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CHEMICAL PESTICIDES

Chemistry of Pesticides

History

Although the use of chemicals to combat agricultural pests dates from antiquity,
the large scale utilization of chemicals as major components of pest management
systems is a twentieth century development. However, types of chemicals in use have
changed substantially in response to environmental concerns that have arisen since
their introduction. As late as 1950, many inorganic chemicals were still in use,
including calcium arsenate, copper sulfate, lead arsenate, and sulfur, but, with the
exception of sulfur, these materials were almost completely displaced by synthetic
organic pesticides in subsequent years.

The 1940s and 1950s were productive years in terms of new synthetic organic
chemistry. The chemical industry faced a major challenge in its efforts to synthesize
and manufacture replacements for materials that were critically needed to protect crops
from insect pests and protect personnel in tropical areas from malaria and other
insect-borne diseases. The discovery of the insecticidal properties of hexachlorocyclo-
hexane almost simultaneously in France and England in 1940 was one of the first
successes. The discovery of the insecticidal activity of Lindane (the gamma isomer of
hexachlorocyclohexane), followed by the widely acclaimed successes of DDT in
controlling vector-borne diseases, reinforced efforts to discover and commercialize
new synthetic insecticides. At the end of World War II, newly developed chemical
technologies became the basis for the manufacture of a number of new insecticides,
particularly the application of the Diels-Alder reaction to synthesize cyclodiene
insecticides. Because their acute mammalian toxicity was generally low and their
spectrum of activity was very broad, such insecticides could be used to control many
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agricultural insect pests. The organochlorine insecticides were described as “nerve
poisons” .

Another structural lead emerged from studies of the pharmacological properties of
the alkaloid physostigmine, the toxico-principle of the beans of the plant Physostigma
venenosum, which is used as an ordeal poison in West Africa. Extensive research on the
structure and activity of physostigmine showed that it was a potent inhibitor of
cholinesterase, the enzyme responsible for degrading acetylcholine, a substance
involved in neural transmission. Synthetic analogs used medicinally are ionizable
compounds; nonionizable analogs were shown to have insecticidal activity. In 1947,
several N-methylcarbamates that possessed significant acetylcholinesterase inhibitory
activity were synthesized in Switzerland by the Ciba-Geigy Company (now Syngenta)
and developed as insecticides. One of the best known of the carbamate insecticides is
carbaryl (N-methylnaphthyl carbamate). In Germany in 1937, in the course of
investigations to find substitutes for nicotine, Schrader noted the insecticidal activity of
organophosphorus compounds. Investigations were diverted from pesticide develop-
ment to the development of potential agents for use in chemical warfare because some
organophosphates were powerful inhibitors of cholinesterase and were very toxic to
mammals. The first practical organophosphorus insecticide was Bladan, which
contained tetraethyl pyrophophosphate. It was marketed in Germany in 1944.
Subsequently, the discovery of parathion by Schrader in 1944 was followed by the
synthesis of many related compounds. The high mammalian toxicity of many
organophosphates calls for extreme caution in their practical application, but by
varying substituent patterns, many less toxic analogs were manufactured and approved
for use as insecticides, fungicides, and plant growth regulators, among other agricul-
tural uses.

These new developments in the control of agricultural insect pests were paralleled
in the search for chemical agents for control of weeds and plant diseases. Research into
the nature of plant growth regulators led to the identification of indoleacetic acid as the
first of the plant growth hormones. This compound and a variety of analogs were
shown to elicit a variety of responses in plants, but it was not until the 1940s that these
compounds were applied to weed control. Description of the growth regulating activity
of 2,4-dichlorophenoxyacetic acid (2,4-D) in 1942 was followed by field trials in
which it was shown to kill weeds selectively. Subsequently 2,4-D was developed for
use as a major herbicide for control of weeds in corn and other cereals. It was widely
used to control annual and perennial broadleaf weeds in tolerant crops and on noncrop
areas. Although dinitrophenols had been used in the 1930s, the scale of herbicide use in
agriculture expanded after the introduction of 2,4-D and this was followed by the
introduction of atrazine, the first of the triazine herbicides, in 1958. Since then many,
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new herbicides that represent a wide variety of chemical classes have been
comercialized to improve environmental safety, selectivity, and weed control at low
rates of application.

The introduction of newer synthetic techniques, such as combinatorial chemistry,
which can generate large numbers of new compounds, made it is possible to increase
the thl:oughput of compounds. Although there is a constant flow of new compounds
through the developmental stages, industrial resources dedicated to the search for
improved chemical controls are currently shifting to biotechnological approaches. One
application of biotechnology is to increase herbicide tolerance in existing crops by
genetic modification. Seeds of crop plants that are resistant to environmentally safe
herbicides have been produced by genetic manipulation. Weeds then can be eliminated
by conventional herbicides without damage to the growing crop.

Classification of Pesticides

1 Nomenclature

Active ingredients of pesticides represent a very diverse array of chemical
structures including many biological agents. Many pesticide structures are very
complex and cannot be categorized simply; therefore, classification systems in use
have evolved to accommodate the increasing diversity of chemical and biological
agents used in pest control or management.

One convenient basis for classification is the target organism. Thus pesticides may
be classified, for example, as herbicides, insecticides, fungicides, nematicides and
rodenticides. These classes then may be conveniently subdivided into smaller classes
based on chemical structure, but a classification system based on mode of action may
be equally valid. From the point of view of the toxicologist or the applicator,
classification systems based on hazard are important. The terminology and
classification systems adopted often may be quite arbitrary and occasionally are
misleading

From a legal standpoint, if it is claimed that a substance may be used to control,
mitigate, or repel pests, it must be regarded as a pesticide. “ Active ingredient” as
defined in the data requirements for USEPA registration means “any substance (or
group of structurally similar substances) that will prevent, destroy, repel or mitigate any
pest, or that functions as a plant regulator, desiccant, or defoliant within the meaning of
FIFRA” . Thus, substances such as repellents and attractants are covered by pesticide
legislation and are included in discussions of pesticides.

Assessments of toxicity must be based on material of clearly defined composition.
Data obtained from any studies or tests conducted on pesticides should be preceded by
a clear statement of the identity of the test material. Pesticides are sold to the user as
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formulated products, which contain, in addition to the active ingredient, a variety of
additives and diluents. “Formulation” in the legal sense means. (1) the process of
mixing, blending or dilution of one or more active ingredients, without an intended
chemical reaction, to obtain a manufacturing use product or an end use product, or (2)
the repackaging of any registered product

The purpose of formulation is to improve the efficacy of the pesticide, facilitate its
application, and ensure that it remains stable in storage. Thus, additives include inert
ingredients, such as wetting agents, stickers, emulsifiers, antioxidants, and diluents.
The label names the active ingredient and defines the amount contained in the
formulation. Most pesticides have common names agreed upon by the International
Organization for Standardization and it is usual to refer to the active ingredient by its
common name. Occasionally, the common name may refer to a product of defined
composition that is not homogeneous, but may contain isomers or closely related
compounds. Chemical compounds of known structure may be described uniquely by
systematic chemical names, which are given according to the rules of the International
Union of Pure and Applied Chemistry (IUPAC) or the Chemical Abstracts
nomenclature.

2 Structures and Stereochemistry

The conventional structural representation of a chemical compound uniquely
defines its attributes. It represents the spatial arrangement of the component atoms and
depicts bond types. To the chemist, it indicates potential reactivity and it can be used as
a basis for estimation of physical properties and environmental behavior.

Details of spatial arrangements are an important factor in defining the biological
activity of a compound. Carbon atoms in organic compounds are tetravalent. A
molecule that contains a carbon atom with four different substituents lacks a center of
symmetry and a molecule that contains one or more such asymmetric carbon atoms is
termed a chiral molecule. If a molecule has one or more chiral centers,
nonsuperimposable structures that are mirror images are termed enantiomers.
Molecules that have nonsuperimposable structures that are not mirror images are called
diastereoisomers. Diastereoisomers differ in their physical and chemical properties,
whereas enantiomers have identical physical and chemical properties, and differ only in
their ability to rotate the plane of polarized light to different extents.

Biological processes such as those that occur at the surface of an enzyme or
protein are chiral. They involve interactions between molecules that have a
three-dimensional arrangement that is defined by energy relationships. The chirality of
a molecule will, therefore, determine its behavior in a biological environment.
Processes at the molecular level may be triggered or inhibited by interactions between
chiral biological receptors and biologically active molecules. Most natural organic

4 PART I CHEMICAL PESTICIDES



compounds are chiral and occur in a single enantiomeric form.

Chirality is an increasingly important consideration in the design of a pesticide.
For a pesticide to function effectively, it must reach the receptor site, where its
effectiveness may depend on the geometry and dimensions of that portion of the
molecule that interacts with the receptor. In nature, biological activity is generally a
property that is restricted to a single enantiomer and only one isomer of a pair of
optically active synthetic pesticides or pharmaceuticals will be effective. The use of
screening systems, which are effective at the molecular level, is likely to reveal the
superior activity of a particular enantiomer. Other isomers may react with a different
receptor and cause undesirable side effects. If they are ineffective, they represent a
wasteful production cost or possibly an undesirable load on the environment. In case of
molecules that have more than one chiral center, the situation is more complex, and a
molecule that contains » chiral centers may have 2" stereoisomers.

Selected from: Krieger R 1. Handbook of Pesticide Toxicology: Vol 1, Principles, 2nd. California:
Academic Press, 2001: 95-98.

Waeords and Expressions

pesticide [pestisaid] n. RZ4, Fd7)

pest [pest] n. HEY

utilization [ju:tilai'zeifen] n». FIH

calcium arsenate  FHEE4E

lead arsenate  FHEREH

sulfur ['sAlfe] n. [{k] BR3E; v. RIBRERALHE

synthetic [sin'Betic] adj. &M, AER, &GEHK

organic [2:'geenik] adi. 2¥EHRI, BHHLH, HE

insecticide [in'sektisaid] »n. F M

pyrethrum [pai'ri:Brem] ». [#8] BRH%, [25] BRAER RN

synthesize ['sinBisaiz] v. L&, &K

tropical ['tropikl] adj. #HiR, BAED

malaria [ma'learie] n. JE&K, BEX

hexachlorocyclohexane [heksa.klo:rausaikla’heksein] n. [#£] SEHOHE, 757578
gamma [geema] n. WX, BASZ— R

isomer [‘aissuma] n. FHE

cyclodiene [,satklau'dari:n] n R AR di7)

organochlorine [,2:genau’klo:ri:n] n. & adj. HHLEE); FHLEZ RAE)
pharmacological [ fa:maka'lod3ikal] adj. ZHFEZH)
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alkaloid ['eelkaloid] n. [{k] £, HEYwE

physostigmine [.faisau'stigmi:n] n. [#] B R ZH(—FHERBl48m2Y)
Physostigma venenosum [[E] HRE

ordeal [0:'ditl]] n TEEEHIELR, FWEHENELR, T8
cholinesterase [koli'nestareis] REHHELES

enzyme ['enzarm] n. [41k] B

ionizable [aia'naizabl] adj. BB HI(BE B LD
acetylcholinesterase [.eesitilkauli'nestareis] . [4E4b] Z.BEHIRELRE
carbamate [ka:bameit] n» [{b] BIEFRLE

carbaryl [ka:beril] n [1k] HZEEL, TELE R M)

nicotine ['nikati:n] ». HEHH

organophosphorus [,2:genau'fosferas] adj. [tk] BHIBEK
tetracthyl pyrophophosphate  £2BER Y 2, B

parathion [peera'Baion] n. [{b] XERiBE, —SOL(BMmRB)
mammalian [mae'meiljan] ». WIL31Y; adj. WK
toxicity [tok'sisiti] » FtE

substituent [sAb'stitjuant] ». HUR(EFE); adi. BUACHY

fungicide ['fandzisaid] ». REBEH

parallel ['peeralel] adi. FATHI, FHEKH; n. FATER, MU, v. BT
indoleacetic acid [4:4k] BNk LR, REMEKE

perennial [pa'renjol] adj. WZEAKK, KM, BT ELER
field trial ~ F )AL

nomenclature [nau'menklat[o] » @4k, KiE

herbicide ['ha:bisaid] »n R

tolerant ['tolerent] adj. ALK, WA, A2 M
dinitrophenol [dainaitrau'fi:nal] » —F4FLE)

atrazine [eetrazi:n] n. (K] FFE, B4R MZ)
triazine ['traiszi:n] =W

manipulation [manipju'leifan] n b BRI, iR
eliminate [ilimineit] vz HERR, MK, v. B3

categorize [keetigaraiz] v IILAZKH), 92K

commercialize [ka'ma:[slaiz] v. fFRiNkL, 5L
nematicide [ni'maetisaid] ». adj. RE&HH

rodenticide [rau'dentissaid] » K

terminology [ta:mi'noledzi] »n RiE%#

mitigate ['mitigeit] v. IRE

desiccant ['desikant] »n. F4&FH; adj. TR, FBH

6 PART I CHEMICAL PESTICIDES



defoliant [di:'fauliont] n. RRM-FI,

repellent [ri'pelont] n. adj. HEF(HD)

attractant [@'treektont] n. %, 51%W

antioxidant [‘zenti'oksident] n. [ft] HFUEALA, BB IEF
diluent ['diljuent] adj. kK, BRRK; n. [E] HBER, KBS
formulation [fo:mju'leifan] »n HAARFR, BAHaHEIL, AR
stereochemistry [.stiorio'kemistri] n. [{b] 4 {b%

tetravalent [tetra'veilant] adj. [{b] DU AY; n. DUHY Befifk
symmetry ['simitri] n 3R, S

asymmetric [eesi'metrik] adj. NYSIH), AXTFRE

chiral ['tfiral] adj. [4L][#] FUERHR

nonsuperimposable [.nonsju:parim’pauzabl] adj. FFEBH
enantiomer [i'neentisuma] n. [1b] XFBR(EH)E
diastereoisomer [daia.stiarieu'aisama] n. [{t] JEXTBR R HI{E
stereoisomer [,stiariau’aisema) [ft] SLERHAR

Notes

(1]
(2]
(3]
(4]

(5]

[6]

(7]

(8]

[9]
[10]

insect-borne disease: HIFMEE . BB REERIEES IR
lindane: #FfF. FHEBRYA, SAAK r ik, BTEFREEILFA.
vector-bomne disease: BE/MEHEER . HEN LY ERBRZLBRIBER.
Diels-Alder reaction: ZK/RE¥i-FI/RE/RRMN . fBEHANBHRERPAENLEY
S58#REFOREHLFNBERLEYE L4-MBEFMURL, RS TTHRI R
05 FEIEA S PRI R .
acute mammalian toxicity: /HI R 2 FH.
Ciba-Geigy Company (now Syngenta): < E-ER AT . 1996 &, &% (Novartis)
AT B FRLFR L HHAF “RE-FZE” (Ciba-Geigy) 1 “ 1L 48 1-” (Sandoz)
G M. 2000 ££, Novartis 55 Zeneca 23 5] ‘& 34 Syngenta A& (SEI1EIX).
carbaryl (N-methylnaphthyl carbamate): 25, WM : HEN. ZLHFEE
-1-2508. i haaRdk. METK, BT RSEEIEN.
USEPA: (EHHRE. RILTF 1970 F 12 A, BHTRENMERAERY HE
HIBURTEE B
FIFRA: (BXHCRAAL. REF. KRFAEE).
combinatorial chemistry: &%, HEWERE—TIRLEER. A&,
THEYEBR T RV TS 6%, ZEEN RS REERESATSHA,
BEAGEE, RERFEE, NTOEXMKS FEHEERE, BELE
VI, REEH4AERE, UNPHTFRINERIHITRIEMNL, BFThE
1 BARERERIIL VSR
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Exercises

[ Answer the following questions according to the text.
1. How many chemical pesticides do you know? Please give a list as possible as you can
and classify all of them according to your understanding.
2. What can be regarded as a pesticide? How to understand “Active ingredient” of a
pesticide?
3. What does formulation mean? What is the purpose of formulation?
4. What is the meaning of a chiral molecule? Why is chirality an increasingly important
consideration in the design of a pesticide?
II Translate the following English phrases into Chinese.
organic pesticide nerve poison receptor site screening system
insecticidal activity =~ practical application  physical property copper sulfate
genetic modification  spatial arrangement  target organism  mirror image
III Translate the following Chinese phrases into English.
BREH  REA REH AeEBF  OKRF BIMEA
wmmF MRS BUEMLR Aedr WER EEARS
IV Choose the best answer for each of the following questions according to the text.
1. Which were described as “nerve poisons™?
A. fungicides  B. nematicides = C. organochlorine insecticides D. herbicides
2. Which of the following is not an inorganic chemical?

A. Calcium arsenate B. Copper sulfate
C. Lead arsenate D. parathion
3. Which of the following pesticides is acclaimed success in controlling vector-borne
diseases?
A. lindane B. DDT C. carbaryl D. paraoxon
4. Which of the following belong to pesticides?
A. Herbicides and insecticides B. Fungicides and nematicides
C. Rodenticides D. All of the above

5. The purpose of formulation isto__ .

A. improve the efficacy of the pesticide ~ B. facilitate application of the pesticide
C. ensure that the pesticides remains stable in storage D. all of the above
V Translate the following short passages into Chinese.

1. As late as 1950, many inorganic chemicals were still in use, including calcium
arsenate, copper sulfate, lead arsenate, and suifur, but, with the exception of sulfur, these
materials were almost completely displaced by synthetic organic pesticides in subsequent
years.

2. “Active ingredient” means any substance (or group of structurally similar substances)
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that will prevent, destroy, repel or mitigate any pest, or that functions as a plant regulator,
desiccant, or defoliant within the meaning of FIFRA.

3. The purpose of formulation is to improve the efficacy of the pesticide, facilitate its
application, and ensure that it remains stable in storage. Thus, additives include inert
ingredients, such as wetting agents, stickers, emulsifiers, antioxidants, and diluents.

Reading Material

Pesticides, common names, chemical names, and trade names

Pesticides are chemicals specifically developed and produced for use in the
control of agricultural and public health pests, to increase production of food and fiber,
and to facilitate modern agricultural methods. Antibiotics to control microorganisms
are not included. They are usually classified according to the type of pest (fungicides,
algicides, herbicides, insecticides, nematicides, and molluscicides) they are used to
control. When the word pesticide is used without modification, it implies a material
synthesized by humans. Plant pesticide is a substance produced naturally by plants that
defend against insects and pathogenic microbes — and the genetic material required for
production.

The term biocide is not used much in the scientific literature. It may be used for a
substance that is toxic and kills several different life-forms. Mercury salts (Hg2+) may
be called biocides because they are toxic for microorganisms, animals, and many other
organisms, whereas DDT is not a biocide because of its specificity toward organisms
with a nervous system. The word is also sometimes used as a collective term for
substances intentionally developed for use against harmful organisms. In a directive
from the European Community, we find the following definition:

The new Directive describes biocides as chemical preparations containing one or
more active substances that are intended to control harmful organisms by either
chemical or biological, but by implication, not physical means. The classification of
biocides is broken down into four main groups-disinfectants and general biocides,
preservatives, pest control and other biocides and these are further broken down into 23
separate categories.

Pesticides have one or more standard name(s) and one or more chemical name(s).
The different companies make products with registered trade names. They should be
different from the standard names, but also have to be approved. The chemical industry
also frequently uses a code number for its products. In Germany, for instance, old
farmers still know parathion by the number £-605, which was used by Bayer Chemie
before a standard name and a trade name were given to O, O'-diethyl paranitrophenyl
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phosphorothioate. The chemical name is often very complicated and even difficult to
interpret for a chemist. The chemical formula, however, is often much simpler and may
tell something about the property of the compound even to a person with moderate
knowledge of chemistry.

One or more national standardization organizations and the International Organization
of Standardization approve standard names. The chemical names are either according
to the rules of the International Union of Pure and Applied Chemistry or according to
Chemical Abstracts. The so-called Chemical Abstracts Services Registry Number
(CAS-RN) is a number that makes it easy to find the product or chemical in databases
from Chemical Abstracts. The standard names are regarded as ordinary nouns, but the
pesticide products are sold under a trade name that is treated as a proper name with a
capital initial letter.

Selected from: Stenersen J. Chemical Pesticides: Mode of Action and Toxicology. Florida: CRC
Press LLC, 2004: 10-11.

Words and Expressions

facilitate [fo'siliteit] ve. (RUAAYEEIEBR) #AS, HEF], #H3h, £
antibiotics n. AR, Pil¥

microorganism [maikrau's:geniz(a)m] . [4] Wk, M/ hEhHEY

algicide [seld3zisaid] n. [{t] BRAGHEZY

molluscicide [mo'lasisaid] n WEFPR K, KEF(IFME molluscacide)
pathogenic [,paeBa'dzenik] adj. BUKKI, HER, KKK

disinfectant [disin'fekt(a)nt] n. HHEH|

preservative [prize:vativ] n. BifEH

0,0'-diethyl paranitrophenyl phosphorothioate  0,0- . Z X i H X H BB AL
the International Union of Pure and Applied Chemistry £ IS Fl 442 H BRBX- &2 (IUPAC)
Chemical Abstract (3&[E )b 3
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