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ABSTRACT Pesticides involving the following elements are cited: aluminium, antimony, arsenic, boron,

cadmium, chlorine, copper, fluorine, lead, mercury, phosphorus, selenium, silicon, sulphur are cited. The chemistry,
biology and toxicology of these elements are also pointed out. Aluminium as a pesticide may have low uses at the
present time. It may have been used as insecticides, fungicides or rodenticides. Antimony is toxic metal similar to
arsenic poisoning. Antimonyl potassium tartrate is an insecticide of antimony. It was used as a poison for ants and for
the control of thrips. Arsenic is highly poisonous at elevated levels. Arsenic was used as insecticide, fungicide and
herbicide. Boron is a deadly poison for crawling insects. It could be used also as a disinfectant, herbicide and fungicide.
Borates are toxic to arthropods. Boric acid and its salts have a strong herbicidal and fungicidal effect. It is mainly
applied for structural pest control of termites, carpenter ants, powderpost beetles, wood-rot fungi and in management
of crack and crevice pests and bait treatments for ants and cockroaches. Cadmium was used in the past as a fungicide
in form of the quaternary salt of cadmium-calcium-copper-zinc chromate-sulfate obtained by mixing the appropriate
ratios of these components. Chlorides have fungicidal and bactericidal effects at relatively high concentrations. Copper
is used as fungicide and algaecide. Copper is used as seed disinfectant for cotton, phytocide Copper sulfate is
recommended to prevent the powdery mildew and black spot of roses. Fluorides of sodium, potassium, and ammonium
have been used as disinfectants for wood and also as agents for the control of moths. Lead is a highly poisonous metal
(whether inhaled or swallowed). Lead arsenate is commonly used as insecticide. It is used to control the potato leaf
hopper and as a repellent for flea beetles on various vegetables and flowering plants. Mercuric and mercurous chlorides
are used against fungus, gnats, earth worms, cabbage maggots, onion maggots and as rat poison. Organomercury
compounds considerably beat the inorganic ones as bactericides and fungicides. Compounds of the aliphatic series
can be more powerful as fungicides, and those of the aromatic series are stronger as bactericides. Phosphorus pastes,
prepared by grinding yellow elemental phosphorus in the presence of water, flour and glycerin; can be used as an
ingredient against the American cockroach. Selenium compounds have been tested as insecticides, but because of their
toxicity to life, their use is not recommended on crops intended for human or animal consumption. Sodium selenate
was applied to soil to kill aphids feeding on the plants. This salt may be toxic to some strains of the spider mites.
Fluorosilicate of Sodium had been used in dust and spray forms to control some insects on field crops, as a poison for
cutworm, mole cricket, and grasshopper baits. It was additionally effective as a mothproofing agent for woolen fabrics.
Sulphur is used as insecticide and fungicide. Elemental sulphur is used for controlling pathogens in grapes, strawberry,
many vegetables and several other crops. Sulphur is applied to plants in three formulations as wettable powders, as
colloidal sulphur and as lime sulphur. It has a high efficacy against a wide range of powdery mildew diseases as well
as black spot.

KEYWORDS: Inorganic pesticides, Aluminium, Antimony, Arsenic, Boron, Cadmium, Chlorides, Copper,
Fluorides, Lead, Mercury, Phosphorus, Selenium, Silicon, Sulphur, Chemistry, Occurrence, Biology,
Toxicology.

1.INTRODUCTION

A pesticide is simply a substance that kills pests  word for cide (Horsak et al., 1964). Ancient civilizations
(ATSDR, 2008). Pests involve insects, weeds, mites, cultivated venomous and nutritious vegetation in the
ticks, nematodes, bacteria, viruses, spiders, rodents, same place to make a shield of the toxic plants for insect
herbs, etc. (Horsak et al., 1964 and Jack DeAngelis, rejection. Later on came the Ebers papyrus and the
2004b). Cida - which means to kill - is the Latin root traditional Chinese medicine that used primitive sulfides.
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Also, Homer’s epic work “Odysseus” described the use
of substances to eliminate insects. In about the 1500’s,
the use of the “para-pesticides” such as mercury and
arsenic was mentioned. In 1763 pesticides were first
named when tobacco was used to fight louse (Junfeng
and Gang Yu, 2008). These substances were used until
the manufacture of synthetic pesticide was developed in
about 1940’s (Horsak et al., 1964). The first synthetic
organic pesticide; 1,1,1-trichloro-2,2-bis[4-
chlorophenyl] ethane (DDT) was initially prepared in
1874 for curiosity. The Swiss chemist Muller, who
received the 1948 Nobel prize in Physiology or Medicine,
and his co-workers discovered the insecticidal properties
of DDT in 1939. In the following years, DDT was used
in public health, mainly against the malaria vector
anopheles’ mosquito, and in 1946 for protection of
cotton, deciduous fruits, cereals and potatoes. The ban of
DDT was in the end of the 1960’s. Toxaphene was a
widely used pesticide on cotton, other crops, and in
livestock and poultry (EPA, 2016). Toxaphene is a
mixture of over 670 chemicals, including chlorinated
camphene with the empirical formula: CioH1oClg. In
1982, most of its uses were cancelled and in 1990, all uses
were cancelled in the United States. In 1970°s the
development and use of the organophosphorus ester
compounds started. Earlier, the damage of food reserves
during the World War Il necessitated the production of
foods consumed daily. Since 1960, when pesticides have
been extensively explored and studied, several scientists
have noted the side effects of pesticides on human health.

A pesticide is either natural, synthetic or
biorational, inorganic or organic (Jack DeAngelis,
2004e). For a specialist organic pesticides are that contain
at least one carbon atom, while consumers refer to
organic pesticides as those which are made of natural
origins. Diatomaceous earth insecticide is an example of
biorational pesticides (Jack DeAngelis, 2004c). An
insect powder, which is a dust form of natural pesticides,
is made from the ground leaves of the chrysanthemum
flower (Jack DeAngelis, 2004d). Spinosad is another
example of natural insecticides that is synthesized by soil
microbes (Jack DeAngelis, 2004g).

As late as the 1950’s some inorganic chemicals
such as calcium arsenate, copper sulfate, lead arsenate
and sulphur were used as pesticides (Plimmer, 2001).
About 18 elements are used as inorganic pesticides or are
involved in pesticidal agents (Clarkson, 2001).
Arsenates, aluminates, copper, halogens, mercurials,
phosphorus, sulphur, and other salts are examples of
inorganic pesticides (Melnikov, 1971). However, only
sulphur and copper of these are still widely being used
nowadays (Karuppuchamy and Venugopal, 2016).
Inorganic pesticides are manufactured from ores
originating from the earth crust (Jack DeAngelis, 2004f
and Speight, 2019). These inorganic substances may
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contain toxic heavy metals as impurities. Many inorganic
water soluble salts of organic compounds with pesticidal
activity are common today. During and after World War
I, many organic insecticides were developed that have
largely displaced these inorganic and organometallic
substances (Melnikov, 1971). Only small amounts of the
organic pesticides are needed and thus smaller amounts
of chemicals contaminate the environment. The organic
pesticides may be generally less toxic to humans than
some inorganic ones, particularly, since the former are
more degradable. Currently about 100 thousand tons of
inorganic pesticides are used only in the United States
annually (Speight, 2019).

2.Aluminium

2.1. Occurrence, Chemistry and Uses:

The first written record of alum, which comes
from alumen - a Latin word meaning "bitter salt”, was
made by Greek historian Herodotus and dated back to the
5" century (Drozdov, 2007). Aluminium is a metallic
element has the atomic number of 13 and atomic mass of
27 (Dayah, 2017). It is a silvery-white, soft, non-
magnetic and ductile metal in the post-transition group.
It has low melting temperature of 660 °C. By mass,
aluminium makes up about 8% of the Earth's crust. It is
the most abundant metal and also the third most abundant
element. Aluminium has low density and
resist corrosion by the passivation phenomenon. Its
density is 2.70 g/cm?, about 1/3 that of steel and much
lower than other most known metals. Aluminium
combines characteristics of pre- and post-transition
metals. Aluminium 3* is a small, highly charged cation,
and has a strong polarization, however, aluminium
compounds tend to be covalent rather than ionic.
Aluminium has a high chemical affinity to oxygen,
which renders it suitable for use as a reducing agent.
Aluminium hydroxide forms both salts and aluminates
and dissolves in acid and alkali, as well as on fusion with
acidic and basic oxides. This behaviour of AI(OH)sis
termed amphoterism, and it is water
insoluble. Applications of aluminium compounds are as
follows: Aluminium acetate in solution is used as
an astringent, phosphate is used in the manufacture of
glass, ceramic, pulp and paper products, cosmetics,
paints, varnishes, and in dental cement and hydroxide is
used as an antacid and it is used also in water purification
and in the waterproofing of fabrics (Hudson et al.,
2005). Aluminium hydroxychlorides are used as
antiperspirants. Sodium aluminate is used as an
accelerator of solidification of cement. Aqueous
aluminium sulfate is used to treat against fish parasites.
Certain aluminium salts serve as an immune adjuvant to
allow the protein in the vaccine to achieve sufficient
potency as an immune stimulant.
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2.2. Biology and Toxicology:

Aluminium salts have no known essential role for
life (Frank, 2009). However, the metal salts are not toxic
for plants and animals, aluminium sulphate has
an LDso of 500 grams per 80 kg person. Aluminium
precipitates in water as the hydroxide; which most
elements behaving this way have no biological role or are
toxic (Environmental Applications, 2019). Aluminium
is classified as a non-carcinogen by the United States
Department of Health and Human Services (Dolara,
2014).

2.3. Pesticides of Aluminium:

Aluminium phosphate is used as a fumigant,
which are pesticides that exist as a vapour at room
temperature, and used as insecticides, fungicides or
rodenticides (WHO, 2008). They are extremely toxic,
due to their easily environmental dissipation and
absorption by humans and animals. They almost kill
every living organism. Aluminium phosphide was used
in baits to control murine species and other rodents
(Melnikov, 1971). It was used also to prevent pests from
stored products through the evolution of hydrogen
phosphide as a result of the reaction of aluminium
phosphide with moisture. Aluminium phosphide was
sold to the grain warehouse in special packets
(Phostoxin) from which hydrogen phosphide is evolved
under the influence of moisture. Cryolite (sodium
hexafluoroaluminate, NasAlFg) is a stomach insecticide
for the control of chewing insects by spraying plants with
0.2% aqueous suspensions. This compound has the
advantage of low acute toxicity to animals. In spite of the
cheapness and availability of cryolite, it had not been
very widely used. Khairy et al. (2018) described a
chemical modification of commercial kaolin (kaolinite,
AlSi,05(0H)s, hydrous aluminium silicates) for
generation of inorganic pesticides. Where, kaolinite is the
major mineral component of kaolin. Fungus Geotrichum
candidum consumes the aluminium in compact discs
(Bosch, 2001). The bacterium Pseudomonas aeruginosa
and the fungus Cladosporium resinae are commonly
detected in aircraft fuel tanks that use kerosene-based
fuels and can degrade aluminium (Sheridan et al., 2013).

3.Arsenic

3.1. Occurrence, Chemistry and Uses:
Arsenic has the atomic number 33 and atomic
mass of 75 (Dayah, 2017). It is a metalloid and occurs in
nature as crystalline structures and also in minerals,
usually in combination with sulphur and metals. It has
various allotropes.
3.2. Biology and Toxicology:
The essential role of arsenic was discovered 1977
(Meharg and Hartley-Whitaker, 2002). Arsenic
coupled with iron were prescribed as a general tonic till
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the beginning of the last century (Berman, 1980).
However, the toxicity of arsenic is well known
historically. Arsenic interacts with proteins in humans.
This causes the gastrointestinal irritation and irreversible
inhibition of important enzyme systems. Recently arsenic
carcinogenesis has been reported. Inorganic arsenic
causes cancer to skin, lung, urinary bladder, liver, kidney
and all other human organs (Kitchin, 2001).

3.3. Pesticides of Arsenic:

Some arsenic compounds are known to show
insecticidal, fungicidal, herbicidal, and zoocidal effects
(Melnikov, 1971). Inorganic arsenic pesticides were
known much older than modern era of organic
compounds. The use of arsenic and its compounds as
insecticides dated up to about the year 900, and became
widespread till World War Il (Junfeng and Gang Yu,
2008). Paris Green was a popular insecticide in the year
1867. Arsenate ion, AsO,*, has also been applied for
killing insects through ingestion. Other common arsenic
insecticide is lead arsenate, Pbs(AsO4). and sodium
arsenite which is a white crystalline substance, highly
soluble in water (Melnikov, 1971). Calcium arsenite is a
white solid substance, slightly soluble in water and
practically insoluble in organic solvents and was used
anciently as a seed disinfectant and to control codling
moths, chewing plant pests, rodents and locusts. In the
United States zinc arsenite and arsenate were used for
wood impregnation to protect it from microorganisms
and insects. Methylarsine bis lauryl sulfide is a thick,
clear oil with unpleasant odor insoluble in water, miscible
with benzene, acetone, methyl alcohol and ethyl alcohol,
and in the soil under the influence of microorganisms, it
is oxidized with the complete mineralization of arsenic.
This compound was used in the form dust to control
Piricularia of rice. Methylarsine bis
(dimethyldithiocarbamate) was used in the form of
aqueous suspensions to prevent diseases of the cacao
trees. Insecticides of arsenic compounds continued to be
used between the 1930’s and early 1950’s (Junfeng and
Gang Yu, 2008). The use of arsenic compounds in
agriculture was continually decreasing, and in some
countries it was completely forbidden (Melnikov, 1971).
Although arsenic pesticides usage has decreased, environ
mental pollutions by these compounds still exist in some
areas of the world (Junfeng and Gang Yu, 2008).
Unfortunately, inorganic and organometallic pesticides
of arsenic are highly toxic (Melnikov, 1971). Even some
organoarsenic compounds, which have relatively lower
toxicity, may be converted to toxic inorganic compounds
when they are metabolized in animals, plants or in the
soil. When arsenic compounds are used regularly they
can accumulate in the soil and then in plants, and finally
poison domestic animals, especially where feeding crops
have been treated with such pesticides. These compounds
are not biodegradable like the organic ones. Once these
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released into the environment, arsenic will remain
indefinitely polluting the environment.

4.Boron, Boric acid and Borates

4.1. Chemistry, Occurrence and Uses:

Boron atomic number is 5 and atomic mass is 11
(Dayah, 2017). Elemental boron is a metalloid. It is
produced entirely by cosmic ray
spallation and supernovae. It is a low abundant element
in the Earth's crust. Boron is concentrated on earth by the
water solubility of borate minerals. About half of all
boron consumed globally. It is used as an additive
in fiberglass, for insulation, in structural materials,
in polymers, in ceramics, in lightweight structural and in
refractory materials. Borosilicate glass is desired for its
greater strength and thermal shock resistance than
ordinary soda lime glass. A small amount of boron is used
as a dopant in semiconductors.

4.2. Biology and Toxicology:

Borates have very low toxicity in mammals
(compared with that of table salt), but are more toxic
to arthropods (Irschik et al., 1995). Boric acid is mildly
antimicrobial, and several natural boron containing
organic antibiotics are used. Boron is essential plant
nutrition. Therefore, boron compounds such as borax and
boric acid are used as fertilizers in agriculture. While
boric acid is a necessary plant micro nutrient, high soil
levels of elemental boron are toxic to plants (Jack
DeAngelis, 2004a). Hence, care must be taken not to
contaminate soil with boric acid insecticides. Boron
compounds play a strengthening role in the cell walls of
plants. There is no agreement on whether boron is
essential for animals and humans, although there are
some indications that it supports bone health (Irschik et
al., 1995).

4.3. Pesticides of boron:

Boric acid and its salts have a strong herbicidal
and fungicidal effect (Melnikov, 1971). Compounds of
boron have been recommended as disinfectants for the
preservation of nonmetallic materials but with limitations
due to their relatively high cost and moderate efficacy.
Boric acid is used as insecticides and wood preservative
(Jack DeAngelis, 2004a). It is mainly applied to
structural pest control for termites, carpenter ants,
powderpost beetles, wood rot fungi and in treatments of
crack and crevice for pest management and in bait usages
for ants and cockroaches. Boric acid must be consumed
orally by insect to be effective. While it is a relatively
safe compound for humans and other animals.
Nevertheless, boric acid is highly toxic to insects. Insects
typically ingest boric acid when they clean themselves,
or during feeding. If borate powder is used, insects pick
up the fine particles when they pass through it. They
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ingest the particles when they later groom their legs and
antennae. They can also ingest it directly when it is
applied to feed sources or in baits. Boric acid insecticides
are very effective in cockroach baits in single family
residences and as "crack and crevice" treatments in
commercial buildings. It is very effective as ant bait
incorporates. And, there were several sprays that use
boric acid to protect wood against wood destroying
insects. A commercial product named “Bora Care
“combined borate with a glycol was used as wood
penetrant.

5.Copper

5.1. Occurrence, Chemistry and Uses:

Copper is a transition d-block metal with atomic
number 29 and atomic mass of 63 (Dayah, 2017). Copper
is one of the few metals that can occur in nature in a
directly usable metallic form. Man has used copper since
8000 BC. Thousands of years later, it was the first metal
to be smelted from sulfide ores. Copper was principally
mined in Cyprus, the origin of the name of the metal.
Later changed to cuprum in Latin, and then to coper in
Old English and finally to copper in about 1530. Most
common copper compounds are Cu (1) salts, which have
blue. or green colors in  minerals such
as azurite, malachite, and turquoise, and have been used
prehistorically as pigments.

5.2. Biology and Toxicology:

The essentiality of copper has been known since
1928 when its importance in foods and compositions,
together with iron, in blood formation was reported
(Berman, 1980). Copper plays very important role in the
vitality of the living cell (Hefnawy and El-khaiat,
2015). Copper deficiencies (hypocuprosis) were noticed
when long term parenteral nutrition was applied.
Deficiency of the element causes different clinical
symptoms such as pale coat, anemia, spontaneous

fractures, poor capillary integrity, myocardial
degeneration, impaired reproductive performance,
decreased resistance to infections, diarrhea and

generalized illness. Lower copper concentrations occur
in cases of cystic fibrosis and kwashiorkor diseases (a
syndrome occurs due to a severe protein deficiency in the
diet and characterized by retarded growth, changes in
skin and hair pigments, gastrointestinal disorders, low
serum albumin, and mental apathy) (Berman, 1980).
However, similar to any chemical substance, higher
doses of copper (hypercuprosis) may lead to toxic effects
(Dameron and Harrison, 1998). It is generally agreed
that copper metal is less toxic than its salts (Browning,
1969). Copper salts fumes and dust cause irritation of the
upper respiratory tract. Copper toxicity may include
intravascular haemolysis and antagonism with other vital
factors such as iron absorption and zinc enzyme catalysis,
etc. (Dameron and Harrison, 1998). Abnormally high
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copper concentrations in human serum and/or urine may

indicate  diseases such as  Wilson's disease
(hepatolenticular degeneration), thalassemia
(Mediterranean  anemia), hemochromatosis, and

cirrhosis, yellow atrophy of liver, epilepsy, leukemia,
hyperthyroidism, Hodgkin's disease, atherosclerosis,
nephrosis, tuberculosis, and carcinomas (Berman,
1980).

5.3. Pesticides of Copper:

Copper and sulfur compounds represent about
13.6% of diseased farmers due to pesticides (Das et al.,
2013). In the United States 13-17,000 tons of copper
sulfate were consumed yearly (Melnikov, 1971). As late
as 1800’s copper sulphate was used specifically as an
herbicide (Colditz, 2015). Copper is used as fungicide
and algaecide (Junfeng and Gang Yu, 2008). Copper
fungicide exists as sulphates, oxides, hydroxides and
carbonates (Melnikov, 1971). Wettable powder of
copper oxychloride or cuprous oxide fungicides can be
prepared by precipitation of soluble solutions of the
ingredients.The precipitants are spray dried without the
need for grinding the solid products. Copper sulfate has
been used for more than 100 years as a fungicide on
growing plants in the form of so called Bordeaux mixture
(basic copper sulfate with lime). In England and the
United States cuprous oxide is used as protective
fungicide and seed disinfectant. This product is known in
Russia as Compound AB. Paris Green (copper aceto-
arsenite) was first used against Colorado beetle in 1865
(Junfeng and Gang Yu, 2008). Paris Green was one the
most familiar pesticides in the markets between 1900s—
1910s (Strekopytov et al., 2017). Paris green - a green
powder poorly soluble in water - was used to control
chewing plant pests but it is phytotoxic (Melnikov,
1971). Copper arsenates are used as disinfectants for
wood. Copper 2,4,5-trichlorophenolate is used as seed
disinfectant for cotton cultivation and for nonmetallic
materials. Copper naphthenate is a powerful fungicide,
phytocide and is used to cure plant diseases and disinfect
nonmetallic materials. Copper salt of phenyl salicylic
acid is used in seed boxes treatment and shelves in
greenhouses. Double salt of copper sulfate and
dihydrazine sulfate is recommended to prevent the
powdery mildew and black spot of roses. Copper 8-
quinolinolate-copper oxinate is used in plant pathology,
seed disinfectants of crops, and also in the form of a
wettable powder for spraying of green plants and for the
treatment of nonmetallic materials - such as textiles -
against microorganisms.

6.Halides
6.1. Biology and Toxicology:

The chloride anion is essentially required for
metabolism (Dayah, 2017). Chloride is needed for the
production of hydrochloric acid in the stomach and in
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cellular pump functions. The main dietary source is
sodium chloride (table salt). Very low or high
concentrations of chloride in the blood are examples of
electrolyte  disturbances. Hypochloremia (very  low
levels of chloride) rarely occurs in the absence of other
abnormalities (Lavie et al., 1986). It can be associated
with chronic respiratory acidosis (Levitin et al.,
1958). Hyperchloremia (very high levels of chloride)
usually does not produce symptoms. When symptoms do
occur, they tend to resemble those
of hypernatremia (having too much sodium). Reduction
in blood chloride leads to cerebral dehydration;
symptoms are most often caused by rapid rehydration
which results in cerebral edema. Hyperchloremia can
affect oxygen transport (Cambier et al., 1998). The
fluorides have the highest biological activity among
halides (Melnikov, 1971).

6.2. Halogen Pesticides:

Halids such as sodium chloride have fungicidal
and bactericidal effects at relatively high concentrations
(Melnikov, 1971). Concentrated solutions of potassium,
magnesium, and other chlorides also show herbicidal
properties. Powerful bactericidal and fungicidal effects
are exerted by the hypochlorites of the alkali metals,
chloride of lime, and calcium hypochlorite, which are
used for disinfection in veterinary practice. The chlorates
of wvarious metals show herbicidal effects. Thus,
magnesium and sodium chlorates and mixtures of them
with some other compounds are used as nonselective
herbicides and as defoliants for cotton and other crops.
Potassium chlorate is used also as an herbicide. A large
number of inorganic and organic fluoride compounds had
been patented for use as mothproofing agents (Carter,
1952). About 30% of agrichemicals contain
fluorides, most of them as
herbicides and fungicides with a few crop regulators
(ICIS,  2006). Sodium  monofluoroacetate is  a
mammalian poison. First synthesized in the late 19th
century, it was recognized as an insecticide in the early
20th, and was later used as a refrigerant. Sodium,
potassium, and ammonium fluorides have been used as
disinfectants for wood and also as agents for the control
of moths by impregnation (Melnikov, 1971). The salts of
hydrofluorosilicic acid, such as sodium, potassium,
ammonium, and magnesium fluorosilicates, have similar
properties. Magnesium fluorosilicate, which is highly
soluble in water, is convenient for the impregnation of
wood and other fibrous materials. Sodium and barium
fluorosilicates were previously used as stomach
insecticides.

7.Lead

7.1. Occurrence, Chemistry and Uses:
Lead is a post-transition metal with
the symbol Pb (from the Latin plumbum) and atomic
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number 82 and atomic mass of 208 (Dayah, 2017). Lead
use dated back to 7000-6500 BCin Asia (Rich,
1994). The major reason for the spread of lead production
in association with silver was the formation of bronze
alloy (Winder, 1993). The Ancient Egyptians were the
first to use lead minerals in cosmetics, and then spread
to Ancient Greece and beyond the Egyptians. It may
have used for sinkers in fishing
nets, glazes, glasses, enamels, and for ornaments.
Various civilizations of the Fertile Crescent used lead as
a writing material, as currency, and as a construction
material. Lead was used in the Ancient Chinese royal
court as a stimulant, as currency, and as
a contraceptive. The Indus  Valley  civilization and
the Mesoamericans used it for making amulets; and the
eastern and southern African peoples used lead in wire
drawing. The Roman used to add it as bronze utensils as
they believed that it lessened the bitter tastes of these
food containers (Berman, 1980). This was believed that
it led to the breakdown of the Roman Empire. Lead is a
relatively unreactive metal (Dayah, 2017). Its weak
metallic character is illustrated by its amphoteric nature;
lead and lead oxides react with both acids and bases, and
it tends to form covalent bonds.

7.2. Biology and Toxicology:

In the late 19" century, lead’s toxicity was
recognized, and since then its use has been phased out of
many applications. Lead is a highly poisonous metal
(whether inhaled or swallowed), affecting almost every
organ and system in the human body (USFDA, 2015). At
airborne levels of 100 mg/m®, lead becomes an
immediate risk to health. Most ingested lead is absorbed
into the bloodstream. The primary cause of its toxicity is
its predilection for interfering with the proper functioning
of enzymes. It does so by binding to the sulfhydryl
groups found in many enzymes, or imitating and
displacing other metals which act as cofactors in many
enzymatic reactions. Among the essential metals that
lead interacts with are calcium, iron, and zinc. High
levels of calcium and iron tend to provide some
protection from lead poisoning, however, low levels may
cause increased liability. Lead is a neurotoxinand
accumulates in soft tissues and bones; it damages
the nervous system and interferes with the function of
biological enzymes, causing neurological disorders, such
as brain damage and behavioral problems. However,
many countries still allow the sale of products that expose
humans to lead, including some types of fuels, paints and
bullets.

7.3. Pesticides of Lead:

Some lead arsenate compounds are commonly
used as insecticides (Carter, 1952). Acidic lead arsenate
(PbHASO), which is a white powder insoluble in water
and basic lead arsenate (lead hydroxyl arsenate,
PbsOH(As04)3) which is also a white insoluble powder
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are two insecticides of them. Acid lead arsenate was used
extensively to control chewing insects on fruits, such as
apple and pear, on flowers, trees, and shrubs, and on
vegetables, such as potato and tomato. It had been also
extensively used in treating soil to control Japanese
beetle and Asiatic garden beetle larvae and related soil
infesting forms. Bordeaux mixture (basic copper sulfate
with lime), which is primarily a fungicide, was often used
in connection with insecticides such as nicotine, lead
arsenate, and calcium arsenate. It was sometimes used to
control the potato leafhopper and as a repellent for flea
beetles on various vegetables and flowering plants. It was
sometimes used also as an emulsifier for lubricating oil
sprays applied to fruit trees, such as apple, pear, quince,
and peach. However, In Russia, the agricultural use of
lead arsenate was forbidden because of the high chronic
toxicity of lead (Melnikov, 1971).

8.Mercury
8.1. Occurrence, Chemistry and Uses:
Mercury is a liquid metal with

the symbol Hg and atomic number 80 and atomic mass
202 (Dayah, 2017). It is commonly known
as quicksilver and was formerly named hydrargyrum
(Hydrargyrum, 2014). A heavy, silvery transition d-
block element, mercury which is the only metallic
element that is liquid atstandard conditions of
temperature and pressure. The metal tends to form
complexes more readily with the highest stability Hg
(+11)) among all the transition d block elements (Cotton
and Wilkinson, 1972 and Lee, 1979). The coordination
chemistry of mercury (I1) with 5B, 6B and 7B family
elements has been intensively studied because these
interactions are in the biological systems (Lee et al.,
1999). Organomercury compounds, which are volatile,
have the formula HgR2 and when are solids, have the
formula HgRX, where R is aryl or alkyl and X is usually
halide or acetate (Dayah, 2017). Mercury most known
function is as an ingredient in dental amalgams (Merck's
Manual, 2013). Gaseous mercury is used in mercury
vapor lamps and in some advertisements "neon sign"
and fluorescent lamps (Dayah, 2017). Mercuric oxide is
used in skin ointments (Frei and Hutzinger, 1975).
Mercuric sulphate is used as a catalyst in organic
chemistry. Vermilion, a red pigment, is mercuric
sulphide. The crystalline form of the sulphide, which is
black, is also used as a pigment. Mercury fulminate,
Hg(CNO),, is used as a detonator. Thiomersal is an
organomercury compound containing ethyl mercury
which is used as a preservative, a well-established
antiseptic and antifungal agents, to prevent bacterial and
fungal growth in some inactivated vaccines in multi-dose
vials. Mercury, as thiomersal, is widely used in the
manufacture of cosmetics (Mercury in your eye, 2008).
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8.2. Biology, Toxicology and Environmental

Fate:

Mercury is not naturally found in foodstuffs, but
it may be spread within food chains by smaller organisms
that are consumed by humans (Frei and Hutzinger,
1975). Mercury enters the environment as a result of
normal breakdown of minerals in rocks and soil through
exposure to wind and water. Release of mercury from
natural resources has fairly remained over the years. Still
mercury concentrations in the environment are
increasing; this is ascribed to human activity. Some forms
of human activity release mercury directly into soil or
water, for instance the application of agricultural
fertilizers and industrial wastewater disposal. All
mercury that is released in the environment will
eventually end up in soils or surface waters. In the soil
mercuric oxide is converted to mercury sulfide
(Melnikov, 1971). Mercury sulfide is one of the least
toxic compounds for both animals and microorganisms.
Methylmercury (MeHg), a generic term for compounds
with the formula CHsHgX, is a dangerous family of
compounds that are often found in polluted water. It
interferes with the ability of cells to make energy from
the cellular metabolism of sugar and oxygen (Juan et al.,
2017). The body burns carbohydrates and oxygen in an
effort to generate energy in the form of adenosine
triphosphate (ATP), but MeHg blocks ATP formation
and the energy is released as heat. Consequently, the
principal symptom and toxic effect of MeHg poisoning is
a fever and may be easily confused with a severe case of
flu. Since MeHg is eliminated from the body rather
slowly, occupational exposures may result in
accumulation of MeHg over time. Thus, chronic
exposure may result in what appears to be an acute
poisoning, although symptoms may also develop slowly.
They arise by a process known as biomethylation. The
problem of mercury pollution came into focus after the
discovery of high levels of methylmercury in fish and
shellfish in Minamata Bay of Japan, that resulted in
thousands of poisonings and hundreds of deaths (Roane
etal., 2009). The mercury contamination originated from
a chemical factory which was disposed of into Minamata
Bay and ultimately accumulated in fish. It is also likely
that microbial activity in the sediment converted
elemental mercury that was existed in the bay into
methylmercury.

8.3. Pesticides of Mercury:

Some compounds of mercury were used as
insecticides (Carter, 1952). The fungicidal properties of
mercuric chloride with respect to phytopathological fungi
were discovered at the end of the nineteenth century, and
since then, it had been used to protect plants from
diseases (Melnikov, 1971). However, its high toxicity to
man, animals, and plants made it important to seek more
active and safer compounds for use in agriculture.

45

Mercuric chloride, HgCl, (corrosive sublimate), and
mercurous chloride, HgClI (calomel), were used against
fungus, gnats, earth worms, cabbage maggots, onion
maggots and as rat poison (Carter, 1952). Mercuric
chloride was also used for the protection from dormant
gladiolus worms and as a fungicide and germicide.
Formulations containing mercury compounds were
sometimes used against insects hurting man and animals.
Disinfection of seeds with aqueous solutions of
organomercury compounds was widely applied
(Melnikov, 1971). Investigation of various mercury
derivatives of the aliphatic, alicyclic, aromatic, and
heterocyclic series has shown that organomercury
compounds considerably exceed the inorganic ones in
bactericidal and fungicidal effect. Compounds of the
aliphatic series can be more powerful fungicides, and
those of the aromatic series are stronger bactericides.
Also, organomercury compounds have a favourable
chemotherapeutic index, the concentration that kills plant
disease organisms, is much less than the concentration
dangerous to the plants. Moreover, many organomercury
compounds at the concentrations used not only are
harmless to plants, but even stimulate their growth.
Sometimes the stimulation is so great that it leads to a
substantial increase in yield. Nevertheless, studies have
shown that strong microbiological activity of
organomercurials occurs only with the formula: RHgX,
where R is a hydrocarbon radical, and X is an organic or
inorganic acid group. Methyl mercury is widely used
fungicides (Juan et al., 2017). Ethyl mercury phosphate
gives the same result as with methyl mercury but with
about 20% of weight (Melnikov, 1971).
Methoxyethylmercury  derivatives, used as seed
disinfectants, are close to the latter two in activity.
Beforehand, in a number of countries use of
organomercury compounds for apple trees was applied,
due to prophylactic and curative effects. They were also
used to control some weeds. However, their use as
insecticides was negligible. Mercury, in general, is less
used in modern agriculture (Juan et al., 2017).

9.Silicon, Silica dust and

diatomaceous earth (DE) insecticides

9.1. Occurrence, Chemistry and Uses:

Silicon is a metalloid element with
the symbol Si and atomic number 14 and atomic mass of
28 (Dayah, 2017). It is a hard, brittle crystalline solid
with a blue grey metallic luster, tetravalent and relatively
unreactive. Its melting point is 1414°C. Silicon is the
eighth most common element in the universe by mass,
but very rarely occurs as the pure element in the Earth's
crust. It is most widely distributed
in dusts, sands, planetoids, and planets as various forms
of silicon dioxide (silica) or silicates. More than 90% of
the Earth's crust is composed of silicate minerals, making


https://en.wikipedia.org/wiki/Methylmercury
https://en.wikipedia.org/wiki/Pollution
https://en.wikipedia.org/wiki/Biomethylation
https://en.wikipedia.org/wiki/Chemical_element
https://en.wikipedia.org/wiki/Symbol_(chemistry)
https://en.wikipedia.org/wiki/Atomic_number
https://en.wikipedia.org/wiki/Tetravalence
https://en.wikipedia.org/wiki/Abundance_of_the_chemical_elements
https://en.wikipedia.org/wiki/Dust
https://en.wikipedia.org/wiki/Sand
https://en.wikipedia.org/wiki/Planetoids
https://en.wikipedia.org/wiki/Planet
https://en.wikipedia.org/wiki/Silicon_dioxide
https://en.wikipedia.org/wiki/Silicate
https://en.wikipedia.org/wiki/Silicate_minerals

Ayman S. M. HASSAN

silicon the second most abundant element in the Earth's
crust (about 28% by mass) after oxygen. Jons Jakob
Berzelius in 1823 was the first to able to prepare silicon
and characterize it in pure form. The late 20" century to
early 21% century has been described as the Silicon Age
(also known as the Digital Age or Information Age) due
to that elemental silicon having a large impact on the
modern world economy. The relatively small portion of
very highly purified elemental silicon used in
semiconductor electronics (<10%) is essential to the
metal oxide silicon (MOS) transistors and integrated
circuit chips that is used in most modern technology
(such as computers and cell phones, for example). The
most widely used silicon device is the MOSFET (metal
oxide silicon field effect transistor), which has been
manufactured in larger numbers than any other device in
history.  Free  silicon is also used in
the steel refining, aluminium casting, and fine chemical
industries (often to make fumed silica). Diatomaceous
earth chemical name is amorphous silicon dioxide
(SiO2)n (Villaverde et al., 2017). Diatomaceous earth is
composed of the fossilized shells of tiny marine
organisms called diatoms (Jack DeAngelis, 2004c). The
shells are made mainly of silica. Diatomaceous earth is a
fine, light powder that is slightly abrasive but highly
absorbent. Anciently diatomaceous earth was used in
agriculture applications. Nowadays Diatomaceous earth
has a variety of uses in filtration, adsorbents, a
component of dynamite (another name for diatomaceous
earth is diatomite), and as a natural insecticide.

9.2. Biology and Toxicology:

Silicon is an essential element in biology,
although only traces are required by animals. However,
various sea sponges, microorganisms, such
as diatoms and radiolarian, and secrete skeletal structures
made of silica. Silica is deposited in many plant tissues
(Cutter, 1978). Silicon is currently under consideration
for elevation to the status of a "plant beneficial substance
by the Association of American Plant Food Control
Officials (Miranda and Barker, 2009). People may be
exposed to elemental silicon in the workplace by
breathing it in, swallowing it, or having contact with the
skin or eye (Dayah, 2017). In the latter two cases, silicon
poses a slight hazard as an irritant. It is hazardous if
inhaled. The Occupational Safety  and Health
Administration (OSHA) has set the legal limit for silicon
exposure in the workplace as 15 mg/md total exposure
and 5 mg/m? respiratory exposure over an 8-hour
workday. The National Institute for Occupational Safety
and Health (NIOSH) has set a Recommended exposure
limit (REL) of 10 mg/m3total exposure and
5 mg/m? respiratory ~ exposure over an  8-hour
workday. Inhalation of crystalline silica dust may lead
to silicosis, an occupational lung disease marked
by inflammation and scarring in the form of nodular
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lesions in the upper lobes of the lungs (Plant et al.,
2012).

9.3. Pesticides of Silicon and Diatomaceous

Earth:

Sodium fluorosilicate, NaySiFs, is a white
crystalline powder insoluble in water (Carter, 1952). It
was used as a dust and spray in the control of some insects
on field crops, as a poison in cutworm, mole cricket, and
grasshopper baits and is effective as a mothproofing
agent for woolen fabrics. Diatomaceous earth insecticide
is very effective against a number of crawling insect such
as cockroaches, ants, earwigs, silverfish, sow bugs, pill
bugs, and bedbugs (Jack DeAngelis, 2004c). It must be
kept dry to be effective, whether used indoors and
outdoors. It works as an insecticide because it absorbs
and removes the protective waxy covering of insects that
are exposed to it. Its action is based on dehydrating the
waxy cover water of the insect and removing this
protective layer. A dust mask should be worn when
applying the powder. Diatomaceous earth is safer and
more effective than conventional insecticides as it
exhibits very low mammalian toxicity compared to many
other insecticides. Another form of silica used as
pesticides is amorphous silica which is made by heating
ordinary sand to elevated temperatures. Amorphous
silica is often used combined with the natural insecticide
“pyrethrum” or alone.

10.Sulphur

10.1. Occurrence, Chemistry and Uses:

Sulphur is a nonmetallic element in the group VI
of the Periodic System (Dayah, 2017). Sulphur atomic
number is 16 and atomic mass is 32. Sulphur accounts for
15% of the inner core of the earth and 0.052% of its crust
(Seiler et al., 1988). Under normal conditions, sulphur
atoms form cyclic octatomic molecules with a chemical
formula Sg (Dayah, 2017). Elemental sulphur is a bright
yellow, crystalline solid at room temperature. Colours of
sulphur are: shades of yellow, yellowish brown,
yellowish green, reddish. Sulphur stone is a synonym for
pyrite. Sulphur melting point is 115.21°C. Sulphur is the
tenth most common element by mass in the universe, and
the fifth most common on Earth. It is abundant in native
form. Sulphur was known in the ancient civilizations of
India, Greece and China. Though sometimes found in
pure, native form, sulphur on earth usually occurs
as sulphide and sulphate minerals. Today, almost all
elemental sulphur is produced as a byproduct of
removing sulphur-containing contaminants from natural
gas and petroleum oil. Sulphur is an indirect food
additive used in adhesives.
10.2. Biology and Toxicology:

Sulphur is an essential element for all life, but
almost always in the form of organosulphur compounds


https://en.wikipedia.org/wiki/Abundance_of_elements_in_Earth%27s_crust
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/J%C3%B6ns_Jakob_Berzelius
https://en.wikipedia.org/wiki/J%C3%B6ns_Jakob_Berzelius
https://en.wikipedia.org/wiki/Digital_Age
https://en.wikipedia.org/wiki/Information_Age
https://en.wikipedia.org/wiki/Semiconductor_electronics
https://en.wikipedia.org/wiki/Metal%E2%80%93oxide%E2%80%93silicon
https://en.wikipedia.org/wiki/Transistors
https://en.wikipedia.org/wiki/Integrated_circuit
https://en.wikipedia.org/wiki/Integrated_circuit
https://en.wikipedia.org/wiki/Computers
https://en.wikipedia.org/wiki/Cell_phones
https://en.wikipedia.org/wiki/MOSFET
https://en.wikipedia.org/wiki/Steel
https://en.wikipedia.org/wiki/Aluminium
https://en.wikipedia.org/wiki/Fumed_silica
https://en.wikipedia.org/wiki/Sea_sponges
https://en.wikipedia.org/wiki/Diatoms
https://en.wikipedia.org/wiki/Radiolaria
https://en.wikipedia.org/wiki/Occupational_Safety_and_Health_Administration
https://en.wikipedia.org/wiki/Occupational_Safety_and_Health_Administration
https://en.wikipedia.org/wiki/Permissible_exposure_limit
https://en.wikipedia.org/wiki/National_Institute_for_Occupational_Safety_and_Health
https://en.wikipedia.org/wiki/National_Institute_for_Occupational_Safety_and_Health
https://en.wikipedia.org/wiki/Recommended_exposure_limit
https://en.wikipedia.org/wiki/Recommended_exposure_limit
https://en.wikipedia.org/wiki/Crystalline
https://en.wikipedia.org/wiki/Silicosis
https://en.wikipedia.org/wiki/Occupational_lung_disease
https://en.wikipedia.org/wiki/Inflammation
https://en.wikipedia.org/wiki/Nodule_(medicine)
https://en.wikipedia.org/wiki/Nodule_(medicine)
https://en.wikipedia.org/wiki/Lungs
https://en.wikipedia.org/wiki/Ancient_India
https://en.wikipedia.org/wiki/Ancient_India
https://en.wikipedia.org/wiki/Ancient_Greece
https://en.wikipedia.org/wiki/History_of_China#Ancient_China
https://en.wikipedia.org/wiki/Native_element_minerals
https://en.wikipedia.org/wiki/Sulfide_minerals
https://en.wikipedia.org/wiki/Sulfate_minerals
https://en.wikipedia.org/wiki/Natural_gas
https://en.wikipedia.org/wiki/Natural_gas
https://en.wikipedia.org/wiki/Petroleum
https://en.wikipedia.org/wiki/Mineral_(nutrient)
https://en.wikipedia.org/wiki/Organosulfur_compounds

Egyptian Scientific Journal of Pesticides (Egy Sci J Pestic), 2019; 5(4); 39-54 www.esjpesticides.org.eg

or metal sulphides (Mohammed et al., 2018)).
Many amino acids, proteins and cofactors contain
sulphur. Disulphides, S-S bonds, confer mechanical
strength and insolubility of the protein keratin, found in
outer skin, hair, and feathers. Sulphur is one of the core
chemical elements needed for biochemical functioning
and is an elemental macro-nutrient for all living
organisms. Prolonged use of sulphur may result in a
characteristic dermatitis (Osol, 1980). The element plays
an important role in growth and development of plants
(Radwan et al., 2017). Sulphur constitutes three amino
acids in plants (methionine, cysteine and cystine).
Endophytic microorganisms oxidize elemental sulphur to
sulphates which benefit the plants and produce
phytochemicals which are antagonistic to plant
pathogens as well as having secondary metabolites
contributing to plant vitality. Chemotrophic (i.e.,
chemosynthetic) organisms gain energy from chemical
substances (Camacho, 2009). When the source is an
inorganic substance such as sulphur, it is called
chemolithotrophic. Sulphur compounds are used by
sulphur bacteria to obtain its needed energy. Reduced
sulphur compounds are used either by colorless sulphur
bacteria or the colored photosynthetic bacteria (Maier
and Pepper, 2009). Chlorobium, a green sulfur
bacterium, can utilize longer wavelengths of light than
many other phototrophs and are also anaerobic
organisms, requiring H.S rather than H,O for
photosynthesis (Sandrin et al., 2009). The chemotrophic
bacteria which undergo oxidation of sulphide to sulphur
are aided by bacterial oxidation of sulfide ores
(thiobacilli) (Wetzel, 2001).

10.3. Pesticides of Sulphur:

Sulphur is the oldest recorded fungicide and has
been used for more than 2000 years (CIPAC Handbook,
1992). The element is used to manufacture fertilizers,
insecticides and fungicides (Junfeng and Gang Yu,
2008). Elemental sulphur is one of the oldest pesticides.
The earliest recorded pesticides were the burning of
sulphur to fumigate Greek homes about 1000 B.C.
Fumigants are used through the entrance of the insect as
an inhaled gas. Dusting elemental sulphur, in powdered
form, is a common fungicide for grapes, strawberry,
many vegetables and several other crops (Robert, 2001).
It has a good efficacy against a wide range of powdery
mildew diseases as well as black spot (Bostanian et al.,
2009). Early in agricultural history, the Greeks
recognized its efficacy against rust diseases on wheat
(CIPAC Handbook, 1992). Sulphur is applied to plants
in three formulations as Wettable powders, as colloidal
sulphur and as lime sulphur. In inorganic production,
sulphur is the most important fungicide. It is the only
fungicide used in organically farmed apple production
against the main disease apple scab under colder
conditions. Biosulphur (biologically produced elemental
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sulphur with hydrophilic characteristics) can be used well
for these treatments. Standard formulation dusting
sulphur is applied to crops with a sulphur duster or from
a dusting plane. It has similar applications, and is used as
a fungicide against mildew and other mold related
problems with plants and soil. A common method of use
is to dust clothing or limbs with sulphur powder. Some
livestock owners set out a sulphur salt block as a salt lick.
In organic agriculture, sulphur is the most important
fungicide (Bostanian et al., 2009). Wettable sulphur is
the commercial name for dusting sulfur and is formulated
with additional ingredients to make it water miscible.
Elemental sulphur powder is used as an "organic" (or
"green") insecticide, actually an acaricide,
against ticks and mites. A diluted solution of lime
sulphur (made by combining calcium hydroxide with
elemental sulphur in water) is used as a dip for pets to
destroy ringworm (fungus), manges
other dermatoses and parasites. Sulphur is also used as a
bactericide in winemaking and food preservation.

11.0ther Inorganic Compounds

Very few citations are available concerning
elements exerting pesticide action such as antimony,
cadmium, phosphorus and selenium:

11.1. Antimony:

Antimony is a chemical element with
the symbol Sb (from Latin: stibium) (Dayah, 2017).
Certain compounds of antimony appear to be toxic,
particularly antimony trioxide and antimony potassium
tartrate (ATSDR, 2019). Effects may be similar to
arsenic ~ poisoning  (Encyclopedia  Britannica,
2018). Occupational exposure may cause respiratory
irritation, pneumoconiosis, antimony spots on the skin,
gastrointestinal symptoms, and cardiac arrhythmias. In
addition, antimony trioxide is potentially carcinogenic to
humans (Sundar and Chakravarty, 2010).

Carter (1952) cited that antimonyl potassium
tartrate, tar-tar emetic, K(SbO)CsH406.1/2H,O as an
insecticide of antimony. It is a white powder soluble in
water. It was used at that time as a poison for ants and for
the control of thrips.

11.2. Cadmium:

Cadmium is a highly toxic metal (Berman, 1980).
Cadmium competes with the absorption of some essential
elements such as iron, zinc, and copper. The element may
also interfere with the release of iron by transferrin.
Cadmium ingestion produces symptoms such as nausea,
salivation, vomiting followed by diarrhea with
abdominal discomfort and pains. Cadmium is
accumulated in the human body. A characteristic disease
of chronic cadmium poisoning is called Itai-itai
manifested by renal dysfunction in combination with
osteomalacia or severe 0steoporosis.
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Cadmium was mentioned once as a fungicide in
form of the quaternary salt cadmium-calcium-copper-
zinc chromate-sulfate obtained by mixing the appropriate
components (Melnikov, 1971). The composition of this
saltin % is: CdO 4.5, CuO 11.7, Zn0O 4.8, Ca0 32.9, CrO3
5.9, SO; 11.7, and H,0 26.5. This preparation was
marketed in the form of a 90% wettable powder for the
control of a number of plant diseases.

11.3. Phosphorus:

Inorganic phosphorus in the form of the
phosphate PO4>" is required for all known forms of life
(Ruttenberg, 2013). Phosphorus plays a major role in
the structural framework of DNA and RNA. Living cells
use phosphate to transport cellular energy with adenosine
triphosphate (ATP), necessary for every cellular process
that uses energy. Adenosine triphosphate is also
important for phosphorylation, a key regulatory event in
cells. Phospholipids are the main structural components
of all cellular membranes (Lipmann, 1944). Calcium
phosphate salts assist in stiffening bones (Greenwood
and Earnshaw, 1997).

While organophosphorus pesticides at present
time dominate, elemental phosphorus pesticides are
seldom cited. Pastes containing elemental phosphorus
were made from yellow phosphorus in water and then
mixed with flour and glycerin (Carter, 1952). Such
pastes were effective against the American cockroach.
Various phosphorus compounds were used as pesticides,
including derivatives of phosphorous, thiophosphorous,
phosphoric, thiophosphoric, dithophosphoric,
phosphonous, and thiophosphonous acids (Melnikov,
1971).

11.4. Selenium:

Although it is toxic in large doses, selenium is an
essential micronutrient for animals (Dayah, 2017). The
element essentiality was discovered in 1957 by Schwarz,
Foltz, Patterson, Milstrey, and Stockstad (Berman,
1980). It is a component of glutathione peroxide and it
reacts with harmful heavy metals. The lack of selenium
results in the Keshan disease which is a congestive
cardiomyopath caused by a dietary deficiency of the
metal. In plants, it occurs as a bystander mineral,
sometimes in toxic proportions in forage, some plants
may accumulate selenium as a defense against being
eaten by animals. Other plants, such as locoweed, require
selenium in their growth show the presence of selenium
in soil (Ruyle, 2009). In high concentrations, selenium
acts as an environmental contaminant.

Selenium compounds have been tested as
insecticides, but because of their toxicity to man their use
is not recommended on crops intended for human or
animal consumption (Melnikov, 1971). Sodium selenate,
Na,SeOs, is a water soluble salt. Plants can take selenium
up from the soil in sufficient amounts to kill aphids
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feeding on the plants and when applied to crops as
carnations and chrysanthemumes, it may be toxic to some
strains of the spider mites. The metal is ineffective on
roses or other plants with woody stems. It is also a
systemic insecticide absorbed by the roots and
translocated with the sap to the foliage and flowers of
herbaceous plants. It poisons mite as they feed. However,
it is not recommended in agriculture due to its toxicity. A
product known as selocide containing selenium and
sulphur of the formula (KNH.S)sSe had been used in the
Pacific Northwest to fight mites on apples and grapes, but
it was successful at first against spider mites, then
became ineffective despite repeated applications.

Conclusion

Inorganic pesticides are mainly manufactured
from ores originating from the earth crust. Most inorganic
pesticides, except copper and sulphur, have lower
applications at the present time. Inorganic pesticides may
be cheaper and less toxic than some organic ones.
However, pesticides containing metals as antimony,
arsenic, lead, mercury and selenium can be hazardous.
Only natural pesticides may be safer. Most inorganic
pesticides are now abandon except those of copper and
sulphur. However, some inorganic compounds such as
silicates (diatomaceous earth) and boric acid have
reasonable applications against crawling insects. Also
some organometals, such as organomercurials, may have
limited usages due to their prophylactic and curative
effects. Since only small amounts of the organic
pesticides are needed, smaller amounts of these
chemicals may contaminate the environment. Moreover,
the organic pesticides may be generally less toxic to
humans than some inorganic ones, as the former are more
degradable

References

ATSDR (Agency for Toxic Substances and Disease
Registry) (2008) Toxic Substances Portal, 4770
Buford Hwy NE, Atlanta, GA 30341.

ATSDR (Agency for Toxic Substances and Disease
Registry) (2019) Toxicological Profile for
Antimony and Compounds.

Berman, E. (1980), Toxic Metals and Their Analysis,
Heyden & Son Ltd., London.

Bosch, Xavier (2001)"Fungus eats CD",
www.nature.com/articles/news010628-11.

Bostanian; Noubar J., Howard M. A. Thistlewood,
John M. Hardman and Gae"tan Racette (2009)
Toxicity of six novel fungicides and sulphur to
Galendromus occidentalis (Acari: Phytoseiidae),
Exp Appl Acarol 47, 63-69.

Browning, E. (1969) Cu &amp Cu SALTS/ Toxicity of
Industrial Metals. 2nd ed. New York: Appleton-
Century-Crofts, p. 147.

https://



https://en.wikipedia.org/wiki/Life
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/RNA
https://en.wikipedia.org/wiki/Adenosine_triphosphate
https://en.wikipedia.org/wiki/Adenosine_triphosphate
https://en.wikipedia.org/wiki/Adenosine_triphosphate
https://en.wikipedia.org/wiki/Phosphorylation
https://en.wikipedia.org/wiki/Phospholipid
https://en.wikipedia.org/wiki/Calcium_phosphate
https://en.wikipedia.org/wiki/Calcium_phosphate
https://en.wikipedia.org/wiki/Bone
https://en.wikipedia.org/wiki/Micronutrient
https://en.wikipedia.org/wiki/Forage
https://en.wikipedia.org/wiki/Locoweed
https://en.wikipedia.org/wiki/Contaminant
http://www.nature.com/news/2001/010627/full/news010628-11.html

Egyptian Scientific Journal of Pesticides (Egy Sci J Pestic), 2019; 5(4); 39-54 www.esjpesticides.org.eg

Camacho, A. (2009) Sulfur Bacteria, in Encyclopedia of
Inland Waters, Dissimilatory Metabolism in
Sulfur Bacteria.

Cambier, C; Detry, B; Beerens, D (1998) "Effects of
hyperchloremia on blood oxygen binding in
healthy calves". J. Appl. Physiol. 85 (4): 1267-
72. doi:10.1152/jappl.1998.85.4.1267. PMID 976
0315.

Carter, R. H. (1952) The Yearbook of Agriculture, The
Inorganic Insecticides, United States, Department
of Agriculture, Washington, D. C., UNITED
STATES GOVERNMENT PRINTING OFFICE,
218.

CIPAC Handbook (1992) E, 202, 9(5), 80.

Clarkson, Thomas W. (2001) in Handbook of Pesticide
Toxicology (Second Edition), Worldofmolecules.
com/pesticides/.

Colditz, Graham A. (2015) The SAGE Encyclopedia of
Cancer and Society, Chapter Title: "Herbicide”,
http://dx.doi.org/10.4135/9781483345758.n260.

Cotton, F. A., G.F.R.S. Wilkinson (1972) Advanced
Inorganic Chemistry, John Wiley & sons, New
York.

Cutter, Elizabeth G. (1978) Plant Anatomy. Part 1 Cells
and Tissues (2nd ed.). London: Edward
Arnold. ISBN 978-0-7131-2639-6.

Dameron, Charles T and Mark D Harrison (1998)
Mechanisms for protection against copper
toxicity, Am J Clin Nutr ;67 (suppl):1091S-7S.

Das, Rupali, Andrea Steege, Sherry Baron, John
Beckman and Robert Harrison (2013)
Pesticide-related Illness among Migrant Farm
Workers in the United States, International
Journal of Occupational and Environmental
Health, 7:4, 303-312, https://doi.org/10.1179/10
77 35 20 1800339272.

Dayah, Michael (2017) Dynamic Periodic Table,
https://ptable.com/#Writeup/Wikipedia.

Dolara, Piero (2014) Occurrence, exposure, effects,
recommended intake and possible dietary use of
selected trace compounds (aluminium, bismuth,
cobalt, gold, lithium, nickel, silver), International
Journal of Food Sciences and Nutrition. 65 (8):
911-924, doi:10.3109/09637486.2014.937801
ISSN 1465-3478. PMID 25045935.

Drozdov, Andrey (2007) Aluminium: The Thirteenth
Element, RUSAL Library. ISBN 978-5-91523-
002-5.

Encyclopedia Britannica (2018) Antimony poisoning.
https://www.britannica.com.

Encyclopedia  Britannica  (2019)  https://www.
britannica.com/editor/The Editors of

EncyclopaediaBritannica/4419.

Environmental Applications (Part I) (2019) Common
Forms of the Elements in Water". Western
Oregon University. Western Oregon University.

49

EPA (United States Environmental Protection

Agency) (2016) Toxaphene, https://www.epa.

gov/ sites/ production/files/2016-09/documents/

toxaphene.pdf.

W.B. (2009)  "Aluminum®. Ullmann's
Encyclopedia of Industrial Chemistry. Wiley-
VCH.,doi:10.1002/14356007.a01_459.pub2.
ISBN 978-3-527-30673-2.

Frei, R.W and Hutzinger, O, (1975) Analytical Aspects
of Mercury and other Heavy Metals in the
Environment, Gordoi and Breacé Scientific
Publishers, London.

Greenwood, N. N. and Earnshaw, A. (1997) Chemistry
of the Elements (2nd Edn.), Oxford: Butterworth-
Heinemann. ISBN 0-7506-3365-4.

Hefnawy, Abd Elghany and Heba M. El-khaiat (2015)
The importance of copper and the effects of its
deficiency and toxicity in animal health,
International Journal of Livestock Research 5, 12.

Horsak, Randy D., Philip B. Bedient, M. Coreen
Hamilton, F. Ben Thomas (1964) Pesticides in
Environmental Forensics, Introduction,
https://doi.org/10.1016/B978-012507751-

Frank,

4/50030-6.
Hudson; L. Keith, Misra; Chanakya and Perrotta;
Anthony J. (2005) "Aluminum

Oxide". Ullmann's Encyclopedia of Industrial
Chemistry, Wiley-VCH.

Hydrargyrum (2014) Wayback Machine. Random
House Webster's Unabridged Dictionary.

ICIS (Independent Commodity Intelligence Services)
(2006) "Fluorine's  Treasure  Trove". Reed
Business Information.

Irschik; H., Schummer; D., Gerth; K., Hofle; G. and
Reichenbach; H. (1995) "The tartrolons, new

boron-containing antibiotics from a
myxobacterium, Sorangium cellulosum™. The
Journal of Antibiotics. 48 (1): 26—

30. doi:10.7164/antibiotics.48.26. PMID 753264
4.

Jack DeAngelis (2004a) PhD/OSU Ext. Entomologist,
boric acid, pesticides, http://www.livingwithbugs.
com/boric_acid_insecticide.html.

Jack DeAngelis (2004b) PhD/OSU Ext. Entomologist,
Bugs,
http://www.livingwithbugs.com/Bugs.html/.

Jack DeAngelis (2004c) PhD/OSU Ext. Entomologist,
Diatomaceous Earth Insecticide,
http://www.livingwithbugs.com/ Diatomaceous
Earth Insecticide.html.

Jack DeAngelis (2004d) PhD/OSU Ext. Entomologist,
Natural/Organic Dust Insecticides,
http://www.livingwithbugs.com/ Natural/Organic
Dust Insecticides.html/.

Jack DeAngelis (2004e) PhD/OSU Ext. Entomologist,
Permethrin_Pyrethrum,



https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1152%2Fjappl.1998.85.4.1267
https://en.wikipedia.org/wiki/PubMed_Identifier
https://pubmed.ncbi.nlm.nih.gov/9760315
https://pubmed.ncbi.nlm.nih.gov/9760315
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-7131-2639-6
https://doi.org/10.1179/10
https://ptable.com/#Writeup/Wikipedia
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.3109%2F09637486.2014.937801
https://en.wikipedia.org/wiki/International_Standard_Serial_Number
https://www.worldcat.org/issn/1465-3478
https://en.wikipedia.org/wiki/PubMed_Identifier
https://pubmed.ncbi.nlm.nih.gov/25045935
https://en.wikipedia.org/wiki/Aluminium:_The_Thirteenth_Element
https://en.wikipedia.org/wiki/Aluminium:_The_Thirteenth_Element
https://en.wikipedia.org/wiki/RUSAL
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-5-91523-002-5
https://en.wikipedia.org/wiki/Special:BookSources/978-5-91523-002-5
file:///H:/InOrganicPesticides/Antimony%20%20poisoning
https://www.wou.edu/las/physci/ch412/natwater.htm
https://www.wou.edu/las/physci/ch412/natwater.htm
https://en.wikipedia.org/wiki/Western_Oregon_University
https://en.wikipedia.org/wiki/Western_Oregon_University
https://en.wikipedia.org/wiki/Ullmann%27s_Encyclopedia_of_Industrial_Chemistry
https://en.wikipedia.org/wiki/Ullmann%27s_Encyclopedia_of_Industrial_Chemistry
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1002%2F14356007.a01_459.pub2
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-3-527-30673-2
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/0-7506-3365-4
https://en.wikipedia.org/wiki/Ullmann%27s_Encyclopedia_of_Industrial_Chemistry
https://en.wikipedia.org/wiki/Ullmann%27s_Encyclopedia_of_Industrial_Chemistry
http://dictionary.reference.com/browse/hydrargyrum
https://en.wikipedia.org/wiki/Wayback_Machine
https://en.wikipedia.org/wiki/Random_House_Webster%27s_Unabridged_Dictionary
https://en.wikipedia.org/wiki/Random_House_Webster%27s_Unabridged_Dictionary
http://www.icis.com/Articles/2006/09/30/2016413/fluorines-treasure-trove.html
https://www.jstage.jst.go.jp/article/antibiotics1968/48/1/48_1_26/_pdf
https://www.jstage.jst.go.jp/article/antibiotics1968/48/1/48_1_26/_pdf
https://www.jstage.jst.go.jp/article/antibiotics1968/48/1/48_1_26/_pdf
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.7164%2Fantibiotics.48.26
https://en.wikipedia.org/wiki/PubMed_Identifier
https://pubmed.ncbi.nlm.nih.gov/7532644
https://pubmed.ncbi.nlm.nih.gov/7532644
http://www.livingwithbugs.com/Bugs.html/
http://www.livingwithbugs.com/permethrin_pyrethrum.html/
http://www.livingwithbugs.com/permethrin_pyrethrum.html/

Ayman S. M. HASSAN

http://www.livingwithbugs.com/permethrin_pyre
thrum.html/.

Jack DeAngelis (2004f) PhD/OSU Ext. Entomologist,
Pesticides, http://www.livingwithbugs.com/
Pesticides.html/.

Jack DeAngelis (2004g) PhD/OSU Ext. Entomologist,
Spinosad Insecticide,  http://www.livingwith
bugs.com/ Spinosad Insecticide.html/.

Junfeng, Niu and Gang Yu (2008) POINT SOURCES
OF POLLUTION: LOCAL EFFECTS AND lts
CONTROL - Vol. Il - Agricultural Chemicals
Encyclopedia of Life Support Systems (EOLSS).

Karuppuchamy; P. and Sheela Venugopal (2016)
Integrated Pest Management, in Ecofriendly Pest
Management for Food Security.

Khairy; Mohamed, Haytham A. Ayoub, Farouk A.
Rashwan, Hanan F. Abdel-Hafez (2018)
Chemical modification of commercial kaolin for
mitigation of organic pollutants in environment
via adsorption and generation of inorganic
pesticides, Applied Clay Science 153, 124-133.

Kitchin, K.T., (2001) Recent Advances in Arsenic
Carcinogenesis: Modes of Action, Animal Model
Systems, and Methylated Arsenic Metabolites,
Toxicology and Applied Pharmacolog, Academic
Presl72, 3, 249-261(13).

Lavie, CJ; Crocker, EF; Key, KJ; Ferguson, TG
(1986) "Marked hypochloremic metabolic
alkalosis with severe compensatory
hypoventilation". South. Med. J. 79 (10): 1296-
99. doi:10.1097/00007611-198610000-

00025. PMID 3764530.

Lee, H.; H. J. Nam; and D. Noh; (1999) Bull. Korean
Chem. Soc., 20, 11.

Lee, J.D., (1979) Concise Inorganic Chemistry, Van
Nostrand Reinhold Company LTD, Berkshire.

Levitin, H; Branscome, W; Epstein, FH (1958) "The
pathogenesis of hypochloremia in respiratory
acidosis". J.  Clin.  Invest. 37 (12):  1667-
75. doi:10.1172/JCI1103758. PMC 1062852. PMI
D 13611033.

Lipmann, D. (1944) Enzymatic Synthesis of Acetyl

Phosphate, J Biol Chem. 155, 55-70.

Raina M. and lan L. Pepper (2009)
Environmental-microbiology, chapter 4. Earth
Environments, Academic Press, https://www.
sciencedirect.com/book/9780123705198/environ
mental-microbiology.

Meharg, A. A., and J. Hartley-Whitaker, (2002)
Arsenic uptake and metabolism in arsenic
resistant and nonresistant plant species, New
Phytologist, 154, 1, 29-43.

Melnikov; N. N. (1971) Chemistry of Pesticides,
Springer-Verlag New York Inc.

Maier,

50

Merck's Manual 1899 (First ed.) (2013) by Merck &
Co.

Mercury in your eye (2008) CIDPUSA, https://
web.archive.org/web/20100105085048/  http://
www.cidpusa.org/mercury.htm.

Miranda; Stephen R. and
(2009) "Silicon: ~ Summary
Methods".

Mohammed; Faten Z., Mustafa Hammadi and
Muayad AL-dulaimi (2018) Synthesis of Nano
Sulfur particles and their Antitumor activity,
Biochemistry Letters, 13 (9), 109-128.

Osol, A. (1980) Remington's Pharmaceutical Sciences.
16" ed. Easton, Pennsylvania: Mack Publishing
Co., p. 1187.

Plant, Jane A., Nick Voulvoulis and K. Vala
Ragnarsdottir (2012) Pollutants, Human Health
and the Environment: A Risk Based
Approach. Applied  Geochemistry. 26.  John
Wiley & Sons. p. 273.

Plimmer, Jack R. (2001) Handbook of Pesticide
Toxicology (Chapter 2: Chemistry of Pesticides),

Barker
Extraction

Bruce
of

95.
Radwan, T. E.E., Hanaa H. Rafla and R. N. Zaki
(2017) Evaluation of Elemental Sulphur

Application with Rhizobia Inoculation on Peanut
Yield and its Quality Grown in Sandy Soil at
Egypt, Egypt. J. Bot., 57, 1, 217 — 240.

Rich, V. (1994) The International Lead Trade.
Woodhead Publishing. ISBN 978-0-85709-994-
5.

Roane, Timberley M., Christopher Rensing, lan L.
Pepper and Raina M. Maier (2009)
Environmental Microbiology, Book * 2nd Edition
(chapter 21: Microorganisms and Metal
Pollutants).

Ruttenberg, K.C. (2013) Phosphorus Cycle — Terrestrial
Phosphorus Cycle, Transport of Phosphorus,
from Continents to the Ocean, The Marine
Phosphorus Cycle, http://web.archive.org/web/
20110713204340/http://www.libraryindex.com/
pages/3375/ Phosphorus-Cycle.html.

Ruyle, George (2009) Poisonous Plants on Arizona
Rangelands, The University of Arizona.

Sandrin; Todd R., Scot E. Dowd, David C. Herman
and Raina M. Maier (2009) Environmental
Microbiology, Chapter 6: Aquatic Environments,
Academic Press, https://www.sciencedirect.com/
book/9780123705198/environmental-micro-
biology.

Seiler; H.G., H. Sigel and A. Sigel (1988) Handbook on
the Toxicity of Inorganic Compounds. New York,
NY: Marcel Dekker, Inc., p. 6407.

Sheridan; J.E., Nelson; Jan, Tan, Y.L. (2013) "Studies
on the 'Kerosene Fungus' Cladosporium



http://www.livingwithbugs.com/permethrin_pyrethrum.html/
http://www.livingwithbugs.com/permethrin_pyrethrum.html/
http://www.livingwithbugs.com/%20Pesticides.html/
http://www.livingwithbugs.com/%20Pesticides.html/
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1097%2F00007611-198610000-00025
https://doi.org/10.1097%2F00007611-198610000-00025
https://en.wikipedia.org/wiki/PubMed_Identifier
https://pubmed.ncbi.nlm.nih.gov/3764530
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1062852
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1062852
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1062852
https://en.wikipedia.org/wiki/Digital_object_identifier
https://doi.org/10.1172%2FJCI103758
https://en.wikipedia.org/wiki/PubMed_Central
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1062852
https://en.wikipedia.org/wiki/PubMed_Identifier
https://en.wikipedia.org/wiki/PubMed_Identifier
https://pubmed.ncbi.nlm.nih.gov/13611033
http://www.jbc.org/content/155/1/55.short
http://www.jbc.org/content/155/1/55.short
http://www.gutenberg.org/ebooks/41697
file:///H:/InOrganicPesticides/Mercury%20in%20your%20eye
https://docs.google.com/viewer?a=v&q=cache:SzfW40-2DDcJ:www.aapfco.org/AM09/LSC_Si_Methods_DC.ppt+aapfco+siicon&hl=en&gl=us&pid=bl&srcid=ADGEESj4Jo-RFFj54kb6Sun3ikgJW9DMHzRAuUS045YkFErzE5NaSA084KvIyRxJp0IVX5ktDhaPPqcYLRx2hVu6K5YVWj95h2kgvkvDLQLyrxcJXXD3tQ3P5YLJ7J5F8rRYzenxznHp&sig=AHIEtbSPNk7BtSIpiRnvNI1F-2jSLN5LYA
https://docs.google.com/viewer?a=v&q=cache:SzfW40-2DDcJ:www.aapfco.org/AM09/LSC_Si_Methods_DC.ppt+aapfco+siicon&hl=en&gl=us&pid=bl&srcid=ADGEESj4Jo-RFFj54kb6Sun3ikgJW9DMHzRAuUS045YkFErzE5NaSA084KvIyRxJp0IVX5ktDhaPPqcYLRx2hVu6K5YVWj95h2kgvkvDLQLyrxcJXXD3tQ3P5YLJ7J5F8rRYzenxznHp&sig=AHIEtbSPNk7BtSIpiRnvNI1F-2jSLN5LYA
https://books.google.com/books?id=D3JS6NXez5oC&pg=PA273
https://books.google.com/books?id=D3JS6NXez5oC&pg=PA273
https://books.google.com/books?id=D3JS6NXez5oC&pg=PA273
https://books.google.com/books?id=mfPJCgAAQBAJ
https://en.wikipedia.org/wiki/Woodhead_Publishing
https://en.wikipedia.org/wiki/International_Standard_Book_Number
https://en.wikipedia.org/wiki/Special:BookSources/978-0-85709-994-5
https://en.wikipedia.org/wiki/Special:BookSources/978-0-85709-994-5
http://www.libraryindex.com/pages/3375/Phosphorus-Cycle.html
http://www.libraryindex.com/pages/3375/Phosphorus-Cycle.html
http://web.archive.org/web/%2020110713204340/
http://web.archive.org/web/%2020110713204340/
http://www.libraryindex.com/
https://web.archive.org/web/20040715194026/http:/cals.arizona.edu/AREC/pubs/rmg/1%20rangelandmanagement/2%20poisonousplants93.pdf
https://web.archive.org/web/20040715194026/http:/cals.arizona.edu/AREC/pubs/rmg/1%20rangelandmanagement/2%20poisonousplants93.pdf
https://www.sciencedirect.com/%20book/9780123705198/environmental-micro-biology
https://www.sciencedirect.com/%20book/9780123705198/environmental-micro-biology
https://www.sciencedirect.com/%20book/9780123705198/environmental-micro-biology
http://nzetc.victoria.ac.nz/tm/scholarly/tei-Bio19Tuat01-t1-body-d4.html
http://nzetc.victoria.ac.nz/tm/scholarly/tei-Bio19Tuat01-t1-body-d4.html

Egyptian Scientific Journal of Pesticides (Egy Sci J Pestic), 2019; 5(4); 39-54 www.esjpesticides.org.eg

resinae (Lindau) De Vries: Part I. The Problem of
Microbial Contamination of Aviation Fuels.

Speight, James G. (2019) Learn more about Sulfur
Compounds Composition and properties in
Natural Gas, (Sulfur content), Second Edition,
4.4.17.

Strekopytov, Stanislav, Will Brownscombe, Chaipat
Lapinee, Dan Sykes, John Spratt, Teresa E.
Jeffries, Chris G. Jones (2017) Arsenic and
mercury in bird feathers: Identification and
quantification of inorganic pesticide residues in
natural history collections using multiple
analytical and imaging techniques, Micro-
chemical Journal, 130, 301-3009.

Sundar, S and Chakravarty, J (2010). Antimony
Toxicity, International Journal of Environmental
Research and Public Health. 7(12): 4267-
4277. doi:10.3390/ijerph7124267. PMC 3037053
. PMID 21318007.

United States Food and Drug Administra-
tion (USFDA) (2015) Q3D Elemental Impurities

51

Guidance for Industry, United States Department
of Health and Human Services, p. 41.

Villaverde, Juan José, José Luis Alonso-Prados (2017)
An overview of nanopesticides in the framework
of European legislation, in New Pesticides and
Soil Sensors.

Wetzel, Robert (2001) Limnology 3rd Edition, Lake and
River Ecosystems, Academic Press,
https://www.elsevier.com/books/T/A/978012744
7605.

Wetzel; Robert G. (2001) IRON, SULFUR, AND

SILICA CYCLES, in Limnology (Third Edition),

A. Forms and Sources of Sulfur.

(World Health Organization) (2008)
PESTICIDES, Children's Health and the
Environment, WHO Training Package for the
Health Sector, www.who.int/ceh.

Winder, C. (1993) "The history of lead Part 3". LEAD
Action News. 2 (3). ISSN 1324-6011.

WHO


http://nzetc.victoria.ac.nz/tm/scholarly/tei-Bio19Tuat01-t1-body-d4.html
http://nzetc.victoria.ac.nz/tm/scholarly/tei-Bio19Tuat01-t1-body-d4.html
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3037053
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3037053
https://en.wikipedia.org/wiki/Doi_(identifier)
https://doi.org/10.3390%2Fijerph7124267
https://en.wikipedia.org/wiki/PMC_(identifier)
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3037053
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3037053
https://en.wikipedia.org/wiki/PMID_(identifier)
https://pubmed.ncbi.nlm.nih.gov/21318007
https://en.wikipedia.org/wiki/United_States_Food_and_Drug_Administration
https://en.wikipedia.org/wiki/United_States_Food_and_Drug_Administration
https://www.fda.gov/downloads/drugs/guidances/ucm371025.pdf
https://www.fda.gov/downloads/drugs/guidances/ucm371025.pdf
https://en.wikipedia.org/wiki/United_States_Department_of_Health_and_Human_Services
https://en.wikipedia.org/wiki/United_States_Department_of_Health_and_Human_Services
https://www.elsevier.com/books/T/A/9780127447605
https://www.elsevier.com/books/T/A/9780127447605
http://www.who.int/ceh
https://web.archive.org/web/20070831200744/http:/lead.org.au/lanv2n3/lanv2n3-22.html
https://en.wikipedia.org/wiki/International_Standard_Serial_Number
https://www.worldcat.org/issn/1324-6011

Ayman S. M. HASSAN

e JBa 1 s gl pall (b)) Q) Slaal)
Gy B8 glaa el (pand
HSBJ:\.L“ cgﬁﬂ\‘%s\J}\&)#\ﬁchw&ﬁﬂ\M\

(A padlal)

il s il g UKol g dudasdll claall g ol Sl &all g3 laall Glie Y1 g el piall il Jads ) caldY) s sale JS Adabuy 58 2usdll
Laadidl 4 pmall Clapall dilly 5 (g ume 5l sme 2 05S 5 Unslon 5l Uelia 5l Gala Lol cldY) ae (35S0 5 Gl sill 5 SUiall
3 A Jseal e de siad) Sl Ll e 4 paall Gland) mlhans ¢ sSlgivall s Lain BV e saal 5 052 853 e g 5ind g8
O 52891 558 ) (e Apmplall Cilagsal) a2t LS ¢ A o) gl V) Gilasse e Jie 85 gl Y e 7 sdiall e silal) eglall Cilagall (g
Aoy 3 Aagaill @l juaall cadi 3 5 (Spinosad) Ll <l s Sae ddand g Lgxgiad oy 3 dgeglall 4 pdall Clagal) G 5 e I3 e
adall 5 oyl A0y D peds Y iy 8 ¢ Apdiall bl e <l il slay Aaladl LD (e 15 wial S pui  dpdie 5 Al il
Llas ol e aladind A5 s s ol cealall Gugyse s Jae Tales S35 ¢ Y AadlS Al Gl S Laadin) I alid) el
Lpand 5 VYT ale (5 i) 35 G 3 e My pial) 4l el aladiind HS5 oy (Bl e (el ¢l Gy ¢ el jial) e oLl
ol sall Glany aladind a3 bl ¢ Sl (e ibiisaddl S30 1 3 5 o sall 038 aladiad &5 g Jadll Ay jlaad il aladiu) vie 5 e J5Y Y Gl
1aaic VA s aadiay 5 Gl Ol cy 8l palia )l cld )5y geladll Gl 85 o gl i) 5 Jie &y pmall e Al
A 23l s Sl s sill 5 i 3l 5 il sllell 5 Gulaill 5 ilina Y1 Ak ) 1 Lgia 5 AV lane 3 Al dygame e GlanaS
A 01580 W jaian A (e guaell e ClEY) Cilage a5 pualall G gl 8wl 5 i e Guladl) 5y S aladind 2y )3 Y s
(& sl AL 5 &y pamal) LS Jall Ay gumall e = 3Y) o aall 5 il 55 S5 e el AL (laa o &y gaaal) e ol sall 22 (g it
(T_;}m.g,\.adji OS5V ale o B delilaa¥) Gland) auiiai jyohi o8 Mg ¢ ol (s 2a8lE 5 ) pemy ST CilaneS aadiud oLl
el o€l g ¢ S S S VAV E ale L @ldg (G b s 5IS -2-Dis 4--trichloro-2Y¢V¢)) DDT auls o juan aiy elilacal
e N aalal ALY Gailad) s 5Bl 5 - ahll 5 eliacl Cilhigale 8 V96A Qe Jisis il o @lld any Jualall o 5l g0 (5 sy sl
3y S ¢ Y e ulaldaddl 5 G ol g Adabluial) 2SIl 5 Gl Aaad V4 £ Gle (S ga. ) aladiul o3 ell damy ¢ ple Al pall e
Laldl 5 5 AY) Jualaal g il e alasiuV] sl 5 U 3l luS gl @l any ek 25 ¢ i) Algs 3 5. g.0 ) alasin) jhaa elly
sl @i VAAY e 5 (CLOH10CI8Am il dally) [ siSall (el Leta 5 AilaaS 82l TV e (e ST e dada ga LS gl 5 Gl sall
Alaad Zalull Aalall sy Glld 5 3y ) stuadl) 4y gunal) i) LS e aladiul sk 1oy 1AV dle 8 g ale iy il ) cilaladiul aliee
3 gl 4y piall Clagsall (o dpaell 5y 5k 5 o3 (e 5 NG Aanal ] £ L] o 3] S35 A Apallad) (el JBA Rl e o331 (5 i
LaY a5 Gl e Gl Gl 50 i Laxie Y47 ale dia g ¢ &y gaanl) Aineall 5 4y umnd) e o) gall 038 Aa 3] ) S as ) ol
Ay (g ale IS LD dpans 8 4 guaell BV Cilaae (im0 585 8 G ¢ Gl daa e Yl dladl HEY) clalall (e 3y2al)
Ol s ¢ A pmall lasaall (g 8 pia DS (5 g a0k Y 45 LS Qi ALE ST A5V Y ¢ agadll an g o ¢ Ayl e Sl
Al &gl o (S Al 3 sall 038 (e JB liaS

24y gac il Claall 83 Gaxy ¢ as g sasiall Y Sl 8 1 i &y gaaed) e laall (e oo all V0 n s alasind 2 s
¢aspilall ¢ st i) ¢ 330 ¢ Gabia )l ey sl ¢ il ¢l ) IS ¢ G s sl gy N ¢ sl ¢ o siad) AN paliall e Jaids
QPSS TSP <o

¢l ¢ el ¢ ity 5 SIS0 ¢ s sall ¢ Y ¢ el ¢ a sV A Sealiad) e Jaii Gl V) Clage Gany (ia e o
¢ aliall 038 daans 5 b sl sm g elaasS () 3 LY Caais a8l ¢ 0 sSaludl ¢ bl ¢ sl ¢ 503 ¢ palia )

laiul s 8 5 53 same bl 5 Ul sl o giia IV Apans OF ) ¢ Baa sl il sl (A 50 A) Gl s sV G e a2 Y e
Lol sl Gl Ay ladll byl ol 4y sl Cilanall s (e daladind Sy ST Lila SLIE U 40aS sl

Aal) e 5 planadl 5 Jaill oS (5 pdn 368 o saudli sl eyl A e addivg fu ) 31 Lpand adlia ol (pana 58 5 () saiisY)

S r5n 1S i ) Jl) aladiid o5 ¢ Aadl o Dl 38 5 by giane die Al b 2 ) 5l Gl @l g ¢ ST Bl Ay a8 ) g pm 4l G N
) Ll a5 (5 kd

Sy sall Jie G5 5all DS je a2ty ¢ puibaal (S (28 peaie g 5 (gl Q) all pend) (midia peaie ()5l O s (B
Ll 3l @l a5 llaiall Ciias s 4dl Y ¢ (aladall e i Lelie) byl e daiiio G led &y sl s3e ), 30 8 slawS @l ) sl aes
IS8y 4l &y g i yhadll y (LIS il (6 8 500 Lol sl 5 el sl (s 5 ¢ iy phaill 5 (aliall aia g jedaeS Uyl asladinl (S
b aSaill g lial) 8 cpeill dnal) il pladll g ¢ ARl Guiliall 5 ¢ cadal) ST daill 5 ¢ ) JaillS dladd) i) dndlSa bl
owal pall g Jaill axdaS 5 (3 AL Z S 5 A all Y

Jalaiy 85 Galaill s @l 3l g aaal) e auall 8 ulol) pualiall (any paliaiel ge asealSl Gl ¢ dpand) 008 e o s2e3S))
5 Oball (& Slalii pe Jlen) aidy o )y Slalll il g il Jia Gl el ) seda (b p sedlSH g3 Gy 5 335 GU] o Uil uciial)

52



Egyptian Scientific Journal of Pesticides (Egy Sci J Pestic), 2019; 5(4); 39-54 www.esjpesticides.org.eg

iy S e A e il yhadll aaS o spadlSl 83 Q5 5 Bl alhall Ailia sl cpd s o oIS Q) sy A1 5 Y] anen 8 o spealSU oS S
Demnioaal) 138 (3 gusd o3 5 Aipma ity il sSal) 02 Ll (335 e Lnle Jgemnl) iy il iy SO s g - 3 - Gulail) — o S - gpadlS)
il Gial el (g 220 AnBISA 78 Ay JLI S (§ sanne U8 e

Lllall ) 3 5 die adi jall aneS ey plaill e el 85 4l o g gaall 2y 561K 5 380 Qi) Aleal il (3 yiad ) IS0~
L

5 ohl) s edasS aadiny 5 alladall 5 by yladll aaS (ulail) w38 Gl a5 Aaal) DA A a8 Al Tage 1550 (ilail) s
5l G o slgn LSS e o cilay ) 5l (5 5ind 525 )5l (8 ola gudl il Edall (bl aial padiod Guladl) G S LI
o B el jualia€ Uin 5 oGl ) a5 a1 5 5l 5 39 gl 38 o250 o5

b pSatll Ulal aaladind o5y 5 (5 pda aae€ (bl i ) ) padion Lo bale ¢ (4Dl ol 4Bliiin) &3 ¢l su) Aall ol ane alia )l
B el il 5 il g pumdl) Cilie g Cue ) ) (udliad 3 sl g Guadalad) s 3150 s

5 Y1 353 205518 asiany ¢ alaally Ll el DA (o 5 sl b ol ralall gt A il 530 Jay
S an ) (s pmall 30 LS Ha G5 5 Ol anS s Jeadl g ¢ cui S Gl ¢ A Y1 Glaally ¢ pasadl ¢ il pladll aa )
S s ¢ 558 81 Ay sl s Aol AL IS o 09585 o Sy 5 i il afl sall SlaneS gl 3 & el e S e
(6 58 A i) ja laeS Aila 5 Y1 ALl

s sill ads Gk G el peaie e 4 il Calaadl g gy 538 5 prall slad) JISET mand s ) 5 s 4l (g suandl ) ) sies 5l
(S0 Y) g puall dum () $SaS Cpy punlall 5 5B 5 el JP;@MY‘

S0 3 pdin e o sl IS o RN 55 55 5 e sl B s il ¢ ) A8 il (0 sl ey

Gl ) i O ) 8 2300 el i (S5 gl 51 5 2] DS Bmal) sl e a5l 55 Y (] et s
Sl s YD il Al 555 gld () 5281 5 Jii 8 Jie Jpealaall e Lgania g die g clilll e ghasi

e Bkl (3 30355 LS o a2 seal) Sl )l oty 5 e Al e s i) gl ind g ¢ Bl il usie () 5S)
uﬂ\wﬁ!\mM&hidhﬂ@;um;\\ey.ub‘uﬁﬂ\;mﬂ!\aajauﬁumaa\.‘& Aleal) Jualaall & <l plial) any

)@’J\em“u}umu\.\w)ﬁj\‘u}.ac@g)ﬁuﬁfL}&@Qﬁ&@\d@}m‘uu&\&aﬂmbl\)m.x;;u)ﬁ]\m
8okl aaiiony LS (5 kb e (5 488 (3mne S o oSl e da s die 5 kil Gl s &y pdal) Slanall s saenY) delia 3
S 55 D & bl ey S aladia) &5 55 AN Qealaal) (e aedl 5 &5zl e a3 A5l il 5 Caindl & Gl 1Y) Sl e
il Xy 38 (bl (al el (e dad s de sane 2 Bus Allad Ld Ay il Sy 5soall cu Sl 5 JLI AL Galual Leia
asaial¥) aladil ) 5S4 38 ¢ 53 sane Ll 5 L) gall a saie IV dpans OF W) ¢ A o) guall ) sall 350 4l Gl i1 O g a2 1) e e sl
Al sl ane 5 ¢ sadiV) ¢ )il Gl sf A kil sl 4y pdall Ciland) e (e dsladiul (S 4815 Ula Waidie Uiy
bl sl gy 0 ¢ il e 3 plasad) g Jaill ans dladiid o3 ¢ ) sasiY) (5 sing (5 pdn da 58 a sanilisall ol yla jla i sl gy 30 aenill
ilaaa g by phad il g Ay s ilaeS ) 51 aladiul o3 ¢ Aadi je G 3S  l ghae die el abu gl Gl Gl ja g oslall il en B
Clie S a5 sedaeS Wil Aot ¢Sy ¢ Al 31 il piall Ches aus adl V) ¢ ) gl dpadl (mitie jeaie 55l of oo 8 ¢ e
Ll sl ¢ Aoty (8 e el ol man 5 S sl i (55 5l Sy o2ty ¢ il (S IR guaie g8 (5 psall Ll e
cg.\b)laél\juuc)\lu\md)ﬁ)alhl.@u)wb&)ﬂ\um‘L_lbLaiAﬂl.uu:)'.\S\L@_:Sl}c(ebuu\cl‘adl«)u_\\_uﬂ\ulaw:\m
by LAY 8 el iy yladl) 5 ¢ (3 pmasall Gulia g ¢ il JST Jaill 5 ¢ G JeillS Aloadall caY) AnilS 8 ald IS 480t o1y
)mud\uauuaw\@eya&\ oty ¢ dpand) mmume}ua&\‘MIJ‘A\,M?&S}OMCMJNJA\ AN RN
gw\juw‘dmua\ﬁ‘J*L&e#J&\zM\%ﬁJ:I.\;.“ @}L}@L@ﬁ\H,J\d;\.\gqe‘wu\}dd\}g&lduwu\h
eU:'ud\ il }i e\.l;.ajlu:zh@(é,lﬁl M“;‘;&eéﬂ‘} QLA}(\H;.;‘“;(«%AA\SH (’S‘)Sﬁ ‘e\}(\f\j L;\la.d\ CL:)AY\@J@Y\@Q;A\}
Gish e Lele Jpmanll o Al iy S0 -l - il - o gl - o 5l pele iy S JSE 3 il il 3saS o 20K S5 3 ¢ Bpadl
(25180 malall 31 ¢ il al el (g 220 AnBSal 79 ¢ Ranaiy LI B (3 ynn JSE o puimniuaal) 138 (33 gasd i ¢ Fansliall i sSal) als
1959 oeladll Gandy ¢ L el <l 5.8 51 i il yall ClagaaS 5 4y phad ol il 4l o gu el 25618 ¢ 313 il Alaad il 3128 35 5
iy (ulaill il S ¢ LT e g ) ) g 5 lac paiinny 5 Callaal) g iy pTaill 3pae ulaill ki ¢ Al Al B g i el Lagae
JRPPI G JAPRPR N IS B I TPt A PV OV R = g S R\ P PR IR [JU PR P [P [P\ R W PN
Gt padi Lesale ¢ (AUl gl ABLETIL 5 o) su) Aall sl e alia )l ¢ fall e 5 planall pualin€ Uil g cudall il jelacS a ssi sa¥
3 yall il 5l 5 juadl) Calide 8 Cuse )l (udliad oyl 5 Gudaladll <l (31551 58 (o8 aSacill Bla Al oy ¢ (5 s 2eS Galia !
@hﬂ\}&d\;&\&)\m)ﬁem‘bbﬂ\}c\,})ﬂua)’_ﬁ\dhw%ﬂ\;)M\@uawwﬁ\J%MMM\&EJ\J}Lc
Sl S an ) (6 semall (3550 S ya (3 ¢ gl anS s deadl sy ¢ oS ol ¢ i,V lally ¢ Gimpaidl ¢ il ladl) am
a.\,,un_,gsfj‘Ua,ﬁ\@)au\%@ugmw\agsfwssoiosq}agﬂ\”gﬁuauysﬁm‘;aﬂ}@i‘ﬁ'cu_.\sfn
ijaﬁx\)@;g;@,m\%u\@mg‘:@}3,_413\_@\d\s,:i@ugw,)agpd\ﬁb,m}m‘djéi{:u,:\ﬁg;\%@@)u\
Al 288l Skl G siland) jing ¢ (S 5a¥) ) sum pecall i (5SS G puatlall s GAN 5 oLl 255 (B Y] s sill a5 0
&@\Mbw}‘ﬁﬁu@ﬂwg&uuﬁjcﬁﬂu\m pssiland) LS 5o JLEA) 5 ¢ 5l e all b ols 4y ¢ ) gl
e Ly ey i) e sdxii Sl Gall <l pdia OB D il 8 a0 seal) il (e sl ol DSl saeall Joualadl)
il L il gal) iny ¢ slall bl jemie Sl ¢ pSiall o e Y il Al 585 Lila () a8V 5 Jii 5 Jie Jualadl)
¢ Cuall) 3353 (A Al 33l ¢ Adial) Jralaall 8 <l pliall (fany o 8 plaiall 833 )5 LaS o g0 geall S g ) 6l aladiul &3 ¢ 40 i
o 058 e o Sl ¢ slal) ST pand Gl 1 gmie oy 50 3y ¢ 3 gl A8Y) B 2 JalaS Ao 0 5 oial o sall 5 ¢ S S
‘).sa.\.f—‘)b.f—J};JL\Q‘L_\\:l‘)kﬂ\u‘d*\d}u\)mﬂ\u\%}bwy‘%wgﬁw‘ewﬁ@“g\%ﬁj|ﬂww\)§uusf&
el g el (g el A gl ciall (3 Gl e il o 8 plpall addivg LS (5 ki de ()5S 48 ¢ §saae JS3 e 2y )

53



Ayman S. M. HASSAN

Led 5 mall Cu S5 (g5l Sl Jie ¢ JLUALED Gaalusal) Lie LS 5 36 b il ey Sl aladiad oy ¢ gAY daalaall (10
oo sl 2l SIS 5 88N (alll (al yal (e drs) 5 A sana i B Allad

54



