can be in the 18 to 20 mesh range for onc product and in the 20 to 25
mesh range for another product. Yet, both products would meet the 16/30
designation or specification as indicated in table 3, Where the finer particle size
distribution is encountered and the distribution is skewed toward the 25 or
30 mesh designation, there will be more particle/lb than if the skewness is jn the
opposite dircction or towards the larger particle size. Table 4 illustrates the mesh
size and particle/Ib ratio, It may be argued that better distribution in application
may be obtained by a granular product having skewness toward the finer mesh
range. However, there is no evidence of practical benefit. Ficld rescarch has
shown that this factor is of little significance. The number of particle/lb of a
granular product is dependent upon the particle size, distribution of particle size
and the bulk density of the granular carricr.

TasLg 4, THe RELATIONSHIP BETWEEN MESH SIZE AND PARTICLES PER POUND
OF FLOREX ATTAPULGITE GRANULES

Mesh size o Particle/tb e
16/30 1,210,000
18/35 2,330,000
25/50 9,200,000

Sorptivity
The sorptivity of granular carriers has the same functional purposc as the

sorptivity of powdered carriers. It js 3 function of both the crystalline structure
and the available surface arca of the material. For granular carriers of minerals

the sorptivity approaches that of the respective powdered carriers. Granular
pyrophyllite and granular Lmestone have relatively low pore density so that
sorptivity is principally a surface phenomenon. As particle size increases, surface
arca decreases; therefore, for the latter class of granular carricrs, sorptive capacity
is relatively low.

Attapulgite is often extruded in the process of manufacturing granules to
linprove sorptivity. The cvtruded granules are then calcined, thus affecting the
moisture content, catalytic activity, hardness and tendency of the granules to
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break down in water. The following designations are used to identify the type
and degree of processing:
A - unextruded;
AA  — extruded;
RVM — (regular volatile matter)
uncalcined, rapid warer break-down :
LVM — (low volatile matter)
calcined, resists disintegration in water.

Granular vermiculite is a laminar mineral whicl cann be expanded by heat to
produce a sorptive matcrial. Its sorptive propertics are caused by rac capillary
spaces between the layers. The general acceptance of granular vermiculiee as a
carricr has been limited, however, by its low bulk density.

Granular nuterials of vegetable origin include maize cob grits and ground
walnut or pecan shells, The sorptivity of maize cob grits approaches that of the
attapulgitc or montmorillonite granules. The sorptivity of maize cob grits varics
with the source and the process us+d. Walnut and pecan shells have less than half
the sorptivity of the attapulgite granules.

Bul' density

The bulk density of granular carricrs js 4 weight-limiting factor for 2 granular
pesticide which is loaded into the hopper of the application cquipment. Because
sorptivity varics inversely as the bulk density, a lower weight of the sorptive
granules can be loaded into the hopper of application cquipment than the same
volume of heavier but less sorptive granules, For practical purposes, attapulgite
granules are acceptable on the basis of both bulk density and sorptivity. The
process of impregnating attapulgite granules with liquid pesticides or liquid
pesticide solutions doces not change the shape or the size of the particle. During
the impregnation process, the liquids arc absorbed by the particle structure so
that the weight of the particles increases without a significant change in volume.

Granular application flow rates are controlled by volumetric metering
through adjustable and calibrated orifices in the application cquipment. There-
fore, it is necessary that the bulk density of the finished product be controlled. In
addition to the cffect on bulk density (assuming no attrition of the particles), as
the weight of solvent increases and the weight of the granular carricr decreases,
the number of particles per pound of finished product decreases likewisc.

Surface acidity
The mineral types used for granular carricrs are the same as those used for

Powdered carriers and diluents, Consequently, they have the same type of
surface acidity and must be treated accordingly.

Mechauical strength

The mechanical strength of a granular carricr is jts Fesistance to attrition undcr
mechanical seress during the formulation process, packaging, shipment and usc.
When attrition does occur, the granules undergo a reduction in particle size with
the gencration of undesirable fines, Montmorillonite and attapulgite (especially
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the RVM grades) generally have satisfactory mechanical strength. Matcrials of
vegetable origin, such as maize cob grits and pecan and walnut shell granules,
arc resistant to attrition,

H ater break-down

The release of the active ingredient from most granular pesticides is madec
possible by the disintegration of the granular particles by the action of water,
Granular clays such as attapulgite and montmorillonite (especially of the bentonite
type) have the property of breaking down or swelling as a result of hydration,
This phcnomenon makes possible the release of the active ingredicnt. Pyrophyllite
and calcium carbonate do not behave in such a manner,

Solvents

Because most pesticidal chemicals are insoluble in water, it is necessary to use
some form of organic solvent for the preparation of liquid formulations or liquid
concentrates used for the impregnation of dry formulations. The different types
of solvents for pesticide formulations are classified by composition, chemical type,

important cconomically arc the hydrocatbon and petroleum distillate solvents.
The polar solvents include ketones, esters, glycols, glycol cthers and acid amides.
The hydrocarbon and petroleum distillates are further classificd as aliphatic or
aromatic types for a functional, as well as an cconomic, distinction.

The formulation chemist May cncounter water-miscible and water-immis-
cible types among the polar solvents. Although there may be a broad choice of
available polar solvents, the question of water miscibility, together with other
factors including cconomics, will influcnce the choice. The important functional
properties of the solvents used in formulating pesticides arc discussed below.

Distillation range and boiling point

volatility of the solvent under formulation or application conditions. For pure
solvents, the boiling point is the temperature at a givin pressure where the liciuid
phase is in equilibrium with the vapour phasc of the matcrial. The normal boj ing
point usually rcfers to the temperature measurcd at atmospheric pressure.

The hydrocarbon solvents and petroleum distillates normally used in pesticide
formulation are mixtures of hydrocarbons that cach has its own boiling point.
To determine the boiling-point range, it is convenient to distill the matcrial and
record the temperaturcs from the initjal drop received in the overhead and
through fractional points as volume per cent, until no further matcrial from the
sample is distilled (this is sometimes known as the Engler distillation). Typical
hydrocarbon solvents used in pesticide formulation are the Xylene type solvents
which distill over a range from approximately 133° to 165° C. The heavy
aromatic naphthas normally distill in the range from 117°C to approximatcly
287° C. Aliphatic hydrocarbon solvents arc used in large quantities; they arc
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principally of the kerosene type and distill in ¢he range from 190° C ¢o approxi-
matcly 475° C.

Polar solvents are usually of rchatively high purity as compared to the
hydrocarbon solvents, and their distillation range is seldom greater than 120 ¢
Insclecting a polar solvent, those with boiling points higher than the range from
94°1t0 99° C are preferred. In special cases involving solubility or phytotoxicity,
materials with lower boiling points may be used with caution,

Specific gravity ( density )

The specific gravity of a solvent js the weight of a given volume of the solvent
relative to the weight of an equal volume of water at a standard temperature.
Thus, when the specific gravity of the solvent s multiplicd by 8.34 (cqual to the
weight in pounds of 1 gallon of watcr), the weight in pounds of 1 gallon of
solvent is obtained. The density of the solvent s usually expressed in units of
grams per millilitre (g/ml). When defining the temperature at which the density
was determined, the density becomes an absolute value. Of the hydrocarbon
solvents usced in pesticide formulation, the aliphatic types such as kerosene have
the lowest density values ¢hat range from 0.76 to 0,79, The xylene types have

intermediate density values in the range from 0.85 to 0.88. The density of heavy
aromatic naphthas range from 0,92 to 0.97.

Kanri-butanol valye

The kauri-butanol value (somctimes called the KB) is a measure of the
solvency of a given solvent. It s a relative number compared to that of tolucne
(= 105). For most aromatic hydrocarbons used in pesticide formulation, the KB

value is nearly cquivalent to the volume per cent of aromatics available in the
solvent,

Aromatics coistent

solvency power of the solvent increases as the aromatics content increascs. The
cost of the solvent increascs g the aromatics content and solvency increasc. The
aromatics content of xylene type solvents and heavy aromatic naphthas range
from 85 to more than 95 per cent.

Specification sheets for solvents furnished by suppliers usually include

Flash point

The flash point of 4 solvent js an indication of the flammability of that solven,
itis the temperature of ignition when tested under closely prescribed

Numerically, i
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conditions using standard test apparatus. In sclecting a solvent for pesticide
tormulation, a solvent should be chosen with the highest flash point consistent
with other desirable propertics. For most liquid formulations, the minimum flagh
point should be 27°C. Any liquids determined by the Tag Open Cup flash
point method? as having a flash point below this temperature should be packaged
I a container carrying a Burcau of Explosives red caution label for flammable
liquids as prescribed in the regulations of United States Department of Transpor-
tation (USDT). If solvents having a lower flash point arc used, cxtra precautionary
measures must be used to avoid fire hazards during both formulation and shipping.

Solvency

Solvency is the ability of a given solvent to dissolve 2 specific material or
class of matcrials when tested under prescribed conditions. The solvency of
solvents used in pesticide formulations usually increases in the order of aliphatics,
aromatics to polar compounds. Even though this is a broad gencralization, it is
reliable for formulation chemists and permits a few tests of new pesticidal chemi-
cals with the minimum number of test solvents of cach class.

The solvency requirements for the different classes of pesticidal chemicals
vary considerably. Indeed, even within a given class of pesticides, such as the diene
chlorinated hydrocarbons, there is a wide range of solvency demand. For cxample,
any ordinary kerosene, which is onc of the poorer solvents, will dissolve an
mfinite weight of technical chlordane. Howecver, endrin has a very limited
solubility in the aromatics and is scldom formulated at concentrations higher
than 20 per cent by weight or 1.6 1b/gal.

Solubility may be expressed in a pumber of units such as the weight of the
solutc in grams per 100 g of solvent, the per cent by weight of the solutc in grams
per 100 g of solution and the weight of the solute in grams per 100 ml of solution.
Solvency tests cover a range of temperaturcs usually extending to —16° C. Where
extreme cold weather conditions are encountered, cold-stability tests are some-
times performed at temperatures as low as —39° C,

Watcr miscibility

In preparing emulsifiable concentrates, it is important to choose solvents
which are relatively insoluble in water. The aliphatic and aromatic hydrocarbon
solvents mect this requirement; however, the problem becomes more acute
when the polarity of the solvents is increased, since it is usually accompaunicd by
increasing solubility in water. Although solvents such as cyclohcxane and isopho-
rone arc slightly soluble in water, they can often be used cffectively, particularly
when combined with aromatic hydrocarbons. Solvents of increasing polarity
such as glycol ethers and amide solvents may be used usually only sparingly in
mixturcs with hydrocarbon solvents.

Viscosity

The viscosity has a minor, yet real effect upon the quality or characteristics
of an emulsifiable concentrate. As the viscosity of a solvent uscd in an emulsifiable

3 Jacobs, M. B. and L. Scheflan (1953) Chemical Anaiysis of Industrial Solvents, Inter-
science Publishers, New York, pp. 109—111.
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concentrate increases, the rate of crystallization decreases when the temperature
of the concentrate drops below the solution saturation point. Thercfore, caution
must be exercised during cold-stability studies performed during & minimum
period of time to avoid determining solubility at o given low temperature when,
in fact, the formation of crystals in the concentrate i only delayed. A high
viscosity apparently retards the molecular ang crystal alignment, Sceding (the
addition of very small quantiry of the crystaline material to the solution) may
sometimes accelerate the rate of crystallization by providing nucleating surfaces
for further crystal growth from the supersaturated solution,

The case of dispersibility in water of emulsitiable concentrate g mversely
proportional to the viscosity of the concentrate, Therefore, noneviscous coucen-
trates are best prepared witl a solvent having as low a viscosity as possible while
maintaining the most desirable solubility characteristics,

Toxicity

Itis necessary in formulating pesticides to avoid hunan injury from chemical
application to crops and plants. The hydrocarbon solvents are generally more
phytotoxic than other solvent types. The higher boiling hydrocarbons are nore
phytotoxic than the lighter solvents,

Colour

The colour of 4 solvent has no practical significance when it s yused for
agricultural formulations, For houschold and institutional pesticide formulations,
however, the colour of , solvent may stain walls and furniture. Therefore, if the
formulation is to be used in the home or jn other arcas where staining of the
applied surfaccs js objectionable, the solvent should cither be colourless or very
light in colour. Most of the petroleum companics, which supply aliphatic solvens,
provide special kerosene-type, so-called odourless and colourless insccticide base
oils especially for the pesticide industry,

Odour

The odour of 4 solvent used for agricultyral tormulations is of miner signi-
ficance; however, most hydrocarbon solvents have a characteristic odour. Gross
changes in the odour of a solvent may be due to a change in composition and
should be checked for possible effect on Phytotoxicity as well s on the solvency
of the material.

The odour of 4 houschold or institutional formulation must be kept to ,
minimum to avoid consumer sensitivitics, The aliphatic solvents marketed as
odourless insecticide base oils are generally satisfactory in this regard. Occasionally,
special fragrances or masking agenes are added to the formulation for a morc
pleasing odour. Most of the major essentia] 4] and perfume supply houses have
developed products especially for this ysc.

Sutfactants

Surfac:ants reduce the interfacial tension between immiscible liquids or
between liquids and solid surfaces. There are 5 number of functional classifications
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depending upon the predominandy surfactant characteristics. In pesticide for-
mulation the surfactant charactcristics of greatest interest are wetting and
ing for wettable powders and emubsifying for emulsifiable concentrates.

Asurfactantis used for the Management of systems containing two immiscible
phases. The molecular structure of a surfactant, therefore, should consist of onc¢
portion oriented toward one phase, while the other portion of the molecule s
oriented toward the second phasc of the system. If the system is o4l and water,
one portion of the molecule should be soluble in oil and the other in water.

dispers-

Chemical types :fsurﬁzctants

Surfactant molecules are anionic, non-jonic and cationc chemical types, In
formulating agriculeyral pesticides, the anionic and non-ionic surfactants are the
most important, Figure 2 shows the schematic function of these two surfactants,
Although the cationics hold theoretical intcrest, they have not been used practi-
cally to any significant degree. A fourth type is the amphoteric surfactant that
combines the propertics of the anionic and cationic surfactants and functions as

Figure 2. Schematic function of surfactant moleeulys

on waren

A S S R




08 INDUSTRIAL PRODUCTION AND FORMULATION OF PESTICIDES

cither type depending upon the pH of the total cinulsion. The n®n-ionic cmulsifiers
are compatible with cither anionic or cationic emulsifiers. Cationic emulsificrs
and anionic emulsifiers are, however, incompatible with cach other.

The wetting agents used in wettable powders are usually of the anionic
type; of these the largest number are probably the sodium salts of alkyl benzene
sulphonates. Dispersing agents used in wettable powders function by imparting
the same electrical charge to all particles in suspension. The effect is that the
individual particles repel cach other and, conscquently, resist flocculation and
agglomeration. Dispersants used in the formulation of wettable powder pesticides
may be of the lignosulphonate type with cations such as sodium o1 calcium or the
sodium or calcium sulphonates of polymeric phenols. Dispersants are generally
dry, powdcred solids which facilitate their incorporation in weitable powders.

Solubility and miscibility

In order that a pesticide emulsifiable concentrate be a completely homo-
gencous liquid, all components must be soluble in cach other in the complete
system under all conditions of storage and testing. In the development of an
emulsitiable concentrate, the first step is to find a suitable solvent for the toxicant
which is to be formulated. Then the emulsifier is selected which gives the best
dispersibility and cmulsion performance. Subscquently, storage tests arc per-
formed to establish the solubility and compatibility of the cmulsifier with t],.
toxicant-solvent system. Normally, and especially when aromatic type solvents
are used, surfactant systems will remain miscible in the formulation. Howe ver,
when the solvent is aliphatic, such as kerosene, and the concentration of the active
ingredient is relatively low, such as 20 per cent chlordane, the emulsifier system
may scparatc from the concentrate. This scparation can be avoided by working
with emulsificr systems whicl. arc soluble in or miscible with kerosenc or by
partial or complete substitution of the kerosene with a xylene or other aromatic
solvent.

Compatibility

In sclecting an cmulsifier for an cmulsifiable concentrate, tests must be
performed to verify that a chemical reaction is not taking placc between the
emulsificr and the active ingredient. Such degradative action may result in a loss
of toxicant strength in the formulations as well as a loss in the cmubksifiability of
the system. Special caution should be taken in the use of emulsificrs containing
amine salts of anionic cmulsificrs which may react with certain chlorinated
hydrocarbons or with phosphate-cster active ingredients. A cluc to this type of
intcraction may be shown by a rapid darkening of the system. Furthermore, the
interaction is found by assays and emulsifiability tests after accelerated storage

tests.
Stability
The anionic and the cther-type non-ionic emulsifiers used in pesticide

formulations are for all practical purposcs stable. On the other hand, ester-type
non-ionic surfactants may decompose under long-term or accclerated storage
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conditions. The presence of free hydrogen chloride from the dehydrochlorination
of certain chlorinated hydrocarbon pesticides may cause a hydrolysis of the cster
linkage. The cationic surfactants of cmulsificrs uscd 1.) pesticide formulations are
for all practical purposes stable.

Physical state

The surfactants used in pesticide formulation are solids or liquids. There arc
no known volatile surfactants for the formulation of emulsifiable concentrates,
For their formulation, liquid surfactants are the most convenicent. They can be
cuily pumped or metered into the mixing tanks and blended with normal
agitation,

For wettable powder formulations, solid or dry wetting agents and disper-
sants are preferred. For the most efficient mixing by a dry blender, the particle
size should be reasonably small (less than 100 mesh) to facilitate uniform blending.

Some liquid emulsificrs used in pesticide formulation may show partial
crystallization after lengthy storage. When crystallization occurs in packing
drums, it is advisable to warm the drum and to mix the contents by rolling or
tumbling the drum before it js empticd. This technique will ensure a uniform
composition of the contents. To avoid normal crystallization, some emulsificr

manufacturers add a small quantity of solvent to maintain a homogencous liquid
product.

Paired emulsifiers

The very large number of different molecular structurcs and compositions of
pesticidal compounds causes large variations in cmulsifiability. Furthermore, the
varying solubility of pesticidal chemicals in different solvents is another complex
factor in the sclection of the proper emulsificr for a system. A further complication
is that the final concentrate must perform cqually well in water of varying
hardness ranging from very soft to very hard. Indecd, even the temperature of
the water which is used for the dilution of the concentrate in the ficld may have
an important effcct on the emulsifiability,

As the numbcr of pesticide formulations and different products demanded
for ficld use increascd, the logistics of maintaining a specific emulsifier or emulsificr
blends for cach new product became unmanageable. This was particularly appa-
tent in purchasing, inventory control and warchousing. To meet the need for
simplification in cmulsificr selection, manufactuers developed paircd-emulsificr
systems. Figure 3 iilustrates one of these systems. The paired-emulsificr system
consists of two products; cach is based on a blend of anionic and non-ionjc
emulsifiers with different hydrophilic and lipophilic characteristics (i.c. one
member of the pair will have cmulbsifying characteristics suitable for pesticidc-
solvent blends which arc lipophilic in nature, and the characteristics of the other
member will favour the emulsification of the hydrophilic pesticide-solvent
system). These systems can be used for 90 to 95 per cent or more of the formulation
requitements by simple determinations of the proper ratio and quantity which
should be blended with the solvent-pesticide mixture to be emulsified.
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Figure 3.4 paired enmbsitior system
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Because of variations from lot to lot of solvent or from batch to batch of the
sticidal chemical, adjustments may be required in the hydrophile-lipophile
g:lance of the emulbsificr system in order to obtain uniform emulsification in the
finished product. The adjustments arc greatly implemented by the use of the
paired-cmulsificr system. When satisfactory performance cannot be obtained
with the existing paircd-cmulsifier system or with cither one of the pair scparatcly,
the manufacturer supplics a supplementary cmulsifier, which is usually required
on the hydrophilic side of the hydrophile-lipophilc balance. This supplementary
cmulsificr together with the paired-cmulsifier system extends the versatility of the
paired-emulsificr concept.

Adjuvants

Adjuvants arc added to pesticidal formulations to improve quality or per-
formance characteristics. Because the objectives of the pesticide formulations are
optimum cffectiveness, safety to desirable crops and case of application, adjuvants
may be of different types and perform different functions. A few of the more
important types, their usage and available matcrals for these uses are described

low.

Deactivators

Many of the clays, minerals and inorganic substances used as carriers and
diluents for dry formulation have the property of surfacc acidity, which catalyzes
the decomposition of many organic pesticidal chemicals. The surface acidity
must be neutralized to overcome the catalytic activity. The deactivators arc
usually organic compounds which sharc or contribute a pair of clectrons to the
acid sites of the catalytically active substance. Thesc organic compounds arc
cthers, glycol cthers, ketones, csters, amincs, acid amides or sulphoxides.4 Ex-
amples of paired clectron compounds shown in figurc 4 arc dicthylenc glycol and
HMT. It is not sufficient, however, to select the organic compound at random,
because pesticidal chemicals may have different mechanismus for decomposition
and structural characteristics that arc incompatible with the potential deactivators.

4 Fowkes, F. M., ¢t al. (1960) Journal of Agricultural and Food Chemistry, Vol. 8, p. 203,
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Figure 4. Deactivators for pesticide formulation
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Study of the cffect of oxygenated materials, such as ketones, glycols and
aleohols, as deactivators for heptachlor formulations [prepared upon attaclay
(an attapulgitc), Barden clay (a kaolinitc) and other mincrals] showed thoe all
of the compounds functioned effectively as deactivators for heptachloz-clay
systems with the effectivencss diminishing in those materials having a relatively
high volatility.s Urea is an cffcctive deactivator for many of the clays and mincrals
used in aldrin formulations. Attempts to use urea in a similar manner for h ota-
chlor formulations were not cqually effective; there seems to be incomparibilny
between the system heptachlor-urea and the acid sites of the clays.

Other work has shown that hexamethylenctetramine (HMT) is a preferred
deactivator for cndrin formulations. However, when endrin is formulated with
methyl parathion, a neutral-type deactivator such as dicthylene glycol gives the
best results. Fatty acids, such as tall oil acids, arc cffective deactivators for methyl
parathion on attapulgite.”

Anti-caking agents

When dust concentrates, wettable powders and granular formulations are
prepared in concentrations close to or at the saturation point of the carriers,
caking occurs in storage when the individual particles of the formulation become
stuck or fused together to form lumps or a solid mass which resists minimal
physical effort to break it. When dry formulations of liquid pesticidal chemicals
show a tendency toward caking, it is because the surrace film of the liquid forms
an adhesive bond. Caking of dry formulations of normally solid pesticidal
chemicals (especially those prepared by impregnation of a solution or molten
pesticidal chemical) often occurs after the 1mass has cooled and crystallization
takes place at the particle interfaces.

The addition of anti~caking agents to a formulation will prevent the formation
of an adhesive or a physical bond between the particles. In the formulation of dry
pesticides, diatomaccous carth and microfine synthetic silica and silicate are often
uscd as anti-caking agents. Finely divided clays, such as atiapulgite arc often uscful
for this purpose. The requisites for the anti-caking agent arc low bulk density
and high sorbency. Fine particle size and high surface arca are significant. Anti-

3 Malina et al., op. cit.
® Fowkes er al., op. cit,
7 Sawyer, E. Jr., and J. Plon {20 November 1960) United States Patent 2,902,418,
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caking agents should furthermore be insoluble in any of the organic or liquid
phases of the formulation,

Dry Iubricants

Dry lubricants improve the flow or the slip characteristics of the formulations.
Although anti-caking agents may assume part of this function. there are appli-
cations for dry, seed-treatment compositions where the use of the formulation
must not interfere with the plantability or flow of the seed from the seed hopper
through the metering oritice. Materials useful as dry lubricants in pesticide
formulation are powdered graphite, soapstonc tales and certain metal stearates.

Protective colloids

Protective colloids arce used in liquid formulations or aqucous dilutions of
wettable-powder formulations to inhibit the agglomeration and sedimentation
of dispersed particles. They generally have high molecular weight or are poly-
meric materials that are soluble or dispersible in the continuous phase of the
suspension. They function by one or both of the following two mechanisms:
by increasing ihe viscosity of the continuous phasc and by imparting a similar
clectrical charge to all of the dispersed particles. Typical materials used as protec-
tive colloids are polyvinyl pyrrolidone, sodium carboxymcthylecllulose, methyl-
cellulose, blood albumin and collagen. The water-swelling bentonites, such as the
type mined in Wyoming, arc inorganic protective colloids,

Stickers

Stickers arce adjuvants which can be added to a formulation concentrate,
although more commonly, they arc added to a spray tank prior to application,
They prevent the run-off of spray solutions when applied to crops. After the
cvaporation of watcr or solvent, stickers retard the wash-off of the pesticide
deposit on the plant by wind or rain. Although many protective colloids and
gelling agents, such as blood albumin, arc used as stickers, other preparations,
such as polycthylene polysulphide known commcrcially as PEPS, can be used.
A number of proprictary compositions are uscd as stickers, but they are generally
intended for tank-mix application and not for incorporation in the formulation
concentr..tc.

Anti-dusting agents

Anti-dusting agents reduce the dustiness of wettable-powder and granular
formulations. They arc gencrally liquid substances which cause extremely fine
particles of dry materials to adhere to each other, thus making them less susceptible
to air flotation and drift.

Many wettable powders contain active ingredicuts which are extremely
hazardous to operators who handle them. These hazardous materials can include
thiophosphates, which are used in orchard sprays, or mercurial fungicides, which
are often used in seed-treating formulations. In order to protect tk > operator,
these materials are treated with liquid agent (frequently a water-soluble material
sucl as glycerine) to suppress the dustiness. After adding the formulation concen-
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trate to water, the anti-dusting agent should not interfere with the ethcacy of the
product.

Granular pesticides, which are usvally shipped in mwltiwail bags, are fic-
quentdy subjected to mechanical attrition during handling or shipping; a resulting
tie powder is caused by crosion from the edges and corners of the granular
particles. Such fines are undesirable because they may become aithorne during
application and drift upon adjacent ficlds. This drift can result in possible injury
to the adjacent crop if the granular pesticide is a herbicide or leave undesirable
residucs as wath insecticides. Watcr soluble materials, such as glycerine or petro-
leam oil (diesel oils, SAE No 30 mctor oil or crankcase drippings) may be used
to minimize dustiness from fmes.

Antisfoaming agents

Anti-foaming agents arc surfactants which suppress the tendency of foam
formation by other surfactants used as emulsifiers or wetting agents when the
formulation is diluted with water. Foam is undesirable in spray tanks, especially
those using a by-pass agitation, becausc it interferes with the development of
sufficient pressure at the nozzles for proper spraying. To overcome the tendency
of excessive foam, anti-foaming agents are added to the concentrate or to the
spray tank. The anti-foaming agents are proprietary compounds, such as liquid
silicone or aliphatic alcohol of cight to ten carbon atoms in length.

FORMULATION DESIGN AND EVALUATION TESTS

The large range of physical and chemical propertics of different pesticidal
chemicals has been discussed previously. Therefore, the cost for preparing a
given type of formulation will vary according to the propertics of the pesticidal
chemical. When a given pesticidal chemical camnot be formulated inexpensively
as an cmulsifiable concentrate for spray application, an alternative choice wonld
be a wettable-powder formulation. Similarly, some chemicals do not lend
themselves readily to the formation of impregnated granules; therefore, an
alternate technique, such as extrusion or pan granulating, should be considercd.
The cost of pesticide formulation reflects the propertics of the pesticide and the
performance characteristics of the formulation required for optimum control

of the pest.

Ligquid formulation

Liquid formulations arc among the most popular formulation types. As a
general group, recommended dosages of liquid formulations are casily computed
and dispensed. When realistically conceived, emulsifiable and similar liquid
concentrates are cconomical formulations since they can be readily diluted with
water and conveniently applied. Regardless of type, liquid formulations all have
one requircment in common, i.c. the solvent or the fluid diluent must be physically
compatible with the active ingredicnt under all conditions of storage. Experimen-
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tal procedures for developing liquid formulations are described in detail and in
their relative order of importance.

Linlsipable concentrates

Emulbsitiable concentrares consist of the toxicant, the solvent and the emulsi-
fier. The solubility characteristics of the pesticidal chemical determines the solvent !
or solvent type to be used and the concentraton which is permissible for meeting |
certain storage conditions. At any given concentration, the physical nature of the
pesticidal chemical-solvent combination determines the type of emulsifier and
cmulsificr balance to be used. The stepwise selection of solvent and emulsifier i )
the initial phase of emulsifiable concentrate development.

Solvent selection and solubility determination. The first step in the formulation
of an cmulsifiable concentrate is to estimate the solubility of the toxicants in
suitable solvents. A solvent from cach of the following classes should be tested :
kerosene, xylenc-range solvent,» heavy aromatic naphtha and cydohexanone. f

Because commercial solvenes vary i their propertics, it is desitable to know
precisely the density, boiling range and per cent aromatics of a test solvent. '
A simple procedure for approximate solubility determination s described in
which the quantities arc fairly snill to conserve the toxicant, but other suitable
units may be substituted. The following cquipment is required:

Burcttes (5 to 25 ml) or pipettes (2 ml); !
Balance with sensitivity of (.01 g;
Five, mediumesized test tubes;
Hot water bath;

Refrigerator.

o g i

The experimental procedure is as follows:

(1) Weigh 1.20 . 0.02g of a representative sample of the toxicant into
cach of five cest tubes.

{2) into cach test tube, pipette 2 ml of one solvent,

(3) Each test tube is warmed gently, if necessary, to effect solution.

(4 Totest tubes where solution docs not occur, add another 2 m of solvent
and repeat the mixing-warming procss,

(5) Totest tubes still containing undissolved solute, additional increments of )
solvent are added as in step (4) until 10 ml of solvent arc consumed.
If the solute is still undissolved, abandon further testing and choose
another solvent.

(6) Placc tubes containing dissolved solute in refrigerator set at 0° C,
Observe evidence of any crystallization or stratification after four hours,
Add seed crystals of toxicant to tubes which have remained clear, |

(7) Add additional 2 mi increments of solvent to those tubes that have |

precipitated solute and repeat step (6) until 10 ml of solvent are cone
sumed.

¥ Such as xylene 3° or xylene 10°. Range refers 1o boiling-point range; the smaller
the range is, the purer is the solvent,
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Data interpretation is carricd out using the following illustrative formar:

Solvent consimed (nil) e m"l’l[{",’”’ e I“i'*d‘*"‘ gl

" Room temperatsoe (L8
— 5.0 5.0
2 25 25
4 1.07 1.67
6 1.23 1.25
] 1.0 1.0

This test is the basis for more cxact solubility measurements with the most
suitable solvents.

Calculation and laboratory preparation of emulsifiable concentrates. It is important
that a representative sample of ehe technical pesticide be used for all trial formula-
tions prepared for cold-stability tests or emulsification tests. The presence of
impuritics can scriously affect the solubility and cold-stability propertics, density
of the finished formulation and selection of the emulsifier balance.,

The concentration units for emulsifiable concentrates used principally in
United States agriculture are expressed as Ib of active ingredient/gal. Because of a
significant cocflicient of cubic expansion for most liquid pesticide formulations,
it is neeessary to establish the concentration at a specified temperature. For most
purposcs, the temperature reference point of 20° C has been found to be satis-
factory. The caleulation of emulsifiable formulation is complicated by the fact
that the United States federal and state regulatory authorities judge formulations
on a weight per cent basis instead of weight/unit of volume. The quantity of
emulsifier to be used is calculated as a weight per cent.

Plant formulation is generally accomplished using pounds and/or gallons as
units of measurement with the final plant formulation being measured in gallons.
Since pounds and gallons are too large units for laboratory preparations, it is
iecessary to convert to standard laboratory units of measurement (Le. gfem?).
The mathematics of this conversion is as follows:

I pound = 454 g; 1 gal - 3,785 ml.
Since 100 ml is an adequate volume for a laboratory formula, the calculated
concentration on a weight/volume basis is as follows:

#54g
3,785 ml 100ml =11.994g~ 12g.

Thus, 12 g/100 ml is cquivalent to 1 Ib/gal or 1 kg/ha.

The laboratory procedure for preparing a liquid pesticide formulation is
described when comsidering weight/volume (Ib/gal). The following equipment is
required :

Graduated glass-stoppered cylinder (100 cm?);
Triple-beam laboratory balance;

Hot plate to dissolve the toxicant;

Spatulas ctc.
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The experimental procedure is as follows:
(1) Weigh the empty, glass-stoppered graduatce; )
(2) Weigh into the graduate the calculated quantity of technical pesticide
as required by the formulation being prepared and calculated as tollows:
pesticide weight (Ib)/gal > 12
purity of technical pesticide (per cent)

technical pesticide (g) =

(3) Weigh in the emulsifier on a per cent by weight basis;

(4) Add solvent to bring formula to 100 ml volume at 20° C; if heat is
necessary to cffect solution, cool before adding all of the solvent to
final volume;

(5) Obtain net weight of formulation by subtraction; the resultant weight
is the weight of formulation per 100 ml at 20° C. Note that for all practi-

cal purposes
. _ weight/100 ml at 20° C
specific gravit =TT 00 .

To check the above calculations, the relations are given:
weight of 1 gal of water = 8.34 b,
specific gravity x 8.34 - weight 1 gal formulation (in Ib),
Ib of pesticide/gal == weight 1 gal formulation X per cent pesticide x per cent
assay.
The per cent by weight for cach formula component is calculated as follows:
_ weight of component
net weight formulation

The per cent of all components should total 100 per cent.
The conversion of laboratory data to production batches is carried out as

follows:

(1) specific gravity < 8.34 (weight/gal of water) -- weight/gal of formu-
lation.

(2) weight/gal of formulation x number of gal - weight/batch,

(3) per cent weight of component X total weight/batch = weight com-
ponent/batch.

== per cent component.

This method of calculation is not entircly satisfactory if the emulsifier content
i to be as exact as possible, since the final weight of the formulation must be
estimated. In desk calculutions of formulations, this becomes even more trouble-
some, particularly with multitoxicant systems. To overcome this difficulty, a
multitoxicant calculation system has been designed for fairly precise estimates of
weight percentages of formulations.?

Ewmulsifier selection. In selecting the appropriate emulsifer for the concentrate,
the formulation chuiist must have the co-operation of the biological field rescarch
worker or the potential user to answer the following questions:

9 Linduer, . (1966) Farni Chemicals, April issue, pp. 50—57,

F
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At what dilution ratc will the formulation be applicd?

What water liardness range must be considered?

Is the water diluent temperature likely to be unusually warm or cold?
Will agitation of the emulsion be available?

Are any specific properties such as rapid spontancous dispersion, long
stability or exccllent reconstitution particularly important?

The sclection of an emulsifier or an emulsifier blend for an cmulsifiable
concentrate is one of the least understood aspects of pesticide formulation. There
arc many variables which can affect the performance of an emulsifier during the
act of emulsification or dilution with water. The following questions may be
asked: Why is not one emulsificr as good as another in a given formulation ?
After finding a good emulsificr blend for a particular formula:ion, cannot the
cmulsifier be used with equal success in another formulation? The answer to
these valid questions is that a good or well-balanced cmulsion involves the
sclection of an emulsificr blend whose average structure reflects the polarity of
both the discontinuous (oil) and continuous phascs (water). Both toxicants and
their solvents vary considerably in their polarity; in the terminology of the
formulation chemist, they are more o less hydrophilic (watcr-solublc) or lipo-
philic (oil-soluble).

The following lists of solvents and toxicants rank them from lipophilic to
hydrophylic properties:

Solvent Toxicant
Refined kerosene Malathion
Keroscne (plant) Parathion
AR solvent (methylated naphthalene) Heptachlor
Heavy aromatic naphtha Aldrin
Espesol 3B Chlordanc
Espesol 5 DDT
Xylene 5° BHC
Toluene Lindane
Ketone (isophorone) Dieldrin

A simple explanation of the mechanism of emulsificrs is that they reduce the
interfacial tension between oil and aqucous phases thus permitting one of the
phases (usually the oil) to disperse into very fine discrete particles within the
continuous (water) phase. If all other factors are cqual, the better the reduction
of the interfacial forces, the smaller will be the average size of the discrete oil
particles. The size of these oil particles governs the relative rate of undesirable
crcaming of an emulsion. For cxample, the larger the average oil particle size,
the more rapid will be the rate of creaming,

The second function of the emulsificr is to surround cach particle with a
similar repcllant clectrostatic charge and to prevent these small discrete particles
from colliding and recombining into larger particles, accelerating the rate of
creaming and eventually coalescing into a second continuous puase or “oiling




————“

108 INDUSTRIAL PRODUCTION AND FORMULATION OF PESTICIDES

out”. In reality, no such sharp distinction exists between these two functions, but
it helps to c¢xplain some anomalous behaviour of emulsions. For example, an
emulsitiable concentrate may show excellent, spontancous dispersion but poor
stability on standing; other emulsions seem to produce much creaming but never
oil out, while still otlicr emulsions vil out with little prior evidence of creaming.

These theories would be more helpful if they aided in the selection of effec-
tive emulsifiers on the basis of prior calculations of interfacial tension, polarity
or the hydroplule-lipophile balance. Although impressive attempts have been
made to use the theorics, the sclection of emulsifiers remains a trial-and-error
process.

The development of paired-cmulsifier systems is an aid to efficient formula-
tions. Paired cmulsifier: roughly reflect the approximate hydrophile side of a
class o toxicants. Each member of the pair differs sutficiendy in the hydrophile
side, however, so that proper blending of the two cnables the formulation chemist
to produce a balanced formulation of virtually any of the toxicants in the class
at any concentration and with any of the more commonly used solvents. There
arc a number of paired systems marketed, which the formulation chemist should!
have available for testing work.

The simplest approach to determine the appropriate balance of an emulsifier
pair is the preparation of two samples of the test formulation. Each sample should
contain a member of the pair in an arbitrarily sclected quantity (usually 5 per cent).
Blends in ratios of 0:5, 1:4,3:2,2:3, 4:1 and 5:0 are tested preferably at practical
dilutions in onc or a series of watcr samples of varying but precisely known
hardness. After this initial screening is complete, more exact ratios may be
derived for optimum performance. Although the standards are somewhat |
arbitrary, it is gencrally unsatisfactory for a formulation to oil out within a
2-hour period, and the rate of ercaming should not exceed 3 1o 5 per cent of the
emulsion. In selecting the proper emulsifier pair, it is wise not to select a com-
bination that is too sensitive to slight shifts in the ratio of the pair. In any produc-
tion scquence, the quantitics of toxicant, solvent and emulsifier will vary. The
system must be able to handle these variations without large changes in perfor-
mance. It is more desirable to reduce performance factors in favour of a more
adaptable system.

A word of caution concerning the accuracy of the cmulsion tests is extremely
important. The tests must be performed consistently, especially in regard o
water temperature, the manner of adding the concentrate to the water, and the
type and duration of agitation. If not carcfully controlled, all of these factors
caus: . significant variation in the results obtained in the test.10

Occasionally, it may be necessary to correct the balance of an alrcady
prepared batch or to make other adjustments. It is helpful to know in which

direction to proceed. The following gencralizations may be helpful in such
Cascs:

10 Behrens, R. W. and W. C. Gritfen (1953) Journal of Agricultwal and Food Chemistry,
Vol. 1, p. 720.
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Effects of increasing the ratio Effects of iucreasing the ratio

toward the lipophilic side toward the hydrophilic side

Improve performance in soft Improv-. performance in hard

water; watcr;

Increasc tendency to oil out; Increase tendency to heavy
crcaming;;

Provide better stability at Improve stability at lower

higher dilution rates; dilution;

Improve performance in cool Improve performance in warm

water; watcr ;

Improve spontaneity. Increase aging stability.

Storage stability. The uscful product life of an emulsifiable concentrate
depends on the mutual compatibility of toxicant, cmulsifer, solvent, container,
dissolved mineral salts, the moisture which may be present in small quantities
and the over-all resistance to oxidation. All toxicants deteriorate after a certain
time. They usually release azidic products, which, in turn, may accelerate the
degradation of the emulsifier or the container. The storage lifc can sometimes be
prolonged by the use of stabilizers such as cpichlorohydrin.

Since it is usually in.practical to wait several months or years to establish
the shelf life of a product before marketing it, the formulation chemist performs
storagc tests at clevated temperatures. Ideally, the aceclerated storage tests are run
at serics of clevated temperatures; if the reaction order remains constant throughout
this range, the stability can be predicted with a fair accuracy at ambient tempera-
tures through the use of the Arrhenius equation. The more usual practice, how-
cver, is to make a working assumption regarding the relationship of storage at
onc elevated temperature to actual shelf life. For example, a commonly used
rclationship is that one month at 50° C is the equivalent of two years at ambient
temperature.

Storage tests should be carried out in the proposed container with control
samples in glass containers. At the conclusion of the test, the toxicant assay,
cmulsification properties and acidity should be determincd and compared with
data obtained from a freshly prepared sample. The formulation should be examin-
ed for stratification or precipitation, and the container should be checked for
corrosion.

Tests of cold-storage stability should be run concurrently with the accelerated
storage tests. For cold-storage testing, small glass bottles or vials of approximately
4- to S-dram capacity are fitted with tightly closed stoppers. Approximately
8 to 10 ml of trial formulation is placced in cach test vial. The studics should
be carried out at temperatures of —24°, 0°, 7° and 20° C. The samples arc
sceded at the ond of the third day and checked on the tenth day. If crystallization
is noted at one temperature but not at the next higher temperature, the solubility
is satisfactory at some temperature between those limits. If there is slight crystalli-
zation at 0® or —24°C, it is sometimes possible to find a solvent (if xylene or

heavy aromatic solvents are being tested) with a higher percentage of aromnatics
or a higher kauri-butanol number. If the higher grade solvents arc not satis-
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factory, the solvency of the system may be upgraded by the addition of small -
quantitics of cyclohexanone. The concentrations and temperaturc limitations of
typical commercial products are as follows:

cf;'::fi;:“:zﬁ" Concentration T'";f:“““"
(bjgat) (e O
Heptachlor oo, 2. 33 10
Aldrin ... ... ... ... Cereeraie., . 2.0 4 10
DDT.......... 20 3 50

Many formulations arc unstable in the presence of iron or are themsclves
of a corrosive nature and degrade the container causing leakage. As a consequence,
the stecl pails and drums commonly used for emulsifiable formulations are lined
with protective coatings, which are mixtures of phenolic and epoxy resins.
Coatings with a high phenolic content arc more resistant to acidic corrosivencss
than those formulated on the cpoxy side, but they suffer the drawback of being
very brittle. This characteristic resules in the breaking of the coating frequently
when the pail or drum is dented and exposes the steel. Therefore, it is cconomical
to select a lining with the highest cpoxy content that the corrosiveness of the
concentrate will permit.

Oil concentrates

Oil concentrates are similar in dimensions to emulsifiable concentrates. They
are intended primarily for dilution with a low-cost miscible oil such as kerosenc,
diesel oil or fuel oil before field application, and do not require an emulsifier.
Occasionally, the oil concentrates are used to mix pesticides with dry fertilizers
or to impregnate dust or granules.

The procedures for solvent sclection with oil concentrates are the same as
those for emulsifiable concentrates. Acceptability is based upon cold stability
at a rcasonable or practical concentration. When intended for field dilution
with an oil, the ease of miscibility with typical oils should be tested at practical
dilution rates. Although the formation of a precipitate after dilution is seldom,
its presence indicates that the solvent lacks sufficien: coupling power or that the
concentration of the active ingredient must be reduced.

Normally, oil concentrates are not as corrosive to container linings as the
emulsifiable concentrates. They should, however, be tested with strips of mild
steel or tin plate under accelerated storage conditions. Functional characteristics
of specific gravity and flash point should be determined.

Aqueous concentrates

Aqueous pesticide concentrates are water solutions of salts of organic acids
(usually herbicides, which include dicanmiba, 2,4-D and 2,4,5-T). They are mainly
dimethylamine salts, although sodium, potassium or lithium salts arc sometimes

Solvents. Because water is the solvent used for aqueous concentrates, there
i a definite solubility limitation to the concentration of active ingredient contained
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in the solutions depending upon the cation. The dimethylamine salts generally
give adequate cold stability as well as good performance in the ficld.

Effects of hard water. Some organic carboxylic acids, such as 2,4-D, 2,4.5-T
and MCPA form insoluble salts in the presence of cations, such as calcium and
magnesium found in hard water. Dicamba does not present this problem. Water
hardncss, however, can be overcome by the use of chemical sequestering agents
added to the concentrate or 1o the tank at the time of ficld dilution. Among the
sequestering agents are sodium polyphosphate, cthylencdiamine tetracetic acid
and its derivatives, and citric acid salts. Some lignosulphonates have been used as
sequestering agents to prevent precipitation of the active agent by hard water.
When iron is present in the water in quantities exceeding several parts per million,
sequestering agents related to ethylenediamine tetracetic acid are used.

Acidity and pH. The addition of base to the herbicidal acids in stoichiometric
quantities will produce solutions having different pH values that are usually
alkaline because the acid strength, ionization constants and acidic impurities of
herbicid: 1 acids vary. The stronger the acid, the closer the pH value is to 7. If
dimcthylamine is used as the base of the salt, an excess will result in a product
with an objectionable amine or fish-like odour.

Storage and stability. The herbicidal acids are generally quite chemically stable
in aqucous concentrates of their salts; however, accelerated storage tests should
be run for any new herbicidal acid or aqueous concentrate in the normal manner
at 50° C for periods up to 90 days. The packaging of aqueous concentrates of
herbicidal acid salts in metal containers often presents problems of corrosion.
For pails and drums, howcver, pigmented, high-baked phenolic linings as well as
modificd cpoxy linings overcome some of the difficult problems of container
corrosion. For small packages up to one gallon in size, high-density polycthylene
bottles and jugs are satisfactory.

Evaluation of functional characteristics. Aqucous concentrates may be charac-
terized by a specific gravity determination. Aqueous concentrates are subject to
freczing at very low temperatures. Banvel 4S is tiac 4 lbjgal concentrate of
dicamba dimethylamine salt; it will frecze at approximately —20° C. However,

when warmed to room temperature, the properties of the formulaticn are
unchanged.

Dry formulation
Dry formulations include dust bascs, wettable powders, dusts and geanules.
Dry formulation of a uew pesticide che .nical requires prior study of its compatibility
with typical carricrs and dilucnts.
Dust bases

Dust bases must be dry, fuwly divided and flowable powders. They must be
capable of casy dilution with a variety of incrt powdcred diluents to produce a
uniform dusting powder. They must be suificicntly high in concentration to
permit cconomical storage and shipment and with concentration dimcensions
which will allow simple calculation for the dilution Fm They must be
non-caking and rcmais flowable under all conditions of storage. They must be

i
|
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chemicaliy sable in storage for several years under normal storage conditions. If
deactivation is carricd out as above to permit 5 per cent or less deconiposition
for 90 days under aceclerated conditions, this requircment is generally met.

Stability studics and deactivation. A practical method is to prepare a § per cent
dust formulation of & number of typical mineral carrier and diluent classes such
as diatomaceous carth, attapulgite, montmorilloite. Kaolinite, pyrophyllite, tale
and calcium carbonate or powdered limestone, A convenient quantity to handle
is 250 to 500 ¢ of the finished product. The active mgredient can be mixed in a
beaker of suitable size by a slow-speed paddle stirrer or simply with a flat metal
spatula. If the pesiicidal chemical s a liquid, a porcelain mortar from 15 to
20 em in diameter and 2 matching pestle generally provide good mixtures.
The crude mixeures thus prepared are ground further in a laboratory grinding
mill. After grinding, che pulverized product is blended in a Jar tumbler or in
a pint- or quart-sized, twin-shell blender. The material is then separated into
several portions and a small quantity sthcient for the initial chemical analysis
is withdrawn.

One portion of the preparation is precisely labelled and subjected to room-
temperature stability studics. The other portions arc placed in a constant-tcmper-
aturc oven at clevated temperatures for accclerated-storage tests. After 7, 14
and 28 days from the beginning of the accelerated-storage tests, small samples
of the 5 per cent dust formulations are withdrawn and analysed for active in-
gredients. The results of analysis compared with the results of the initial
assay of the formulation and the rate of decrease in active ingredient content
after cach storage period to indicate chemical incompatibility. I decomposition
at the end of the 28-day period is less than 1 or 2 per cent of the active ingredient
initially present, accelerated-storage tests are continued for two and three months.

Decomposition proceeds at a faster rate with the more absorbent clays
such as montmorillonite and attapulgite. Somc of the less absorbent matcrials
contain highly surface-active impuritics that cause rapid decomposition. Dia-
tomaccous carth, cven though generally more absorbent than attapulgite and
montmorillonite, does not normally possess the surface acidity associated with
the clays, therefore, catalytic decomposition occurs at a lower rate.

The decomposition of pesticides incorporated with dry mineral carricrs
occurs by onc or more of the following principal mechanisms: catalytic de-
composition resulting from surface acidity, the acidity or alkalinity of the carrier
or diluent and thermal effects. If the rate of decomposition follows approximately
the absorbency of the carriers or dilucnts (with the exception of diatomaceous
carth), catalytic surface acidity is certainly involved in the decomposition rate.
However, if the rate of decomposition is greater for the attapulgite or mont-
morillonite carriers, the PH value of the carricr is involved.

Attapulgite is slighely alkaline and montmorillonite is acidic. Therefore,
if the rate of decomposition with attapulgite is greacr than that with mont.
morillonite, the active ingredient is very probably sensitive to mild alkalinc
reactions. If the active ingredient decomposes at a very low rate or not at all
with talc and pyrophyllite but at significant rate with montmorillonite and
sttapulgite, ihe catalytic surface acidity is involved. If, however, the rate of
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decomposition with wle and pyrophyllitc i+ significant aud nearly equal to
that found with diatomaccous carth as well as witly Kaolinite. ateapulgite and
montmorillonite, the active ingredient is thermally unstable at feast at the devated
wmperature of the tests. An additional cause of decomposition or decreasing
asay s hydrolysis in the presence of moisture or volatilization.

Volatilization is wsually a minor factor which can be mmimized by conduct-
g the storage tests in snnall. tightly closed containers. The cttect of moisture
can be verified by preparing 4 3 per cent dust on 4 carcfully dricd sample of
tale or pyrophyllite and conducting parallel tests with the same diluent to which
sl increments of 0.5 per cent or more of moisture have been added.

A word of caution concerning the accuracy of the assay method of testing
is advisable at this point. Because laboratory stability studies must be based
upon rhemical assay methods. it is neeessary that all aspects of the assay method
be fully developed before chemical compatibility and stability studics are under -
taken. Most assays of dry formulations are based upon the analysis of a solvent
extract of the active ingredient from the carrier or diluent. This extract is then
wsaally analysed by chemical. infra-red or other spectro-chemical methods or
gas chromatography. In these steps of the assay procedure there is seldom any
great dithculty. However, the accuracy of the assay procedure is dependent
upon the accuracy of the extraction procedure. Difficulties often can be en-
countered because the extraction solvent must be capable of dissolving a significant
quantity of the active ingredient, and the solvent should be capable of displacing
my active ingredient which has been absorbed by the diluent or carrier particles. It
has been observed that polar molecules such as dicamba are very strongly absorbed
by some clays such as attapulgite. Thercfore, in order to displace them, a more
strongly polar solvent such as acetone or alcohol may be necessary to effect a
complete extraction.

In all stability studics, it is desirable to determine the identity of decompo-
stion products when instability of the active ingredient is obscerved after ac-
cclerated-storage tests. A complete analysis of the experimental formulation to
obtain a material balance follows. If an experimental formulation is found by
asay to contain only 70 per cent of the initial active ingredicnt, the remaining
30 per cent of decomposition products should be identificd and mecasured
quantitatively.

Carrier sevection and concentration limits as a Junction of physical properties. The
most important physical propertics of a technical grade pesticidal chemical which
determine the sclection of the carricr used in dust bascs arc the physical state,
the melting point and the specific gravity. The simplest materials to handle are
the powder or crystalline pesticidal chemicals with melting points of approxi-
mately 90° to 100° C, Among the most difficult materials arc low-mclting
solids because their waxy nature prevents convenient handling of them as solids.
Although the liquid pesticidal chemicals can be incorporated with absorbent
carriers by a straightforward spray-impregnation method, the necessary equip-
ment is more complex to install and control than the cquipment for dry-powdered
pesticidal chemicals.

The most importunt propertics of a carrier for dust bases arc sorptivity,
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pH and surface acidity. When formulating powdered, high-melting pesticidal
chemicals, however, sorptivity is of little or no importance because the active
ingredient can be combined with the carricr by a simple dry-blending process
and the mixture reduced to the desired particle size by mechanical grinding.
There is generally no serious problem in attaining high concentrations of the
active ingredient in dust bases with pesticidal chemicals having mclting points
above 100° C. Indecd, with such materials even less sorptive diluents such as
talc and pyrophyllitc may be used. Fortunately, these diluents of low sorptivity
generally have a low surface acidity so that only small quantitics of deactivator
arc nccessary. These diluents are fortunately much lower in cost than the more
absorbent carricrs. Pesticidal chemicals having high melting points can be readily
and more cconomically formulated than liquid or low-melting, solid pesticidal
chemicals.

It was pointed out carlicr that the sorptive capacity of a mincral carrier is
inversely proportional to its bulk density, and that the sorptivity of a given
liquid in per cent by weight of finished formula is directly propoutional to the
density or specific gravity of that liquid. In other words, a clay which can be
used to formulate a dust base having 40 per cent chlordane of specific gravity
1.6 can only contain up to 25 to 30 per cent of a liquid pesticide having a specific
gravity of 1.5 to 1.2. Thercfore, the chlordanc sorption value of the carricr should
be known as well as the density of the liquid pesticide with the carricr relative
to that of chlordanc. To determine the chlordane sorption value, the “rub-out”
sorption test can be used.

Two additional factors that limit the percentage of active ingredicnt which
can be formulated with absorbent carriers in dust bases arc the assay or active
cquivalence content of the technical pesticide and the quantity of solvent which
must be combined with the technical pesticide to cfficiently incorporate the
active ingredient with the carricr. For example, technical mcthyl parathion
normally contains 80 per cent active ingredicnt. Therefore, to prepare a 25 per
cent dust basc, it is necessary to usc the ratio 25/0.80 or 31.25 per cent of technical
methyl parathion in the formulation. Similarly, to prepare a 25 per cent hepta-
chlor dust basc from a technical heptachlor assaying at 74 per cent, it is neccssary
to use 33.8 per cent of the technical heptachlor. Because technical heptachlor
is a low-melting waxy solid, it is convenicnt to mclt it and add a small quantity
of solvent to improve handling and spraying characteristics. Thus the quantity
of liquid to be sprayed upon the carrier is increased to between 37 and 40 per cent.

Technical chlordane, on the other hand, is a liquid used on a 100 per cent
active ingredient basis. Its sprayability can be improved by slight warming to
reduce the viscosity. Because of its high specific gravity, chlordanc can be readily
formulated up to a 40 per cent active ingredicnt concentration on absorbent
carricrs, such as attapulgitc or diatomaccous carth.

Chlordane and toxaphenc arc among the few liquid or low-melting, solid
pesticides which can be formulated in concentrations of 40 per cent or higher
on simple carrierssuch as attapulgite. The rcason is their high specific gravity
and the fact that they arc liquids or very low-melting solids with a high degrec
of solvency or miscibility in solvents such as kerosene. If a high concentration
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such as 40 per cent active ingredicnt is required for pesticides as in heptachlor,
it may be necessary to use diatomaceous carth and to supplement the absorbency
of the carricr by the addition of highly absorbent such as synthetic silica. Such
formulation prepared from technical heptachlor and using an auxiliary solvent
will contain 65 to 70 per cent liquid. Because synthetic silica is a rclatively ex-
pensive material, it is scldom used as a primary carricr but is frequently used to
upgrade the absorbency of natural clay.

Storage stability. Accclerated storage stability should be determuncd on the
finished formulation by placing the sample in a sealed container in an oven
maintained at 50° C. Assays should be made on the jnitial sample and after
30 days’ storage. Duplicate analysis should be made of both the initial and the
aged samples. The average loss in 30 days determincd by an assay should be less
than 2 per cent.

It is important that the formulation cxhibit non-caking tendencics when
stored at 50° C for 24 Liours under a static pressure of 25 g/cm2. This is deter-
mined by mcasuring the percentage of the powder retained on a 100 mesh
(United States standard sieve serics) or 149 um screen using 2 Tyler Ro-tap
sicve analysis machinc.!" The quantity retained on the 100 mesh screen should
be less than 5 per cent of the quantity that is retained on a sample of the same
formulation which has not been subject to accelerated storage tests.

Wettable powders

Wettable powders gencrally have the same concentration units (percentage
by weight) as the dust bases of the same pesticide. Wettable powders are similar
in appearance and have approximately the same bulk density, but there are
functional differences in their use. Dust bases arc generally diluted with a dry,
powdered inert such as talc or pyrophyllite, while wettable powders arc prim-
arily diluted with water for a spray formulation. Although it is possible to
dilute a wettable powder with talc, pyrophyllite or other inert material (o make
a dust formulation, the wettable powders have additional functional ingredicuts
and more rigid specifications which make them more expensive than dust formu-
lations.

Stability studies and deactivation. Because wettable powders are special forms
of dust concentrates, the procedures for determining stability and the necessary
quantity of deactivator to prevent decomposition are the samc as for the dust
toncentrates. Certan wetting agents can function as deactivators. However,
they are used 1n small quantitics and only partially deactivate the formulation.

Carrier sclection and concentration limits as Junction of physical properties. The
formulation of wettable powders is similar to the formuf;tion of dust bascs
since absorbent attapulgite, montmorillonite or diatomaccous carth carricrs
must be used for liquid and low-melting pesticides. For the medium to high-
nielting pesticides, however, highly absorbent clay or material with low ab-

! Ro-tap is the registered trade mark of the W.S. Tylet Co., (Tieveland: Ohio, A
description of this machine is given by World Health Organization (1961) Specifications for
Pesticides, 2nd edition, p. 521.
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sorbeney such as tale. kaolinite and pyrophyllite must be used as diluents. The
detailed discussion of these points for dust bases is applicable to wettable powders.

Storage stability. it should be tested by accelerated storage. The suspendibility
and toxicant stability of a wettable powder should be controlled after the storage
tost.

Wettability and suspensibility. The wetaability of the powder is the time
required for a given weight of the tormulation to be completely wet and sub-
merged beneath the water surface. The shorter the period of time (in seconds)
required for wetting. the better is the wettability of the formulation. In addition,
a wettable powder must remain uniformly suspended and free of nozzle-plugging
agglonierates in the mixing tank throughout the application period.

The stability of a suspension of solids is dependent upon a balance of several
forces. Stokes’ law indicates that stability is favoured by inc. asing the viscosity
of the suspending medium or by reducing the size of the particle. Therefore
it is desirable to reduce the particle size as much as possible by a suitable milling
operation. Unfortunatcly. as the size of a particle is reduced, the small attractive
forces on its surface become significant with respect to the particle’s mass. This
effect causes the joining together of several particles into larger agglomerates,
which settle more rapiuly because of the increased size and thereby plug nozzles.
Occasionally, this behaviour results in the formation of a flocculent curd in the
suspending medium.

To prevent agglomerate formation. surface-active materials are introduced
into the formulation as suspending or dispersing agents. They surround cach
particle with a like clectrostatic charge and cause a reorientation of the mole-
cules surrounding the particle into an electrical double layer. This layer develops
a potential with respect to the rest of the system, which wards off collisions
with other particles. Wetting agents reduce the interfacial tension between the
powder and the suspending medium.

The suspensien characteristics of the formulation may be improved by
incresing the viscosity of the medium. In practice, sodium carboxymcthyl-
cclluose, polyvinylpyrrolidone and other water-soluble polymers are added to
wettable powders. However, when added to water, these materials have lietle
cftect upon the viscosity because of their low concentration. Certain formulations
benefit from their addition possibly due to the formation of a protective colloid
around the particles to prevent agglomeration and setcling.

Surfactant sclection. This is primarily an empirical process. Surfactant systems
used in the formulation of wettable powders usually consist of a wetting agent
and a dispersant. Wetting agents are generally sodium salts of alkylbenzene
sulphonic acids, although non-ionics such as the polyethylene oxide derivatives
of alkyphenols may sometimes be used. Other anionics such as alcohol sulphates
and sodium sulphosuccinates provide good wetting performance. In some systems,
however, these matcrials show cxcessive foaming tendencies. A number of
trials arc neeessary before a satisfactory wetting agent is found. The dispersants
arc generally anionic materials and are frequently salts of lignosulphonic acids
and sulphonated polyphenols. The quantity of wetting agent and dispersant
generally used varies from 1 to 1.5 per cent cach. Their ability to perform satis-
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tactorily with a specific carrier pesticide combination is often very sclective.
The choice of the proper pair and ratio is based upon the results of selective
testing of cach wetting agent in combination with cach dispersant. For example,
if four wetting agents and four dispersants arc sclected from a number of typical
compounds, 4 x4 or 16 individual wettability and suspendibii ty tests are per-
tormed for the surfactant system at the same concentration level.

Procedure to cvaluate the wettability. Weigh 0.5 of the experimental formulation
on a 10em picee of glazed paper. Pour the powder rapidly but gently onto
the surface of 100 ml of water contained in a 100 ml gr-duated cylinder. Mcasure
the time with a stop watch from the moment the powder is placed on the surface
of the water until 90 to 95 per cent of the material has become wet and submerged
below the surface of the water. The time (in scconds) is the wetting time of the
formulation.

Dusts

Pesticidal dusts are dry-powder formulations for application in the field
without further dilution. Dusts arc identical in appearance and general form
to dust bases or concentrates. However, dusts contain a much lower concentration
of active ingredient which may vary from 1 to 20 per cent. Pesticidal dusts are
prepared by the dilution or cut-back of a dust or concentrate with a suitable
inert powdered diluent or by directly combining the active ingredicne with
the diluent in the desired concentration.

A cut-back procedure requires a minimum of processing detail to obtain
a uniform product. The cut-back process is preferable when dusts are made
from pesticidal chemicals which are liquids or low-melting solids, or when
powdered or high-mclting, solid pesticidal chemicals are present in low con-
centrations of 1 to 3 per cent of the active ingroedient.

If dust formulations arc made dircctly from liquids or low-melting solids,
a solvent is usually necessary to improve the spraying quality. The sorptivity
of the dilucnt should be greater than that of the talc, pyrophyllite and calcium
carbonate that is used. Possible absorbent diluents arc attapulgite and mont-
morillonite, or kaolinite, which is somewhat less absorbent. One disadvantage
of preparing dusts on absorbent carricrs by impregnation is that often relatively
large quantitics of a deactivator are nccessary to prevent decompositione of
certain pesticidal chemicals, such as heptachlor and methyl parathion. If wle,
pyrophyllite or calcium carbonate is the diluent in the cut-back procedure,
deactivation of the carricr often is unnecessary, or at the most only 1 to 2 per
cent may be required. A further advantage is that the low=sorbency diluents
are frequently less than onc-half as costly as absorbent carriers.

If pesticidal dusts arc to be made directly from solids or high-melting pesti-
cidal chemicals, the active ingredient should be as fincly powered as possible.
Furthermore, after deactivation and during the blending operation, representative
samples should be withdrawn from various sections of the blender. The samples
should be analyscd for uniformity by assaying the active ingredient in cach
sample. Following blending by cut-back or direct blending, the finished mixture
is ground by a suitable mill such as a Raymond mill or a micropulverizer and
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discharged into 4 blender ro assure unitormity. As most diluents consist of + ery
tine=sized particlos. the grinding operation is not for particle size reduction but
tor obtaining a very thorough mixture of the active ingredient with the diluent
to mminnze segregation duiing storage and to assurc 2 uniform product during
the application.

Diluent sclection. There 15 no generally accepted standard for the particle
size ot particle size distribution of dilucnts. The size generally ranges from 140
mcsh (105 gm) to 270 mesh (53 #m); 90 to Y5 per cent of some of the finer
dailuent products may cven pass through a 325 mesh (44 pum) screen. However,
for acrial application, the coarser dusts are generally more suitable because of
lower dritt than the extremely fine powders. For ground application to crops
with a very dense foliage, a very fine dusting powder should be used to obtain
a uniform coverage of all plane surfaces. Pyrophyllite is probably the most
widely used diluent for pesticidal dusts. It is followed in popularity by talc and
calcivm carbonate. A number of other low-cost mineral-type diluents are used,
e. g. dolomitic lnestone and kaolinite have good sticking propertics on plant
surtaces. The low cost or local availability of diluents frequently affect the choice.
The suitability of any diluent, however, should be determined by comparative
field tests in the arcas intended for their usc.,

Stability studics and deactivation. Even though many of the diluents, such
as talc and pyrophyllite, have less surface activity and fewer acid sites than the
more absorbent clays, their use in dilute dust form ations provides a relatively
large number of active acid sites per unit of active ingredient. Conscquently,
the deactivation of the diluents to prevent decomposition during storage is
necessary,

Evaluation of physical characteristics, To perform cthiciently in dust application
cquipment, the Howability of the formulation s important. Gencrally, the
Howability of a formulation preparcd by liquid or low-melting, solid formulations
cither by cut-back or dircct impregnation, decreascs as the concentration of the
active ingredient increases. The addition of 0.1 to 0.5 per cent of colloidal pyro-
genic silica pigment improves the Howability. Because pesticidal dusts are metered
volumetrically when applied by field dusting cquipment, the bulk density of
the product is important and must be controlled.

Granules

Most granular pesticides are produced by the spray impregnation of a pesti-
cidal chemical or a solution of a pesticidal chcmicafrumn an absorbent granular
carricr. The maximum quantity of active ingredient which can be incorporated
in this manncr depends upon the sorptivity of the granular carrier and the purity
and density of the pesticidal chemical or the density and the concentration of
the active ingredient.

Pesticidal chemicals that have too low solubilitics for formulation by im-
preguation may be processed into granular form by techniques based upon
eXtrusion, pan-coating and pan-rolling. Although these techniques arc used
fo some extent, they require specialized cquipment that is not available to many
formulators.
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The two most imporeant characteristics of granular posticides are con-
centration and particle-size range. Although the maximun concentration i
amited by the physical properties of the pesticidal dhemical and the cricr,
s as low as 1.5 per cent for an endrin granule to as high as 0 per cent for g
hloraane granule when granular «tapulgite is the carrier. The paride size
or particle-size range is normully based upon the selection of the properly sized
carricr. Although granular pesticides range from 4 to 80 mgsh, tvpical sicve
wsize designations are 16/30, 20/4) and /60, One granalar carrier used tor special
purposes is 20125 attapulgite,

Othier desirable characteristics of granular pesticides are storage stability,
resistance against attrition, resistance against caking during storage and good
flowability. The rate at which the granular releases the pesticide is ditticult to
control with impregnated pesticides. It is usually an inherent characteristic of
the pesticidal chemical itselt and the carrier. In actual proctice, the release rates
tor different uses vary; cach use must be treated dividually,

An important requiremcit of granular pesticides is the uniform Jisiribution
of the active invredient on all particles. To accomplish this by spray impregnation,
spray nozzles must have an extremely low discharge rate. Rotary or tumbling
mixtag equipment should be used to minimize attrinon of the particles.

Several types of cquipiment which are suitable for the laboratory develop-
ment of granules are the double cone blender. the Patterson-Kelly twin shell
blendes and the Nauta mixer. 1 hey can be obtained in capacitics of 2 ! or loss
and can be fitted with an internal spray attachment. The liquid handling system
consists of a spray tank with a capacity of 1 to 2 litres with an agitator and heating
facilities. “The liquid is carried 1o the spray nozzle cither by a small gear pump
orin aclosed spray tank; it is pumped to the nozzle by compressed air or nitrogen.
The hguid system should be capable of operating at 20 to 66 Ib/in2 pressure.
Lo prepare formulations for which the spray liquid musi be heawed, all spray
hiwes and the pump must be heated to prevent a drop in temperature of the spray
liquid and to avoid crystallization. A fine tilter with a particle size retention
capacity less than that of the dismeter of the nozze is installed betwed tire
pump and the nozzle. To protect the punp from forcign particles, a 140 o
200 mesh basket strainer is placed between the spray tank and the pump. The
positive-displacement, gear pump should have an adequate by-pass circuit and
a throttling valve for pressure regulation and control.

Carricr sclection. The prineipal carriers used in the formulaion of impregnated
pesticide granules are granular attapulgite and non-swelling montmerilloniic.
Kaolinite, pyrophyllite, tale and calcium carbonate have been tested a. granular
carriers, but they are gencrally too soft (suffering attrition during the impreguation
process) or too low in absorbency. Swelling bentonite, whichis a montmorillonite,
is uscful when high absorbency is not required. Granular vermiculite has many
desirable propertics for granular pesticides. However, because it has a relatively
low bulk density, hoppers must be reloaded more frequently than is necessary
for formulations based upon attapulgite or montmorillonite with the same
concentration of the active ingredient.

Vegetable materials which have been studicd and used to a limited extent
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are maize cob grits and crushed waliae and pecan shells. Maize cob grits have
many desirable characteristics such as inertness, fair absorbeney, resistance to
abrasion and a bulk demsity of about 28 to 30 Ib/fe3.

The absorbeney and catalytic surface acidity of all potential granular carriers
should be studiced. Because the sorptivity ot a granular carricr is ditficult to
measure on a snuall scale, the carrier can be pulverized in a laboratory grinder
and then the sorptivity is determined by the rub-out method. The sorptivity
for granular pesticides is close to the chlordane absorption value as determined
by the rub-out method. The catalytic surface acidity and the nccessity for de-
activation arc determined by using the same test methods as for other dry formula-
tions.

Typical particle-size ranges normally used for pesticide granules are 16/30),
20/40 and 30/60. These carricrs should be tested to cnsure that 90 per cent of the
particles fall between the upper and lower limits of the particle=size range and
the remaining 10 per cent are distributed randomly on cither side. The maximum
quantity permitted to pass through the finest screen should be specified because
further attrition of the particles might conceivably occur during processing,
bagging, shipping and handling, and result in undesirable fines. It is reccommended
that 2 maximum of 1/10 of | per cent be permitted to pass a 100 mesh (149 pum)
screen.

The bulk dewsity of a granular carrier is an important property because
it determines both the size of a batch which may be produced in a blender of
a given capacity and the size of the bag which is to be used for the container.
Because the formulation of impregnated granular pesticides involves the absorp-
tion of all liquid ingredients, the volume of a given weight of formulation is
the same as that of the unimpregnated carrier which jt coniains. Table 5 shows
propertics of typical granular carricrs.

- TABLE 5. PROPERTIES OF TYPICAL GRANULAR CARRIERS
"“;‘;b;z','j“? Relative sorptivity  Relative hardwess

INorGANIC
Clays and minerals

Attapulgiee .................. ... 28/36 high high

Montmorilloniee ............. ... 55/65 low high

Diatomite ................... . .. 20/30 high medium

Vermiculite ..................... 8/12 high low |
ORGANIC
Botanical %

Maizecob ............. ..., .. 22/32 medium medium ‘r

Nutshell ............... 777 35/45 low medium |

The use of solid pesticides in dust and granular formulations may cause
caking depending on the concentration of the toxicant, the volume of liquid
solvent and the handling conditions. Attapulgite and montmorillonite vary in »




FRINCIPLES O1 PESTICIDE FORMULATION 121

their particle size and sorptivity, and these properties are critical to caking
horder-line formulations. Because carriers adsorh and absorb difterently, the
tme of pesticide distribution is critical for certain carricrs,

The semi-solid pesticides such as heptachlor and aldrin have more problems
with caking than the high-melting pesticides such as dicldrin and endrin. Liquid
psticides seldom cause caking on granules or dusts.

Deactivator requirements. The stability and deactivator level studics for granular
pesticides are the same as those for the powdered dry formulations. Initial stabiliry
tests may be satisfactorily carried out on a small scale and at concentrations of
3 per cent active ingredient. Because it is not convenient or practical to uniformly
impregnate granules in small quantitics, the granular carrier may be pulverized
tor these tests. The quantity of deactivator required for cach mineral type is
nearly the same as the quantity required for dust bases and concentrates. It the
quantity has been previously determined, additional experiments with the pow-
dered granular carriers can be held to a minimuom.

In formulating granular pesticides which require deactivation, every particle
of the carrier must be uniformly deactivated. For pesticidal chemicals which
are extremely sensitive and have an initial rate of decomposition which is more
rapid than the rate of deactivation, it is necessary to deactivate the carrier prior
to the spray impregnation of the active ingredient. If the deactivator is a solid,
such as HMT or urca, it is dissolved in a minimum amount of water or other
suitable solvent and sprayed directly onto the carrier. Alternatively, solid de-
activators of this type arc finely pulverized and blended with the carrier prior
to spray impregnation. The spraying of a solution of a deactivator is generally
preferable. Liquid deactivators are spray-impregnated dircetly upon the carrier
with or without addition of watcr to attain a more uniform distribution.

If the rate of decomposition of a pesticidal chemical on a surface-active
carrier is reasonably less than the rate of deactivation, the deactivator is dissolved
or mixed in the concentrated spray solution to permit simultancous deactivation
and spray impregnation. Generally, this is a desirable procedure because the large
volume of liquid sprayed onto the carrier increases the probability of a uniform
distribution of the active ingredient and the deactivator.

Solvent slection. Spray concentrates used for the impregnation of granular
carricrs arc normally prepared in batches at the time of formulation. Because
the spray operation is carried out at any temperature from ambicnt room tempera-
ture up to 82°C, there are no limits to the cold-solution stability as there are
for emulsifiable concentrates and oil bases. The solvent portion of a granular
formulation has the following three principal functions: maintain the pesticidal
ingredient in a liquid condition so it can be sprayed, provide sufficient volume
for uniform distribution of the pesticide (and deactivator) upon the carricr and
reduce the viscosity of the liquid or molten pesticidal ingredient for good atom-
ization from the spray nozzle. Heat is applied to the spray liquid to maintain
4 temperature at which crystallization cannot occur and to reduce the viscosity
tor improving sprayability. The viscosity of the spray mixture at the spraying
temperature preferably should be below 10 cp. Generally, the cffectivencss of
Atomization increases as the viscosity decreases.
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For cconomic and satery reasons, hydrocarbon solvents such as kerosene,
xylene and heavy aromatic naphtha are preterred. These low-cost solvents have
flash points ot 27 C or higher. When hyvdrocarbon solvents are unsatisfaciory
because of poor solubility, polar solvents such as evelohexanone, diacetone alcohol
and normal propylalcoholare used. Volaule sotvents, such as methylene chloride.
are used with snitable allowance tor their evaporadion trom the tormulation. The
higher-boiling solvens, which evaporate more slowlv, are included i the final
weight of the tormulation.

For the sumultancous impregnation ot the deactivator and the toxicant-
solvent systemy all maternals are combined in the spray tank, which should be
heated it necessary to bring thein to the proper temperature for complete solution
and viscosity reduction. 1t the deactivator or deactivator mixture is innmiscible
with the toxicant spray solution, an ethcient agitator in the tank keeps all material
umtormly dispersed. It extremely high concentrates of pesticidal chemical and
solvent are to be spraved at clevated temperatures, all spray lines, filters, punips
and nozzles must be heated to prevent a loss of heat and possible crystallization
durmg the spray cvele.

The position of the nozzle in the blender must place it directly in the centre
of the plane of granules when the blender is in motion. The axis of the nozzle
should be exactly perpendicular to this plane, and the orifice should be at a
suthcient distance trom the plane of granules so that maximum coverage of the
surface is attained just within the outer periphery of the spray pattern hitting the
walls of the blender. A spray nozzle giving a full cone pattern with a 120° spray
angle is effective.,

Sicring and attrition tests. A necessary condition for the spray impregnation
and blending process is that the attrition of the particles to produce fines be
minimal. A sicving test on both the finished product and the untreated granular
carrier indicates excessive attrition; c.g. if the number of particles passing the
finest screen designation of the nominal particle size increases by 5 per cont
total weight of the formulation. The problem can be overcome in the following
ways: seleet a carrier which is harder or less subject to attrition; select a carrier
which s more skewed toward the larger particle size of the distribution; decrease
the blending cycle: or redesign various steps in the loading, blending and dis-
charging processes. Aurition that takes place in the handling of the granule by
cquipment such as a screw clevator can be substantially reduced by the use of
bucket clevators or pneumatic conveyors.

Stability and storage tests. Experimental granular formulations of the chlorin-
ated hydrocarbons should be tested for storage stability by accelerated ageing at
50° C. The samples are placed in tightly closed jars and kept at the elevated
temperatures for periods up to 84 days. To begin the tests, cach sample is analysed
for active ingredient immediately after prepacation. The samples in accelerated
sorage conditions are reassayed after periods of 7, 14, 28, 56 and 84 days. A
maximumn Joss of § per cont active ingredient in 84 days is acceptable,




7. PESTICIDE PKODUCT QUALITY CONTROL
by Mason H. Woolford, Jr.*

An idcal system of pesticide quality control will be considercd for a large
manufacturing plant in the United States engaged in the formulation of a wide
varicty of pesticide products. The usual plant cquipment of grinding mills,
hilling machines and blending cquipment presents all the problems likely to
be encountered in the formulation of pesticide products, ¢. g. cross~contamination,
potency, correct formulation and packaging. No matter how snall o how large
the operation is, some systematic control js necessary to emsure that a uniform
quality product is delivered to the consumer. This is the function of product
quality control.

Pesticide quality control in the United States is a well-established coneepr.
There are a few formulators who practisc very litte quality control, but most
larger operators have highly developed quality-control systems. The larger the
plant and the greater the production, the greater is the need for quality congrol.
But in every formulation operation the minimum need js to verify compliance
of the final product with specific standards. What are the results it the production
toreman leaves out the emubsificr; if a parathion emulsifiable concentrate instead
of a specified malathion product is put in the container; if glass bottles are over-
tilled with an organic liquid formulation which expands during warm weather
and buests the container? All of these problems can be prevented by effective
quality control.

The cconomic importance of quality control may be sen from the size
of the pesticide market. A survey! indicates that the production of pesticide
products in the United States is growing at a rate of about 16 per cent annually.
The manufacturing value of pesticide production was more than $1 billion in
198. The estimated retail sales of these products were about $1.7 bilhon, including
vxports of about $200 million. By 1975, the retail pesticide sales are expected
t0 be more than $3 billion.

Although the demand for the products of the pesticide chemicals i
s very great, the industry is highly competitive. Consequently, the failure to
produce a uniform-quality product may result in loss of sals. The producer
with a good economical system of quality control will consistently markert his
products.

* Product Quahty Co-ordinator, Awmerican Cysnanmid Company, Princeton, New
fersey,

o Chemical Week, 12 April 1969, p. W,
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QUALITY CONTROI

Objectives and tportince

The ultimate aim of quality control is to offer a product to the customer
that must satisfy his requirements. It is difhicult tor production or laboratory
personned to know the cstomer’s needs since very few of them have direct
contact with the customer. Production and Liboratory personnel must rely on
information from other peisonnel within their own organization, for example,
salesmen, agriculturalists and technical service representatives, who have close
contact with customers and understand their preferences, needs and complaints.
Good liaison, theretore, should be maintained among personnel in production,
marketing, quality control and formulation in order to develop products that
mect (ht‘ Sp&‘l‘iﬁ(atiﬂns Of (‘;lCl‘ customer,

The customer can expect that the product he buys will perform according
to the manutacturer’s claims. The product purchased today should have the
same colour, Howability characteristics and emulsifiability as the product pur-
chased yesterday or the product to be purchased tomorrow. These product
characteristics are apparent to the costomer and help develop confidence that
the manufacturer will provide consistently  high-quality products. However,
product potency. compatibility of the pesticide with the containiers or other
ingredients of the formulation and the expected long-term stability of the product
arc not apparent to the customer. Poor performance in any of these areas will
probably result in the loss of customers. A sound. realistic system of product
quality control is the best means for maintaining high sales.

There are many detinitions of product quality and of the system for its
control. The following examples are representative:

Quality: “The quality of a product is its degree of possession of those

characteristics designed and manufactured into it which contribute to the

performance of an intended function when the product is used as directed.” 2

Quality control: “An cffective system for coordinating the quality main-

tenance and quality improvement efforts of the various groups in an organi-

zation so as to cnable production at the most cconomical levels which allow

full customer satisfaction.” 3

Quality must be built into the product during rescarch, development and
production. Awarcness of product quality should be a guiding principle from
product cuncept through the various stages of development to firal delivery
of the product to the customer.

In developing quahity products and in perfecting the system which will
aid in the continuing maintenance of the quality, additional costs must be con-
sidered. The criteria s to maintain a quality product in the most efficient and
ccononucal way so as to be competitive in price. Therefore, it is inccessary to

S Cencal Prncaples of “Votal Coutrol of Quality in the Drug Industry (1967) Quality Control
Section of Phatnaceutical Manutacturers Association,

3 Fegenbawin, A W, (1950 Quality Controc: Principles, Practice and Adniinistration,
MoGraw-Hell, New York.
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manufacture and market products of consistently high quality, which arc as
good or better than the competitive product.

The functional responsibility of quality control should be deiegated to one
individual. Morcover. the person chosen for this position should report to a
suthiciently high level of management that supports a decision of disapproval
of substandard product lots, cven though this might cause a delay in meeting
schedules. Ideally, the manager or director of quality control should be on the
same level as the heads of sales and manufacturing departments. Although this
ideal situation is scldom realized. the function of quality control should never
be relegated to sales or manufacturing activities.

On the other hand, the quality-control function should not be permitted
to become so independent as to become an end in itself and demand a degree
of perfection which production cannot meet. The production department is
concerned with mecting schedule deadlines, production costs and quantities and
conscquently often is impaticnt with interference from the quality-control
scction. On the other hand, the main task of the quality-control section is the
maintcnance of quality. When cach department recognizes the aim of the other,
a better balance of production and quality can be maintained.

The necessity for quality control should be impressed upon every employce.
Consistently, high quality cannot be maintained without the proper controls.
The entirc organization should be indoctrinated to accept quality-control proce-
dures as a way of lifc.

The management level to which the quality-control function reports should
issuc a written statement to all employces outlining the quality-control policy
and programmc.4 This is important for the following reasons:

Quality control acts as a scrics of “ground rules” within which the plant

quality-control programme can opcrate;

Quality control acts as a means of communcation to inform all plant super-

visors and employces about the quality-control plans and objectives of the

company.

Respousibilitics
An cffective quality-control section should be assigned the following duties:

Develop methods of analysis for raw materials and finished products;
Develop specifications for raw matrials, finished products and for packaging
materials;

Check equipment design and insist upon changes when equipment has been
found to causc pour quality production;

Run a continuing check on production practices and rcport any condition
found contributing to poor product quality;

Check incoming raw materials for conformity to specification;

Check all finished batches or lots of production for conformity to specifica-
tions. With this approval, the authority is given to rclcase for salc lots

4 Ibid.
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passing all specifications and to reject all lots failing specifications with
instructions to rework or destroy;

Handle customer comphaints;

hspect finished materials and proper bl of contaners;

Colleet representative samples for analysis.

INSPECTION

The quality-control section of a company assurcs the high quality of product
and production. The staff should include spectors whose functions are clearly
understood. Properly trained quality-control personnel should be able to spot
faults during production, such as improper fill of liquid or powder, poorly
athxed labels or any action which, in their opinion, would contribute to a re-
duction in quality. The action should be brought to the attention of the produc-
tion supervisor who should cease production until the observed deficiency s
corvected. It is preferable to discover a quality problem at an carly stage and
not after the entire lot has passed a particular production step. Furthermore,
it is unacceptable to have 2 quality problem discovered by the customer or a
regulatory agency.

Individuals chosen for quality inspectors should be carcfully sereened.
Quality inspection must be performed in a careful, diplomatic manner; other-
wise the entire concept might be resented by the production department. Officious
individuals would never perform satisfactorily in this position ; tact and intelligence
are desirable qualities for quality-control personncl. The following guidelines
should be obscrved:

Sampling of raw materials and finished products should be done by trained

samplers from the quality-control section and not from the production

department;

Sampling procedures should be carcfully developed with special attention

to products nceding special care;

Safcty precautions should be observed in handling toxic and hazardous

substances;

Samples should be representative of the batch or fot samples;

Since the approval or rejection of products depends on the sample taken,

great care should be excrcised in proper sampling technique with stacistical
significance.

CUSTOMER COMPLAINTS

Customer complaints should be forwarded to the quality-control section
and handled promptly and thoroughly. Recurring complaints might indicate
a scrious quality defect in the product and require a major evaluation of the

product that could lead to reformulation, different packaging material, change
i cmulsifier or other action.
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There are many varicties of complaints and subsequent corrections, e g,
it the customer’s problem i emulsification. & gencrous sample of the water he
wes should be obtained for testing. If no immediate cmubsific ation results, T
mixing cquipment should be examiined. It may be that the costomer 1 o
wsing the products according to the mstructions. Periodic ticld visits arc Hportant
to observe how the material 15 being used. Customers may not read directions,
and sometimes, the directions are too complicated and need revision. Observation
of the mising cquipment in operation may suggest an idea for an improved
tormulation.

Whenever possible. samples should be sent to the testing laboratory in a
proper container. Polyethylene bottles and caps with soluble plastic linings are
unaceeptable because chemical reaction between the liquid product and packaging
matcrial may obscure the formulation problem. Powder and dust should be
torwarded in wide-mouthed bottles or in strong paper bags. Paper bags with
a moisture barrier and resilient polyethylenc bags are acceptable for this purpose.

Specifications

The quality-control section should be responsible for specitications for all
raw matcrials, tinished formulations and packaging materials. Specitications
should be developed by committee action, if possible. Members of the commutee
should include functional represcutatives from sales. manufacturing and quality
conerol. The chairman of the commiteee should be a representative of the quality-
control dircctor.

Specifications are the standards against which Incoming raw materials are
measurcd as well as the lots of finished products shipped to the customer. Specifi-
cations arc the allowable limits within which characteristics of a product or
compound may vary and still maintain acceptability of quality and performance.
Failure to comply with specifications should mean rejection of the product.
The specifications should be sufficienty fexible to include any variation in assay
or manufacturing but not so broad as to encourage sloppy production procedures.
Indeed, when possible. specifications should be tightencd as production cxperience
1s gathered for a new product. If production calls for a relaxing of specitications,
the production procedure should be reviewea. Perhaps improvement in the
production procedure may lead to an improved product rather than one of
dubious quality duc to broad specifications.

Specitications must be developed for the raw materials used in formulations,
the finished products and packaging materials. In most cascs, the supplice of raw
matcrials will furnish his own specifications. A reliable supplicr will furnish
raw matcrials meeting rigid specifications. In most cases. materials can be accepted
on protocol from the supplicr. It is prudent, however, to spot—check these mater-
tals. This is especially pertinent if the presence of a known contamiinant in the
raw matenal can cause a breakdown in the pesticide formulation. Excess acidity,
alkalinity or water are often the cause of product breakdown. Occasional checks
can be made on raw materials to ascertain that these contaminants Jdo not exceed
the limits of specification. Screen size of clay granulars should be checked period-
ically, especially in cases where a problem of dustiness in the product exists.
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Dust dificnry and granules should be periodically checked for the presence of
forcign matter such as nails, twine from bagging operations, sucks, stones or
any material hkely o mitertere with the operation: ot the customer's applicator.

No raw material should be used for manufacturing unless it passes speaihica-
tons and iy released by the quality-control section. A system of tagging or
marking should distinguish matcriah released for nuanutacturing and those not
yet tested. Materials recently received and not yer tested or passed should be
stored separately from aceepted or passed lots,

New sources of raw materials must be sought to assure 4 constant supply-
Occasionally. supplicrs deplete their stock, and the lack of material may causc
2 loss of business to the manufacturer since he will be unable to fill orders on
time.

New materials, especially clay diluents and emulbsitiers, should be checked
for compatibility with the com pany’s formulation. Some insecticides which are
stable in technical form and liquid tormulations show marked decomposition
on certain of the commercial mincral carriers used in the preparation of dust
and wettable powder formulations (sce chapter 6). Before a new carrier is used
in formulation. it should be tested by preparing a small batch and checking
decomposition of the pesticide by chemical analysis (see chapter 6).

The isherent propertics of the posticide, the carrier and diluent must be
known to produce formulations having both a good shelf lite expectancy and
satisfactory physical characteristics. The surface of some carriers tends to be
catalytic duc to the presence of metallic jons, metallic oxides or other surface
hot-spots which contribute to breakdown of the pesticide upon prolonged
storage. These detrimental effects are especially pronounced in diluted formu-
lations of somc pesticides prepared directly on highly sorptive clays and when
dust concentrates are diluted. The use of deactivators may improve some
carricrs to the point where they are compatible with the pesticide. The deactivator
for one pesticide may not work for another, however, and cach deactivator must
be tested for cach pesticide.

New and old emulsifiers should be tested from time to time by preparing
a small batch and actually checking emulsification propertics. Occasionally, it
is advisable to obtain an advance sample before purchase.

Specifications for solvents, in many cases, must include limits for water
and acidity or alkalinity. Some organophosphates are particularly scnsitive to
alkaline conditions and arc rapidly degraded in pH values slightly higher than
neutral. For some pesticides, traces of metal camnot be tolerated. This type of
information is usually supplied by manufacturers of technical pesticides. Solvents
should be checked periodically for specitic gravity and colour.

Specifications for the technical pesticide are generally supplicd by the manu-
facturcr on a minimum guarantee basis (c. g. not less than 95 per cent). For
manufacturing purposcs, it may be nccessary to obtain the actual assay for the
lot that is purchased. Botanicals (pyrethrin, rotenone, sabidilla, ryania and red
squill) arc marketed on an assay basis. Information on the formulation com-
patibilitics and uscs is generally available in a formulation handbook from the

supplicr.
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To develop specitications for the finished formulation. the quality-control
seetion must know the end-use of the product. An emubsifiable concentrate
should form a stable enwalsion under the conditions of tae method of testing;
water-dispersible powders should pass realistic suspendibility tests: dusts should
have particle size requirements. Acidity, alkalinity. presence of water. metal,
compaction, stability at clevated temperatures and a number of other variables
should be considered. It is important that the physical appearance. colour and
lowability do not vary from one batch to another. Prime consideration should
be given to active ingredient content, which is usually expressed as per cent by
weighe.

Specifications for pesticide content are generally based on the precision of
the assay method used. variations in manufacturing and 1he length of over-age
wed to guarantee shelf life for at least one year. Batches of bulk product should
be stored in a locked arca until released for filling by the quality-control section
after they have passed all specifications.

Specifications for packaging materials should be developed. Since moisture
content is important for dusts and wettable powders, there should be a layer
of material in the bag as a moisture barrier. Some caldined carricrs may take up
water which can be deleterious to some pesticides depending upon whether
the diluent is inherently a base or an acid. Moisture uptake can dilute the product
and result in a lower percentage of active ingredient. Some pesticides have an
obnoxious odour and a tight scal is required, especially if the product is to be
stored in an enclosed warchouse.

Polyethylene bottles may be affected by the solvent of the formulation
or the formulation itsclf, The result is collapsed or mis-shaped bottles after several
moitths on the shelf. The lining of caps should be unaftected by the formulation;
polyethylenc inserts are preferable to either rubber seals or plastic-coated card-
board.

Glass bottles and polycthylenc bottles should be inspected for volum,
chips, cracks or breaks. Batches of bottles from onc supplicr may actually be
several ounces less in capacity than a lot from another supplicr. Carc must be
exercised not to fill bottles beyond the allowable head spacc to avoid trouble
due to expansion during storage in hot weather.

Many liquid technical pesticides and liquid formulations arc unstable when
packaged in metal containers duc to interaction between the pesticides and
metal. To maintain the stability of these containers, it may be necessary to coat
the inside of steel cans with two layers of a high-baked resin properly applicd
and cured in accordance with the manufacturer's recommendations. Continuity
of lining is cssential and all fittings must be properly coated. It is advisable, of
course, to conduct storage tests on individual products before adopting a specific
lining for commercial use. Metal containers should be inspected for adherence
to specifications for volume and particularly for leakage among 1- and 5-gal
pails,

$ A good guide is World Health Organization (1967) Specificatious for Pesticides used in
I'ublic Health, 3rd ed.
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It the writing and prinemgr of Libels is a quality-control function, the text
tor labely should conform toall tederal and state regulations. Instructions for
use of the produces should be clearly written and not subject to msunderstanding,.
It statcmients of content are necessary o a requirement. the chemical formulac
st be accurate,

It Labels are not a qualiey-conirol function, quality control should at least
be rexpomible that the libels are correct in all details and are worded and printed
according to all current regulations. Furthermore. fabels placed neatly on bottles
and packages contribute to the over-all atractive appearance of the packaged
Henm.

Metiod of analysis or testing

Mcthods of analysic tor the active ingredient should be available for all
formulations. The methods generally supplied by the basic pesticide manufacturer
are available on request. The methods of analysis of concentration in the common
formulations of widely distributed pesticides are readily available, ¢. g. the
speaitications of WHO or any similar collection (see chapter 4).  These
methods are usually recogrized as official and are gencrally simple and free
from interference trom other components of the formulation. The results
are reproducible and wally representative of the actual concentration of the
pesticides even after considerabic degradation as a result of its age. improper
storage conditions or other factors contribuung to the decomposition of the
active ingredient. The analyucal methods are gencrally used by government
regulatory officials. and the resulis can be used ' court action by a plaintift
against the company.

Standard mcthods of analysis tor all other tests to be performed can usually
be obtained from various recopnized collections of methods. The methods
mclude specific gravity, specitic rotation, index of refraction, emulsification.
apparent densiey (for dusts and granulars), colour, pH, particle size, disper-
sibility. acidity (as sulphunc acid) or alkalnity (as sodium hydroxide). The
quality-contol scction may pertorm other tests developed in its own labo-
ratory. These tests should be reproducible under . varicty of conditions to be
encountered 10 different laboratorics. For example, a test might be a method
to measure frothing (an undesirable characteristic) for a water dispersible powder
to be dispensed from a ticld spray tank.

In a plant producing 2 numiber of liquid formulations, identity tests arc
an absolute necessity. One should not rely upon odour, taste or physical handling;
these techniques may be dangerous and result in injury to personnel or incorrect
labelling of formulations. If the basic supplicrs cannot furnish identity tests,
the ingenuity of a control chemist can be put to work. Currently, thin-layer
chromatography i often uwi. Most emulsifiable concentrates appear similar
but may vary widely in tonicity. The same is true for dusts, wettable powders
and granulars ot 4 vancty of them are prodieed in the same plant.

For cach raw matenial, technical pesticide, tinished formulation and packaged
tem, a file should be hept contamimg specifications, methods of analysis and
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records of analvtical results. Specifications should be reviewed periodically and
changed whenever necessary. Methods of analysis should be changed when
improvements are developed. A specitication change does not necessarily mean
« method change. Sometimes change in a method may require a change in
pecttication if the new method is more accurate or precise. Specitications should
Leas tight as allowed by production, the analytical method and the stability of
the product. Fhe goal should always be the production of 3 product consistent
- appearance, performance and customer appeal. Realistic and soundly con-
ceived specifications are very helpful in the achicvement of this goal.

Stability

Formulations of pesticides should be stable during the time they are expected
to be used by the customer. © Products intended for agricultural usc are prepared
wellin advance of the growing season for delivery to the customer when necded.
Sometimes, stock will be carried over through the tollowing year; therefore,
the formulation should contain the active ingredient at label strength for at
cast 1.5 years after manufacture. Certain techmcal pesticides are quite stable
by themselves, but under other conditions they will degrade quite rapidly.
some organophosphates, for instarce, hydrolyze quite readily even under mildly
Ikdine conditions. yet they are very stable on the acid side. Emulsifiers can
Aegrade or react with a formulation mgredient, so as time passes. the product's
ability to emulsify may decrease. In the formulation of pesticides, knowledge
of the active ingredient is absolutely essential. This is generally obtained from
the original supplicr, who knows most of the conditions under which the product
istable. The supplier's data include compatibilitics, storage conditions, proper
packaging materials, solubilities and the general. chemical and physical properties
which can provide essential information for the formmlator.

In most cases. the original supplice docs not know all of the conditions
under which a product may be usel. He probably has not determined the stability
of the product with all of the emuvhifiers, conditioners, stickers, spreading agents
and carricrs which are available. A formulator may develop combinations never
crvisioned by the manufacturer of the product. It this is the case, the formulator
should conduct stability studics on the standard formulations before changing
to an emulsificr or carricr with which he has had no previous experience.

Liquid formulations should be tested periodically for a minimum of 12 months
it room emperature (25° C), for nine months at 37° C and for two months
1045° C. These formulations should be tested for potency of active ingredients,
emulsitication and for appearance (formation of sludge, separation, change in
wlour and formation of odour). Powder or dust formulations and granulars
should be tested using the same time periods and temperatures as above for
potency of active ingredients, suspendibility, wetting and caking. From the
sability study, the amount of over-age of the active ingredient necessary to
maintain label strength for the specified period is known.

* See also chapter 6.
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Solvents are generally well standardized; a grade of solvent from one supplicr
is much the same as from another. Specitications vary litdle. If one solvent is
substituted for another, such as cyclohexane for toluene, differences may be
found in solubility, compatibility and emubsification. A stability study should
be run on a sample prepared with the new solvent.

In order to follow the quality of the products in the ticld, representative
samples of complete packages should be taken from the sample line during the
filling operation. Samples should be taken from several lots during the year
in this manner. stored at ambient temperature and inspected periodically over
a period of not less than two years. In this way. information can be obtained
which may possibly forestall customer complaints. At least, product-quality
problems can be recognized and solved before they become serious.

Federal and state regulations

In the United States, any product in commercial channels may be sampled
and tested by the USDA and by officials of the state in which the product is
sold. The sample will be assayed and if found deficient, the particular lot of
formulated material may be removed from the market. This can prove very
cmbarrassing to the company because reports of these actions are gencrally
published.

In order to ship pesticide products manufactured in one state for sale in
another state, the product must be registered with the USDA, which samples
products in interstate commerce. In addition to the assay, the registration of the
product and the conformity of the label to the official registration by the company
arc checked.

Provisions for registration and sale arc clearly detailed in the Federal Insccti-
cide, Fungicide and Rodenticide Act (FIFRA) approved 25 June 1947. Penaltics
for violations of FIFRA can be relatively severe and include fines and imprison-
ment or both.

All products are expected to meet label guarantee. The methods of examina-
tion of samples arc those adopted and published by the Assodiation of Official
Agricultural Chemists where applicable. Other methods may be necessary to
determine if the product complics with the law.

If from an cxamination or analysis, a product appears to be in violation
of FIFRA, a written notice is sent to the person against whom criminal proceed-
ings are contemplated to give him an opportunity to offcr a written explanation.

The notice states the manner in which the sample fails to mect the requircments
of FIFRA and the regulations.

“Shippers or other claimants of the product will be given an opportunity
in pending court actions to defend against USDA charges.
Federal pesticide regulations are designed to protect the public from possible

injury to humans or animals or financial loss from mishandled, adulterated
or incflective products.” 7

7 United States Departnient of Agriculture release No. 2366-68, 23 July 1968,
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. Products in interstate commierce showing poor stability will almost certainly

be in violation of the law. An alert quality-control section should be able to
prevent the release for sale of any product failing to meet the regulations of
any state or of the USDA.

Cross=contamination

During the past few years, the very scrious problem of cross-contamination
or the presence of one pesticide in the formulation of another has become evident
in the pesticide industry. It has resulted in such incidents as finding illegal residues
of chlorinated hydrocarbons in cggs. An investigation showed that the cause
was not contaminated feed or the improper use of insecticides but that certain
pesticides approved for use in poultry houses contained others that were not
approved. Presence of an herbicide in an insecticide formulated for use on an
agricultural crop can be damaging to the point of complete loss of the crop.

The extent of cross-contamination was not discovered until the advent of
new analytical techniques and instruments. Up to that time, many formulators
were entirely unaware of this condition until analyses of samples by several
of the states were brought to their attention.

Now that the problem is recognized, means of prevention are being devised.
The principal method of prevention is the thorough cleaning of equipment
just after preparation of a pesticide formulation. Good housckeeping is the basic
essential to prevent cross-contamination by keeping plant and operating lines
clean and orderly. Scheduling of production is important, and adequate testing
st be performed to show the complete removal from the equipment of the
previous formulation.

It is gencrally agreed that the design of most grinding, blending and mixing
cquipment makes it dithcult to do an cffective job of cleaning quickly at a reason-
able cost. Many formulating plants were custom-built and need considerable
redesigning to institute an adequate  quality-control programme for current
requirements.

The development and promulgation of a code of good manufacturing
practices could be undertaken. This has been done by the FDA for the drug
industry and for medicated pre-mixcs intended as animal feeds.

The National Agricultural Chemicals Association (NACA) has studied
cross-contamination. By committee action, the NACA has suggested allowable
limits of cross-contamination of one pesticide in another based upon the specific
pesticide and end-use of the product. The following highlights arc from the cross-
contamination committee report of the NACAK

In the preparation of liquid pesticide formulations, great care must be
taken to eliminate traces of the preceding formulation from all mixing cquipment
and filling apparatus. This will be done by the use of solvent rinses: The amount

8 Manual for Prevention of Cross-Contamination of Pesticide Chemicals (1965) National
Agricultural Chemicals Association, Subcommittee on Cross-Contamination of the Grady
Committee, Washington, D.C.
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of solvent required tor cacli rinse will vary with the size of the cquipment, the
type of produce and the solvent used.

From 20 to 30 gal of solvent are generally suthcient to allow continuons
recireulation of the rinse in most types of cquipment. Each rinse should be re-
arculated tor 3 10 3 minutes throughout the entire manufacturing drummimy
system for the solvent to wash and dissolve gl possible contaminants, All virainers
m the systen should be removed and deaned. Filters should be cleaned and the
residucs from the filters destroyed or deposited in suitable disposal locations.

The number of rinses required to free the system of any contaminants
may vary from onc to five but can only be determined accurately by chemical
analysis. If the solvent used for rinsing is the same material chat is uscd to manu-
facture the product. the rinsings may be carcfully saved. labelled and stored for
use as a solvent the next time the same product is produced.

It is most important to be certain that the sample obtained for contamination
analysis is representative of the finished material. Therefore, samples must be
taken from the packaging point and not the mixing tank.

For the granular tormulations, particular emphasis should be placed on the
importance of proper cleaning of the interior of tumbler-type mixers due to
the athnity of the impregnated particles for the interior of the tumbler. Cleaning
with mechanical cquipment may be required. In other cases, steam cleaning or
hot-water washing may be recommended. Visual inspection should determine
the cffectiveness of cleaning procedures.

It is necessary 1o study cach blending unit to determine the amount of
matcrial that is retained in the cquipment after a batch has been cmptied prior
to cleaning. Cleaning procedures can be established as adequate ouly after 4
thorough investigation of exBting cquipment and practices.

Currently, icrcasing attention s being paid to the problem of cross-
contamination. The analysis for the presence of one pesticide in the parts per
million range in the formulation of another pesticide is very often a job that
requires the ingenuity of the analytical development chemist (sce chapter 4).
For example, a 50 per cent cemulsifiable concentrate contains 50) parts by weight
of the technical pesticide. This product itself may be only guaranteed 90 per cent
pure. The resultane emulsit able concentrate is composed of 45 per cent by weight
of the pesticide, an additional 5 per cent tor the emulsifier and the balance as
solvent. The 5 per cent of this formulation from the technical product itself
is probably of completely unknown composition and contains onc or more
components which may behave analytically in a similar manner as the contaminant
sought.

To compensate for this unknown quantity, a sample of the formulation
is prepared in the laboratory from the same ngredicnts contained in the finished
batch. Care is taken to ensure that this mixture contains the identical lot of
technical pesticides. In this way, the contaminant may be spotted with relative
case, or another analytical method must be developed.

The limits of contamination suggested by the NACA are very helptul
to the quality-contral analyst. It 1s more cconomic to state that a contantinant
IS presentt at a concentration of 5(6) ppmn rather than 100 ppm,
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In the present state of the art, sonie of these anmalytical problems are imsoluble
w the time allotted to them from a financial vicwpoint. With the recognmon
ot the problem, however, good manufacturing practices and an alert quahty-
control section can minimize the seriowsness and frequency of cross-contami-
nation.

The laboratory

Each quality-control system should have an adequate analytical laboratory,
In some companics, the head of the laboratory is the manager of quality control,
In others, the laboratory is only one aspect of a sophisticated system including a
product-sccurity section, sampling section, and records and files. that all report
to the quality-control manager.

The laboratory can range from a simphe organization composed of several
techuicians performing the physical tests of screen testing and cmulsihcation
(excluding chemical assays for active ingredients) to a staft of several professional
chemists: developing methods, assaying all finished formulations, checking all
materials against specifications and testing for crosscontamination.

Regardless of the size and scope of the laboratory, a retention sample in
addition to a sample for analysis should be taken of cach raw material (including
technical pesticide) used in the formulation and of cach lot or batch of fornula-
tton manufactured.

The size of the sample should be at least three tintes the quantity nevded
tor a complete quality-control check. The container should be of amber glass
with a cap having a polycthylene insert. The cap used for solid substances need
not be this type but should be capable of maintaining an airtight scal.

The samples taken for analysis should be stored in a locked room preferably
without windows; the temperature shonld be maintained comtantly between
abont 20° to 30° C. Samples should be stored for at keast 2 1o 3 years. All sampling
tor testing and reteution, except for the sampling of the complete package,
should be done by quality control. Complete package samphng includes the
label and container and may be performed by production during the filling
operation.

The purpose of a retention sample is to scive for ready reference i caw
of complaints since the cause of the complaint may be traced to one ingredient
of the formulation. A retention sample tile may be a government requirement,

Allanalytical work on samples received in the laboratory should be recorded.
State or federal government regulations may require that notebooks of analytical
work be maintained and signed by the person pertorming the work and that
these records be available for inspection.

Laboratory personnel should obey safety regulations and be aware of the
toxic nature of many of the materials with wlich they will be working. Safety
glasses should be worn, and hazardous work (work involving fammable solvent
or giving risc to noxious gases) should be performed 1 a fume hood (sec ¢ hapter 8).
there should be no cating, drinking of beverages or smoking w the laboratory.
Phese are all common sense rules, and good supervision should be exeroned to
we that these rules are not violated.
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At kast ong graduate chenast should be among the laboratory personnel,
who may be the head of the liboratory or the supervisor dircetly under the
Liboratory manager. Many of the tests. such as screening and specitic gravity,
can be pertormed by technicians after some traimng,  nce most of these tosts
are routine, but mterpretation of results mast be che respomibility ot u professional
chemist,

Some formulation plants may not be able to pertorm ali of the necessary
tests at the nlant. One of the reasons may be that the only method available
for the aay of the active ingredient requires an analytical instrument not available
at the plant. In this case, it will be necessary to send the samples to a commercial
laboratory speciahzing i quality control.

The recem techmque of gas-liquid chromatography (GLC) is used by many
tochnical pesticide manufacturers (see chapter 6). Among its advantages are
specificity, rapidity and case of assay. Due to highly sensitive detectors, less
handling of the sample is required bocause interferenges normally encountered
m other methods, such as intrasred o ultra-violet spectroscopy, are kept at a
munimum. The GLC method, therefore, kends itself to analysis of many samples
daily. Another advantage of the method is the relatively low cost of many
available nstrument models. The analytical apparatus of one very large custom
formulator convists of only a balance and a gas chromatograph.

Thin-layct chromatography is another procedure extremely simple to
operate. This techuique is used for identity testing and for cross-contamination.
Both gasliquid chromatography and thin-layer chromatography can be per-
formed by technicians aficr 2 relatively short period of training. With these
two procedurces and a modest capital outlay, a large part of the analytical work
of quality control of a pesticide formulation plant can be performed.




8. SAFETY PROBLEMS RELATED TO EXPOSURE OF
WORKERS IN PESTICIDE FORMULATION PLANTS

by Homer R. Wolfe*

Workers . pesticide formulation plants are often exposed to relatively
high levels of pesticide compounds. Since most chemical pesticides have at
lcast some degree of toxicity to man, it is important that all workers, as well as
management, be aware of any potential hazard that may accompany exposure
to such compounds. Experience has shown that if proper precautionary measures
arc observed, workers can safely handle even the more toxic compounds. Although

“pusticides cause illnesses and even deaths cach year, many of these cases are a
result of carclessness or accident. Proper education as well as close supervision
of workers may prevent some accidents and greatly reduce the niivber of
illnesses resulting from carclessness.

The main purpose of this chapter is to discuss some of the problems related
to exposure ofP workers in formulation plants, to indicate various ways that
unnecessary cxposure to pesticides may occur and to point out certain precautions
to prevent such exposure. Discussions of medical supervision, clinical aspects
of poisoning, antidotes, the effect of pesticides on the body and steps to take in
case of poisoning are given in chapter 10.

EDUCATION OF EMPLOYEES

It is cssential that all employces, regardless of their dutics, have at least
some knowledge of pesticides. Well-informed personnel arc more likely to take
proper precautionary measures when handling toxic materials and thus help to
maintain a good safety record for the formulation plant. The personnel should
be informed about the different classes of pesticides, i. ¢. chlorinated hydrocarbon,
organophosphate, carbamate etc., and their relative toxicity. Pesticide workers
should be awarc that pesticides may cnter the body by more than one route,
and that these routes of entry must be protected in order to avoid excessive ab-
sorption of pesticides. One or more persons should be trained in first aid and
be competent in the proper application of artificial respiration. The consulting
physician may advise that workers be given enough information about some
of the more characteristic signs of poisoning so that they will recognize them
and report to the supervisor.

* United States Environmental Protection Agency, Wenatchee Rescarch Branch,
Perrine Private Laboratory, Wenatchee, Washington.
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MEDICAL SUPERVISION

Regardless of the size of the plant operation, it is wise to arrange some type
of medical supervision. This is particularly importan if highly toxic chemicals
are being formulated. Regular employecs should be given a physical examination
at least once a year. A pre-employment physical examination should include 4
blood cholinesterase test for employees who may work with the more toxic
cholinesterase-inhibiting compounds. This test will provide some indication of
the normal cholingsterase activity level and may be uscful later in determining
whether an illness is due to pesticide poisoning. Personnel working with such
compounds, especially the highly toxic organophosphate pesticides, should have
their cholinesterase activity checked at regular intervals in order to detect any
appreciable deviation from normal which may indicate impending danger of
poisoning. If signiticant reduction in cholinesterase activity is noted, the employec
should be removed from the work situation, which might be a source of exposure
to pesticides, until the worker is advised by a physician that it is safc to resume
his regular duties.

SELECTION OF WORKERS

Risk of injury or illness should be minimized by using the best informed
and most carcful employees in work situations that are potentially the most
hazardous. Unfortunately, this principle is not always observed. The more
hazardous jobs are usually dirticr, require more physical cffort and hus are
less desirable than other positions in a formulation plant. As a consequence, )
new, incxpericnced personnel are often given the more hazardous jobs, while
those with more seniority and knowledge of pesticide safety move to the more
desirable positions.

Carcless workers are not particularly difficult to detect. Some fairly closc *
obscrvations of their work activities quickly reveal this tendency. For example,

: carcless operation of equipment such as the bagging machine may soon cause an
excess of dry pesticide formulation in the air and around the formulating machin-
cry cven though relatively efficient ventilation cquipment is in operation. Such
excess dust in the air may settle to form a layer of contamination on clothing,
cquipment, warchouse structural components and flooring. '

Employeces should not be allowed to work alone when handling hazardous
pesticidcs. In some plants a “buddy system” is practised whereby cach worker is

assigned a partner who is requited to know at all times where the other worker
is located i+ the work area,

PLANT VENTILATION AND SAFE USE OF EQUIPMENT ;

In the formulation plane, it is important that the ventilating system be
maintained unider negative atmospheric pressure so that any leakage will result
in inflow of air, thus reducing the contamimation of the work environment,
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Where there is lack of adequate supervision, workers often neglect to report
malfunctioning ventilation cquipment;; they may fail to use exhaust fans, and
they sometimes opent doors that allow gusty winds from outside the building t
blow contamination throughout the plant.

Considerable care must be exercised when operating cquipment for moving
large drums of liquid cmulsifiable concentrate pesticides. When a single worker
tries to handle the drums, he runs a greater risk of dropping the drinn or spilling
the concentrate. ‘Therefore, to avoid accidents, two persons should be assigned
the job of moving heavy drums of posticides.

In mixing liquid formulations, the usc of a closed system reduces the workers'
chance of exposure. During filling of containers, however, there is some chance
of exposure if protective gear is not worn.

Filler spouts and nozzle mechanisms for dry pesticide packaging must be
hept in good working condition to prevent excess exposure of the worker. If the
auger or other feeder mechanism in the filler spout assembly malfunctions, there
is a large risk of a hcavy exhaust of dry pesticide at a time when the bag may
not be in place. In one recorded case, the filler mechanism of 2 50-1b size bagging
machine nozzle was accidentally pushed, so that 1 per cent TEPP dust was
blown out with considerable force. The workers near the bagging station were
cngulfed with the highly toxic material, and about 50 Ib of the matcrial accumu-
lated on the floor around the bagging station. Fortunately, the workers were
wearing goggles, tight-fining respirators and other protective clothing. The
machine had malfunctioned several times prior to the incident but 110 effort had
been made to correct the situation until the more serious incident occurred.

Containers can be punctured because of carcless operation of fork-lift trucks
tsed in formulation plants to move pallets loaded with bags or cartons of pesticide.
Lhe relatively sharp ends of the fork can casily tear a bag or rupture a Jrum. This
may result in leakage during storage and transportation. Contents of dented
drums or punctured bags should be placed in new undamaged containcrs before
shipment from the formulation plant.

GOOD HOUSEXEEPING

Good housckeeping is essential if environmental cxposurcs arc to be ke
at 2 minimum. All spillages should be cleancd up at once. Liquid spillages nhoun
be picked up with absorbent material. In the plant, some form of dry inert
matcrial should be kept on hand for this purposc. Fine sawdust, attaclay or other
ture inert absorbent material are effective.

Large quantitics of dry pesticides can be picked up with a broom and dustpan.
Sweepings should be placed in a special container ﬁbcllcd as “waste pesticidal
material”. A product-labelled container should never be used as a waste pesticide
container. Lighter accumulations of dry pesticides on floors or other surfaces
can be picked up with an industrial vacuum cleancr. An extremely smooth
concrete floor is much easicr to clean than one that has not been carcfully finished
or one that 1s made of wood. Thus, during construction of a formulation plant it is
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advisable 0 expend the extra effort needed to produce a very smooth foor
fuish. Smooth Hoor surfaces can be kept clean by using chemically ereated dust
mops with a sweeping compound.

PROTECTIVE CLOTHING AND DEVICES

Protective clothing and devices should be worn and used during all work
with pesticides in order to protect the routes of entry into the body. The four
routes of entry are dermal, respiratory, oral and direct entry into the blood
strcam through cuts or abrasions.

The dermal route is probably the one that is often overlooked by workers.
Most persons are aware of the danger ot inhaling or swallowing insccticides but
the possibility of absorbing appreciable amounts of poison through intact skin
is not as familiar. Yet this route has probably been responsible tor a great many
poisonings, especially from the organophosphate compounds. I>rmal exposure
is particulary important where liquid concentrate compounds are involved. The
main body arca can best be protected dernully by the use of water-repellent
clothing; however, in most formulation plants the usual attire is cotton coveralls
and a waterproof apron. The waterproof apront s especially needed by the
worker at the bagging or mixing stations, as there is often considerable contamina-
tion on the tront of his cloching. Even when the waterproot apron is used, it is
very important that the worker change to freshly laundered clothing cach day.
A common fault in many plants is inadequate protective gear for the head. Heid
coverings or caps are often made of material that is casily penetrated by toxic
pesticide. Certain heavy exposure situations may require goggles or a face shield
to protect the cyes and face. Rubberized boots are essential in tormulation plants.
The legs of coveralls should be worn outside the boot tops to prevent dry pesticide
trom sifting into the footwear.

Hands should be protected by use of unlined gauntlet-type natural rubber
gloves. The gauntlets protect the wrist arca not normally covered by the slecves
and, since they have no cloth lining, they are also casicr to clean on the inside.
Heavyweight gloves, although durable, do not allow adequate freedom of move-
ment or tinger lexibility; furthermore, they are difficult to tum inside-out for
proper cleaning. On the other hand, some lightweight gloves, although flexible
cnough to allow freedom of finger movenient, wear out rapidly and arc easily
torn. Thercfore, it is advisable to secure gloves of a durable quality but light
enough to be casily turned inside-out for daily cleaning,

The respiratory route of exposure should be protected by a respirator
capable of tiltering ont the compound in question. The filter cartridges should be
changed atter 8 hours of appreciable exposure and more often if pesticide odour
is detected through the mask. If the filter pads are scparate, removable items, they
should be changed twice a day or more often if filter clogging causes difficulty in
breathing. Gas masks with canister-type filters should be used when high concen-
trations of highly toxic vapours are present or when the worker is subjected to
prolonged exposure in contined spaces. Use of a self-contained air supply respira-
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tor is advisable when working inside blender tanks or dust hoppers during cleaning
or repair operations.

To be eftective, the respirator should fit tightly enough against the face to
prevent leakage. After a period of use, the cartridges and filters should be removed
and the facepicee washed with soap and water. After drying, the cartridges and
filters should be replaced and the proper position of the scals or gaskets should be
checked. The respirator should be stored in a container in a dry place. A respirator
should never be hung by the straps over a nail on a wall for storage. If it is hung
by the headbands they may stretch and lose elasticity, so that it is difficult to get an
airtight scal with the face the next time the respirator is worn. !

PERSONAL HYGIENE

Even though the employer may provide a relatively safe working environ-
ment, the formulation plant worker should make an effort to protect himself
from cxcess absorption of pesticides through good personal hygicne practices.
Upon arrival at work, the worker should remove his strect clothing and put on
clean work clothing. No strect clothing should be worn under work clothing.
At the end of his work shift he should remove the clothing and place them in a bin
to be laundered. He should then bathe in a shower using plenty of soap to
thoroughly cleanse any pesticide from the skin before dressing in his strect
clothing to go home. If a worker should become excessively contaminared at any
time with cither a dry or liquid concentrate pesticide, he should immediately
stop work, bathe and change into clean work clothing before resuming his
duties. This is especially important if he has been working with the more toxic
organophosphatc compounds. In such a case the worker should be obscrved for
poisoning symptoms. In most plants, the cmployer furnishes freshly laundered
protective clothing daily.

The worker should be responsible for daily cleaning of waterproof protective
clothing such as aprons, boots and gloves. It is especially important that rubber
gloves be thoroughly cleaned on the inside as well as the outside. He should
inspect his gloves regularly for small holes or tears and destroy those that are
found to be defective.

Workers should never smoke, chew tobacco or gum, drink or cat while
working with pesticides. These activities should take place away from the pesticide
formulation arca preferably in a scparate room provided for that purposc. The
hands and face should be washed before cating, drinking or smoking,

MEASUREMENT OF EXPOSURE

I there is any question about the degree of exposure in different work
situations in the formulation plant, both indirect and direct methods of measure-

I Protective clothing when worn in hot climates may prove extremely uncomfortable
to the workers, and special incentive pay may be necessary to maintain strict adherence o
personnel protection regulations.
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ment arcavailable. An example ofan indirect method of measurementthat correlates
quite well with the clinical effeer is the determination of cholinesterase activity in
the blood of workers exposed to organophosphate compounds. Determination
of urinary metabolites excreted tollowing exposure is another example of indirect
measurcment of exposure. ©he level of excretion of p-nitrophenol in the urine of
persons exposed to parathion and the level of dichlorodi phenylacetic acid in the
urine following exposure to DDT have been useful tools to determine the level
of exposure in a particular work situation.

Because many pesticides are not cholinesterase-depleting compounds and
because urinary metabolites for many compounds are not known, dircct methods
may be necded for measuring potential expostire. Potential dermal contamination
can be measurcd by swabbing skin arcas or by attaching spccial absorbent pads to
different parts of the body or clothing of workers. Contamination of the hands
can be measured by rinsing them with a suitable solvent into a polycthylenc bag.
The amount of pesticide found on the dermal pads, swabs or bag rinscs will
indicate the amount of pesticides that may have accumulated on exposed skin
arcas during a specific period of work activity. Respiratory exposure can be
estimated from the contamination of filter pads held in special single- or double-
unit respirators, from air concentration values determined by usc of impinger-type
air samplers or both, Chemical analysis of respirator pads or of air samples taken
near the breathing zone of workers yields values that can be used to calculate the

potential respiratory cxposure,

Disposar or WASTE PESTICIDES AND EMPTY CONTAINERS

A problem that can be a scricus hazard to the public is the improper disposal
of waste pesticides that have accumulated in formulation plants from spillages,
sweepings cte. Pesticides should never be washed into g drain or flushed
into a sewage system. The best method of disposal is burial under at least 18 inches
(45 cm) of soil in a location carcfully sclected to ensure that no suiface or subsur-
face water will become contaminated, Adding lime or lyc (sodium hydroxidc)
is sometimes recommended to hasten the degradation of certain compounds.
However, this method is not completcly reliable to make the buricd material
completely non-toxic. Neutralizing the poisonous cffects of most pesticides is not
casy, especially where large quantities of the toxic matcrial arc involved. Burning
large quantities of pesticide wastes is not advisable because of possible air pollution.
Even use of especially built incincrators where very high temperatures produce
relatively complete combustion does not assurc that no toxic smoke or vapour
will be emitted.

The disposal of cmpty pesticide containers should not create 1 hazard for
lunans or animals. Combustible containers, such as paper bags and cartons, can
be destroyed by buming; however, in some arcas there js an objection to this
practice because of the creation of air pollution. I such containers are burned,
extrane caution should be used, and smoke should be avoided. I the United
Sates. formulation plants usually have incincrators for burning combustible

-
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containers. Such incinerators should be enclosed by a high fence with a padlocked
gate to keep out unauthorized persons. If combustible containers arc not burned
they should be buried.

Disposal of metal drums presents a greater problem. The drums should be
rcturned to the manufacturing plant, but if this is not possible they should be
thoroughly draincd and rinscd with a decontamination solution. The National
Agricultural Chemical Association of the United States has published the following
procedure for rinsing different size drums which had contained organophosphate
pusticides:

For the S-gal size, use 2 quarts of water, 2 tablespoons of detergent and
3 cup of lyc. For the 15-gal sizc, use 1.5 gal of water, § cup of detergent and
2 Ib of lye. For the 30-gal drum, use 3 gal of water, § cup of detergent and
1 1b of lye. For the 55-gal drum, use 5 gal of water, 1 cup of detergent and
2 1b of lye.

Carcfully add the rinse solution to the drum and then rotate the container
to completcly wet all inner surfaces. Let the container stand at least 15 minutes
with occasional agitation. Remove all bungs or stoppers and drain the rinse
into an arca where therc is no chance of runoff into water supplies. Next,
thoroughly flush both the inside and outside of the container with clean
water.

Although the procedure may not completcly detoxify or remove absolutcly all
pesticide from drums, it should render them much safer than if no rinse were
used.

After the decontamination rinse, the bottoms of the drums should be punc-
tured and the drums should be buried in a safe location as described above for
combustible containcrs. Drums should not be allowed to accumulate in an arca
accessible to unauthorized persons who may be tempted to use them for trash-
burning containcrs, livestock water troughs, storage cans or other purposes.

Dccontamination of containers which have held other types of pesticides,
including chlorinated hydrocarbon and carbamate compounds, requircs more
rigorous treatment than that described above. The manufacturing plant should be
consulted for specific procedurc to decontaminate drums that contained such

compounds.

SUMMARY

Workers in pesticide formulation and production plants are often exposed to
relatively high levels of pesticide compounds; therefore, it is important that all
workers, as well as management, be aware of any potential hazard that may
accompany cxposure to such compounds. Personnel should know the precau-
tionary mcasures that must be taken when working with different compounds,
the routes of entry of pesticides into the body and how to protect these routes.
Regardless of the size of the plant operation, some type of medical supervision
of cmployecs is desirable. Risk of injury or illness can be minimized by using the
best informed and careful employces in work situations that are potentially
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the most hazardous. Care should be used in operation of equipment in order to
avoid unnccessary contamination of the working cnvironment. Protective
clothing and devices should be used and be properly maintained. Good personal
hygiene practices should be encouraged in order to reduce absorption of pesti-
cides. Both direct and indircct methods of measurcment of exposure in different
work situations are available for certain compounds. Care should be cmployed
in disposing of waste pesticides and empty containers.
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9. SAFETY PROBLEMS RELATED TO TRANSPORTATION
AND STORAGE OF TOXIC PESTICIDES

by Homer R. Wolfe*

Anyonc involved in the industrial production of pesticides should have
some knowledge about the potential hazards during transportation and storage
of toxic chemicals. There has been increasing concern about health problems
arising from spillagc of toxic pesticides on loading docks, in storage warchouses.
ships, lorries, railway cars and other conveyances. Therefore, it is important
that cvery cffort be made to ensure safe transportation and storage. of the com-
pounds until their delivery to the consumer.

A number of incidents which have occurred during recent years point out the
scriousness of this problem (scc chapter 1). In the Middle East during 1967, two
scparate incidents of cndrin leakage onto sacks of flour in the holds of ships
resulted in a total of 26 deaths and more than 800 illnesses in persons who ate
bread made from contaminated flour.! In Mexico in 1967, sugar and flour
contaminated with parathion caused 16 deaths and many illnesses;2 in Colombia
during the same year, 63 persons dicd and 165 became ill from cating food made
with flour contaminated with parathion during transportation by lorry.3 In
Canada two children were scriously poisoncd by sleeping in flannclette sheets
that had become contaminated with parathion in the hold of a transatlantic
ship.4

In the United States there have been a number of spillage incidents. One of
the more serious spillages resulted in contamination of a bundle of cotton trousers
with the highly toxic organophosphate compound mevinphos. The trousers had
been shipped in the same lorry as the pesticides.: Six children became poisoned

* United States Environmental Protection Agency, Wenatchee Rescarch Board,
Perrine Private Laboratory, Wenatchee, Washington.

! Weeks, D. E. (1967) Bulletin of the World Health Organization, Vol. 37, p. 499.

? Mérquez Mayaudon, E., A. Fujigaki Lechuga, C. A. Moguel and B. Aranda Reyes
(1968) Salnd Pyiblica de Mexico, Vol. 10, Nr. 3, p. 293.

3 Gomez Ulloa, M,, P. F. Velasco, H. Laverde de Fandino and M. E. Guetrero (1968)
“Epidemiological investigation of the food poisoning which occurred in the muvicipality
of Chiquinquira, Colombia, a preliminary rcport”, Ministry of Public Health, Bogot,
Colombia, translated and printed by the Bureau of Occupational Health, State of California,
Department of Public Health.

4 Anderson, L. S, D. L. Warner, J. E. Parker, N. Bluman and B. D. Page (1965)
Cunadian Medical Association Journal, Vol. 92, p. 809.

$ Warren, M. C., J. P. Conrad, J. J. Bocian and M. Hayes (1963) Jonrnal of the American
Medical Association, Vol. 184, p. 266,
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through wearing the trousers before investigators located the entire consignment
and withdrew it from the market. In Texas during 1968, six members of a family
became scriously poisoned when they ate tortillas made from flour contaminated
with the organophosphate compound carbophenothion.® The flour had been
purchased in an unlabelled 100-1b paper bag from a railway salvage storce. Flour
samples from the family bin contained 3,220 ppm of the pesticide. In another
incident oxygen respirators became contaminated with the chlorinated hydro-
catbon pesticide endosulfan.” The pesticide and the respirators were being
transported on the same truck. Containers of the pesticide broke, and the pesticide
dust cntered the uncovered ends of respirator tubes. The firms involved volun-
tarily corrected the problem. Auother incident involved contamination of
biscuits by the organophosphate compound azinphosmethyl.¥ Contamination
occurred when bags of the pesticide were loaded on a lorry beside the biscuits.
Pesticide dust migrated to the food packages. A shipment of 150 cases of biscuits
had to be destroyed.

The provision of information on the toxicity and hazard of pesticides, as well
as safety rules for their storage and transportation, is important in minimizing
accidents. Furthermore, guidelines are given to those involved in clean-up
operations after an accident has occurred.

The United States Departmnent of Transportation has domestic shipping
regulations in cffect which arc designed to prevent contamination through
lcakage.? These regulations require that any such poisonous materials (Class B
poisonous liquids or solids) must not be transported in the same vehicle as any
toodstuffs, feeds or other material intended for consumption by humans or
animals unless the items are packaged in air-tight, non-permeable containers.
Any vchicle used to transport such poisons must be inspected for contamination
before reuse; in instances where leakage or spillage has occurred, the shipper of
the matcrial must be immediately notified for instructions concerning the best
mcthod to be cmployed for removal of the contamination. Any vchicle found
to be contaminated must not be returned to service until the contamination has
been removed. The last statement cxcludes vehicles used solely for transporting
such poisonous materials.

Even though these regulations are in force, spillage accidents continue to
occur. The importance of reporting such incidents cannot be stressed too often.

HANDLING OF PESTICIDE SPILLAGE

When an accident occurs, the primary requirement is an cvaluation of the
toxic hazard of the pesticides involved. Some pesticide chemicals have a relatively

¢ Hatcher, R., M. S. Dickerson and J. E. Peavy (1968) Uiited States Public Health
Service, National Communicable Discase Center, Morbidity and mortality Weekly Report,
5 October, p. 376.

7 United States Food and Drug Administration Papers (1968) Vol. 2, No. 4, p. 31

4 Stringer, J. G. (1968) United States Food and Drug Administration Papers, Vol. 2, No. 4,p 4,

¥ ""Hazardous materials regulations of the Department of Transportation™ (1967) Federal
Regiter, Vol 32, No. 251, p. 20982,

-~
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low degree of toxicity and it would be difficult to cavision ANY CHCUIS ances i
which workers or bystanders could absorb sufficiently large quantities to produice
posoning. However, other pesticides, particularly certam organophosphate
compounds, are extremely toxic and even very small quantities which could
vasily be absorbed by transportation workers, police, clean-up crews o ¢oen
bystanders have produced poisoning. Knowledgeable cvaluation of the toxs
poteutial of the pesticide involved in a spillage accident 1s Important to prevont
possible poisoning from the more toxic materials and to minneze e cuary
precautions and concern if the chemicals involved are of low tosic iy

For this rcasou, spillage clean-up and safe disposal of toic mateniaks requry
personnel who have special knowledge of pesticides and ciemical safety and who
have proper cquipment and sources of technical information available when an
emergency arises. When a contamination incident occurs, it 1y powible that
personnel from the pesticide manufactaring plant who have speciahized anowled
of the toxicity and safety aspects of the specitic chemicals involved may be called
tor assistance. In the United States, some major pesticide companses can provide
a clean-up and decontamination team in certain arcas; this service has proved to be
very helpful.

Spillage incidents should be reported to proper authoritics, cspecially local
health officials. There may be situations where ofticials will find 1t Recessary to
take action to prevent movement of a contaminated vehick or cargo until w1
properly investigated or decontaminated. If cargo other than pesticides has been
removed from a vehicle in which spillage of pesticides has occurred. the tems
should be located and checked for contamination. Careful consideration should
be given to whether items intended for human or animal consumption should b
destroyed, especially if they arc in containers that can be permcated by the
pesticide. It is necessary to trace the location of cargo that has been reshipped
following a spillage incident in order to prevent any hazard to the receiver.

When pesticide spillage occurs, the hazard of the incident should be assessed
and precautions immediately taken to prevent additional contamination. The
contaminated clothing of an individual that has been exposed to toxic matcrial
should be removed as soon as possible and contaminated skin arcas thoroughly
cleancd with generous amounts of soap and waicr to reduce dermal absoeption.
Exposed porsons should be placcd under medical observation to ensure that any
poisoning symptoms will be noted as carly as possible so that prompt and pr
treatment can be administered. This is cspecially important where contact has
been with one of the more highly toxic organophosphate pesticides.

Waste pesticides, damaged containers and contaminated 1ems shoubd be
buried in a location carefully sclected to avoid contaminating surface or sibsurface
water (sce ciapter 8). If personnel from the pesticide plant are sent 1o the spillaye
ste as a clean-up crew, they should be instructed to wear Proper protuctive
clothing and cquipment. Use of cartridge-type respirators and water-tepelient
ciothing, including rubber gloves and boots, are the minimum requirements for
the clean-up crew of toxic pusticides. Pesticide contamination through spillage
can present a serious clean-up problem. It may be difficult and perhaps alnost
impossibic to decontaminate certain surfaces to the extent that all of the toxic




E ] INDEUSTRIAL PRODUCHON AND TORMUTATHON OF PINER HME S

pestiedens ramoved- Tor exvaanple st hguid coneentrate parathion has been allowed

(o remaim on wood Hoorne - tor any appreaable lngti of tme, o practically
impossble to accomplivh o dcgquate decontammation. The solvent nsed in the
formulation apparcntly liclps carey the tone m aenal o te wood and between

the loonng strips to the catent tat i st cases. the onlyv reasonable safery '
measure would be the removal and replacoment of the contammated wood,

It has been the author's improwion trom comverations with warchousemen
and drivers and trom personal expenence with spillage merdents that there is
tondency to try to "(’E.m-up" any spillage wathout contacting the shipper or
pesticide company o obtammyg other (vpert advice. The resalt s incfficient
decontamination; lorrics or tratlers are dispatelvd on the next asighment, and g
the spillage arca mught lose ats identity 4y a potential hazard. Therefore, it is
important that personncl involved in transportation and storage of these materials
know the proper precautions n handling and shipping toxic chemicals, ;

When pesticide has been spilled on Hoormy. the tirse mchnaton may be to
"hose down” the Roor with water to wash aw ay av much of the pesticide as
possible. This is not . good praciice hecause Hushing with water 0&:: spreads
contamination over 4 wider arca and causes the sepage of toxic matenial theough
the Hoor. In attempting to remove pestie e from a surface the first step should be to
carctully remove as much of the pesticule as possible without cnlarging the
contaminated arca. For dusts or wenable powders, the first stcp might be as
smple as swoepmg up the bulk of the material and disposng of it. The broom ’
and other items used i this clean-up operation should be destroyed to prevem
futurc usc.

Large quantitics of dust or wettable powders shoubd never be prched up
with a conventional-type vacuum cleancr wath oxposai collecuon bag. The tine a
inert matenal may penctrate the collection bag and cngulf the operator in a
cloud of toxic dust. Commeraal vacuum deancns designed for use in pesticide
manufactuning plants are butter suted for picking up dry pesticide. They are
usually designed so that there is 2 minmum of keakage into the air during opera-
tiun. After the firse colloction of loose mutenial, thee vacoum cleaners do a
reasonably good job of recovenng dry partiwulate material from scams and
cracks in the surface, but it should not be assumy o that ade quate decontanuuation :
has been accomplished without considerable additional chaning.

The first pick-up of liquid spills shoubd be mad: by use of an absurbemt )
material such as astaclay, fine sawdust, sodda ash or even dry soil. *mal decontami-
nation shoukl be with a chemical that is capable of degrading the pesticide. It is in
this arca of chemical decontamination that added rescarch is necded because some
of the materials that have been uscd for this purposc are not particularly cfficient
in degrading all pesticides. Some of the more readily available matcrials that have
boen used are sodium bicarbonate, housciiold chlorine bleach (sodium hypo-
chlorite), lye (sodivm b droxide) and hydrated lime as well as water and detergent.
Furthermore, ethyl akeonol. isopropyl alcohol and trisodium phosphate have been
used ro clean surfaces.

Dicontamination of metal lorry beds 1s possible if the flooring is continuous
without scams or many bolt heids Most metal lod ry floors, however, have scans
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and are badly gouged and seratched, therefore decontamintaion Iy Very
ditticule. '

A highway accident involving pesticides can prosentascrions hazasd not anly
to those persons dircatly involved in the accident but abo o those asshiy
the mjured and to workers who clean up the wrcchage and highway surface.,
In such a situation 1t 1s well 1o remember that wny persons injured i a wreck
should be checked o determine if theie skin has become contaminated with
pesticide. The removal of highly toxic organophosphate pesticide from the skin
may be just as important and urgent as other first-aid measures for an mjury.
Almost any available liquid may be uscful in cleamsing contaninased skin i
such an emergency. Travellon in waiting automobiles at the wreckage site may
have hiquids such as water, cottee, soft drinks or 3 bottle of baby's ilk. People
iwavlling in campers or trailers may be able to provide the more suitable pan.
woap. water and towel or washcloth needed for 4 torough cleamng job. It
mjured persons have bean taken 10 4 hospital without ban z checked tor Jhm
contamiiation, the hospral should immediately be advired of the possible
hazard.

Employces of a pestiaide manufacturing plant, who may be called to the
weme of such an accident av experts on toxic chemicals, may ot only be face !
with providing hfc-saving advice as mentioned above but may encounter other
problems associated with such an incident. In order to assess the hazard of the
Mtuation it is important to firs determine the pesticides involved. I the shipping
papers ate not available or if they show that several different pesticides are 1 the
shipment, it may be necessary to enter the wrocked vehicke to identty the com-
pounds that are kaking onto the highway surface. At this ume the torcsght of
having protective cquipment available for such an cmergency will be appreciated.
The weaning of waterproof protective clothing and a cartridge-type respirator
arc the muumum requircments to enter wreckage contammated with toxk
materials. Where highly volatilke toxic naterials are involved. the use of a selt-
contained air-supply respirator system is advised. A battery-operated hghe tor
checking pesticide container labuls in the dark and a shovel foe covering spillage
with soil are usctul items.

The police should not allow unanthonzeu persons near the contaninated
arca. Footprints or tyre tracks actow an arca contaminated with a highly toxic
compound should be cause for concern. b such 4 case. a cheek should be mads 10
determine if anyone at the site is wearing contaminated shovs. Vehicks wath
contaminated tyres may be difficult to trace. One method that has been cmployed
m the United States 15 by radio announcement. Toxic material on & vehacke tyre
may presnt o hazard 10 mechanies, service-station attendants or smalt ¢hildeen
who may play around parked vehicles.

if the pesticade spilicd on the highway surface 18 4 dust or wettable powder
tormalation, such dry materal might be drawn into the ventilation system of 4
passing veh'cle and create a potential hazard to vehicke occupants, especially
mfants. During windy weather, dry pesticide matenial can be blown some distanee
and may cause coutanumation of nearby arcas. Covering dry postiode with a tarp
or moist soil may prevent some movement by the wind; however, strong wincds
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make this procedure ineffective. 1f a local fire department has equipmient at the
Site, it may be advisable to *wet=down” the material so that it will not be carried
by the wind or to flush it from the highway surtace. However, this should be
doue only aiter carcful consideration of the possibility of contaminating ncarby
streams or bodies of water. It the potential for contamimation of such water
appears to be greater through movement by wind than by Hushing with watcr,
the flushing may be justified. Washing of the roadbed or highway surface,
however. spreads contamination and makes fingl clean-up more difficult. A tire
department should not be allowed to flush pesticide down a street storm drain or
sewage inlet,

The policc may be anxious to lcarn whether it s sate to allow vehicles to
pass a contaminated wreckage siee. If there is any doubt about the situation. it
would be wise to prevent trathic moventent, If there is ample room for vehicles to
Pass a coutamtinated ares aid the compounds involved are relatively non-toxic,
there may be some justitication for Allowing movement of tratic. In this decision.
however, a thorougls Anowledge of posticide tOXICItY Is important,

Safe removal of the contaminated wre Rage and clean-up at the site requires
carctul management of the acuviues, It 4 pesticide company sends lorrics and
rews to collect indamaged cargo or to dispose of waste pesticides and damaged
containers, the workers should wear protective gear and take proper safety
precautions. Undamaged cargo should be ispected to deternune if 1t s contanye
nated. Care must be taken to avoid contanumating additional lorries, or towing
cquipnient that arc sent to the scene., As much cleaiimyg of the wreckage as possible
should be carried our before it is movad: otherwise there may be further spillage
of drainage as the wreck is lifted or towed. A thorough cleaming with absorbent
material should be accomplished before any washing with water. Contaminated
wreckage should Lot be moved to any location where it might be o hazard.
Thorough addinonial ceaning should be carnied out m a sate location under the
sipervision of a responsible person. This is especially important of the damagqd
vehack: wall be repaired by mechanscs.

In cleaning pesticudes from lughway or road surfaces, it is advisable 1o follow
wrewhat the same procedure as noted above fur other surfaces. The procedure
shoukd (nd with a thorough cleaing with warer, although run-off into water
spplics niust be avoided. Contaminated sil, crushed rock or gravel arcas shoubd
be dug up, and the waste material buried i 4 sate location.

The site should be visted the following day. By this time the road surfac
may be desed out, and it s much casier 1o identify any remaining contaminated
arcas. After tinal clean-up, samples should be taken at vanous locations for analyss
# a check for cffectiveness of clean-up procedures if a pesticide analytical servae
1s avaslable,
~ One ol the problens related o pesticide sorage and transportaton is hazagd
rom tire. Fire has boon caused by spontancous combustion of pesticides, and
salvents in liquid formulations have contributed highly mfammable tuel to fares.
biremien, pohice and onlookers at 4 tire may be subjected to toxic pesticide fumes,
During pesucide warchouse tires, there is undoubtedly much incomplete com-
bustion, ¢ pecially of wettable powder formulations. 1 hus, the toxic pesticidy:
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compound as well as the break-down products may be present insmokc. Up to
7.9 mg of paraghion/n} of air has been found in the smore of burning wettable
powder parathion from “cmpty” paper bags coataining residucs of the pesticide, 19
Although pcrsons near a pesticide tire would not ordinarily be subjected to the
tumes !gor any long period of time, the high concentration from burning Lags
containing only mmlr;mmmts of parathion indicatcs that it may be hazardous to
breathe the fumcs for even a relatively short time.

Fires in pesticide warchouses and formulation plants have rosulted in large
quantitics of posticide waste which must be hauled and buricd at 2 safe location.
Where stacks of dry pesticide arc involved, much of the materials may be only
partly bumcd and, in the centre of tightly packed siacks, some of it may not be
cven charred. Clean-up crews should be waricd of the potential hazard and
instructed to wear protective gear when handling such matcrial.

SUMMARY

huml’mpacleu? and disposal of spilled or waste toxic matcrials require
the carcful attention of personncl who have. 2 thorough knowledge :q::&
compounds. Personnel from a pesricide manufacturing plant may be callkd for
cxpert advice and assistance in chean-up procedures. When pesticicc spillages or
fires do occur, the safety of personnel is of greatest importance. Despite efform 1o
prevent such hazardous situations, the number of incidents occurmig cach yeut
mdicates that continued vigilance in the ficld of tramsportation and storage s
neeessary in onder to prevent pesticide pobonings.

' Walke, H. R, W. F. Durkam, K. C. Walker and ). F. Arnstrag (1961) bobine
1 Lorivammentel Health, Vol. 3, p. SM,







10, SAFETY IN THE HANDLING OF ORGANOPHOSPHATE
PESTICIDES

by William V'. Audresen®

Organophosphate posticides have been manufactured and marketed in the
United States since 1946, whea parathion was introduced. Considerable experience
has developed in the handling of these very toxic and potentially hazardous
materials with the increasing use of them. Toxicity is the capacity of the material
to cause injury or death. Hazard is the probability that injury or death will resule
trom a particular use of the material.

Although the potential hazards to cmployces engaged in the manufacture
of technical grades of posiicides are less than those to persons engaged in the
formulation or use of pesticides, the industrial hygiene aspects are the same.
Expenence proves that the organophosphates can be safely handled if the following

baste rules are strictly followed :

Know the materials being handled.

Follow the indusrial hygicne precantions recommended by the manufac-
turers. These include the use of protective equipment and clothing, ventilation
for the control of dusts, mists or vapours and proper storage and handling
practices. Do not store, carry or comume food, drink or tobacco in the
work arvca.

Follow the personal hygiene practices recommended by the manufacturer.
I the case of ¢ wphates, these include washing thoroughly with
wap and water &::: cating, smoking or going to the toilet and a complete
shower and change of clothing at the end of the work day.

Kiow the sigis and symptoms of t% soning and acquaint
the plant Elym and local physician, ﬂr:l: immadiate zﬂy
and fin with them. I the signs and -ymptoms occur, call 2 physician
immediately. The physician d\tmﬁ‘ of cours. be provided with the recom-
mended method of treatment of organophasphate poisoning.

Undergo peradic blood tests for cholinesteraw acovity. The absorption of
onganophosphate i sibtosie qumtiaes can thin be derecied and sernn
Hhew or death avened.

ALt thewe poants are discussed i doetand bolow,

b oDt bntistrod Hvgene Departincnt. Amernan O s samisd. Wavee, New Jerwy

sy
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INDUSTRIAL HYGIENS

te pesticides rangc in toxicity from a slightly toxic product

like malathion to highly toxic products like the parathions which are designated

a8 Class | poisons by USDA and Class B poisons by the USDT. R:ghnfélmaﬂzht

mumm,mmmwummuhmmmd y. and good
vatrial hygiene practices should be followed.

Knowledge of product hazards

The first basic rule for the safe handling of pestivides is to know the product
hw.mmw;ymdaéishe:::dt&hbd. Every pesticide
comtainer is labelled, and cvery label contains pertinent safety information.
Additional descriptive information can be obtained from the manufacturer.
Many companics have published manuab containing recommended manufac-
methods, toxicity data, industrial hygicne precautions, ventilation recom-
snd medical information. Onc company has placed on all of its
zhpéwaﬂﬁfipw&hwmﬁmdthcmmidmmdlh
For exsmple: on 55-gal drums the sign is on the scal over the deum bung;
o all 1- and S-gal paiks of technical materiah o formulations it is on the flexspout
qnd.msmdcﬁg&ewniaﬁmlkﬁmﬂamdnmm&du
Unissd States. Use of this o a similar syscm by all manufacturers and formulators

of pesticides may prove very helpfl.

Fmt.sm@hm
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Inert ingredients (per cent);

Directions for usc;

Wamings;

Name and address of manufacturer or registrant;

USDA registration number (on formulations). In the casc of Class B poison,
the USDT requires that a Class B poison designation be a part of the label;
Net content.

A typical organophosphate label is shown in figures 2 to 4. It consists of three
pancls. The centre portion of the label (figure 2) indicates that the product in the
container is technical thimet and shows the ingredients, the USDA poison
catcgory, intended use, net contents and advice that the pesticide be kept out of
the reach of children. (Unfortunately over the years that pesticides have been
uscd, a large percentage of the deaths duc to organophosphates occurred in
children playing with or drinking pesticides from original containers, from soda
bottles into which excess pesticide had been stored or by contact with incorrectly
discarded containers.)

This product label contains the words DANGER and POISON and the
skull and cross-bones symbol on the centre portion of the label becausc it is a
Class 1 poison as designated by the USDA Federal Insecticide Act. Table 1 shows
the USDA poison categories.

Tasis 1. Urirsp States DeraxtMENT OF AGRICULTURE CATEGORIES OF TOXICITY

Rowse of adbwission
LDyw* LCw'
(LTI (o S
I “Polsomows if..." ..... Danger Ow% 0to 20 U to 2,000
Poison
(skull and cross-bones)
H “‘Harmful or fual if. . ." Waming >5%0030 200w - 2000w
2,000 20,000
0l “Haemfad if. .. ....., Caution ~alto > 2000w
5,000 20,000
WV Nonee -+ §,000 = 30,000
_ ]
® Lo - the done level which will kill 80 per cont of the to animals. Mindmuen of 14-days obesrvation.
4 fasted for arel sudien.

* LU gy the sir concontration which will kill 80 per cont of et andmuab exposed G o period of | howr.
%ma' ohyervation. V' o ] d in

T oy Tt 2 s by e o T e o e s ponrs e
o e appeaprisie precautionary statorients,

There are four categories of toxicity for the clasificstion of all pesticides,
The classification is entirely dependent upon LDgg valves. The signal words
DANGER and POISON, the skull and cross-bones, and the word W ARNING
or CAUTION arc legally required on the label. Anyone who uses technical
matcrials originating in the United States should become famihar with these
symbols and the degree of toxicity they denote.
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Figure 2. Centre pancl of the thimet lahel

~ The right pancl of the thimet technical label (figure 3) conteing the Clas B
potson warning sign required by the USDT. Claw B paisons are kiquids and
Mwhkbmkeowaﬁehmmiceamama&dahmdchﬁﬂg
tramportation. In the absence of adequate data on human toxicity, materials are
considered to be Clasw B poisons and toxic to humans if they fall within any one
of the following categocies when tested on laboratory animaks:
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Figure 3. Right-hand panel of the thimet label

CROANIS PROIPRATE SONPOUND. LIQUID., 0.0.8.

“O00E B0 SUS B9 N
Oral substances producing desth within 48 hours in 30 per com of 10 whise
laboratory rats weighing 200 to 300  at a single dose of M) mg/kg of body

substances producing death in 30 per cont of 10 or mare whise

leboratory rats weighing 200 10 30 g, when inhaling 2 1ng/l or lem «f
vapour, mist or dust for a period of onc houe or lew;
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Figure 4. Left-hand panel of the thimet label

DANGER!

POISONOUS BY SKIN CONTACT, INHALATION, OR SWALLOWING o

RAPIDLY ABSORBED THROUGH SKIN e REPEATED INHALATION

OR SKIN CONTACT MAY, WITHOUT SYMPT OMS, PROGRESSIVELY
INCREASE SUSCEPTIBILITY TO POISONING

D0 NOT QET IN EYES, ON 3KiN, ON CLOTHING
Wear clean rubber gloves, goggles and clean waterproof or freshly-laundared
protective clothing (coveralls, rubber boots, cap, etc.). Destruy and replaca gloves
frequently. Wash thoroughiy with 302p and warm water before cating or smoking.
Bathe immediately after work and change all clothing. Wash clothing thoroughly
with soap and hot water before re-use. In case of contact, immediately remove
contaminated clothing and wash skin thoroughly with soap and watar.

DO NOT BREATHE MIST
Wear a mask or respirator of a type passed by the U. S. Department of Agriculture
for THIMET protection. If handied indoors, provide mechanical exhaust ven-
tilation.
Remove unauthorized persons Irom operating area.

DO NOT CONTAMINATE FDOD OR FEEO PROOUCTS

Cover spillage with an absorbent such as soda ash, lime, clay or sawdust. Sweep
up and bury. Wash area thoroughly with a full-strength liquid household chlorine
bleach.

Highly toxic to fish and and wildiife. Do not contaminate any body of water.

DiSPOSAL OF DRUMS: Drain drum completeiy. Add 5 gallons of water, 1 cup
of detergent and 2 pounds of lys. Tighten bungs. Rotate drum to wet ali surfaces
and let stand for at least 15 minutes. Drain completely and rinse severai times
with water. Tighten bungs. Transport to @ professional drum reconditioner hav-
ing burmng equipment for reconditioning. .

& POISON @ [Lonimmroeis e
day or night, Ares 201--83%-3100,

ANTIDOTE: Atropine Is an antidote. Consult your physician about obtaining a
supply of 1/100 grain tabiets for Imergancy use. Never take atropine unless
symptoms of poisoning have occurred.

FIRST AID: if symptoms or signs of poisoning (See Note to Physicians) inciude
blurred vision, inal cramps and tightness In the chest, don't wait for a
doctor, but give two atropine tabiets (each 1/100 grain) st once.

Cali a physician at once In ali cases of suspected poisoning.

Remove patient immediateiy from the area. Remove contaminated ciothing and
wash the skin clean with pienty of soap and water to remove aii traces of the

sticide. If swaiiowed, induca vomiting by giving warm saity or sospy water.
speat until vomit fluid is clear. Have patient ile n and keep quiet.

NEVER GIVE ANYTHING BY MOUTH TO AN UNCONSCIOUS PERSON

NOTE TO PHYSICIANS: Waming symptoms include weakness, headache, tightness
in chest, blurred vision, nonreactive pinpoint pupils, salivation, swesting, nausea,
vomiting, diarrhea and abdomina! cramps.

TREATMENT: Give atropine intramusculariy or intravenously, 2 to 4 miiiigrame
(3 to 6 tabists, 1/100 each) at once and every hour as required until puplis
dilate. Twenty to 30 milligrams, or more, may be required du:ing the first 24 hours.
Never give morphine or phenothiazine tranquilizers. Clear chest by postural drain-
8ge. Artificiai respiration or mﬁon administration may be necessary. Observe
patient continuously 48 hours. Repeated exposure to cholinesterase inhibitors
nm._ w-lthout w‘armgt u:?'uncru':oxg susceptibility tﬁ v;;y‘mli doses of any
Cholinesterase in or. no o Sxposure until cholinesterase regenere-
tion has taken piace as detarmined by blood tests.

MADE AND PRINTED IN U.0.A.

®?IADI MARY
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Skin absorption substances producing death within 48 hours in 50 per cent of
10 or mcre rabbits tested at a dosage of 200 mg/kg of body weight on
continuous contact with the bare skin for 24 hours or less.

The Class B poison classification for pesticides is essentially the same as the
USDA Class I poison. Many materials other than pesticides are Class B poisons.
A toxicity rating chart which equates toxicity to common quantity measure-
ments in United States use is shown in table 2. Table 3 shows a comparison of the
LDgg values of several organophosphate pesticides in the Class B poison category.

TABLE 2. TOXICITY RATING CHART®

Toxicity rating or class Probable lethal dose for a 70 kg male (mglg)
6. SUPEr LOXIC.......cvvenenennrnennens Less than 5 (a taste, less than 7 drops)
5. FxtremelytoXic.........oovvvnennnns 5—50 (7 drops to 1 teaspoon)
4, VerytoXic .......ooovviiviinennncnns 50—500 (1 teaspoon to 1 ounce)
3. Moderately toxic..........v000eennes 500—5,000 (1 ounce to 1 pint)
2. Slightly toxic .........ovvviieiinien 5,000—15,000 (1 pint to 1 quart)
1. Practically non-toxic ............... . more than

15,000 (more than 1 quart)

» The expression of lethal doses in the American system of ounces, pints and quarts is given in parentheses.

Taste 3. Tue LDsy VALUES OF SEVERAL PESTICIDES AND A CraAss B porsoN

Oral toxicity Shin toxicity
Pesticide (malkg) Tmtike)
ADate ... ..ottt ittt ra e 2030= 19300
2330 9704
Dimethoate .........cco00n0 Cerreeees 185 1000+
248¢ 800
Malathion . ....ooovviiiirirenrencnens . 2800 6700¢
41000
Methyl parathion .............. A 14s 67s
24 67e
Thimet ....ooovveveeeecesnossnss ceoe 3= 6
1.6¢ 20¢
Parathion....... ceeeenvan Cerereveciae . - 28
480
e 1%
Zinophos .............. Ceeesreenees .. 120 10+
Class Bpoison ............... 5Qwe 2000
¢ Male ris, )
* Male rabbits.
¢ Remale rats.
¢ FRemale rabbits,
¢ Male guinea pigs.

It can be scen that parathion, thimet and zinophos insecticides are extremely
toxic. They are at the lower eud of the USDA Class I poison category of toxicity.
Small quantities can cause serious illness and possible death. However, the toxicity
of a material is not the only factor which should be considered regarding the
potential effect of a material on humans or other animals. Manufacturers, for-
mulators and users should consider the hazards in a particular use of a material
as well as its toxicity.




160 INDUSTRIAL PRODUCTION AND FORMULATION OF PESTICIDES

As anexample, 10 and 13 per cent formulations ot thimet 10 G and 15 G
on granular clay of 24 to 48 screen mesh size contain an extremely small percentage
of respirable size particles in the product. In addition, the material is intended to
be drilled into the soil. The hazard has been reduced considerably by this formula-
tion and application. Skin absorption of the granular product is not a serious
problem as the granules do not readily adhere to the skin because of their size.
In addition, clay tends to bind the technical material by its absorptive capacity.
The skin toxicity LDsg values for 10 and 15 per cent thimet granules are consid-
crably less than those for the corresponding technical material.

The left pancl of the thimet technical label (figure 4) is headed by the word
DANGER followed by a long list of precautionary statements which outline
the hazards inherent in use of the product and describe how to avoid the hazards.
The routcs of exposure of thimet are skin contact, inhalation and swallowing
(ingestion); skin contact is by far the greatest hazard. With the cxception of
malachion and abate, toxic quantitics of organophosphate compounds are rapidly
absorbed through the intact skin.

Many of the newer organophosphates in use have low vapour pressurcs at
ambient temperatures, so that prolonged exposure to cven saturated atmospheres
is hazardless. The assumption that exposure to a vapour that is detected by the
nosc presents a hazard is not true. The odour of most organophosphates is detect-
able even in extremely low concentrations: the mercaptan odour associated with
thimet is detectable in parts per billion. Airborne mists, spray or dust particles of
the more toxic organophosphate pesticides gencrated in formulation or applications
in the field, howcver, may present a hazard by inhalation.

Ingestion in occupational exposure is usually “incidental ingestion” which is
the repeated introJuction of pesticides into the system through contamination
of food, drink or tobacco. This may be cither directly, by hand contamination
or by swallowing dust, liquid, vapour or mist which was previously inhaled and
which remained in the upper respiratory passages.

Personal hygiene

The left pancl of the label (figure 4) recommends the usc of protective
clothing to prevent contact of the pesticide with the skin or cycs. It is recom-
mended that clothing be laundered before re-use. ‘Therefore, protective clothing
should only be worn one day.

The protective clothing includes underwear, stockings, long-slecved coveralls
or long-slecved shirt and trousers, and washable cap. In addition to these washable
items, the following may be included: rubber gloves, rubber shocs or boots,
goggles or facc shield and respirator. A number of formulators cmploy additional
safety items such as rubber aprons, air-supply suits and helmets. These practices
are cxcllent but are not always nccessary if other aspects of a good industrial
hygienc programme are opcrative. ’

The daily clothing provision is extrenicly important and should definitely
include stockings and underwear. Clothing contaminated with organophosphates
remains contaminated for a long time because of low vapour pressures of the
materials and can be a serious source of exposure.
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When drums of pesticides are opened in hot weather or in other operations
where contact with spray or mist is possible, goggles or a face shield should be
uscd. Leather shoes readily absorb organophosphate posticides. and, it worn after
being contaminated, they provide a signihcant source of exposure. Rubber
aloves should be handled without grasping the portion of the glove contanunated
with pesticide. Betore removal, gloves should be washed trequentdy witds soap
and water and should be decontuminated periodically with houschold bleach
solution. Gloves should be replaced trequently (as often as every 2 to 3 dayr i a
manufacturing plant). It is important to clean and decontaminate rubber footwear.
coggles and respirators frequently. This can be accomplished by washing with
liquid blcach followed by soap and water.

The left pancl of the label (figure 4) recommends thorough washing with
soap and water before cating or smoking and bathing after a work day and then
a complete change of clothing. Personal hygiene is extremely important; one of
the most important parts of the industrial hygiene programme is personal washing,
The shower at the end of the work day must be a mandatory work condition.
If a worker refuses to take a shower, he should not be permitted to work with the
extremely toxic organophosphates. The shower should be thorough and include
the hair on the head. The label warns that in case of skin contact duc to contami-
nated clothing during the work day, the clothing should be removed immediately
and the skin washed thoroughly with soap and water. A thorough shower and
a change of clothing are advisable.

The next warning on the left pancl is DO NOT BREATHE MIST. Wear
a mask or respirator approved by the USDA for thimet protection. (The respon-
sibility for the approval of respirators has been transferred from the USDA to the
United States Burcau of Mines.) Respiratory protection should be used where
there is a chance of exposurc to dust in formulations. The label reconmmends the
use of mechanical exhaust ventilation if thimet insecticide is used indoors, which
means in solid or liquid formulation operations during dumping, blending,
transferring and packaging.

The best way to prevent incidental ingestion is to prohibir the carrying of
drink, tobacco or food on the person when working with organophosphates and
to prohibit storage or eating of food in arcas where the pesticide is stored o1 used.
Washing with soap and watcr before cating is ossential. The food-handling arca
should always be separated by at least a doored wall with the door kert closed
when not being entered. Where dust containing organophosphate insecticide is
generated, a lunchroom adjacent to the work arca should be kept under positive
pressure to prevent dust from entering it.

The next item on the label reads DO NOT CONTAMINATE FOOD OR
FEED PRODUCTS which meansin essence do not store pesticides near products
intended for human or animal consumption. Disposal mcthods for spillage of
material and for empty drums given on the label have been described in chapter 9.

Medical aspects

The rest of the left panel of the label (figurc 4) describes the symptoms and
signs of organophosphate poisoning, first-aid procedurcs and treatment of
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poisoning. The symptoms and signs of organophosphate poisoning includc the
following: hcadache, blurred vision, constricted pupils, weakness, nausea,
abdominal cramps, diarrhoca, fecling of tightness in chest, cxcessive sweating and
excessive salivation.

These signs and symptoms should be lcarned by all employees and their
families. If the symptoms occur, a physician should be called immediatcly and
informed that the affected person works with organophosphates; the antidote is
atropinc or 2-PAM. All people handling pesticides should provide doctors
servicinyg their operations with medical information on organophosphatc poisoning
and treatment which is contained in many publications which are readily avail-
able.

If symptoms occur on the job, the affected person should be removed from
the work area, stripped of contaminated clothing and the skin washed with an
abundance of soap and water to remove all traces of pesticide. If the pesticide
has been swallowed, vomiting should be induced by giving warm, salty or
soapy water, and the trcatment repeated until vomit fluid is clear. Vomiting
may be induced by sticking a finger down the patient’s throat. The paticnt
should be made to lic down and drink large quantitics of water, while being kept
warm and quiet; however, nothing should ever be given by mouth to an unconscious
person.

The antidotes for organophosphatc poisoning are atropine and 2-PAM. The
latter is administered intravenously by a physician. Many companies handling
these pesticides have a supply of 1/100-grain atropine tablets available for emer-
gency use. If symptoms occur, two atropine tables should be given orally at once.
If atropine is given, a physician must be called; the empicyee should not be treated
without professional assistance being sought.

The remainder of the label contains the note to a physician describing the

signs and symptoms and trcatment which is to bc administered by him. The three
major facets of treatment are:

Maintenance of respiration (mouth-to-mouth respiration) ;
Termination of cxposure (clothing removal, washing and removal of the

individual from the area);

Administration of antidote (complete atropinization).

The label indicates that repeated exposure to cholinesterase inhibitors may
causc increased susceptibility to very small doses of any cholinesterase inhibitor
without warning. Therefore it is desirable to monitor the exposure of persons
working with organophosphates for relatively long periods of time by a blood
testing programme which is discussed below.

Red blood cell cholinesterase regencration is relatively slow as shown in
figure 5 for parathion. Scrum cholincsterase regeneration is relatively rapid.
Anyone with low cholinesterase activity, regardless of whether signs and symp-
toms are evident or not, should be removed from further exposure to organo-
phosphates until cholincsterase regeneration has taken place as detcrmined by
blood tests.

All employees should have periodic blood tests. The Michel electrometric
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Figure 5. Rates of regeneration of cholinesterase activity in plasina and red blood cells following
inactivation by parathion
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method can be used for pre-exposure levels and the Becton Dickinson unopette!
cholinesterase tests for periodic screcning. The latter test is inexpensive, rapid and
cxcellent, but it should be used for screening purposes only as it measures whole-
blood cholincsterase. If a low value is found in screening, the blood should be
checked again by the Michel method. Confirmation of the low value indicates
that the operator should be removed from organophosphate exposure until his
level recurns to normal as indicated by subsequent tests.

SAFETY IN TRANSPORTATION

Leakage

One of the pressing problems in the pesticide industry at present is the
leakage of packages in transit2 from the manufacturer to formulator or warchouse,
or from the formulator to a warchouse or the user. Leakages can occur from a
number of causes. One is faulty fabrication of the container, such as poor welding
of the side seam or improper gluing of the walls of paper bags. Leakage from this
causc may be reduced since the manufacturers of containers have reportedly
improved their fabrication and testing techniques.

A second cause of pesticide leakage in transit is poor handling in loading
or unloadig of the containers from the trucks or railway wagons. There have
been a numbcr of incidents in which 55-gal drums or bags of pesticide have been

1 Unopette is the registered trade mark of Becton Dickinson Company, Ruthetford,
New Jersey.
2 See chapter 9.
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picreed by the fork of a fork-lift truck. Other examples of poor handling include
dropping of metal containers or cardboard cartons, especially those containing
glass bottles. It is important to stress to all personnel the necessity to handle the
packages with utmost care.

A third cause of leakage has been the use of an incorrect container for a
pesticide or pesticide formulation. There have been a number of incidents of
leakage of pesticide containers in the past due to corrosion of the container
causing pin-hole leaks in the head ot the containers, Substitution of containers
with a different type of lining has mainly solved this problem.

Improper loading of pesticides has been a source of damage to pesticide
containers with subsequent leakage. There have been numerous incidents where
shipments have been improperly braced with resulting container shifting and
containcr-to~container contact. The loading of 55-gal drums on top of onc
another usually results in leakage in the drums on top from bouncing during
transit, Only floor loading is recommended for 55-gal containers.

Although all of the containers used for pesticides must conform with United
States Interstate Commerce Comunission (ICC) regulations and in many cascs arc
supcrior to ICC specifications, pesticide companics are working with the container
manufacturers for improved packaging to minimize breakage and subscquent
leakage. The National Agricultural Chemicals Association (NACA) is a trade
association of which most major pesticide manufacturers are members. It has a
special committee presently working on container design to minimize breakage.

®

Transportation procedures

It is best to transport a full shipment of 30~ and 55-gal drums of technical
material in hydrocushion railway wagons to minimize shifting and drum-to-drum
contact. Rather than a full load, only a prescribed number of drums per wagon
should be permitted to ensure proper icading and dunnage. Prior to shipment,
the closurc of cach drum should be checked and a cap scal installed over the bung
closurc. In onc instance, a railway wagon of technical thimet was involved in
a derailment. Inspection of the wagon showed no damage to the contents probably
duc to tiic above method of loading. It was placed upon a new undercarriage and
scnt to its destination. No lcakage was noted at the destination. ,

Photographs should be taken of all loads after the completion of loading,
prior to shipment and at the destination if damage has occurred during shipment.
Onc function accomplished by this photography is to cnsurc that warchouses and
formulators pack the matcrial properly for shipment. If anything happens during
shipment, and it occasionally docs, the photographs can be compared and cvents
reconstructed.

Lorrics are used only if hydrocushion railway wagons arc not available, The
lorrics arc loaded with a full floor load to minimize the amount of other matcrials
shipped together with the pesticide freight. However, the manufacturer has no
control over what freight is shipped with organophosphatc pesticides by a
common carricr since cven a full floor load docs not represent a full legal weight
load. The practice of shipping drummed pesticides on flat-bed vans has a high
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potential for hazard. It has been recentdy recommended that 1ICC regulations be
amended to prohibit this practice.

Formulations in 30- and 55-gal containers are transported in the same
manner as technical material; 5- and 1-gal (four to a carton) pails are usually
shipped in trailers. Again, it is desirable to photograph the loaded trailer prior to
shipment and at the destination to determine if anything has happened to the
shipment during transit. Rosults from use of pgavhack trailers in shipment of
5-gal pails thus far have been excellent,

Companies have been concerned with potential hazards in the event of a
transportation disaster such as railway and trailer wrecks or fires in which organo-
phosphates as well as other pesticides are involved. One company uses the follow-
ing emergency procedure.

All bills of lading have an emergency telephone number to be called in case
of accident or fire involving their materials. All trucking and railway companics
have been advised of the emergency procedure aad its purpose. The telephone
is only for cmergencics and is manned 24 hours a day. The person answering
the telephone has a list of pertinent questions which he asks the caller. All company
products arc listed by division and the receiver of the call at the headquarters
rclays the information to the divisional representative. Each division is prepared
to handle emergencies involving its products and the call to the emergency
telephone activates the procedure. Depending on the extent of the emergency,
various company cxperts may become involved cither by telephone or by their
presence at the site to aid in decontamination of spills, disposal of wrecked or
burned products, salvage operations and advice to fire departments and hospitals.
The emergency procedure provides that at least one company representative be
present at the scene of the emergency as soon as possible.

The trade association NACA and company members are investigating the
feasibility of a nationwide pesticide safety team network to handle emergencics
involving Class B pesticides. Thus companies will aid cach other, as well as
assist police, health and fire departments in cmergencics.

Warchousing

The warchousing of organophosphates may be hazardous as evidenced by an
incident in Tijuana involving parathion (sce chapter 9). Products are stored in
warchousces belonging to the company, distributors and the public tha: are
adjacent to arcas of usc. Warchousing is madc as safe as possible by providing
literature describing reccommended warchousing  practices, safety precautions,
decontamination and clean-up procedures, advice to firemen and medical infor-
raation for local physicians or clinics. A basic list of warchouse safety rules
follows:

Inspect containers for lcaks before handling them;

Do not mishandle containers and thereby create emergencies by carclessness;
If a leak or spill does occur, keep bystanders away and repord it immediately;
Do not store organophosphates next to food or other articles intended for
consumption by humans or animals;
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After organophosphate pesticides have been unloaded, inspect vehicle for
contamination; do not release a contaminated vchicle;

Do not release other freight which has been contaminated with pesticides;
Consult shipper or manufacturer for decontamination procedures;

Where Class B poisons are involved, notify USDT.

A manual published by NACA3 applies in general to all organophosphates.
It is highly recommended o all persous concerned wiih the storage of pesticides.

Ideally, a warchouse for pesticides is fireproof, cquipped with a sprinkler
system, well vewtilated and located in an area remote from residential areas and
watercourscs. Companics attempt to find this kind of storage, but a warchouse
which satisfics all these conditions is often difficult to locate. In warchousing,
ideally, pesticides should be stored in a separate room from other products
intended for human or animal consumption and scparated from other products
by an aisle at least 8 to 10 fect (2.4 to 3m) wide. In a further effort to prevent
contamination of other material, specially painted pallets for pesticides are to be
used only for those compounds.

3 National Agricultural Chemicals Asocistion (1968) Sefety in the Warchousing of
Parathion, Washington, D.C.




11. THE ROLE OF THE FOOD AND DRUG
ADMINISTRATION IN REGULATION OF PESTICIDES
IN THE UNITED STATES*

The United States is committed by law, policy and the traditions of many
decades to assure that the food supply of the nation is safe, clean and wholesome.
The Unitcd States is committed to full enforcement of these laws, and, accord-
ingly, has developed criteria and protocols that are cffective, workable and
enforccable. Within this primary goal, the United States secks means that will
permit achievement with minimal dislocation of production or trade. But under
no circumstances will hazard to humans or to the environment be countenanced
to scrv: cconomic goals.

T he wholesomencss of any food supply depends in part on the quality of the
total environment—the soil, water and air in which the food is grown, processed
and consumed. Acute contamination of these basic natural resources by pesticide
residues and other pollutants can affect not only the safety of food products but
also other environmental values such as human water supplies, wild-life prescrva-
tion and outdoor recreation. The United States is actively secking to protect and
manage these resources in the intercst of greater safety and human welfare.

In the highly interrelated, interdependent world of modern technology and
trade, the challenge of protecting crops and livestock from insects, discases, weeds
and other pests without hazard to humans, animals or their environment requircs
the combined and sustained efforts of scientists, technicians and administrators;
of producers, processors and distributors; of industry and government; and of
countries working together to establish and administer sound, acceptable standards
of food safety and environmental quality.

The statutory authority for the regulation of pesticides and pesticide residues
entering interstate commerce has been established by the Congress of the United
States. Under these statutes, the responsibility for registration of pesticides and
pest control materials has becn delegated to the United States Department of
Agriculture (USDA). The establishment of tolerances for pesticides in or on
human food and animal feeds has been delegated to the Food and Drug Adminis-
tration (FDA), Department of Health, Education, and Welfare. The following
information provides a statement of the authorities on which the American
pesticide regulations are based, the criteria for registration and cstablishment of
tolerances, the research, action and education programmes related to pesticides
and the existing levels of pesticidc residues in the United States.

* Based on material furnished by the United States Food and Drug Administration.
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Foob, Drua. ann Cosmetic A

The establishiment of tolerances for pesticides on or iu food and feedstufs i
provided for in the Pesticide Chemicals Amendment and Food Additives Avend-
ment of the Food. Drug, and Cosmetic Act (Scctions 408 and 409) adnninistered
by the FDA. The paramount purpose of this act is to wssure the safety of the
national food supply; to require that the industry promoting the use of the
pesticide chemical prove that the residucs reniaining on the food are safe for the
vonsumer and to require federal clearance before the pesticide is used. The act
provides for seizure and destruction of agricultural commodities that contain
pesticide residues in excess of established tolerances. Where no tolerance has been
established. commodiiics carrying residucs in excess of established working levels
are subject to scizure and destruction. Tl act provides for criminal penaltics for
violations and the use of 3 legal injunction.

The act outlines in general terms the data and information to be furnished
and procedure to be followed for obtaining a pesticide tolerance. Additional
procedures and more specific data requirements in the regulations ensure that
food-safety requirements are met prior to establishing a tolerance.

TuEe ROLE Or THE FDA

If the product is proposed for use in a manncer which is likely to result in
residues in or on food or feed, it is not registered by the USDA until a tolerance
or exemption has been granted by the FDA. The determination of the safety of a
tolerance is a scientific Judgement and cannot be derived from any arbitrary
mathematical caleulation, This judgement involves consideration of the “noe
effect” levels demonstrated in the experimental animals, the cumulative potential,
the metabolic data and the maximum contribution to the dict that could be
expected if all commoditics for whicl tolerances are sought bore residucs at the
tolerance levels. This takes into account any reduction in residues accomplished
n preparing the food for consumption, the probable exposure to other similar
toxicants and specics differences ininterpreting the animal data for possible cffects
on humans. An adequate margin between the tolerance level and the no-cffect
levelin the experimental data i required taking into consideration the proportion
of the dict involving crops on which residues mighe be expected.

Tolerances established under section 408 of the Food, Drug, and Cosmetic
Act are cstablished on raw agricultural commodites and not on processed foods.
If the residucs remaining in a processed food have been removed to the extent
possible in good manufacturing practices and do not exceed the tolerance on the
raw product, the processed product complics with the law. In general, the residucs
in processed foods are a fraction of the amount permitted on the raw agriculeural
commodity. To cover the residues of pesticides applicd to or concentrated in
processed foods, tolerances may be cstablished under section 409 of the act
(the Food Additives Amendment). However, the major uscs of pesticides in the
United States arc on raw agricultural commoditics, and the overwhelining
majority of established tolerances are on these products.

1
1
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Ideally, the tolerances on pesticide residues should apply to the ready-to-cat
tood on the dinner plate because it is the quantity of pesticide actually consumed
that can have healtl significance. However, tolerances cstablished at this point
in the food chain would not be practical. Therefore, a point in the distribution
system has been selected where meaningful corrective action can be taken to
prevent consumption of unsafe amounts of pesticide chemicals. The tolcrance
concept does not anticipate as a practical matter that all foods will contain residues
of all chemicals as high as the established tolerance level, or even that the entire
harvest of a single food will always contain a residuc at the tolerance level.

Data requirements for pesticide tolerances

The criteria and data requirements for establishing tolcrances arc described in
detail, although some flexibility is permitted in practice. The basic requirement is
that the furnished data, when evaluated as a whole, will cstablish the safety of the
proposed pesticide tolerance. This judgement is made by toxicologists qualified
by training and expericnce to evaluate the safety of pesticide residuesin food.

Chemical data

The chemical data in pesticide petitions must meet the following major
requirements:

The residue data must delincate the identity and magnitude of the residucs
and must show that, under the proposcd conditions of usc, the proposed
tolerance is suitable (i.c. will not be exceeded and is not higher than necessary).
The analytical methods used to obtain the residuc data must be valid and
must afford a measure of the total toxic residue. A suitable method must be
furnished for enforcing the proposed tolerance.,

The following data arc usually necessary to arrive at a scientific judgement
as to whether these requirements have been met:

Pesticide chemical. The identity and complete composition, including minor
components and impurities, as well as accepted chemical (or biological) and
common names arc required. Spccifications must be furnished if required to
establish identity or to limit imputitics. Chemical, physical and biological
properties pertinent to the cvaluation of the efficiency of analytical procedures
and the nature and stability of residues must be reported.

Conditions of use. Complete proposed directions for use must be included.
Proposcd limitations and restrictions, such as against feed use of by-products,
must be reasonable, practicable and in conformity with accepted practices.

Analytical methods. The petitioner must present or refer to a method suitable
for enforcing the proposed tolerance. This method is added to the FDA Pesticide
Analytical Manual, which is a compendium of pesticide analytical methods. In
somg instances residuc data may be obtained by methods not suitable for regula-
tory purposcs. It is desirable to confirm residue results by using more than onc
method (i.c. by a specific method and one or two appropriatc gencral methods).
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Descriptions of methods must be sufficiently detailed and well organized to be
followed by analysts not familiar with the procedures.

Geueral requirements for methods. Extraction and clean-up procedures must be
cfficient in removing and recovering residues from samples. Mcthods must be
validated by an adequate number of blanks (untreated crops) and recoveries on an
adequat: representation of the commoditics involved. Blank values must be
reasonably low in relation to the proposed tolerance. Recoveries must be at
approgriate fortification levels in relation to the proposed tolerance and must be
reasonably quantitative. Sensitivity, accuracy and precision must be satisfactory
in relation to the proposcd tolerance and to the toxicity of the pesticide chemical.

Additional requirements for regulatory methods. The methods must meet the
following additional requirements: be sufficiently specific to identify and mcasure
resicues in the presence of other pesticides which could rcasonably be expected
to be present on the same commodities; be reasonably rapid and not require
“exotic” (unavailable) equipment or rcagents; do not require use of untreated
crop samples for blanks or internal standards; give satisfactory results when
employed by regulatory laboratorics. Mcthod trials in at lcast two FDA labora-
tories arc made to determine the suitability for regulatory purposcs.

Samples for analysis. The samples must zeflect the proposed conditions of use
including maximum usc with respect to dosc, timing and number of applications.
Samples reflecting cxaggerated conditicns of use are valuable. The conditions
under which samples were treated in the ficld and the method of application
must be reported. The samples must reflect adequate geographical distribution
(i-e. major growing arcas) and an adcquate representation of types of crops for
which tolcrances are proposed. |

The time between sampling and analysis and the conditions under which the
samples were stored must be stated. The storage time should be as short as possible;
if crop or cxtract samples were stored before analysis (i.e. trimmed, washed,
brushed, peeled or hulled) this must be reported. If these operations are necessary
to reduce residucs within the proposed tolerance, they must reflect commercial
practice in preparation of the crop for shipment in interstate commerce.

Analytical results. In all cases individual results and not Jjust averages must be
reported. Any corrections for blanks and recoverics must be cxplained. There
must be an adequate number of results for cach commodity. The identity and
magnitude of the residuc under the proposed conditions of use must be established.
Toxic residual metabolic, degradation or other conversion products must be
identified and measured.

Data showing whether the pesticide is systemic (i.e. translocated within the
plant or animal) must be presentcd. Data must be included to show the rate at
which the residuc dissipates on the crops involved. Results must include pertinent
data on the distribution of the residuc (for cxample, between peel and pulp)
and evidence as to whether the residuc is reduced when the raw commodity is
prepared for market (by washing, trimming or brushing) in order to judge the
amount of residuc that is likely to remain on the cdible portion of the commodity.
Where pertinent to the proposed use, data must be presented on the accumulation,
persistence and identity of residucs in soils, and the transfer of such residucs to
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crops likely to be grown in the same soils. Where pertinent, evidence must be
presented to show whether residues concentrate at a higher level or undergo
chemical change in processed foods or feeds, cluding cdible by-prodacets.

In certain cascs, it m.y be necessary to provide data showing the cffect on
residucs of standard operations of foud preparation for consumption (i.c. cooking).
For feed and forage items including feed by-products, there must be 4 basis for
determining whether residues will transfer to food products such as meat, milk
and eggs. If so, the identity and magnitude of such transferred residucs must be
established and suital le tolerances proposcd.

Negligible residue tolcrance. The guidelines for the review of the chemical
data in petitions which propose negligible residue tolerances are generally the
same as those described above, except that: (4) tissue residuc studics on laberatory
animals may be accepted to show the likelihood that the pesticide use will resule
in residues in meat and milk; and, ( b) tolerances may be established on the basis
ol a group of crops rather than on cach crop individually. A negligible residue
tolerance is a tolerance that has been established to provide a basis for registered
usces which previously have been accepted on the basis that no residuc or a zero
residue will be present in the treated crop at the time of harvest. Based on a
rccommendation from a committee of the National Academy of Sciences-
National Rescarch Council, FDA and USDA have abandoned the concept of
no-residuc or zero-tolerance registration of pesticides as far as possible (for
cxample, only zcro tolerances can be established for carcinogens) and have
replaced no-residuc and zero tolerances with small finite tolerances (i.c. negligible
residue tolerances).

Regulatory problems arose because extremely sensitive analytical methods
had been developed which indicated that many of these older, no-residue uses
did indeed result in low-level residucs (see chapter 4). Where a registration
had been granted on a no-residue or zero-tolerance basis, one-ycar cxtensions of
registration had been granted under certain conditions. These cxtensions were
granted when the registered use pattern indicated that there would remain
only low-level residucs, which are generallyrecognized to be withouttoxicological
significance. During the onc-ycar cxtension, the petitioncr is cxpected to docu-
ment the level and toxicological safety of the residuc for the cstablishment of the
negligible residuc tolerance. In specified instances, a temporary tolcrance is
established to permit experimental pesticide ficld erials on a limited scale conducted
in accordance with and required by a temporary permit issucd by USDA. The
purpose of these trials is to determine the usefulness of the pesticide without
destroying the crop.

Toxicological data

It has been dctermined that a negligible residue tolerance is sufficicntly
limited by the magnitude of the residue, extent of use and mode of usc so that the
levels of ingestion which result are considered to be of little or no toxicological
significance. The safety factor is usually about 2,000 based on %-day studies;
it is derived as follows: :
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Quantity of pesticide that produces no effect
in the most sensitive animal wsted 2000
Quantity of pesticide expected in the human dice ™ 777

Quite often, such tolerances reflect the sensitivity of the method. For such
a negligible residuc tolerance, the basic requirement is data from two 90-day
(subacutc) animal feeding studics. The term “basic requirement’” is used because’
acute data for significant metabolites may indicate the need for further studies,
the results of the basic 90-day studies may require further work, or knowledge
of the toxicity of the gencral class of compounds involved may result in requests
for specific toxicological data.

A tolerance for residucs in excess of negligible residues will require the
following data. To establish a tolerance for residucs in excess of neghyible residues,
experiments arce necessary on at least ewo animal species with three dosage levels
and a control group. The groups at the start of the cxperiment should be sufficiently
large to assure an adequate number of survivors at termination. For rodents this
may vary from strain to strain; therefore the number to be used is contingent
on the judgement of the investigator. There should be obscrvations of growth,
food consumption, general appearance and behaviour, mortality and organ
weights. Clinical-laboratory tests (blood and urine, organ function, cnzyt.atic
and metabolic) should be performed as well as grossand microscopic cxaminations.
All animals dying before termination of the experiment should be recorded and
cxanmined microscopically.

N

The following data are niccessary to establish tolerances for residues:

Acute toxicity. The LDsg values should be determined and the signs of toxicity
should be described.

Short-teru toxicity (subacute toxicity). The duration of these tests is 90 days.
One of the three dosage levels should be toxic. Cholinesterase inhibition and
demiyclination studics are required for organophosphate and carbamatc pesticides.

Loug-termn toxicity (chronic toxicity). One non-rodent specics should be used.
The duration is usually two years. One of the three dosage levels should be
toxic.

Biochemical data. "There should be observations of absorption, distribution,
metabolic transformation, climination and possible accumulation. The effect of
enzymes should be examined because of the nature of the chemical under study.
Metabolic data of pesticides and their other conversion products in treated plants
should be recorded. At least acute and short-term toxicity data on the significant
plant mctabolites or other conversion products arc necessary. If the conversion
products are different from metabolites of the test animals, long-term toxicity
data on the pesticide metabolites or other conversion products may be requircd.

Reproduction studies. Preferably two animal species should be used and at
least two dosage levels and a control group. One dosage level should be definitely
toxic; the other level should have no effect. Usually three successive rat generations
arc observed; two gencrations are satisfactory if the results are conclusive. There
should preferably be two litters per generation. Both raales and females should be
treated for 60 days prior to breeding. The second and third generations are
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treated from weaning throughout the breeding period. The nccessary data arc
fertiliy, length of gestation, live births, still births, survival at four days and at
weaning, sex of newborn and of weanlings, body weights, gross abnormalitics,
and microscopic and skeletal examinations of young in the last generation.

Human data. They include data on industrial exposure, accidental poisonings
and suicides, and in special cascs the data from controlled experiments. Biochemical
data of the type indicated above are particularly uscful.

Additional studies. The results of any of the above studies might indicate the
nced for spucific additional studics.

Policy on tolerances

Data requirements for tolerances are subject to continual review in light of
new scientific data and information; advances in scientific knowledge of the
criteria for the evaluation of the safety of chemicals in food arc cspecially helpful.
The data requirements outlined above are the present requirements. Earlier
tolerances were established on the basis of fewer data, but any deficiencies arc
being remedied before tolerances on additional crops are established. For example,
the requirement for reproduction studies was instituted in 1963.

There may be some misconception about the method used to determine a
tolerance on a raw agricultural commodity. First, it is of cssential importance
that the tolerance must be safe for the consumer if all of a particular raw food did
bear residues at the tolerance level. The FDA takes into account the patterns and
modes of consumption, e.g. the proportion of food consumed in the raw state
as compared with the proportion consumed in the state where a reduction of
residues may occur. It should be emphasized that there must be an adcquate
margin of safety between the no-effect level in the most sensitive test animal and
the level of residue likely to be ingested by the consumer.

Secondly, the tolerance does not reflect the average residue on the raw
agricultural commodity; it reflects the maximum residue which will remain on
the treated crop as harvested and shipped when the directions for usc arc followed,
if such maximum residue is safe. Pesticide surveillance and enforcement data
clearly show that only a small percentage of food samples contain quantitics of
pesticide residues that actually approach the tolerance levels. This is to be expected,
since not all crops need trcatment. Tolerances are established to cover the residues
(if they are safe for the consumer) that will be present after the maximum number
of applications to the crop. The last application is not later in terms of “days
prior to harvest” than the label permits. Not all crops in a specified geographic
arca and certainly not all crops in other growing areas of the country would
be attacked by insccts at the same stages of growth; even if this situation did
occur, growers would undoubtedly choose different, effective pesticides. The
Un.ted States tolerances have been established primarily to protect the consumer.
Sample analyses show that this purpose is being achieved, and at the same time,
the grower is permitted to use chemical tools effectively to produce a wholesome
and abundant food supply.

Thirdly, since the tolerance is established on the raw agricultural commodity,
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it docs not realistically reflect the residue on the food as caten except in special
cases. Data claarly demonstrate that pesticide residues are substantially reduce.]
by the various procesing operations employed in preparing food for consumption
(ready-to—ca) c.g. the milling of grain, a washing operation, the pecling of fruits
and vegetables, the removal and discard of outer leaves of leafy vegetables,
cooking or canning, ’

Finally, the tolerance will not be set higher than the level reasonably required
to cover the residue likely to result from the Proposed pesticide use cven though
the animal-feeding studics 1. y indicate that a higher level is safe. For example,
if 10 ppm of a pesticide wo.ild be safe as gauged by all the animal studies, but the
maximum residuc incurred by the proposed use will not exceed 1 ppm on the
raw agricultural commodity, the tolerance will be established at 1 ppm. The
purpose of FDA is to minimize consumer ¢xposure to pesticide residues in the
food supply. :

The granting of a registration

If USDA requirements are met and FDA cstablishes the tolerance, regis-
tration is granted. If the safety data do not justify the proposed tolerance, a lower
tolerance or a zero tolerance may be established. The USDA then grants a
registration on the basis of the tolerance cstablished by FDA provided the pesticide
is uscful under the conditions required by the lower tolerance.

When a posticide was registered for use on a food of fecd crop on the basis
of a zero tolerance or a no-residue basis, the directed use would not leave residucs
on the harvested food at levels which could be detected by chemical analysis. This
has often meant that the development of a more sensitive method invalidated the
zcro tolerance or no-residuc acceptance. The procedure has been modificd jn
favour of registration on the basis of fintc tolerances for all uses involving food
or feed where there is a rcasonable expectation of some residue, however small,
as provided for in the joint statement of 13 April 1966 by USDA and the Dcpart-
ment of Health, Education and Welfare, Uses involving no reasonable expectation
of residues in the food are usually designated “nonfood”” uses.

Sampling and enforcement activities

The FDA has several programmes concerned with pesticide residues. The
basic purpose of all of them is to ensure the safety of the national food supply.
The programmes include a total diet study, as well as research, surveillance and
enforcement programmes.

The FDA obuins market basket (or total diet) samples of foods from retail
stores bi-monthly in five regions of the country. The samples are prepared for
consumption and examined for pesticide residues at sens; sivity levels substantially
lower than those used in the examination of surveillance and enforcement
samples. Much additional analytical time is required to obtain these lower levels
of sensitivity and to confirm the results. The proportion of individual food items
used in this study was developed by the Houschold Economic Research Division,
USDA, based on the high consumption level of a 16- to 19-year-old male. The
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quantity of this dict is approximatcly double that of an average individual. The
results obtained from this study arc encouraging. In no case does the daily intake
of any pesticide chemical exceed the aceeptable daily intake recommendation of
FAO and WHO. For practically all pesticide chemicals the daily intake is sub-
stantially lower than these recommendations.

The FDA surveillance and enforcement programmes were expanded sub-
stantially beginning in 1963. For several years, the FDA cxamined approximately
25,000 samples, in addition to inspection of the food-growing arcas to determine
the actual practices being followed. Limited resources coupled with relatively low
incidences of violations in most food categories have resulted in a reduction in the
sampling and inspection programme. Quantitative multi-residue methods of
analysis capable of detecting residues at a level of 0.03 ppm werc in general use
beginning in 1964. These multi-residue methods can detect and measure more than
60 of the common organochloride and organophosphate pesticide chemicals that
may occur in samples. A majority of the samples collected and cxamined under
these programmes were classificd as objective, which means they were collected
without suspicion of cxcessive residues or misuse of pesticides.

Although about onc-half of the samples were found to contain residues of
one or more pesticide chemicals, only about 3 per cent were found to contain
residucs in excess of the legal tolerance or in the absence of legal tolerances the
admuinistrative guides for excessive residucs. Shipments of food found to contain
excessive residucs are removed from the market where possible. Follow-up
proccdurcs arc used to prevent other portions of a lot found to contain excessive
residucs from reaching the consumer.

Imported shipments of foods are sampled and examined. There are no
substantial diffcrences in residues in the foods produced in the United States and
those imported from other countries.

Although approximately one-half of the samples analysed contain residues,
a majority of the residucs arc at very low levels. Over 75 per cent of the individual
residucs found were 0.10 ppm or less and 95 per cent of the residucs were 0.50 ppm
or less. This general pattern of residue levels is obscrved when the data are
considered by specific pesticide chemical, food category, domestic or imported
products or on an annual basis. In general, foods sampled under surveillance and
compliance programmes undcrgo further proccssing or preparation prior to
consumption; this proccssing generally lowers the residuc level still further.
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Mumbers OF thi Cobex ALIMLNTARIUS COMMBSION AND CONTACT PUINTS

Member Contact point

Argentina J. H. Piazzi
Coordinator del Codex Alimentarius
Secretaria de Industria y Comercio
Diagonal Julio A. Roca 651 —~ §° piso
Buenos Aircs
Australia’ Ivan H. Smith
Assistant Director
Department of Primary Industry
Canberra A.C.T. 2600
Austria R. Wildner
Ministry of Social Affairs
Stubenring 1
Vienna 1010
Belgium Comité Belge du Codex Alimentarius
Service des Organisations Multilaterales (B/OM)
Ditection Générale des Relations Economiques Extérieures
Ministére des Affaires Etrangéres
2, ruc Quatre-Bras Brussels |

Brazil Divisio de Conferencias, Organisinos ¢ Assuntos Generais
Secretaria Geral Adjunta para Organismos Intemacionais
Ministerio das Relagoes Exteriorcs
Av. Marechal Floriano 196, Palacio Itmaraty
Rio dc Janeiro
Bulgaria Ministre-adjoint
Chef de la Section de la Commission du Codex
imentarius
Ministére de I'Industrie Alimentaire
Sofia

Cameroon . Ministre du Commerce et de 'industrie
' B.P. 1004
Yaoundé

Canada Frank Shefrin
Secretary
Interdepartmental FAO Committee
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Meniber
Cuba

Denmark

Ethiopia

France

Germany
(Federal Republic)

Ghana

Guatemala

Hungary

Contact point

Armando Paradoa

Jefe Deparsamento de Higicne de los Alimentos
Instituto Nacional de Higiene, Epidemiologia y

Microbiologia
Infanta y Crucero
Havana

Erik Mortensen

Hcad of Division
Ministry of Agriculture
Slotsholmsgade 10
Copenhagen
Sub-Comunittee on Food Standards
Nutrition Depastiment
National Nutrition Board
Minisiry of Public Health
P.O. Box 3069

Addis Ababa

V. Aalto

Chicf Inspector of Food Products
Ministry of Trade and Commerce
Alcksanterinkatu 3D

Helsinki

Secrétariat

Comité Frangais du Codex Alimentarius
42 bis, ruc de Bourgogne

Paris 7éme

Edmund Forschbach .
Ministerialdirigent
Federal Ministry of Health

Deutschherrenstrasse 87
5320 Bad Bodesberg

Shirley A. Ababio
Nutrition Division
Ministry of Health
P.O. Box 300
Accra

Direction de la Santé Publique
Ministére de la Prevoyance Sociale
Athens

Comit¢ Nacional de la FAO
Ministerio de Agricultura

Guatemala City

A. Miklovicz

Director

Hungarian Office for Standardization
Ullst ut 25

Budapest IX
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Member
India

Iran

Iraq

Ireland

Isracl

Iraly

Ivory Coast

Japan

bt iR e

i .
skl LR i

Kuwait

Contact point

K. Babchi

Adviser and Assistant Director-General
Dircctorate General Health Services
Patiala Housc—Wing 5

New Delhi

R. Shayegan

Ministry of Economy

Institute of Standards and Industrial Rescarch of Iran
P. O. Box 2937

Tekran

Secretary-General

Iragi Organization for Standards
Ministry of Industry

Baghdad

Secretary

Irish National FAO Committee
Department of Agriculwre and Fisheries
Upper Marrion Street

Dublin 2

E. Rosenstein

Secretary

Israel Codex Alimentatius Committee
Ministry of Commerce and Industry
P.O. Box 299

Jerusalem

Comitato Nazionale Italiano per il Codex Alimentarius
Ministerio dell’Agricoltura e Foreste

Via Sallustiana, 10

Rome 00187

Ministre des Affaires Etrangéres
Ministre des Affaires Etrangdres
Abidjan

Tadafumi Sakai

Chief, Planning Section

Resource Bureau

Science and Technology Agency

2 Chome, Kasumigaseki, Chiyods-Ku
Tokyo

Sa’ad Hijazi *
Division of Nutrition

Ministry of Health

Amman

The Under-Secretary
Ministry of Public Health
Kuwait
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Mewber

Luxembourg

Madagascar

Malta

Morocco

Netherlands

New Zcaland

Nil'! o

Norway

Peru

Poland

Contact point

Henri Kro:mbach

Chef de Division

Ministére de la Santé Publique
1A, ruc Lumiére

Luxembourg

Ministére des Atlaires Etrangéres de la République
Malgache
Tananarive

L. A. W. Hayward
Scientific Adviser
Department of Industry
Standards Laboratory
Industrial Estate

Marsa

Commission de Normalisation
Office de Contrdle et Exportation
Casablanca

The Liaison Officer for FAO Affairs
Ministry of Agriculture and Fisheries
van de Boschstraat 4

The Hague

Director-General
Departiment of Agriculture
Box 2298

Wellington C.1

Ministry of Trade

Lagos

Grete Herseth

Chicf of Section

Public Health Services
g‘lsi;loimy of Social Affairs

Gustavo Otdrola Salcedo

Asesor Superior

Jefe de Salud Péblica

Ministerio de Salud Piblica y Asistencia Social

Lima

Philippine National FAO Committee

Department of Agriculture and National R esources
Building

Diliman, Quezon City

Quality Inspection Office
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Member

Portugal

Saudi Arabia

Senegal

Spain

Sudan

Sweden

Switzerland

Syria

Thailand

Togo

Trinidad and Tobago

Contact point

Ministry of Forcign Trade

Stepinska 9

Warsaw 36

Comissio Nacional da FAO

Ministerio dos Negocios Estrangeiros

Palacio das Necessidades

Lisbon

Ministry of Forcign Affairs

Jeddah

Bureau d’Alimentation et de Nutrition Appliquée

Ministére de la Santé et des Atfaires Sociales

Dakar

D. A. Delgado Calvete

Secretario, Subcomisién de Espertos del Cédigo
Alimentario Espafiol

Plaza de Espafia, 17

Madrid

A. Ibrahim

Sccretary, National Codex Committee

Chemical Laboratorics

P.O. Box 303

Khartoum

Livesmidclsstadgekommitten

(Swedish National Codex Alimentarius Committee)

Svartmangatan 9

Stockholm C

O. Hogl

Taubenstrassc 18

Bem

Abdul Majid Farra

Director Technical Affairs

Minis:ry of Supply

Parliament Street

Damascus

Yos Bunnag

Director-General

Department of Science

Ministry of Industry

Rama VI Street

Bangkok

Peter Kluga-O'Cloo

Responsable des Questions de Nutrition

Ministdre de 'Economie Rurale

Lome

M. G. Lines

Chemist Division

115 Frederick Street

Port-of-Spain
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Meniber Contact point

Tunisia Jawadi Tahar
Division de Développement Agricole
Section de Nutrition
Sous-Secrétariat d'Etat i 'Agriculture
Tunis
Turkey Ministry of Forcign Affairs
Disisleri Bakanligi
Lkinci Ikatisat Dairest Genel
Miidiirliigii-Ankara
Uganda Principal Medical Officer
Ministry of Health
P.O. Box 8
Entcbbe

United Kingdom L. G. Hanson
Chief Exccutive Officer
Food Standards, Science and Safety Division
Ministry of Agriculture, Fisheries and Food
Great Wesiminster House
Horseferry Road
London S.W.1
United States Ralph Phillips
Director
International Organizations Staff
Office of Assistant Secretary
Department of Agriculture
Washington D.C.

Venezuela Farmacéutico de la Seccién de Andlisis Quimico de
Alimentos del Instituto Nacional de Higiene
Caracas

Yugoslavia Savezni TrZi¥ni Inspckrorat
1 Bulevar 104
Novi Beograd
Belgrade

Non-member

Burundi Ministre de la Santé
Bujumbura

Czechoslovakia - Ministerstvo zdravotnictvi
Trida Wilhelma Piecka 98
Prague 10 — Vinochrady

Malaysia Ministry of External Affairs
Kuala Lumpur

Union of Soviet Chief

Socialist Republics External Relations Board

Ministry of Health of the USSR
T. Rakhmanovsky Pereculok 3

Moscow
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Procedure for the elaboration of world-wide codex standards

Step 1 ,

The Commission decides on the claboration of a world-wide Codex Standard and
decides which subsidiary body or other body should undertake the work.
Step 2

The subsidiary body or oiher body so designated prepares a proposed draft pro-
visional staudard, taking into account the work accomplished by the appropriate
international organizations. The draft is sent to the Commission’s Sccrciariat by the
Chairn.an of the subsidiary body or other body.
Step 3

The proposed drafi provisional staudard is seny by the Conunission’s Secretariat to
Member States and Associate Members of FAO ana WHO and to the international
organizations concemed in order to obuain their comments.
Step 4

The Conmission’s Sceretariat sends the conments received from governments
and from the international organiza ions concerned to the subsidiary body or other
body concerned, which has the power to corsider such com:uents and to amend the
proposed draft provisional standard, if appropriaic.
Step 5

The proposed draft provisional standard is sulmitied through the Sccretariat 1o
the Commission with a view to its adoption as a draft provisional standard. The Com-
mission may, however, refer it to a special subsidiary body, sct up under Rule IX. 1(a)
of the Rules of Procedure, before adopting it as a draft provisional standard or may
entrust the special subsidiary body with the respousibility for underiaking Steps 5, 7
and 8 of this Procedure or any part thereof,
Step 6

The draft provisional standard is sent by the Commission’s Secretariat for comment
to all Member States and Associate Members of FAO and WHO and to the inter-
national organizations concemed.
Step 7

The comments reccived from govemments and from the international organi-
zations concerned are sent by the Secrctariat to the subsidiary body or other body
concemed, which has the power to consider such comments and amend the draft
provisional standard, if appropriate.
Step 8

The draft provisional standard is submitted through the Sccretariat to the Com-
mission with a view to adoption as a provisional standard.
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Step 9

The provisional standard as adopted is sent to all Member States and Associate
Members of FAO and WHO and to the internanonal organizations concerned. Mem-
bers ot the Commission notity the Sccrctariat of their tormal acceptance of the
provisional standard.
Step 10

The provisional standard will be printed in the Codex Alimentarius as a world-
wide Codex Standord when the Commission determines that a sutficient number of
Members have formally accepted it.

Coprx STANDARDS PArT 2

Procedure for the elahoration of regional codex standards

Step 1

On the proposal of the majority of Members belonging to a given region sub-
mitted at a session of the Codex Alimentarins Commission, the Commission decides
on the claboration of a Codex Standard for the region concerned and decides which
subsidiary body or other body should undertake the work.

Step 2

The subsidiary body or other so designated prepares a proposed draft provisional
standard, taking into account the work accomplished by the appropriate international
organizations. The draft is sent to the Commussion’s Secretariat by the Co-ordinator
for the rcgion concemed if a2 Co-ordinator has been appointed; if no Co-ordinator
has been appointed, the draft is sent by the Chairman of the subsidiary body or
other body.

Step 3 .
The proposed draft provisional standard is sent by the Commission’s Secretariat to
Mcinber States and Associate Members of FAO and WHO and to the international
organizations concerned in order to obtain their comments.

Step 4

If the Commission has appointed a Co-ordinating Committee for the region
concerned, the comments received from governments and from the international
organizations concemned arc sent by the Secretariat to that Committee, which has
the power to consider such comments and amend the proposed draft provisional
standard, if appropriatc.i If a Co-ordinating Committee has not been appointed, the
Sccretariat sends the comments received from governments and from the international
organizations concerned to the subsidiary body or other body concerned, which has
the power to consider such comments and to amend the proposed draft provisional
standard, if appropriate.

Srep §

The proposed draft provisional standard is submitted through the Secretariat to the
Commission with a view to adoption as a draft provisional standard for the region
concerned. At the appropriate session of the Commission, all Members may present
their conuments, take part in the debate and proposc amendments but only the majority
of the Members of the region concerned can decide to amend and adopt the draft.

1 The meeting ot the Co-ordination Committee could take place immediately before
or during the session of the Commission.
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Step 6

The draft provisional standard for the region concerned is sent by the Commission’s
Sccretariat for comment to all Member States and Associate Members of FAO and
WHO and to the international organizations concerned.
Step 7

If the Commission has appointed a Co-ordinating Committec for the region
concerned, the comments received from governments and from the international
organizations concerned are sent by the Secretariat to that Committec which has
the power to consider such comments and amend the draft provisional standard, if
appropriate. If a Co-ordinating Committee has not been appointed, the Sccrerariat
scnds the comments reccived from governments and from the international organi-
zations concerned to the subsidiary body or other body concerned, which has the
power to consider such comments and to amend the draft provisional standard, if
appropriate.
Step 8

The draft provisional standard is submitted through the Secretariat to the Com-
mission with a view to adoption as a provisional standard for the region concerned. At
the appropriate session of the Commission, all Members may present their comments,
take part in the debatc and propose amendments but only the majority of Members
of the region concerned can decide to amend and adopt the draft.
Step 9

The provisional standard as adopted is sent to all Member States and Associate
Members of FAO and WHO and to the international organizations concerned. The
Members of the region concemed notify the Commission’s Secretariat of their
formal acceptance of the provisional standard; other Members of the Commission
may likewise notify the Seccretariat of their formal acceptance of the provisional
standard or of any other measures they propose to adopt with respect thereto, and also
submit any observations as to its application.
Step 10

The provisional standard will be printed in the Codex Alimentarius as a Codex
Standard for the region concerned when the Commission determines that a sufficient
number of Members of that region have formally accepted it.

Step 11

The Codex Standard may be printed in the Codex Alimentarius as a world-wide
Codex Standard when the Commission determines that a sufficient number of Memben
have formally accepted it.
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