e hlghly evolved socxal organisation of bees had been established before

"""@he existence of human race. Bees teach us the lesson of work-work and work

with co-operation. We can easily imagine about the hard-working of the bees,
by the simple fact that for one pound of honey, a single honey bee travels about
double the distance of the circumference of the earth’s globe. Previously, the
‘method of extraction. of honey from the honey comb was very much crude but
after the invention of artificial hive by Longsrroth (1951}, it became scientific
and commercial. The bee keeping in United States, Canada, Australia and New
Zealand has achieved out-standing success. In India people do not take interest
in bee keeping from commercial point of view but only fcr their routine use.
Since honey is produced by the honey bees, a detailed study of the biology of
the bees is essential for successful implementation of apiculture programme.
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| e e hiohle oroanised social insects
Honey bees are highly org but in winter season they

Ho insects reported from all over the A
‘world. Although they are active throughout the year- ! : |
do littie 3::;8 and gb not rear the brood. In spring seasons i.e., at the time
 of flowering they prepare a strong colony with honey rich combs. They exhibit
polymorphism and good division of labour. The bee hives with thousands of
individuals are observed hanging down from the branches of the trees gnd
ceilings of houses. The workers communicate informations for the location

of the food sources through the ‘Waggle Dance’, a phenomenon called as

‘Language of the bees’, by ‘the eminent biologist Karl Von Frish. He has

mentioned that the rate of dance is directly propo

the food. :

Species of Honey Bees

Four speciés of honey bees are reported. :
1. Apis dorsata F. (Rock bee). This the largect bee, about 20 mm. in length,

so named as GIANT HONEY BEE. SARANG and BOMBARA are other names

of this bee which yields maximum amount of honey in comparison to other

species. A single comb may yield 60 pounds.of honey which is the maximum

amount for a comb. The workers are very smart anc active which may pollinate

12,000 flowers daily. But due to its ferocious and irritable nature, specific hive

rtional to the distance of-

~ and migratory habit it is very difficult rather practically impossible to domesticate

them for the bee keeping ind stry.

2. Apis indica F. (Indian bee). Commonly found in forest and plain regions
of India. This is slightly smaller than A. dorsata. They prefer to live ‘n dark
places and construct several parallel combs about one foot across the protected
places like cavities of tree trunks, mud walls, earthen pots, thick bushes, wells
and. walls of the buildings. This species is very gentle in nature, so can be
domesticated easily. The production of honey is much less i.e., 6 to 7 pound
per comb. i) .

- 3. Apis florea F. (Little bee). This is smaller than A. indica and yields
very small amount of honey. The bees are not of gregarious nature and form a
single comb. Due to its docile nature and rare stinging behaviour the combs
can be removed easily for the honey extraction.
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s ggs male bees emerge which are known as DRONES whereas from the

i fertlhzed eggs worker bees are produced. The wUrkers when feed on ROYAL
.‘*'-‘ ~ JELLY, develop into QUEEN.

Queen. It is a well developed fertile female provided with immensely
developed ovaries. Commonly one queen is found to be present in each hive
and feeds on Royal Jelly. She is the qu=en in real sense as the Mother of the
Colony, guarded by a number of attendants and never alloted any duty except
egg laying. Egg laying is the sole function of the queen throughout her active
life span. The queen is 15 to 20 mm in length and can be easily distinguished
by her long tapering abdomen, short legs and wings. Structurally she is unable
to produce wax or honey or gather pollen nector. By the combination of
oviposizor-cum sting, a structure is developed which aids in egg laying. It is
said that the queen gets mated only once in her life but in a single chance of
mating, drone releases 2 crore sperms vhich are suffcient for the fertilization
of the 2ggs at the time of laying by the female throughout her life span. In
recent researches in U.S.A. it has been reported that out of 110 queens only 55
mated twice before egg laying. It is also a fact that queen lays fertile and unfertile
eggs both in accordance to her will but the factors governing such selective

activity are still not known. One queen lays about 1,500 to 2,000 eggs in a day

depending upon the seasonal variation and other ecological factors. The total
weight of 100 eggs is equal to her body weight. In the whole life span of two
to five years a queen lays about 15,00,000 eggs. When theé queen in a colony
looses its eggs laying capacity, another worker of the same colony starts feeding
on queen’s diet i.e., Royal Jelly and develops into a new queen and is provided
with the facilities of real queen. At the same time old queen may be driven out
but sometimes some workers object that as to why the mother of the colony be
driven out so ultimately they also come out with the mother. Sometimes when
2 to 3 queens are developed in a colony, only one takes the position of the real
queen and the others come out with some workers to establish new colonies.

- Workers. Although the workers are the smallest of the three castes but
they function as the main spring of the complicated machinery like honey bee
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: hive and are known as BUILDER. The repairing of the comb is done by the
k- _'! ~ REPAIRERS. The dead body and other impurities are removed from the hive
° by the CLEANERS. The fanning in the hive is performed by the wings of the
K - FANNERS. Several other functions like honey storage and ripening are also

done by the workers. The guard bee always watches at the gateway. It is said
that uptc half of the life period workers perform indoor duties and later on
i become engaged in outdoor duties.

Drone. The drone is the male member of the honey bee colony which
fertilizes the queen sc callea as KING of the colony. They take 24 days to
develop from the egg to the adult stage. The sting and the wax glands are absent
but in the males the reproductive organs are very well developed. They are
rearsd from an unfertile egg in large DRONE CELL. Drone are totally
dependent on the workers arnd have been seen begging for honey from the

’ workers. The sole duty of the drone is to fertilize the virgin queen. At the time

of swarming the drone follows the queen, copulates and dies after copulation.

Life History -

o ——
i

\‘ After mating the queen generally lays one egg in one brood cell. The eggs
“are pinkish coloured, elcngated with cylindrical body generally attached to
the bqtfom of the cell. Larvae emerge out from both the fertilized as well as
unlfertllxzed eggs. Thus, the larvae from the unfertilized eggs form the drones
while the workers are developed from the larvae of the fertilized eggs. Amongst
the iarvae of the workers one is fed on the royal jelly, a special diet secreted
by the young workers in the colony, and becomes the queen of the colony.

ﬁap;{é)'q'l Jelly consis;g of digested honey and polfen, mixed with a glandular
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adult bee

Fig. 1. Life history of Apis indica.

secretion into the mouth of the workers. After 5 days of feeding the cell is
sealed and the larvae undergo pupation. It spins a thin silken cocoon and
pupates completely. Emergence of the young ones takes place after three weeks
and they get busy in the indoor duties for about 2 to 3 weeks. Later on they
are sent for the outdoor duties. All the bees pass through a complete
metamorphosis with the various changes in the life-cycle taking place within
the comb (Fig.1). :

Swarming. The process of leaving off the colony by the queen termed as
swarming. It happens towards the end of spring or early summer but the real
cause of swarming is still not well known. In summers when plenty of food is
available and hive is overcrowded by the bees, the queen leaves the hive on a
fine fore-noon with some old drones and workers and establishes a new colony
at some other place.. Now in the old hive a worker is given Royal Jelly and is
converted into a new queen of the colony. This new empress of the colony
never tolerates her successor, as a natural law in the hive, so she orders to kill
the other sisters, if any, in the hive. ‘

Supersedure. When the c/gg/l'aying capacity of the old queen is lost or it
suddenly dies, a new young and vigorous queen takes the position of the old

-queen and is called as supersedure.

Absconding. The migration of the complete colony from one place to another
takes place due to some unfavourable conditions of life, such as destruction of
the comb by termites or wax-moths and scarcity of nectar producing flowers
around the hive. This phenomenon is quite different from that of swarming.

Nuptial or marriage fight. The first swarm is led by the old queen but
the second swarm is led by the 7 days old virgin queen which is followed by
th.e drones and is called marriage flight. One of the drones starts copulating
with the queen in the sky and fertilizes the queen and dies during the course

;); cipulation. The queen receives spermatophores and stores in the spermatheca.
-18) ‘
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‘Along the queen, died drone falls on the ground and the queen reaches
the hivg. o
Hive
The house of honey bees is termeu as hive
or comb. It consists of hexagonal cells made

~up of wax secreted by the worker's abdomen. é/‘k// pollen ana

These hives are hanging vertically from rock, worker honey oells
building or branches of trees. Each hive has cells
thousands of hexagonal thin walled fragile
cells arranged in two opposite rows on a
common base. The resins and gums secreted
from the plants are used for the repairing
of the hives. The young stages are generally
occupying the lower and central cells in
the hive which are the ‘BROOD CELLES?.
In A. dorsata broad cells are similar in shape
and size but in other species brood cells are
of 3 types viz., WORKER CELL for workers,
DRONE CELL for drones and QUEEN
CELL for the queen. The queen cell can
not be used again while the rest ar. used a Fig. 2. Hive of Apis indica
number of times. There are no special cells showing various cells.
for lodging the adults which generally keep clustering or moving - about on
the surface of the comb. The cells are mainly intended for the storage of
" honey and pollen specially in the upper portion of the comb while those in
lower part are for brood rearing (Fig. 2).

Flora for Apiculture

14

cultivated type. The more nectar yielding plants ‘are neem, jamun, soapnut
eic. The other plants like maize, rose and sorghum are good sources of pollen.
Some plants like plum, cherry, apple, sheesham, coconut, guava, mustard etc®
are good sources for nectar and pollen both.

Selection of Bees for Apiculture

For running a good apiary, selection of honcy bee is of much importance,
so the following should be kept in 14ind at the time of selecting honey -bees
for apiculture :

(1) Honey bees should be of gentle temperament,
(2) Honey bees should have capability to construct strong colony.

(Z-18)
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(3) It should have ability to protect from enemies.
(4) Honey bee should have energetic and industrious workers.
(5) Workers can suck juice from numerous varieties of plants.
(6) Bees on the whole can produce more and more honey from its comb.
(7) Bees can from their comb easily at any place. :

The apiculture scientists engaged in genetics are trying to find out such
cross races which would not be of ferocious nature but be a good honey producer.

In India,. Apis indica is the best bee for apiculture industries due to its gentle
nature and having efficient and prolific workers. '

Methods of Bee Keeping

The ultimate aim of bee keeping is to get more and more honey in pure
- form. The old method commonly used by old apiculturists is very crude, cruel
and of unplanned type. This old method is called as Indigenous method.

Indigenous method

1. Hive. Two types of hives are used in indigenous method of bee keeping
” e.g. wall or fixed hive and movable hive.
(a) Wall or fixed hive. 1t is purely natural type of comb because the bees
themselves prepare the hive at any space on the wall or trees. There is an '
opening on one side through which bees come out of the hive.

(b) Movable hive. It comprises uf hollow wood logs, empty boxes and

e earthen pots etc. placed in varandas of houses. There exist two holes, one is

. for entrance and the other for exit of the bees. The swarmed bees usually come

i to the box on their own accord. Some bee keepers use to take the clusters of
the swarms from a tree and keep them in the hive. -

2. Extraction of honey. For honey extraction, burning fire is brought near
the bee hive at the night as a result of which bees are either killed or they
escape off. Further the hive full of honey is being removed, cut into pieces and
squeezed to get honey. Sometimes smoking is done so that the bees may €scape
from their hives. x

3. Drawbacks of indigenous method. The indigenous method of bee
keeping suffers trom a number of drawbacks due to which it is not recommended
by present day panel. These drawbacks are :

(i) Honey becomes impure because at the time of squeezing, the brood
cells, pollen cells, honey cells and larvae are also extracted. (ii) The colony
becomes weak due to killing of the eggs and the larvae at the time of
squeezing, (iii) Formation of new hive by the escaped bees requires extra energy
which effects the yield. (iv) The activities of the bees can be controlled.
(v) The hivation of bees on the same place is only matter of chance. (vi) The
honey robbers, like, rat, ant, wasp and monkeys may affect the hive easily.
(vii) The race improvement programme may not be applied, so no possibility

S s e R
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frames (30 x 18 cm). After gaining experience from

the above
mentioned hives, Indian Standard Institute has standardized the hives of small
~and big sizes accommodating frames 21x 14.5 cm and 31 x 204 cm
respectively. |

Now-a-days a typical type of movable hive is constructed which is capable

of expansion or contraction according to the requirement of the place, season
and climatic conditions. :

Appliances for Modern Method

(I) Typical movable hive.
(2) Queen excluder’

(3) Honey extractor.

(4) Uncapping knife.

(5) Other equipments.

1. Typical movable hive. An artificial movable hive is constructed by
wooden box based on bee space theory (Fig. 3). The size and number of frames
are variable from hive to hive according to the need. A small space is enough
to permit the entrance and exit of workers and drones but queen once placed
in hive never comes outside the hive. The perforation size on zine sheet is only
of 0.375 cm but the thorax of the queen is 0.43 cm to 0.45 cm, so the queen
can never pass through this pore. This typical hive consists of 6 parts as given
below : ’

" (a) Stand. 1t is the basal part of the hive on which the whole hive is

constructed. The stands are adjusted to make slope for the hive. Due to this
slope rain water comes down quickly.
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top cover

Inner cover

super

brood
chamber

Fig. 3. Typical movable hive.
I

(b) Bottom board. It is situated above the siand and forms the proper base
for the hive having two gates in the front position. One gate functions as an
enterance while the other as exit.

(c) Brood chamber. The bottom board carries the brood chamber which is
the most important part of the bee hive. It is large in size provided with 5 to
10 frames. In each frame a wax sheet bearing haxagonal frames is held up by
a couple of wires 1n a vertical position. Along with the margin of every hexagonal
mark, the bzes start making wall and ultimately the cells. Here every sheet of
the wax is known as COMB FOUNDATION which attracts the bees and provides
the base for the comb preparation on both the sides. The frames are kept vertically
in brood chamber which is covered over by other frames having "a wire meshing

through which the workers can easily pass. The comb foundation helps in
obtaining a regular strong worker brood cell comb which can be used repeatedly.
The Central Bee Research Station at Pune arranged the manufacture of a comb
foundation mill which manufactures, different cell sizes required in several
regions of the country. The brood charnber is covered by another chamber known

as super. ,
(d) Super. It is also without cover and the base. Super is provided with

many framss containing comb foundation to provide additional space for
expansion of the hive.
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(e) Inner cover. It is a wooden piece used for the covering of the super.

It has many holes for proper ventilation, ' '

() Top cover. It is meant for protecting the colony from rains. It is fitted
with zinc sheet which is plain and sloping,. '

2. Queen excluder. It consists of a wire-gauze, extrans guards and drone
traps with individual wires placed 0.375 cm apart, It readily permits the workers
to pass through it but keeps back the queen in the brood chamber,

3. Honey extractor. It is used for the extraction of the honey frora the
comb and functions on principle of centrifugal force. When combs are centrifuged
by this device the pure honey is thrown out without any damage to the comb.

4. Uncapping knife. When all of the combs are filled with honey: they are
sealed by capping with the wax. So, before such capped combs are placed in
the honey extractor, the wax sealing has to be removed with the help of an
uncapping knife heated by steam before use.

S. Other equipments. Most of the useful equipments for the successful
management of the bee are locally manufactured which are very cheap. As they
are made locally, they may not be exactly similar to those made at other places.

'Thus, Indian Standard Institute has standardized some very common equipments
for the production of uniform and interchangeable articles. Some materials like
protective garments, gum cages, gloves, net veil, bee net, brush etc. are required

for easy and well planned handling of the bees.

‘Advances of Modern Method

In the modern method of bee Veeping there are several advantages which

encourage the well planned bee keeping.
(1) A proper watch on the activ ties of the bees can be had.

(2) A strong colony can be developed by providing sugar, syrup, pollen
substances to honey bees. '

: (3) Swarming of bees is checked by modern hive.
(4) The same hive is used again and again so the workers pay their attention

‘ more for the honey and not for the hive formation. |
(5) Under adverse climatic conditions the hive can be transferred from one

place to the other for the protection of the bees.
(6) Comb can be protected from the enemies.

) (7) Pure honey in large quantity can be obtained.
Precautions. For the proper management of bee keeping programme
following precautions should be taken :

(1) The hive should not be kept more than half a mile away from the place
from where the bees have to collect the nectar and the pollen.

(2) People must know about the bee keeper for proper contact.

| (3) The boxes must be kept under shade at cool places.

Scanne d with CamScanner



rOK se the nectar, pollen and cana-mgm bea;ingd
m w by honey bees, get mixed with the saliva ar o
: T changes due to enzyme action. At this stage cane-sugar (sucrose)
- hw into invert sugars i.e. dextrose and levulose. At this very time some
: ts of bees are also added to the mixture and reduce the water content.
e . ﬂp M mixture is then collected in the honey sac (crop) until the honey
- reaches the hive. As the honey bee reaches the hive this compound is regurgitated
m W ‘illﬂle hive cell and is known as the honey. Now honey is concentrated by a
- strong current of air produced by the rapid beating of worker’s wings, crawling
-~ over the cells.
Honey is very much sweet 4in taste and white tolblack inlcolou IR I

1 Sl smell in accordance with the juices collected from different flowers.
= g'g . Chemical composition of honey. Honey is sugar nch compound having
B the following constxtuents

(1) Levulose - 58.9%

(2) Dextrose — 21.28%

(3) Maltose & other sugars — 8.81%

(4) Enzymes & pigments — 2.21%

(5) Ash o k0%

(6) Water —  7.20%

Storage of honey. After long duration in the stored condition, the honey
may be granulated and fermented.

(a) Granulation of honey. The stored honey becomes granular after long
duration. Such type of granulation property is the best evidence of pure honey.
It is considered that 10 parts of dextrose combine with one part of water,
hence forms crystals, Due to less solubxlnty levulose is not crystalised and gives
cloudy appearance. Crystallization is mainly accelerated by the presence of
minute air bubbles, colloids and pollens.

(b) Fermentation of honey. After crystallization honey is subjected to
fermentation. Due to crystallization of dextrose 9% moisture is released, which
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d.i]utqg the remaining levulose Of the honey and the action of yeasts present.in
air, flowers and soils takes place on levulose and dextrose resulting in the
fermentation of honey. :

CeH120¢ — 2C,H,OH + 2CO,

Economic importance of honey. Honey is used by human beings in different
ways of which the most important is as food and medicine,

(@) Food value. It is estimated that 200 gm of honey provides as much
nourishment as 11.5 litre of milk or 1.6kg cream or 330 gm meat, 2.1 gm of
honey provide as much as 67 K. cal of energy. Its sugars, minerals, vitamins
and other vital elements are readily absorbed by the systems. Honey may be
taken by hea{thy men as well as those who are ill. It can be taken at any time
in any season and by persons of all ages even those just born. It :s used in the
preparation of caudles, cakes and bread. In illness it is preferred over milk
because more than half of the body energy is provided burning of dextrose.

(6) Medicinal value. Honey is mildly laxative, antiseptic and sedative,
generally used in Ayurvedic and Unani systems of medicine. It is quite helpful
in building up of the haemoglobin of the blood anc also usad as preventive
against cough, cold and fever, as blood purifier and as a curative for ulcers on
tongue and alimentary canal. Its regular use is recommended after severe cases
of heart attack for malnutrition, indigestion and diabetes. It is also found that
typhoid germs are killed by honey within 48 hours, those of branchio-rneumonia
in 4 days and of dysentry in 50 hours.

(c) Other uses. Other than food and medicine, honey is used in numerous
ways. It is used in the preparation of bread, cake and biscuits. It enhances their
preserving quality. Much amount of honey goes in making alcohalic drinks. In
poultry and fishing industties honey is widely used. In laboratory, honey is used
to stimulate the growth of plants, the bacterial culture, inoculation of seeds of
cloves, in insect diet and in the preparation of poison baits for fruit flies.

Beeswax

Beeswax is a very useful by-product of bee keeping industry. It is yellowi§h
to greyish brown in colour and insoluble in water bat f:ompletely soluble in
ether. Commonly it is a wrong impression to suppose that honey begs convert
the pollen into’ beeswax because beeswax is also a natural secretion of the
worker bees and is poured out in thin delicate sgales or flakes. Qh:bnall (1934)
has reported that all insect waxes are complex mixture of varying proportions
of :

(1) Even numbered alcohols ranging from C24 to Cze.

(2) Even numbered normal fatty acids from C24 to C34, and

(3) Odd .numb'cred normal paraffins ranging from Ca3 to C37.
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~ comb and honey. Man is the last but worst enemy of honey bees.
BB cforc 1958 bees were considered to be free from the diseases though |
- suspected cases of NOSEMA from Punjab and Kashmir were known. But a e

£ ﬁﬂ la), ' N
' compressus) an (A
rocercus) are common enemies cf the ho

 parasitic mite-Acarapis woodi Rennie caused Acarine disease in the adult honey
bee in Kulu valley in Punjab in 1956. It was later reported from Himachal
Pradesh, Uttar Pradesh and Jammu and. Kashmir. This disease was controlled
by the.,sg:hemg: in co-operation with the United States of America at the college
of Agriculture Ludhiana, Punjab. Now-a-days Indian honey bees are commonly
free from any such diseme. A strict quarantine measure is being taken to check
the spread of any disease from foreign countries. But in European countries
bees are commonly attacked by microsporadian which is injurious to bees.

Bee-keeping Industry

Bee-keeping has gained a good position as an industry in U.S.A., Canada and
Australia but in tropical countries it is not growing as per need of the people.
Before 1953 attention to bee-keeping was paid only by the State Governments

but in the same year, all India Khadi and Village Industries Commission,

started to pay attention to it and it was controlled by Union Government

itself. Due to the functioning of the central organisation, bee-keeping industry
was spread in South India and in some northern states also. Now-a-days bee-
keeping industry is nation wide and js a good source of cottage industry, Till
now limited research and development work has been done in this field which
indicates that ‘Apiculture’ can be raised to the Status of a viable occupation
In tropical climates provided appropriate scientific and developmental efforts
are generated. Because the tropical cpuntries are very rich in bee fauna, the
scientific development of apiculture may be helpful in agriculture and ‘may
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’ Sanskrit wo
2) and was called as ‘Luxa
‘Luxa Griha’ was made up of lac w
Kaurava for Pandavas. Abul Fazal (1590) in his famous book *
.,h,asmmoned in detail about the lac industry in India, Mahdihassan (1950,
1952), has referred about the lac insect and its products in China. The first
k| scientific reference regarding the lac and lac insect is the report of Kerr and
Glover in 1782. Subsequently, much work has been done by various workers
on the organization, distribution, taxonomy, host plants, culture, production,

enemies, chemistry and technology.
Three products from lac insects, viz., the lac-dye, lac-wax and lac (resin)

have been items of trade and commerce.

Distribution

India has its monopoly on the production of lac. Other countries like Africa,
Australia , Brazil, Burma, Sri Lanka, China, Formosa, France, W. Germany,
Japan, Malaya, Nepal, Spain, Thailand, Turkey, U.S.A. and some others also
produce lac, But in Thailand, Malaya, Burma and Nepal the lac producing
industries are increasing day-by-day. Thailand has become the main competitor
of India in export of lac. In India major lac producing places are Assam
(Kashi Hills), Bengal (Calcutta, Jangipur, Murshidabad, Mathrapur, Malda), r
Bihar (Manbhum, Palamau, Ranchi, Santhal Pragana), Delhi. Gujarat, :
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-are of piercing and sucking type. Thorax bears three pa'rs of legs and on

sheath a white elongated caudal seta is found.

-and sucking type. The antennae are clearly visible and degen
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Hyderabad, Kashmir, Madhya Pradesh (Damoh, Champa, Bilaspur, . Rewa,
Umaria), Chennai, Coimbatore, Mysore, Orissa (Cuttak, Mayurbhanj), Punjab
(Hoshiarpur, Shahpur), Rajasthan (Indergarh, Kota, Jaipur, Jhallawar, Karauli),
and Uttar Pradesh (Ghazipur, Mirzapur, Agra) etc.

Lac Insect (Lakh ka-kira)

b VS S S P by s Arthropoda
O e e R < Insecta
LU S SR O e s Hemiptera
ST L R PR Rl S, . .. Homopsera
SUB TRy s Coccidae
S AR R S e Leciferidae
GERUSTE P00 el 3 s IR St Tachardia
Species ....... ITTE D0 0 & B R P e et lacca

Lac insect (Tachardia lacca) previously known as Laccifer lacca is a minute,
resinous, crawling scale-insect which inserts its beak into plant tissues, sucks
juices and grows, and secretes lac from the hind end of the body. Its own body
ultimately gets covered with lac ir the ‘CELL'. Lac is actually secreted for its
protection and not for the food of the insect. The commercial lac is produced:
in large quantities by female as a protective covering of its body which is
injurious to the host plants. ; ;

Male. Male is red in colour and 1.2 to 1.5 mm in length. It secretes bright
creamy lac. It has reduced eyes and ten segmented antennae. The mouth-parts
e pair
short,
g penis. On either side of this genital

of hyaline wings. The abdomen is eight segmented and terminates into a
chitinous prominent general sheath containin

'Female. Female is larg;r than males and measures about 4 to S mm in
length. The pyriform body of the female is enclosed in a resinous cell. The

head, thorax and abdomen are not clearly distinct. The mouth-parts are of piercing

erated. The posterior

end of the body has a median and two lateral processes. The legs are in

degenerated formn.

Life Histbry

Eﬁach mature female just after fertilization lays about 200 to 500 eggs in a

cell in which she is enclosed. The oviposition takes place into the incubating
chamber which is formed by the contraction of the body of the female in
forward direction insice the lac cell. The eggs are laid in the months of October
and November. After six weeks of laying, the eggs are hatched into first
instar nymphs in the months of November and December. When nymphs emerge

they are in quite large number. This mass emergence of the nymphs is known
as ‘SWARMING’ (Fig. 1).
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very simple and common proc
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the swarmed

“swarmed nymphs has some drawbacks which

mpl

ete nutrition. Lac insects with their piercing and sucking
pierce into succulent twigs and suck the cell sap of the same host
~ plant for nutrition. If the cell sap of the same host plant is further sucked out
- by the swarmed nymphs of the second crop continuously, the growth of the .
- host plant would. be retarded. In this way lac insect may not be able to get
~ enough nutrients from the same host plant. The lac insects due to lack of sufficient

- nutrients lose their proper development, thereby affecting the production of lac
B S o= also.

- (b) Irregular inoculation. During the natural Inoculation it is not sure that

uniform sequence of inoculation takes place. If inoculation is not of continuous
fashion, a regular crop of lac may not be obtained.

(c) Unfavourable climatic conditions.
of factors like high intensity of sunlight, he
the proper incculation of nymphs. These na
affect the host plant at the same time
resuling in irregularity of the lac crop. .
(d) Multiplication of parasites and predators.

)54 Lac insects have certain
nemies in the form of parasites and predators. If the crop is not harvested in
time and lac is allowed to remain on the same twig,

| the multiplication of parasites
and predators takes place which hampers the population growth of lac insects.
Thus, keeping in view the above drawbac

‘ : ks the natural procedure of
inoculation is avoided and certain devices have been developed to ensure artificial
method of inoculation. |

At the time of swarming a number
avy rainfall, flow of wind etc. affect
tural environmental factors may also

«nd may cause a gap of inoculation

ene

2. Artificial inoculation.

‘ The main idea behind the artificial method of
inoculation is to check all pos

sible drawbacks of natural inoculation,
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e uniformity of inoculation. 3 to 4 t
e N uld be changed from time to time for
ion of the nymph. -
 These insects are very small and if they move to a long distance there are
chances « f mortality of the nymphs. Due to maximum contact of twigs, swarming
| nymphs have not to move for long distance and find suitable places to establish
~ on the host plant.
- Inoculation period
In India two types of crops viz.,, Rangini and Kusumi are grown in a year.
The Rangini crop is of two types called as Kartiki and Baisakhi crop which
produce Kartiki and Baisakhi lac respectively. The Kusumi crop is also of
two types viz., Agahani and Jethi which produce Agahani and Jethi lac
respectively. '
Thus, the inoculation periods of all the four types of crops are different.
:llle inoculations of Kartiki, Baisakhi, Agahani and Jethi creps are recommended
in months of June to July, October to November, July and January to February
respectively. But if continuously four crops are taken, the plant would not get
any rest which may cause less production of lac,

Swarming
It is very important phase in the life history of lac insect. So one should
have accurate knowledge about the actual date of the swarming. At the time
of swarming, the upper surface has yellow spot on the anal region. At this
Stage lgluscle contracts and insect gets detached from the place of attachment.
Thus, it leaves a hollow cavity which later on gets covered with wax also.
.W!wn t}.xese. eggs are to be hatched out they become orange coloured. Thus,
~1t1s an indication that swarming has taken place. Thus, by trials and learning

:
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;jm in water, washed, dried in sun light, bleached and heated to melt on
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charcoal fire in cloth bag of 3 to 4 metre. At the time of heating the bag is
IIN and the lac is squeezed out of the bag. The impurities of the lac are
Jeft out in the bag, and are called as KIRRI LAC. The squeezed lac is now
allowed to cool and solidify around the button-shaped forms which is now called
BUTTON LAC or PURE LAC. This pure lac when stretched into thin sheet is
‘called as SHEET LAC. This sheet lac when dissolved in water, produces white
or orange coloured lac which is called as SHELL LAC. Shell lac is, in fact,
prepared by boiling the seed lac with yellow arsenic in a certain proportion.
Thus the shell lac is most purified form of lac.

The quality of lac de'pends upon the host plant. Kusumi lac is said to be
the best lac while Dhak is supposed to be the worst and cheapest one. The
qunllty and colour of the lac is variable according to the presence of gum and

resins in the host plants

Composition of lac

Lacisa complex'substancc having. large amount of resins, together with sugar,
water and other alkaline substances. The' percentage of various constituents

are as given below :

(1) Resin — 68 to 90%
(2) Dye . —_— 2 to 10%
(3) Wax - 6%

(4) Albuminous matter — 5to 10%
(5) Mineral matter —_ 3 to 7% and
(6) Water — 3%
Properties of lac

(1) Lac is not soluble in water but easily soluble in alcohol. This property of

lac has great value for insulation of electrical connections.
(2) Lac is easily fusible on, heating. .
(3) Lac has adhesive quahty _ (Z-18)
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(4) It has binding property when mixed with alcohol.
(5) Lac is also soluble in weak alkali like ammonia.
(6) Lac is a bad conductor of heat.

Enemies of Lac Cultivation

Lac cultivation is destroyed by biotic and abiotic factors :

1. Abiotic enemies . These are high intensity of light, high temperature,
high humidity, heavy rainfall and flow of wind.

2. Biotic enemies. The main biotic enemies of lac cultivation are mammals
and insects. Krishnaswami et. al. (1957, 59), and Gepulpure et. al. (1963), have
reported that squirrel, rats, and monkeys cause great damage to the lac crop.

The insects are very powerful enemies of lac crop. Annual loss due to the
insect enemies is to the tune of about four lakh maunds.The insects damage the
crops in different ways.

1. Parasites.The lac insects are parasitised by eight species of chalcidoid
parasites like, Parenchthrodryinus clavicornis, Erencyrtus dewitzii, Tachardi-
aephagus tachardiae, Tachardidephagus tachardiae var. somervilli, Eupelmus
tachardiae, Coccophagustschirchii, Mariettajavensis and Tetrastichus purpureus.
These parsites lay their eggs into lac insects and parasitised 4.8 to 9.9% of lac
insects per year and 1/3 of the parasitised cells are males. Thus, it may be
concluded that parasitization is not a major cause of the damage to the lac
cultivation.

2. Predators. Predators cause very severe damage to lac cultivation and
35% of the lac cells are damaged by two predators viz.,, Eublemma amabilis
Moore (Lepidoptera : Noctuidae) and Holocera pulverea Meyr (Lepidoptera :

Blastobasidae). Fzmale lays eggs near encrusted twigs from where larva emerges
and feeds on lac insects.

Precautions

(1) Twigs for inoculation should be cut just before the swarming to get healthy
brood.

(2) Twigs used for inoculation should be free from predators and parasites.

(3) Twigs tied for inoculation should be removed from inoculated host plants
after a maximum period of 20 days.

(4) Lac left on the host tree for swarming should be removed in October and
November. : )

(5) The brood lac after swarming should be destroyed along with predators
and parasites on it.

(6) The lac scraped from the tree should be taken away from the area of lac
infected trees.

(7) Fumigation and water immersion of lac, before removing from twig, should
be done.
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Lac Industry in India

India used. to produce about 97 per cent of the total lac output in the world
but at present it has come down to 50-60 per cent. The cultivation of lac
has been good source as'an earner of foreign currency. About 50 per cent
of the total lac produced in India is obtained from Chhotanagpur area. S.tates
like Orissa, Punjab, Madhya Pradesh, W. Bengal, Uttar Pradesh, Gujerat,
Rajasthan, Assam etc. are increasing the production of lag nOW-adays: On a
very small level lac producing is also reported from Delhi and Kashmir. The
average yearly yield of lac in India is about 15,000 metric tons. A lac resc?arch
institute ‘Indian Lac Research Institute’ Namkum, Ranchi had bee:n estab}xshcd
in 1925 which is producing good quality of white lac. The Incian white lac
is supposed to be better than red or other coloured lac because they produce
stain or spots at places where they are kept. This is mostly small scale indastry
with around 350 factories, mostly located in Bihar. In Mirzapur district alonc
there are about 40 factories. Out of total lac produced in India about 85 to
95 per cent is exported specially to Britain, U.S.A., Russia and West Germany.

Economic Importance

In. 19th century lac dye was in more use than lac resin. Presently due to
availability of a better and cheaper annaline dyes the use of lac as a dye has
been discarded. The manifest uses of lac is one of the Nature’s standing gifts.

The various used to which it is put are —
(I) It is utilized in the preparation of gramaphone records. Previously this

)
3)
(@)
)
(6)

N

(8)

industry utilized major parc of the lac produced annually. But now a days
to a great extent plastic is being used in this trade. '
It is of utility to Jewellers and Goldsmiths who use lac a filling material

- in the hollows in gold ornaments like bracelets, armlets and necklaces etc.

It is an essential gradient used extensively for making polishes, paints and
varnishes for finishing wooden as well as metal furnitures znd doors et ..
It is utilized for the preparation of toys, buttons, in pottery and artificial
leather. '

It is used in the manufacture of photographic material, lithographic ink
and for stiffening felt and hat materials.

It is used as an insulating material for electrical goods.

It is_ also used in confectionary trade as antifowling for applying on ship
bottom, grinding stone industry and for ammunition and fire works.

Last but not the least used commonly as sealing wax.

‘Thus, it is of great use and considered to be as one of the cash crops for

the cultivators and also to the Government as source of foreign exchange earners
which amount to crores of rupees annually.
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out _pf,thc counuy, was hanged to death. It is said that silk was as valuable ag
- gold and ultimately gold was flowing into' China from all parts of the world
-=;1 - But in the year 555 A.D. this secrecy was opened and the eggs of si
~ and sericulture techmquc were smuggled by two monks scnt as spies to g
by and thus, sericulture was introduced into Europe. I ater on it was mtroduced in
Mediterranean and Asiatic countries. Now-a-days sericulture has become one
of the most important cottage industries in a number of countries like Iapan,
China, Rep. of Korea, India, Brazil, Russia, Italy and France.
The experimental and systematic study on sericulture was started in Japan
in 1911 after establishment of ‘the Sericulture Bxpenment Station and in 1979
the National Sericulture Experimental Station was set up in Tokyo.
In India first of all Lefroy (1905-1906) started investigation on the silkworm -
and sericulture at Pusa Institute, New Delhi. He set up a sericulture stall in an
‘AllIndia Exhibition” organised by the Government of Uttar Pradesh at Allahabad *
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in 1901-1910 to draw the attention of scientists and general public towards the
sericultyre industry,

Silk Moth

The silk producing machine is an insect called as s:lk moth locally in Hind1
‘Resham-ka-kira'. Although a number of species are found producing silk but

only few species are used for sericulture industry.

Systmatic position

Phylum ............... B oo o Arthropoda
O 5 00 TS Dot & GO0/ D 0IG 0 Insecta
RN om0 Ao o 5 fos. broi v ovs S S .. Lepidoptera
Family ...... e REs Bombycidae and Saturniidac

Species of Silkworm

1. Mulberry silkworm. Bombyx mori. It belongs to the family Bombycidae.
China is the native place of this silkworm but now it has been introduced in
all the silk producing countries like, Japan, India, Rep. Korea, Italy, France
and Russia. Since the natural food of this worm is mulberry leaf, it is called
as mulberry silkworm. The silk produced by this moth is white in colour.

2. Tasar silkworm. Antheraea paphia. It belongs to the family Saturniidae
and common in India, China and Sri Lanka. The caterpillar feeds on ber, oak,
-~ sal and fig plants. The cocoon p oduced by this moth is hard and of hen’s egg

size which produces reelable brown coloured silk. Though it had been only a
wild variety of silk moth since long, now, by cross breeding, it has been possible
to produce such varieties which are reared any how and domesticated. But the
. domestication of tasar caterpillars is not so easy, so the cocoons have to be
coilected from the forest. The moths do not easily breed in captivity. Since
breeding is not well controlled, the tasar silk industry has not- reached up to
mark as the mulberry silkworm industry. .

3. Muga, silkworm. Antheraea assama. It also belongs to the famlly
Saturniidae and semi-domesticated in nature. The native place of this species
is Assam where, it has now become a good source of cottage industry. The
caterpillars of this worm feed on Machilus plant and the silk produced by this
moth is known as Muga silk. ' ’

4. Eri silkworm. Attacus ricinii. It also belongs to the family Saturniidae
and produces silk in East-Asia. In India sericulture scientists are trying to produce
silk in East-Asia. Sericulture scientists are trying to produce such cross breeds
which can provide good quality of silk and can be reared easily. It feeds on
_ castor leaf. Cocoons cannot be reeled as in mulberry cocoons, therefore, it has
~ to be spun. Its life history resemble with that of mulberry worms. The cocoons
of this worm have very loose texture and the silk produced is called as ‘Arandi -
snlk' locally. The threads are not glossy but much durable. :
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5. Oak silkworm. Antheraea pernyi. It belongs to the family Saturniidae
and is found in China and Japan. A. roylet of the Himalayas and A. yamamai '
of Japan have been reared for centurie: . They produce good quality of silk.

6. Giant silkworm. Attacus altas, It belongs to the family Saturniidae and
is found in India and Malaysia. It is the largest of the living insects reaching
upto eleven inches in wing-span,

Out of the above species only four are of common use for sericulture viz.,
Bombyx mon, Artacus ricinii, Antheraea assama and Antheraea paphia.

Mulberry Silkworm

The perusal of literature reveals that much advanced work has been done by
sericulturists and scientists on Bombyx mori because of its total domesticated
nature. Various varieties of silkworm are produced by genetical crossing and
they are producing 2-7 generations in .ndia but in some countries like Europe
and Russia where the duration of winter is more than the summers only one
generation is produced per year. The race of silkworm by which only one
crop is taken in one year is called UNI-VOLTINE, producing two crops in
a year is called BI-VOLTINE and producing more than two crops in a year
is called MULTI-VOLTINE races. Now- a-days , for commercial purpose only
approved races are reared by conducting national trial of silkworm races offered
by various research institutions. Different crosses are generally chosen for spring
and autumn rearing. ‘

Life History of Mulberry Silkworn., Bombyx mori (L)

The adult of Bombyx mori is about 2.5 cm in length and pale creamy white
in colour. Due to heavy body and feeble wings, flight is not possible by the
female moth. This moth is unisexual in nature and does not feed during its
very short life period of 2-3 days (Fig. 1)

Fertilization. Fertilization is internal preceded by copulation. Just after
emergence, male moth copulates with female for about 2-3 hours and if not
separated they may die after few hours of copulating with female.

Egg laying. Just after copulation, female starts egg laying which is completed
in 1-24 hours. One moth lays 400 tc 500 eggs depending upon the climatic
conditions and the supply of food material to the caterpillar from which the
female moth is obtained. The egg laying is always in form of clusters and
covered with gelatinous secretion of the female moth which helps them in proper
attachment.

Eggs. The eggs laid by the female moth are rounded and white in colour.
The weight of the newly laid 2,000 eggs comes to about 1 gm. With the increase
in time after laying, eggs become darker and darker day-by-day. Two types of
eggs are generally found viz, DIAPAUSE type and NON-DIAPAUSE type.

- The diapause type of eggs are laid by the silkworm inhabiting in temperate

regions, whereas, silkworms belonging to subtropical regions like India lay
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nbh-c_liapause type of eggs. During diapause all the vital activities of the eggs

-cease.

" Hatching. The eggs after ten days of incubation hatch into a larva called
as caterpillar. Hatching is the most important phase of silk moth’s life. After
hatching, caterpillars need continuous supply of food because they are voracious
feeders. If proper supply of mulberry leaf is not possible the development of
caterpillar would not be in proper course. Sometimes, due to lack of food material,
young caterpillars die causing great loss to the sericulture industry. It is recorded
that in uni-voltine race hatching of eggs takes one month after laying.

Caterpillar. The newly hatched caterpillar is about 0.3 cm in length and
is pale, yellowish-white in colour. The caterpillars are provided with well
developed mandibulate type of mouth-parts adapted to feed easily on the mulberry
leaves. The caterpillar is twelve segmented and the abdominal region has ten
segments having five pairs of pseudo-legs) It is also provided with a small dorsal
horn on the anal segment. Because of its being very much tender, the Ist instar
larva can feed only on very soft leaves of mulberry plants. As they are voracious
feeders, they grow rapidly which is marked by four moultings. After Ist, 2nd,
3rd and 4th moultings caterpillars get changed into 2nd, 3rd, 4th and 5th instars
respectively. It takes about 21 to 25 days after hatching@‘he full grown caterpillar
is 7.5 cm in lcng@~ It develops salivary glands, stops feeding and undergoes
pupation. The time taken for the full growth of the caterpillar from young to
the well grown stage varies with regard to the temperature, humidity, food supply
and type of race. Weight of the full grown caterpillar varies from 4 to 6 gm.

——

adult male.

: c?coon' : oggs on—{0%¢
cut open mulberry . 00
leaf 40’70"
spiracles dorsal horn eggs
[ 4

i’

Y

thoracic true legs abdominal pseudolegs
mature caterpillar

Fig. 1. Life history of Bombyx mori.

Scanne d with CamScanner



Q

W

216 ]

Sericulture

B iy B S e o e
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the form of long fine thread. of sglc:r:vlsl;tuate b hyp_opharynx) a"d.takes

: ( g ch hardens on exposure to the air and
wrapped around the body of the caterpillar in the form of a covering called as
COCOON.

Cocoon. Cocoon is the white coloured bed of the pupa whose outer threads
are irregular while the inner threads are regular. The length of continuous thread
secreted by a caterpillar for the formation of cocoon is about 1000-1200 metres
which requires 3 days to complete. The threads is wound around the cocoon in
concentric manner. The binding of threads round the cocoon is very interesting
and quick going phenomenon achieved by the constant round motion of the
head of the caterpillar from one side to the other at the rate of 65 times per
minute. Now- the silkworm pupa is covered within a thick, oval white or yellow
silken cocoon. It is estimated from the data obtained by practical application
that one pound of silk can be obtained from 2,500 cocoons. The weight of
one cocoon is about 1.8 to 2.2 gm and the weight of the cocoon shell only
is 0.45 gm. The size of the thread is 2.0 to 2.8 denier. The pupal period lasts
for 10 to 12 days and the pupae cut the cocoon and emerge into adult moths.

Emergence of imago. Due to active metamorphic changes during pupal
period the abdominal pseudo-legs disappear and two pairs of wings develop.
The silkworm within the cocoon secretes an alkaline fluid to moisten its one
of the ends. As a result of this the moistened end becomes soft where the threads
are cut open (hydrolysed) by the silkworm. Finally a hole is fonned through
‘which a feeble adult moth squeezes out of the cocoon.

Sericulture Industry

The production of silk from the silkworm by rearing practices on commercial
scale is called sericulture. Although silk is very beautiful and fancy gift of
nature butits commercial production is very much complicated and a tough
job which requires heavy man power. Before going into the details of the
sericulture industry it is essential to have an idea about the major steps and
requirements of sericulture. Improved race of Bombyx morti and good nutritive
type of mulberry plantation is the sole need for the industry. Other than these
some of the other requirements are given below —

(1) Machana : The proper place for rearing the silkworms.

(2) Rearing trays : For keeping the laid eggs alongwith the mulberry leaves.
(3) Spinning or Chandrakis tray : For keeping the caterpillars at the time of

full grown stage ready for pupation. '

(4) Dalas : For fetching the mulberry leaves. .

(5) Chopping knife : For cutting the mulberry leaves into smaller pieces.
(6) Baskets': For the distributiom of mulberry leaves.
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(7) Hygrometer To know the
(8) Thermometer ; To take the
(9) Oven: To regulate the diffe
- (10) Freez : For the storage of
Selection of races of B.
developed for the purpose, ¢
would be fit for a particular 1

% humidity in the. atmosphere.

reading for the room temperature,

rent stages of life cycle at different temperatures.
eggs (seed) for next generation,

mori. Although a number of races have been
are should be taken to select only those which
ocality keeping in view the climatic condition of
that area. According to rearing season viz., spring, early autumn and late autumn
different crosses are chosen for successful rearing.

Mulberry. The whole sericulture industry is based on the best utilization
of the mulberry leaves as it is the only food of this insect, In Japan more than
thousand varieties of mulberry exist including as many as 130 natural species
out of which only a few are in commercial use.

Mulberry is a deciduous medium sized tree belonging to the family
“Moraceae. Its species are given as below :

(@) Morus alba Linn. It is of white type and locally called as Toot, Tootri
etc. This is widely used for rearing the silkworm and also for fruits.
- (b) Morus indica Linn. It is locally called as ‘shahtoot’ and is Indian in
origin. It is also used for fruits and for rearing of silkworms.

Climate. Although, mulberry is a plant of temperate zone but some varieties
have been developed by cross breeding which can jrow well in tropical and

subtropical zones also. According to the climatic conditions different varieties
of mulberry are being used throughout the world.

Soil. For a good crop and nutritive type of leaves, soil should be of loam

type and not with stones etc. Soil with neutral PH is best suited for proper
growth of mulberry plants. :

Plantation. It is of two types as given below —
(@) Seed. In December and May seeds of mulberry are sown and the
seedlings grow' very quickly which can be transferred either as whole plant or

a stump in months of June, July and November. Seed beds should be mixed
with ash, lime and white: arsenic: '

(b) Cutting. Cutting shoul ' be done in months of July and August. The
size of each cut piece should be 20 to 25 cm in length and 2 to 3 cm in
thickness. The cut pieces should be planted in slanting position in the pits

(50 x 50 x 50 cm) having 1 kg. superphosphate, 30 gm B.H.C. and 25 kg
farm-yard manure,

The plantation is

performed in December-January or July. The plantation
is mainly of 2 types v

iz, single row and multiple row plantation. (i) In single
row plantation 400 plants can be placed around the boundary of one he tare

plot at the distance of one metre from plant to plant. (ii) In multiple row plantation

scheme the whole of the plot is used only for sericulture programme. About
10,000 plants are placed at the distance of 1 X 1 metre per hectare.
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lorus alba) or Kashmir white or black mul
1y variety are preferred. In India white Philippine early variet o
because this grows easily. o

Saie

: of Silkworm

A ord 'rcaring does not mean only the feeding of caterpillars as often
~ understood but a continuous care from egg laying through aestivation,
- hibernation, incubation, early stage larval care, late stage larval care to the
= .{ production of cocoon. So, for proper and step-wise study of rearing one should
- proceed from Grainage Technolog . :

: t,'*.v'.-‘l ~ Grainage management

The aim of the establishment of graina

to rearers and maintenance of original |
care should be taken of the ‘cro

development. If it is above the limit seed should not be purchased for seed
production. First selection is ma

ction de by separating out dead cocoons and next
selection in the grainage, :

After final selection, cocoons are subj | - sk
Jected to sex separation b cutting one
end of the cocoon either m : P y g

anually or through Nagahara (in Ja
i The Nagahara machine can cyt 10,000 to 1 ; e igen o

" 5,000 cocoons per hour. For the
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production of commercial eggs loose forms of cocoons are used and collective
mother examination is done, either through mass pebrine detecting machine or
general microscopic observations. They are then kept for mass emergence.

[ 1. Emergence of moth and fertilization. When kept for emergence at
room temperature, mass emergence of adults takes place. As per their nature,
Just after emergence, male moth starts moving around the female. Males are
very much active whereas the females which are loaded with eggs are incapable
of flying. If not separated atonce in cages males start copulating with the females
but the eggs obtained from this female mated from the male of the same stock
is useless for the seed. So the males and the females just after emergence have
to be separated into separate cages without their mating. Now one female of
one lot is kept with the male of the other lot and atonce they form pair and
copulate for about 3 hours. After completion of mating, males should be separated
and may be used for the fertilization of other females. But one male can ..ot
fertilize more than two females. Now fertilized females are subjected to egg
laying. : ‘ '

‘2. Egg laying. Just after fertilization, female starts egg laying and in the /
duration of 24 hours it completes egg laying process. The eggs laid by one
female are about 400 to 500 varying according the different races. Female dies
after egg laying. These eggs are called as SEED. These eggs are kept in sterilized
trays and stored at 4° C under laboratory conditions or sometimes kept at hill
stations in diapause conditions.

. The stages of egg (seed) production is of 3 types viz, production and supply
of grand parent eggs, production and supply of parent eggs, rearing of parent
eggs and production of commercial F, seed. The grand parent and parent eggs
are produced by recognised and reputed organizations. This commercial seed is
supplied to the rearers.

3. Hatching. This is an important phase of sericulture industry because as
soon as the larvae are hatched they start feeding voraciously. So only those
sericulturists who would be able to supply sufficient amount of fresh mulberry
leaves to the young hatched larvae, could perform successful sericulture
programme otherwise young ones will die resulting great loss to sericulture
industry. This is why the hatching has to be controlled, accelerated or postponed
by artificial treatments under refrigerated conditions. For proper hatching of
seeds (eggs) advanced techniques have been developed in which eggs are
collected and kept with mulberry leaves, working as stimulant for hatching in
shady places on white sheet of Paper in insect proof trays on a stool. For this
purpose the legs of stool must be kept in water so that insects may not crawl
and damage the hatching cggs. It is also notable that if the eggs are placed in
ic same position in which they are laid, hatching will not be 100 per cent. So
it is advisable that the eggs kept in trays should be moved with the help of
feather.l The group of caterpillars hatched at various stages should be kept

"

i
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separately. Thus, one should be careful that hatching must be coincided with

the best season of the mulberry.
4. Experimental data of egg laying and hatching, (i) If after 120 minutes

of oviposition =ggs are kept at 10" C for 24 hours then transferred to the oven
at 16°C for 4 days and further soaked in hydrochloric acid (15% at 46° C) for
S minutes, the diapause condition is broken.easilyf (ii) To ‘get the homozygous
stock of female silk moth, eggs are taken from 24 hour old moth and treated
with hot water (46° C) for 18 minutes then kept at 15 to 17°C for 4 days,
treated with acid at 46" C and then kept for incubation. 'When such eggs are
reared carefully a homozygous stock is obtained. (iii) If the female moth is kept
at 5°C for 24 hours just after mating and for egg laying at normal room
temperature, 70 per cent eggs are laid in the first hour after incubation and 20
per cent eggs are laid in 2nd hour. This data is very much useful for grainage
technicians from the point of view of uniform hatching of eggs.

Supply of seed to rearers and commercial rearing
After grainage management the next step is the supply of seed or caterpillars
to the farmers. The supply is of two types depending on the knowledge of

rearers i.e., supply of eggs and 2nd instar larvae. ]
The old rearers who are well versed with the rearing technique may purchase

eggs for the rearing but new and untrained rearers knowing nothing about the
rearing should always be given 2nd instar caterpillars for this purpose. Much
care should be taken for the rearing of 1st, 2nd and 3rd. instar caterpillars and
4th and 5th instar caterpillars are mostly reared either on hanging trays often

with nylon nets or on the floor. '
It is essential to clean the bed of the caterpillars once in a day for 3rd, 4th

and 5th instars.The principle of rearing should be the production of healthy
caterpillars with uniform development.The muiberry leaves supplied to the 1st
and 2nd instar larvae should be young and well chopped because they are very
tender in nature. The 3rd instar larvae may feed even on chopped hard leaves
but 4th and 5th in star larvae can feed easily on leaves also.

The taste of mulberry leaf is lost due to rapid loss of moisture, so rearer
should be careful to stop or reduce-the loss of moisture from the leaf after
harvesting. For this purpose 60 to 70% humidity of the room is needed otherwise
it affects the health of silkworm. So, it is advisable to keep the leaves wrapped
in wet clothes. The overcrowdin g of worms causes under-nourishment and checks
proper development. If a large number of rearers in the same. village take the
worms from same lot, spinning of silkworm of all the rearers starts on the same
day if proper supply of mulberry leaves is there.

Now full grown Sth instar larva stops feeding, undergoes pupation and
settles to a corner among the mulberry leaves and starts to secrete sticky fluid.

Thus, an improved technique of rearing of silkworm has resulted in the
production of cocoons of good quality. The temperatures best suited for the
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* rearing of Ist, 2nd, 3rd, 4th and 5th instar larvae are 27, 27, 25, 24 and 23° C
respectively.

Spinning of cocoons

This is the period when the caterpillar stops feeding and starts to secrete a
pasty substance from the silk gland. In this condition worms should be picked
up and transferred to the spinning trays and kept in a position of slope (slanting)
to the sun for a short period. Within three days spinning is over and the
cocoon is formed and this is the last phase of the rearing of silkworm.

Quality of cocoon. The quality of cocoon is dependent on the raw silk
vield, filament length, reelability and splitting.

Marketing of cocoon. The pr.ce of cocoon is fixed during every season
of the rearing. This price is, however, watched by the Government and cocoons
are purchased by the rearers.

Post-cocoon processing

The method of obtaining silk thread from cocoon is known as post-cocoon
processing. This includes STIFLING and REELING.

1. Stifling. The process of killing the cocoons is termed as stifling.
Sericulturists should be very much careful that before the emergence of silkworm
(The cocoons which do not have cut holes) good sized cocoons of 8 to 10 days
old are selected for further processing and dropped into hot water or subjected
to steam or dry heat, sun expesure for 3 days or fumigation. In this way pupae
or cocoons are killed. The killing of the cocoon in boiling water helps in softening
the adhesion of the silk threads among themselves and loosening of the outer
threads to separate freely, facilitating the unbinding of silk threads. ,

2. Reeling and spinning. The process of removing the threads from the
killed cocoon is called as reeling. Four or five free ends of the threads of these
cocoons are passed through eyelets and guides to twist into one thread and
wound round a large wheel from which it is transferred to spools. Thus the silk
obtained on the spool is called as RAW SILK or REELED SILK. The waste
outer layer or damaged cocoons and threadsare separated, teased and then the
filaments are spun. This spunned silk is called as ‘SPUN SILK’.

The raw silk is further boiled, stretched and purified by acid or by
fermentation and then carefully washed over again and again to bring about thc
well-known lustre on the thread.

The modernization of the reelin and spinning process by autolization and
various labour saving process has opened a new way to this cottage industry

in the world. One autolizer can yield 3.715 kg silk per basin in 8 hours in
Japan A
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Silk is a pasty secretion of the silkworm produced by the silk gland. The
silk glands are actually modified srlivary glands which are long and sac like.
As this pasty secretion comes in contact with air, it becomes hard and forms
strong and pliable silk strands. This secretion forms two cores of fibroin :
(1) a tough elastic insoluble protein consisting of 75% of the fiber’s weight
and cemented together with sericin from the middle region of the silk gland
at the time of secretion, and (ii) a gelatinous protein which is easily soluble
in warm water. Some quantity of wax and carotenoid pigments are also detected.
The diameter of the silk fibers is 0.0045 to 0.0082 cm. Its elasticity is found
to be 20%. - :

Diseases of Silkworm

The Sericulture Industry suffers frcn a number of diseases in Tropical regions
of South East Asia. The maggot disease, pebrine, polyhedrosis and flacherie
are the diseases which cause severe damage to this industry. The poisoning
by tobacco and Muscardines is also reported to be harmful but is not very
common.

[I] Maggot disease _

This disease is caused by Tricholyga sorbillans, a fly belonging to the order-

Diptera and Family-Tachinidae. It is distributed throughout India, Japan, Korea, _
China, Vietnam and Thailand. The presence of milky white cylindrical eggs

cn the skin of silkworm larvae is 1 symptom of this disease. The number of

eggs laid by the fly on a silkworm larva varies from several to more than

fifty but usually they are two to three. After 30-40 hours of egg laying, maggot
1s formed inside the egg shell. Now this maggot makes a hole on the ventral
side of egg shell and on the skin of the silkworm. Thus, maggot penetrates
into the body of silkworm larvae and starts eating the tissues of larvae. When
the maggot penetrates into the larval body, the big black mole is formed on
that part of the skin. The segments in which maggot exists, swell ilp and
bend as a result the attacked larva becomes inactive and loses appetite. Usually
fourth and fifth stadia are attacked by the maggots. The larvae, attacked up
to the fourth stadia die before making cocoon, whercas, those attacked in the
fifth stadium make cocoons but usually do not attain the pupal stage.

A number of natural enemies like parasitic insects, fungi etc. are known to
confrol the poplflation growth of T. sorbillans. The avoidance of entry of fhis
ﬂ).l into the rearing room of silkworm is the only means for the prevention of
this disease for which nets are fixed around the windows.

Scanne d with CamScanner



ed into four nuclei and at the same time the polar
etrates into the cells of the alimentary canal. Further,
d swim in it. They are distributed throughout the
IS tissues, specially the fat bodies and organs,
nd nucleus of cells. When the hypoderm is attacked
affected part becomes black cue to the formation of
b_oéiy, the milky white spots or marks are observed on
gland or on the surface of the alimentary canal. In case of severe
B e on of the eggs the whole of yolk nearly gets filled with the
| micro-organisms resulting in their (eggs) death. Whereas, in case of slight
| infection the eggs hatch but the larvae carrying infection die at the third moult
| without making cocoon.
S The diseased larvae show little inclination towards food and exhibit irregular
and differential growth resulting in the formation of small larvae of different
R o sizes. They become tardy, shrunken or moult quite late and finally die,
‘ - Counter measures against pebrine. If the infection Occurs at the embryo
stage, the larvae die in the third moulting stage as already mentioned. So, during

healthy eggs. Therefore, it is essential for the prevention of pebrine that the

tools used and the rearing houses should be kept free from pebrine germs. The
following measures may be applied.

1. Examination of mother moths.
should be carefully examined one by on
y be taken for further use. The unqualifie
s | - 2. Forecasting and correcting exa

examination more reliable, the forec
carried out for the €ggs of the seed ¢

The materials employed for fore
mature larvae, late moulting larvae,
accelerated to emerge out of cocoo

W O e e = e we

All the mother moths producing eggs
¢, and eggs laid by healthy moths only
d eggs should be bumnt away,
mination. In order to make the pebrine

asting and correcting examinations are
ocoons.

casting examinations are the excrement of
dead larvae, cocoons or pupae and moths
ns. For the correcting examination a few

Scanned with CamScanner




T S
s A o’

’ @n‘c

liure

eggs of each reproductive egg-batch are taken and incub.ated and thus, emerged
larvae are used as the material for examination of pebrine germs.

3. Removal and disinfection of pebrine germs. The spores of pebrine
may survive for a number of years in an ordinary type of rearing room if the.
environmental condition is humid. Therefore, rearing rooms, tools and other
utensils should previously be cleaned and washed to remove the pebrine diseased
eggs.‘ carcases of infected larvae, pupae, moths and dead cocoons, faeces of
diseased larvae and so on. The pebrine spores can be destroyed by treatment
with 2% formalin for 30 minutes, 0.5% sublimate for 5 minutes, 5% chlorinated
lime for 30 minutes, current steam for 30 minutes and sun shine in the summer
for 7 hours. :

4. Care on rearing silkworms. The tendency of the infestation by the
pebrine spores has been observed to occur more when silkworms are reared
in dry and ccol conditions than'in the hot and wet conditions. If the larval
period becomes longer, the infection of pebrine is severe, so care should be

taken on these points during the course of selection of the seed cocoons by the
rearers.

(III] Polyhedrosis in silkworms

Three types of polyhedrosis are found in silkworms.

(1) Nuclear polyhedrosis.

(2) Intestindl cytoplasmic polyhedrosis.

(3) Intestinal nuclear polyhedrosis. _

1. Nuclear polyhedrosis (Grasserie, Jaundice). It is caused by a kind of
virus which forms polyhedra in the nuclei of the cells of fatty tissues, deimal
tissues, muscles, tracheal membranes, basement membrane, epithelial cells of
midgut and blood corpuscles. The polyhedra are commanly hexagonal and rarely
tetragonal in shape, containing large number of virus in them. The polyhedra
form the white pus after they are released into the body fluid. The virus present
inside the polvhedra maintains its pathogenic power for a number of years in
the rearing room but the isolated virus loses its pathogenic power in a period
of short time. :

The larvae infected by this virus become inactive and lose appetite, and
the membrane between segments swell up. Further, the whole body swell up
showing the loose skin. In the last phase of the disease the body becomes
purulent and the skin becomes tender from which pus leaks out. The larvae in
this phase crawl around up and down and finally die. The infectian of grasserie
occurs through the mouth of the larvae, the wounds of skin and induction under

extremely adverse conditions (cold treatment, heat. treatment, chemical
treatment), :

Countermeasures. (1) The rearing rooms, tools and utensils should be

washed, cleaned and disinfected:
(Z-18)
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(4) Favourable conditions like temperature and humidi

in rearing rooms. : .
(5) The faeces, diseased larvae and dead bodies should be piled in the compost.
(6) Some of the chemicals like hydrochloric acid, formalin, chlorinated lime

may be used as disinfectants for this virus. |

2. Gast:ic injury caused by physiological disturbance of silkworms
followed by the multiplication of bacteria. Due to the supply of bad quality
of mulberry leaves the digestive physiology of the silkworm is disturbed and
multiplication of bacteria in the gastric cavity takes place. Thus, the combined
action of physiological disturbances and bacterial activity in the gut are major
causes of this disease. In unfavourable climatic conditions, the bacteria like

Streptococci sp. Coli aerogenous bacilli or proteus group bacilli attack the
weakened silkworms.

The control measures against this disease is to keep healthy conditions of
rearing silkworms.

3. Bacterial intoxication. This disease is caused by a toxin of some bacilli,

ty‘should be maintai}ned

e Bacillus thuringiensis Var. The larvae attacked by this toxin become uncons;ious,
g:lf’l':': later soften, become darkish and finally rot off. The infection occurs orally and
e can retain the toxicity as long as for seven years in some cases.

4 The countermeasures are the disinfection of the rearing room and
instruments.

4. Septicaemia. This disease is caused by infection of some bacteria as
Bacillus megatherium, B. proteus, B. prodigiosus, B. pyocyones- in the blood of
silkworms. This disease is rare in the larval stage but it causes severe damage
.to the pupae and the moths during the period of egg production. The infection
is caused through the wounds on the skin. .
Countermeasures. (1) The rearing tools and rearing houses shouid be kept
sterilized. .

(2) The diseased cases should e kept -away and put into the fermenting

~ compost. '

(3) During the period of egg laying the temperature and humidity of the room
should be maintained in proper order specially at lower range of humidity.

[V] Green muscardine

[ 1T

i
I"”».‘

1
101

It is a fungal disease of silkworms. There are a number of muscardine in
silkworm but only green muscaraine (Spicaria prasina) has been noticed to
affect the larvae of silkworm in Vietnam.

The infection may be observed at the' third and fourth stadia of silkworm.
In the beginning stage a big black spot is observed on the ventral side.

The green-tubes of fungus develop into mycelia in the blood and bear
cylindrical spores which are separated from mycelia and further form mycelia
which bear cylindrical Spares again. Thus, all the organs of silkworm are attacked L
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paration of garments, parachutes, parachute cords, fishing
4 nes, r flour mills, insulation coil for telephones and wireless receivers,
| and tyres of racing cars. Fabrics for garments in various weaves, plain, ‘will,

- stain, crepe, georgette and velvet, knitted goods such as vests, gloves, socks,

stockings, dyed and printed ornamented fabrics for saries, jackets, shawls and
wrappers are made out of this material.

Status of Sericulture Industry in India

At the root of the social, economic, cultural and political progress of India,
‘there are 6.5 lacs villages where 75% of the population of the country lives.
The real progress of our country is definitely on the development of these
villages. For the economic independence of the villages it is most important
to check the flow of ingenious people from the villages towards cities so that
the villages also may get a chance for advancement and progress. Even today
the main source of earning livelihood, in villages, is agriculture and agriculture
based industry on which 70% of the population depends. Majority of the village
population even today lives below poverty line. It is believed that small scale
and cottage industries are only in small and under developed countries but
this assumpticn is only partially correct because in developed countries like
USA, Germany, France, Britain, Russia, Switzerland and Denmark cottage
industries occupy a special importance in their ‘economy. In such countries
where there is derth of capital but ample labour power, small scale and cottage
industries also have great importance. When we discuss the economic policy
of India, one doubt always haunts our mind, wheather on the strength of
small and cottage industries only, would it be possible for us to face the
challenges in the international economic competition. Gandhi’s economic
philosophy provides solution to this doubt that small cottage industries and
modern and large industrial units have to be free from mutual competition,
then only, all round development of the nation can be possible.
In the back ground of the industrial growth of past few years and their
popularity and distribution of cottage industries it is apparent that the silk industry

: :_I i _“ | 0 ’ ‘ o _AI j’ ‘;I_ -‘ b | -
anufacture of woven materials and the knitted
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has developed as a popular cottage industry in which all big, middle, marginal
and small farmers in their own way in their limited resources can start silkworm
rearing. Even the landless ‘labours with the cooperation of farmers can get
mulberry leaves and rear silkworms. This industry neither needs any large
equipment, big capital nor specialized technical know how for its start. Although
sericulture is practised in India since long even much before independence, yet
because of more capital involved at that time and low quality production it
could not achieve required success. In any region for achieving success in
sericulture industry there are some basic factors which should be surveyed. It
is most important to have additional knowledge of the-climate, soil, previously
developed small industry, if any, and economic and social structure of that
region. In case the soil and the climate of the region is suitable for rearing of
| silkworms, proper arrangement for irrigation, availability of labour etc. have
| also to be thought of. In short it must be fully ascertained wheather this new
| industry of silkworm rearing would be definitely profitable in contrast to the
!‘ traditional farming or other small and cottage industries, if any, prevelant in
5 that region before embarking on this new project. The idea of the capital
e investment involved and the average income per acre should also be calculated
so that the farmer be told that it would be profitable to them. If finally decided
to undertake this venture then for selecting the race of silkworm for rearing,
“the climate, soil and irrigation facilities should again be kept in mind so that

/ the rearers may not face any technical difficulty later on.
In the country due to the efforts of sericulture research and investigation

cum training centres and other production programmes, there has heen a good
improvement in the production and quality both of the silk cloth during the last
25 years. In a number of regions new varities of mulberry with close spacing
and proper instructions have proved to be much fruitful in some regions but a
number of rearers are still unaware of the proper cultivation technique and use
of fertilizers for the mulberry plants. By efforts of systematic researches it has
been possible to improve the nutritive qality and growth of mulberry leaves
from 15,000 tc 35,000 kg per hectare. The new mulberry varieties K, and M,

are giving 65% more yield than the local crop. Now some strains are capable
of giving 100 per cent increase in the yield of mulberry leaves. Sericulture
research stations and grainages have evolyed techniques for handling of young
leaves easily with respect to temperature, humidity, quality, quantity and
frequency of feeding, spacing, aeration and protection against diseases. A number
of techniques have developed which has resulted in the improvement of the
maintenance or silkworms.

Although India occupies second position after China in silk production yet
the production in India is one fourth of the total production -in China. The
increasing demand of silk cloth in India and its decreasing production in Japan
has placed China as the biggest market of silk ‘in the world. The ever growing
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interest shown by Japan in the m inufacture of electronic goods has left Japan
much behind in silk preduction. Central Silk Board was established in 1949 in
India and since then, through development and research plans, sitk industry. got
a great encouragement. But in 1989, with the cooperation of ‘World Bank’,
“‘National Silk Project’ has doubled in silk production in seven years and in the
next five years the ‘production may be still doubled from the present quantity.
85% of the silk cloth manufactured in India is utilized in the country itself.
India imports raw silk for its industry from China. Out of the total silk clouh
woven heré, 65% is woven by handloom, 30% by powerloom and only 5% in
mills by modern machine. In India the éXport quality of silk can only be produced
by using threads manufactured by modern machines only. At present 3.5 lacs
hactare of land is under mulberry cultivation in India. In Kamataka, Andhra
Pradesh and Tamil Nadu the interest of the farmers in silk production is
continuously increasing day by day. In the country to day silkworm rearing
programme is providing whole time and part time employment to 75 lacs of

. people.

Distribution of silk industry in India

Of the 6.5 lac villages in India sericulture is practised in about 75,000 villages.
“The production of mulberry silk is confined to the five traditional states like

Andhra Pradesh, Karnataka, Tamil Nadu, West Bengal and Jammu and Kashmir.
Now it has also been initiated in jther twelve states like, Kerala, Maharashtra,

‘Bihar, Madhya Pradesh, Orissa, Gujarat, Rajasthan, Punjab, Haryana, Uttar
Pradesh, Assam and Himachal Pradesh and gaining success in some other
states. The traditional states produce about 99 per cent of the total mulberry
raw silk in the country. The major production of tasar raw silk is achieved
from Bihar, Orissa, Madhya Pradesh, Andhra Pradesh and West Bengal, while
Maharashtra and Uttar Pradesh ai : producing tasar raw silk on a small scale
The eri raw silk production is being achieved from major eri silk producing
states like Assam, Bihar, Meghalaya and Manipur while it is also produced
in Arunanchal, Mizoram, Tripura, Nagaland and Orissa at small scale. Manipur,
Nagaland, Mizoram and Arunachal Pradesh are the oak tasar silk producing
states. The production of muga silk is mostly confined to the states of Assam
but now-a-days this silk is also produced in Mizoram, Meghalaya and Nagaland.

National sericulture project (NSP) |
For the rapid development of mulberry sericulture industry in India, a five
year programme. ‘National Sericubture Project’ of Rs. 555 crore was launched
in 1989 by the World Bank and the Swiss Development Corporatien -under
the supervision of Central Silk Board. This project was implc;.ncntcd by the
department of sericulture in five traditional mulberry silk producing states hkf”
Andhra Pradesh, Karnataka, Tamil Nadu, West Bengal anq Jammu :amd- Knsfmallrr-
Twelve pilot projects in the 12 states like, Assam, Bihar; Gujarat, Kerala,
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Haryana, Himachal Pradesh, Madhya Pradesh, Uttar Pradesh,. Punj?P,
Maharashtra, Rajasthan and Orissa were implemented by the Central Silk Board
to create additional facilities for the silkworm seed production, training,
maintenance of germplasm and extention programmes as well as research and
Development facilities. | :

The broad objective of NSP was the introduction of mulberry sericulture
in non-mulberry silk states, and expansion of this industry in mulberry §ilk
producing states. The other important objectives of tais project were generating
employment opportunities for an add:tional one million people, increasing raw
silk production, improving quality of silk produced, strengthcn%ng the
infrastructure for research, extension, seed production, silk proc.e.ssmg and
development of market support for raw silk and cocoons. In 'addmt.)n to the
above objectives the financial support to rearers, reelsrs and twisters, 1nf:regsed
participation of private sectors, involvement of Non-Govgrqrpental Organisations
and improved participation of women were also the priorities of NSP. ‘

The specification of National :riculture Project in Tradl.tlor.lal and Pilot

states was of different nature on thz policy as well as application level. In
traditional states the main thrust was towards consolidating the status of progress
already achieved by strengthening the existing infrastructure and by providing
additional facilities for further expansion. The development of water managcment
technique, evolvement of rainfed technology for mulberry, promotion of
smokeless chulhas in reeling units, establishment of grainage, basic seed farms,
quality control measures, women welfare and sound Research and Development
facilities were the main features of NSP. The Central Silk Board has strengthened
the already existing research facilities at various centres like Central Sericulture
Research and Training Institute (CSk and TI) Berhampore, Central Sericultural
Research and Training Institute (CSR and TT) Mysore, Central Silk Technological
Research Institute (CSTRI) Bangalore and a rumber of Regional Sericulture
Research Station (RSRS). Central Silk Board has also established three new
research institutes like Seribiotechnology Laboratary (SBL), Silkworm Seed
Technological Laboratary (SSTL) and Silkworm and Mulberry Germplasm
Station (SMGS) during the tenure of NSP in traditional states.

Before the launching of the NSP in 1989 mulberry sericulture was already
growing in small pockets of some non-traditional NSP states like Uttar Pradesh,
Bihar, Assam, Orissa and the North- East but no integrated developmental effort
were taking place in absence of infrastructural facilities. The pilot projects of
CSB under NSP in pilot states provided comprehensive packages right from
basic seed production to the yarn production. The CSB has invested Rs. 660
million in non traditional states from 1989 to 1994. The pilot activities were
restricted to one district (in some cases more) in each non-traditional state to
ensure the achievement of the target. The district taken under pilot project were

. Akolaand Buldana (Maharashtra); Ambala (Haryana), Bastar (Madhya Pradesh),
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- Dehradun and Saharanpur (Uttar Pradesh); Hoshiarpur (P.unjab). Jorhat and
Sibsagar (Assam); Koraput (Orissa), Palakkad and Idukki (Kerala): Purnea,

Kishanganj and Araria (Bihar); Solan (Himachal Pradesh); Surat and Valsad
(Gujarat) and Udaipur and Banswara (Rajasthan).

Sericulture industry and women welfare

Itis areality that spite of all efforts the status.of wcmen in the industrial
sector is not significant because there are so many constraints for a women to
participate freely in the .industrial activities. Sericulture i5 such an agrg-based
cottage industry in which there is involvement of interdependent rural, semx-urba'n
and urban based activities in which the estimated participation of women is
about 60 per cent. Thus, in contrast to other agro-based profession _the rolc‘ of
women in sericulture industry is dominating which will be helpful for improving
the status of women in family enterprises. In the light of women welfare through
sericulture industry the Central Silk Board has established a special component
of ‘Assistance to Women and NGO!s’ into the National Sericulture Project. For
the women welfare sericulture should lead to formulate positive additions to
rural women's awareness, participation in decision making and proportional
control over resources and income. For achieving improved status and recognition

of their value and importance to household, community and society as a whole,

group formation should be encouraged among the women involved in sericulture
industry.

Central Silk Board (CSB)

Central Silk Board, a statutory organisation under the administrative controi
of the Ministry of Textiles, Government of India, was constituted in 1949

under an act of the Parliament. After its constitution, Central Silk Board has
taken overall responsibility for the intensive development of growing sericulture
industry in India. The Board is constituted by 36 members including the
Chairman, Vice-Chairman, Member Secretary, representative of both the Houses
of Parliament, Central and State Government’s nominees, Rearers, Reelers,
the Trade and Industry. The head quarter of CSB is in Bangalore.
Function of Central Silk Board. (1) Proper development of sericulture
industry in the country through promoting necessary measures,
(2) To promote and encourage scientific, technological and economic research
for further advancement of sericulture industry. |
(3) To develop healthy silkworm seed and ensure their proper distribution.

(4) To devise advanced means for the improvement of mulberry cultivation,

' - silkworm rearing, reeling of silk and spinning.

(5 To search and establish the means of standardisation and quality control
~of silk and silk products.

(6) To stabilise the prices of silk coc

‘ oon and raw silk, and rationalise the marketing.
(7) To collect the statistics regarding sericulture industry.
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(6) To prepare and furnish the relevant reports on ‘sericulture to the Central

Government. .
(9) To give proposal and advise to the Central Government for the intensive

development of sericulture industry in the country.

Co-ordination of Central Silk Board with states. Being a state subject
in the concurrent list, the schemes for the proper development of sericulture
industry are formulated and implemented by State Governments. For performing
this work, additional money is allocated to the State Goverriments on the basis
of the annual plans approved by the planning Commission. Besides coordinating
the sericulture developmental activities in states and advising the Central
Government in pclicy making programmes, the CSB is also directly concerned
with the sericulture research activities, sericulture Post Graduate Training

programmes, basic seed production, distribution of raw silk, inspection of silk

goods and standardisation and quality control. :
The Central Silk Board has established 5 ‘Regional Offices’ and 7 ‘Regional

Development Offices’ in different parts of the country. The Regional offices
are Bangalore (Karnataka), Mumbai (Maharashtra), Calcutta (West Bangal), New
Delhi (Delhi) and Srinagar (Jammu and Kashmir). The Regional Development
offices are Bhubaneswar (Orissa), Guwahati (Assam), Hyderabad (Andhra
Pradesh), Lucknow (Uttar Pradesh), Chennai (Tamil Nadu), Maheshmati (West
Bengal) and Patna (Bihar). Special attention for promoting sericultural
programmes in North-eastern region has been paid by CSB and an office of the
Director (NE) is functioning at Dispur in Assam.

Silk development and research

Though the sericulture is one of the ancient industries in India yet it remained
inadequate from technological know how and productivity. The establishment
of Central Silk Board in 1949 has been proved to be the backbone for developing
sericulture industry in India which is providing the much needed research and
developmental support to this growing industry. Within the span of five decades
the achievement of CSB is encouragir.g particularly in the field of research
and training programmes. To meet this requirement ‘Central Sericultural
Research and Training Institute was established in Mysore in 1962. Further,
the status of Central Sericultural Research Station, Berhampore, established
in 1943, was upgraded into a research institute. In 1972 the Regional Tasar
Research Station on Temperate Oak Tasar came into existence. The state
research stations were taken over by the CSB and two Regional Research
Stations were established at Titabar and Majra. The establishment of
International Centre for Training and Research in Tropical Sericulture (ICT
RETS) in Mysore initiated international cooperation in sericulture development.
For conducting research on silk reeling, spinning, weaving and processing of
silk the first institute of its kind in the world, Central Silk Technological
Research Institute,” was set up in Bangalore in 1983. There is a wide network
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Fig. 1. Adult prawn (Palaemon).

Kerala coast and the mouths of numerous hill streams in the Malabar area.
Ennur, Pulicat, Ccllair and Chilka lakes, and Estuaries of Ganges and Brahmpurra
rivers on the east coast are also important. fishing areas. Chilka lake is much
rich in prawn production.

3. Fresh water prawn fishery. Prawns are caught from the rivers, lakes
and otler fresh water areas throughout the country. Some species are also caught
from Brackish water lakes during certain months when the salinity 1s low, and
the prawn migrates into them temporarily, chiefly for breeding.

4. Marine prawn fishe.y. Mosv cf the manne prawns caught along the
Indian coast belong to the family Penaeidae. Three genera like Penaeus Fatr..
Metapenaeus Wood Mason ax}d Parapenaeonsis Wood Mason are commor.ly
found to be present. Marine prawns are fond of warm shallow seas and swarm,
both in their larval and adult stages, in muddy waters such as those found in
deltic regions.

Species of Prawns

A number of species of prawns are found distributed in water resources and
are of different sizes (Fig. 1). Only those prawns which are of good size and
: weight, available in plenty and easily culturable, are commonly selected for
prawn culture. cn commercial basis. The prawns belonging to the families
Penaeidae, Pandalidae, Hippolytidae, Sergestidae and Palaemonidae are vrsy
much important. Some species are good for culture while several others wre
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caught in very small quantities, but the

following species of prawns are important from cultyre point of view

) 15 Penaeus indicus (Mxlnc Edw I This i (o
a dS) 115 1S the ommonest com ICiz
: ne > mercia
Species fOUl‘ld along bOth the coasts, occurri ; . s

centimetres.

2. P. monodon

(Fabr). This is largest sea ] i
prawn found in India )
east and west coasts e

. It can attain maximum length up to 30 centimetres.

3. Metapenaeus affinis (Milne Edward-). This is commorily found in a
[?addy fields of West Bengal specially in low lying areas. Sometimes it may be
found on the Mumbai coast also. It can attain a length of 13 cm when fully
graown.,

4.. M. dobsoni (Miers). This is commonly found in brackish water and
estuaries of both the coasts and is a dominant species  of back waters on the
Kerala coast and fished throughout the year. It can grow up to a maximum
length of 11 cm and its life span is found to be of 3 years.

S. M. monoceros (Fabr). This is found throughout the entire coast line. It

1s also common in estuaries and back waters and can attain a maximum length
of 17 cm.

6. Parapenaeopsis sculptilis (Heller). This is found on both the coasts but-
goad catches are obtained in Mumbai and West Bengal particularly in Hoogly
river. This is also found in Chilka lake. The maximum length attained by this
prawn is 14 cm.

7. P. stylifera (Milne Edwards). This is found on the west coast and fished
maximum in Kerala State in the months of December to May. This can grow
up to a maximum length of 11 cm and the life span of this prawn is of 2 years.

8. Palaemon fluminicola (Kemp). This prefers to inhabit fresh or brackish
water and is reported to ascend the river Gangcs to a distance of 1,127 Km.

9. P. styliferus. (Milne Edwards). This inhabits brackish and marine waters
and contributes good catch of the Gangetic delta and Mumbai coast.

10. P. tenuipes (Henderson). This is found commonly on the west coast
and is caught .n large number from Mumtai coast. |

11. Macrobrachium carcinus (Fabr)). This is tieshwater prawn and migrates
to brackish water for breeding. This can attain a maximum length of 30 cm and
1s available in good number for over 3 mcnths in the year. This prawn is highly
demanded species for freezing and eventua! export. |

12. M. idac (Heller). This is commoniy found in Kerala back water during
months of September to December. ' :
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prawns collected from ponds, rivers or fields are transferred to the tanks which
are particularly aerated. The transport of* these collected prawns shculd be
performed in plastic bags with oxygen or in bamboo ‘with aquatic plants.
For the purpose of fertilization one pair (one male and one female) of prawn
only should be kept in an aquarium of 60 litre capacity. After sometimes mating
takes place and the female starts egg laying for about 24 hours. For commercial
exploitation the spawning has to be planned. Spawning tanks of different sizes
should be prepared viz., 200 x 100 x 40 cm, which would be suitable for 10
pairs and 300 x 150 X 40 cm for 24 pairs. The proper aeration of thé spawning

tanks .s most important. At the same time proper care for the cleanliness of the
tanks is also to be taken.

For the development of eggs under proper conditions, the mixing of sea
water with fresh water is well suited. With the increasing time of the egg
development as indicated by the change in the colour from orange to light gray,
some amount of sea water should again be added to make the concentration
upto 5%. The eggs hatch into larvae which should be transferred immediately
to other tanks made up of cement (200-360 X 50-70 X 25 cm) filled with the
water of spawning tank and sea water (2/3 : 1/3 v/v). The temperature should
be maintained almost in between 24°C to 3C°C. The pH of this tank should be
7 to 8. The tanks under shade provide good environment for development.
Moulting of the larvae takes place and the first and second stages are found
without loss of organs. The prepared food like steamed egg custard, fisk ball
and fish eggs should be given to the young hatched larvae. The supply of artificial
food is continued 4-5 times a day till the larvae are 2 to 3 days old up to the
metamorphosis. Now they should be transferred to fresh water tanks for
acclimatization and to be fed on artificial diet.

It is found that the young ones of 5 cm length (about 60 days old) can be
reared in fresh or slightly brackish water at 22°C to 32°C in properly oxygenated
ponds, partitioned canals or rice fields. The artificial pond ot 50 x 20 x 1.5
metres is best for operation and can be managed economically. One should be
careful to remove the predators and excess of aquatic vegetation from the pond.

The provision for natural food for the proper growth of prawns in their
natural habitat can be made by providing 200 kg cow dung mixed with 10 kg
lime per hactare per month. Gentle circulation of water current has proved to
be a better stimulant for proper development of the prawns. For the supply of
food in. the form of living organisms small pieces of waterfish, insects,

‘earth-worms and plant food viz., spoiled paddy, broken rice and fruits is to be

managed for each pond. Under proper natural conditions the prawn can develop
up to 20 cm in length with about 100 gms in weight within 6 months. Two
crops of prawns can easily be harvested per year. In paddy fields with 12 cms
water, young prawns of 3 months age group can be introduced so that'tt'xey may .
attain maturity whei paddy is harvested. In the fields where insecticides are
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applied, the stocking
much sensitive to the
caused in such field,

Culture of Marine Prawn

of praw
inscl:Ctiri?ls should not be done because prawns aré very
‘ides, so great hazard of prawn population may be

Several f

actors determi ,

selection of site, w = the.SQCCQS:S of marine prawn farming of which
of farm » water and soil quality, availability of seed and preparation
S Salre more important.

. oelecti : %

s ,lg-" of site. The .most suitable location is along the tidal flats and
A adjacent to brackish water estuaries. The site of irregular shape and
The sites 1 om contours are not fit as they reduce the efficiency of harvestir 2.
et oIcated too glose to the beach are _likely to be subjected to the threat
athine = ;'the sublittoral zonc, the main criterion for the selection of site 1s
e vels :: ;OUld be. smaller range of variation between high and low water
i s the same time there should be enough circulaticn of water within the
arm enclosure at neap tides.

availi‘bl‘::t;rlguamy' The regular supply of ggod quality clean water must be
o fulfil the water lost through evaporation, seepage and drainage during
the course of management 0p¢ration§. The water sho.ld be free from hydrogen
sulphide pollutants and other contaminations. The dissolvec oxygen and nutri;nts
should be sufficient. The temperature and salinity conditicns of water must suit
the physiological state of the species to be reared.

3._ Soil qqality. The soils having clay composition with a pH range of
6.5-7.5 are usually suitable as they tend to hold water. The clay particles absorb
calcitm and potassium salts from the sea water making the oil rich in minerals.
There should not be more than 50 cms of silt on the bottom since for unknoc vn
reason the heavy siling reduces the production of prawns.

4. Availability of seced. The naturally occurring species in a given locality
would most likely dictate the species to be suitable in that area. The prawns
suitable Yor farming include thos > species which can be rsared from egg up (0
the adult stage in captivity and the young cnes of which must be obtained from

natural habitat.

5. Other factors. For the commercial an
area should not be less than 5 hectares. The site s
to the culturist as well as to the market

d economic farming, the surface
hould be accessible by road

at all umes for the effective disposal

of catches.

Preparation of Farm
the subsegquent stocking
dry the bottom followed
| lime should be applied

For the preparation of ponds for aigal growth and for

of prawns it is essential to drain off the water apd sun
by light tilling if possible. During this period agricultura
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(400 “g. per hactare) to absorb the excess of.carbon dioxide and supply the
calcium required by the prawns during moulting. The algal growth may be
further accelerated by the addition’ of commer ‘ial fectilizers. Variety of organic
fertilizers like rice bran, poultry and cattle dung, night soil and sewage wastes
are used to increase the fertility of soil. It would be desirable to drain the
pond completely oncs in a year to increase the rate of the production of
microbenthos. It may be mentioned here that the considerations given are
only of general naturz. So, there may also be some biological and physical

problems related to the locality for prawn culture for which the points mentioned
above should be taken into consideration.

Methods of Prawn Fishing

The Indian coastal region of 4,500 kms with a huge area of continental shelf
has great scops for fishing operation throughout the year either for fishes or
prawns. In shallow water areas, fishing may be pcssible only with the help
of gears, but in deep water reservoirs like rivers, lakes and sea, fishing requires
craft and gears both. Since ancient times various types of traditional local
made craft and gears are being used for the fishing of crustaceans and fishes
while some are specially suitable and used for prawn fishing. In recent years
a number of mechanised crafts and gears have been introcduced for fishing in
India. Till now the mechanised as well as non-mechanised crafts and gears
are being used side by side in India and probably would be in use for several
years.

[I] Crafts (Boats)

The crafts used for the prawn fishing in India are of several types in
commensurate with the flow of water, depth of water, habit of prawn, flora
and fauna of water reservoir. etc. The boats used are described below in brief.
In Kerala, Vallom (8.3 to 10.6 metres) is'used which is operated by 5 to 6
persoas while Thanguvallom (12.6 to 14 mc tres) is operated by 10 w0 11
persons. From Kakinada to Masulipatam, Masula (8.5 to 12 metres) is used
and operated by 8 to 12 persons while Nava (6.4 {0 10.7 nietres) is operated
by 5 to 6 persons. The boat used in Maharashtra is called as Machwa (8.0
to 14 metres) and operated by 7 to 9 persons. In Orissa boat Dinghi (10.4
to 13.3 metres) is used and operated by 8 to 10 persons. The boat used by
the fishermen of West Bengal is Nauk (10.4 to 13.2 metres) which is operated
by 8 to 10 persons. It is found that for the operation of boats in any part
of India generally 5 to 10 persons are needed which may solve unemployment
problem for some technical persons.

[II] Gear .

Boats are the only means to be used on the surface of water for catching
out the prawns. But for the act of catching of prawrs a number of devices
(Z-18)
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are cmployed viz, nets, traps and hooks. Before the preparation of these

appliances for prawn catching it is essential to have an idea about the
behavioural trends' viz., feeding behaviour, swimming, breathing, rest phase
etc. of prawns because some prawns are bottom dwellers, some crawling over
the surface of water can jump on disturbance and some are attracted toward

light. Thus, keeping in view the various behaviours nets, traps and hooks
should be utilized for easy catch. The adult and sexually matured prawns
prefer (o live in sea but juveniles prefer to live in shallow estuaries and back
waters.

[II1] Nets

Generally, nets are made by cotton, nylon, hemp or in combination of these.
The spaces of nets 'should be specially kept in view so that the prawns may
not be able to pass through them. If selective fishery is under fishing programme,
nets should be prepared with care so that only adult prawns may come under
the catch and smaller or young ones may pass out from the net.

The simplest type of net used is CAST NET which is operated by single
person only by throwing the net over the water surface and later on drawn off
with the aid of rope attached at one end of the net.

Some nets are bag like and so are called as BAG NETS.

The nets either with bag or without bag when tied to stake, the operation
1s in stationary phase, are called as STAKE NETS.

When bag nets are towed by the crafts which are under movement and
prawns are caught by themselves in the bags, they are called as DRAG NETS
or TRAWL NETS.

When the upper margin of the mouth of the drag nets is fixed to the beam
and the lower margin is free hanging, this net is called as BEAM TRAWLS.

In sea water where tides are of usual occurrence, nets without bags are
fixed to the stakes for a long distance to check the escaping of catched prawn
along with the back currents, such types of nets are called as BARRIER NETS.

The local names of different types ot nets are based on the local names in
linguistic regions of the fishing area. /

1. Fixed bag nets of the west coast. (a) Dol. Used throughout the year in
Mumbai sea shore area. It is made up of hemp and cotton and set against current.
Prawns like Acetes indicus, Hippolysmataensirostris, Palaemon tenuipes and
Metapenaeu. affinis are caught therc The smaller nets are called as
BOKSHI-JAL.

(b) Gholu jal. It (Golva, Dor, Dol) is used generally after Monsoon up to
February in Kathiawar region. It is made up of hemp with coir, set against tide
on muddy grounds. Prawns caught are Metopenaeus kutchensis, M. monoceros,
Parapenaeopsis sculptilis and Penucus indicus.
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(c) Onnivala. It (Valuvala) is used throughqpt the .year in the back water
in Kerala region. It is made up of cotton and coir yarn and set against water
current. The prawns caught are M. dobsoni, M. monoceros and Penaeus indicus.

2. Fixed bag nets on east coast. (a) Thokavala. (Gidasavala). It is very
important for fishing in tidal estuaries of Godavary and Krishna deltas in Andhra
region. It is made up of cotton and coir and set against current. The prawrs
caught are Metapenaeus brevicornis, M. monoceros,. Penaeus indicus etc.

(b) Behundi jal (Bhim Jal, Thor Jal). This is used in the estuaries of
W. Bengal, in Hoogly and Malta regions. This is made up of hemp and coir
rope and set up against the current. The prawns caught are Metapenaeus
brevicornis, Palaemon styliferus. P. tenuipes, ‘P. flumicola, Macrobrachium
mirbilis, M. carcinus, M. lamarrei. Penaeus indicus etc.

3. Barrier nets of west coast. Patti. This is used in creeks and tidal inshore
area Gulf of Kutch and south Gujarat. It is made up of cotton. The prawns
caught are Metapenaeus brevicornis, and Penaeus indicus.

4. Barrier nets of east coast. (a) Moolakattuvala. 1t is used in Kakinada
Bay and back waters connected to Godavary estuary. It is made ap of
cotton. The prawns caught are Metapenaeus brevicornis, Penaeus merguiensis,
P. monodon etc. i

(b) Char-pata jal. This is used in winter month in 24 paragnas during spring
tides. It is made up of cotton, hemp, jute or combination of all. The net is kept
folded on the ground. The prawns caught are Palaemon styliferus,
Macrebrachiun lamarri M. radis, M. scabriculum.

5. Boat-seinnes of west coast. (a) Kolliyala (Suitanvala, Paithuvala}. This
is used irf Kerala coasts during August to October when prawns migrate upwards.
It is formed of cotton or hemp. The prawns caught are Metapenaeus dohsoni,
M. monoceros, Penaeus indicus, P. monodon etc. :

(b) Madivala (Thattuvala). This is used in Vizhinjam, South-West ccast
in months of April to October. This is made up of cotton and coir. The prawns
caught are Metapenaeus monoceros and Parapenaeopsis stylifera.

6. Boat seines with bags on east coast. Irgali (Irgaljalo, Pedda or Bada
Irgali and Sanna). This is made up of hemp and is used in Ganjam coast by
Telgu fishermen. The prawns caught are Penaeus indicus, P. semisulcatus,

Metapenaeus dobsoni, M. monoceros, M. affinis etc.

7 Shore-seines of the west coast (Without bag) Rampan (Rampani). It is
used in inshore regions in premonsoon months. It is made up of cotton or hemp.
The prawns 'caught are Metapenaeus affinis, M. dobsoni, P. indicus,
Parapenaropsis stylifera.

8. Shore-seines of the east coast (Without bag). Aliviala (Pedda Alivi,
Chinna Alivi). This is used in November to March in Andra coasts. This is
made up of cotton and th- net is carried out in a nava and is laid in sea. The
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Export of Prawn

The prawns have become.an important source of earning forejgn currency
because of their export to various parts of the world, They are exported in
the form of frozen prawn, c.nned prawn, dried prawn, prawn pickles, prawn
powder, prawn bits, prawn curry and prawn meal. The frozen prawn is exported
to Australia, Belgium Canada, Denmark, France, Japan, Kuwait, Netherland.
South Arabia, Switzerland, Sweden, UK., US A. and Germany. The canned
prawns are exported to Australia, Belgium, Canada, Denmark, Germany, France,
Greece, Italy, Muscat,'Oman, Netherlands, Newzealand, Puerto-Rico. Sweden
Switzerland, Singapore, U.S.A., UK., Germany and Yugoslavia. The driec
prawns are exported to countries like Australia, Canada, France, Hong Kong,
Japan, Netherland, Singapore, Spain, Trinidad, U.S.A. and U.K. The other
prawn material ‘Prawn pickles’ is exported to Canada, Dubai and U.K. The
prawn powder is sent to Australia, Netherland, U.K. and Germany.

Thus, it is clear if India can produce more and good quality prawns and
prawn products, it would be a very good source for raising the economy of the
Nation as foreign currency earner.

Pollution and Prawn Fishery

Now-a-days degradation of fresh water and sea water resources, due to water
pollution, have become a serious problem for the ‘entire world. The prawn
fishery is also badly affected by the water pollution due to indiscriminate
discharge of industrial effluents, sewage, domestic wastes, pesticides, fertilizers,
distillery, electroplating, detergents, silt tanning, thermal power, radio-activity
and oil, into the rivers, lakes, streams and ultimately into the sea.

The critical study of the effect of these effluents anid pollutants has been
tried on some species of prawns and some results have been achieved. It is
obvious that the pollutants which affect the fish population almost affect the
prawn fishery also. Although vast studies have been made on fish culture with
respect to pollution problem but no such comprehensive work has been done
on the pollution problem with particular reference to prawn culture.

The studies made in Bihar and Mysore have shown that the effluents of
pzper mills consisting of cooking solutions, cellulose constituents cf the bamboo
and the chemical mixture of a number of sulphur compounds, some amount of
alkali sulphides, acetic acid and formic acid with a high percentage qf sugars,
the gaseous discharge in the form of sulphur dioxide, methyl alcohol, ammonia
and some aromatic oils are heavily discharged into nearby rivers.

The wood distillation plant of Mysore discharges its effluent into Bhadra
river. Its effluent comprises of tar particles, phenolic bodies aqd gccu’c acid. It
is found that the suspended particles at the time of slo.w flow of river settle on
the bottom and form a sticky layer on the bottom of river. When the wastes of
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paper mills and wood disiillary were discharged into a river, a ‘large number of
prawns were found dead or some had escaped away,

It has been studied that due to various types of effluents discharged into
the Ramgarh lake of Gorakhkpur (Uttar Pradesh), the prawn fishing is dwindling
gradually every year. The effect of pesticides a1 d heavy metals on the prawn
have been studied which showed an adverse effect on prawns and prawn fishery.

Oil is a common poliutant in rivers, estuaries and sea and it is increasing
day-by-day as new oil wells are being added in the wor!d of fuel for energy
reso.urces. Oil forms, at present, 50% of the ship cargo of the world. It is found
in a number of cases that there was no recovery even after 4 years of oil pollution
due to oil spill. According to U.S. Scientific Survey ‘‘the effect to the spill will
be felt for another decade........ it will be visible to the untrained eyes for at
least five years and.to the trained eyes for another ten years.”’

In India the industrial enterprises and oil drilling activities are on continuous
increase. The studies regarding proper safeguards against effluents cn the prawn
culture are going on. It is found that if the effluents before discharge into water
can be treated or diluted, they would be without danger for the aquatic life.
Although it will be extra expenditure to the mills and factories but in the interest
of the welfare of the water fauna and flora, the suggested measures shouid be
applied. : :
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i Pear! Culture

was organised in Tokyo where among a aumber of industrial products pearls '
were soid at very high prices. Mikimoto came to know thai pearls can only
te formed in nature and not by artificial devices. Thic exhibition cncouraéed
him to manipulate the oysters to do what they did in nature. In 1890 he
established a pearl farm on small Island of Taba and began to culture oysters
but could not get success for two years. In the third year due to a red-tide
his farm was destroyed completely except for a batch of some oysters which
survived. Subsequently on 11th July 1893, his wife Uma when opened an
oyster shell to her surprise and joy she found a pearl duly formed in it. It
was a memorable day for them. Then in 1896 he got a patent for pearl culture.
Tokichi Nishikawa, a Govt. scientist of Misaki Marine Biolegical Laboratory
of Tokyo University, was the first person to get spherical artificial pearl.

Pearl Producing Molluscs

Although a number of bivalves have ability to produce pearl under suitable
climatic conditions but high quality of pearls are obtained from pearl oysters
of Genus Pinctada roding belonging to class—Bivaliva, family—pteriidae. A
number of species of this Genus like, P. vulgaris (Schumacher), P. chemnitzi
(Philippi), P. margaritifera (Linn.), P. anomioides (Reeve) and P. atropurpurea
(Dunker), are found in Indian water resources. P. vulgaris is a common oyster

_ distributed in the gulf of Kutch, gulf of Mannar and the Pak bay.

Apart form the true pearl oyster belonging to the genus Pinctada a large
number of other marine and a few fresh water molluscs are also found to

produce pearls or pearl like concretions. These are Ear-shell (Haliotis
Linn). Sea muscle (Mytilus Lina) and windowpane oyster (Placuna blacenta

Linn). P. margaritifera and P. maxima are giant species and produce pearls of
bigger size but of inferior quality.

Pearl Producing Sites in India

Mostly the pearl oysters are inhabiting on the ridges of rocks or dead corals
(secreted by many species of polyp), forming extensive pearl banks or at the
depth of 18 to 22 metres at a distance of 19 km from the shore. The pearl
oyster beds of the east coast are more extensive and productive than those
of the west coast. These pearl beds produce best quality of pearls called as

‘Lingha Pearl’. The pearl oysters are obtained from the reefs in the gulf of
Mannar, gulf of Kutch, Pak bay and Baroda.

Pear! Formation

Pearl formation is an interesting phenomenon for protection against foreign
invaders, parasites, sand grain, small broken twigs of sea-seeds or a small
insect accidently entering the body of th: oyster which happens to adhere to
a part of its mantle (Fig. 1). The mantle epithelium at once encloses it like
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Fig. 3. Vertical section through the shell. Fig. 2. Stages in pearl formation : A. Primary

stage ; B. progressive : C. Final stage.

a sac and starts to secrete concentric layers of nacre around i from defence
point of view and completely encloses it gradually. Nacre is secreted
centinuously by the epithelial layer of the mantle and deposited. around the
foreign particle in the form of several layers and ultimately the pearl is formed
(Fig. 2). :

For a detailed information, vertical section of the shell if cut, shows that
it consists of three' layers (Fig. 3).

1. Periostracum. It is an outer layer formed of a horny conchyolin' which
is a substance related to chitin. On its inner side the next layer is found which
is known as prismatic layer, '

2. Prismatic layer. It consists of a small prisin-like deposit of calcite (Burnt

ash) separated by thin layer of conchyolin. This layer is followed by the thirg
layer known an nacreous layer. :

3. Nacreous layer. It is the inner-most layer formed of calcium carbongte
a

and called as ‘Mother of the pearl’. It consists of alternating layers of calcium
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carbonate and conchyolin arranged parallel to the surface. This nacreous layer
is secreted by the entire outer surface of the mantle, while the first two lavers

are secreted only by the edge of the mantle.

Programming of Pearl Indixstry and
Artificial Insertion of Nucleus

Although pearl industry may be established only on natural basis of pearl
formed by oysters in the natural conditions but an artificial device to insert
the nucleus as foreign particle in- the shell of oyster has proved useful for
the production of pearls in grcatér number. This whole process is very much
complicated, technical and time taking and can be managed as given below—

[I] Collection of oysters

The oysters are collected from the bottom sea by the divers particularly women
divers in Japan who are called as ‘AMA’ which in Japani means ‘the girls
of Sea.” The divers usually have got training for proper diving into the sea
water since their childhood for the search of sea shells or sea weeds. The
well protected suits of cotton with cap are used at the time of diving. Each
diver has a small hand net at the time of diving when she goes upto 5 metre
depth. The net helps in the collection of oysters from the bottom. The oysiers
collected by nets are stocked in the wooden bucket attached to the diver’s
left wrist by a cord and the diver with bucket comes up on the surface of
water. An experienced diver can remain under water up to about one and
half minute and can collect 2 to 10 oysters per dive. The best time for diving
is from the early morning to mid day. The best period for the collection of
the oysters is of two months in the summer season when the water is nearer
and the sea is calm.

During diving in deep sea water the divers operate directly from the side
of boat and a rope remains tightly fitted to the diver’s wrist through which the
operating boatman pulls the diver out with force up to the surface after receiving
any signal from the partner. Thus, the whole collected oysters are stored and
stored out. The oysters of same age group are segregated and two years old
are kept in shallow water for future. Thrce years old oysters are sent to shallow
water and in the months of April and May they are taken out. For pearl industry
and proper supply of oyster, its eggs are incubaied artificially which solves the

problem of obtaining oysters for pearl culture. -

Oysters are also caught by special type of cages (84 X 54 x 20 cm) by
;ovcring a heavy wire frame with two centimetre wire mesh. This cage is dipped
into l.ot coltar as a measure against corrosion. Now this cage is dipped intc the
sand-cement mixture providing rough surface to the cages to which free
swimming sopts get easily struck up. These cages are suspended at a depth of
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6 metre from July to November where spots are easily available. These getieaic)
oysters are now transferred to rearing cages.

H (IT] Rearing of oysters ,

: The collected oysters are stocked and reared in special type of cages catled
as rearing cage. These cages arc almost similar to those of collection cajes
except that they are further devided into 4 to 6 smaller chambers and lack
the diagonal sub-divisions. They are also covered with metal mesh and with
netting Of cotton. These cages are well protected from natural enemies of
oysters like Octopus, Eel, Devil fishes etc. The collected oysters are first
cleaned and then placed into the culture cages for a period of about 10 10
20 days to recover the strain due to excessive handling and for the physiological
adjustment to the shallow water conditions.

[(I0I] Insertion of nucleus

The insertion of nucleus as foreign particle is very much technical process
and is of great importance for pearl industry. A number of methods are devised
but most practicable and efficient method is one adopted by Nishikows. In
this method a piece of mantle of living oyster is cut off and inserted together
with a suitable nucleus inside the living tissue of another oyster. Following
steps are taken for the insertion of nucleus.

1. Fitness of cyster for operation. The selected oysters for the insertion
of nucleus should be healthy and strong enough to over come the shocks during
operation. It is suggested that if the ovary and testis of oysters are got rid off
they would be more resistant to the shocks of operation. For this purpose oysters
are dipped into cold and warm cur-ent of water alternately which initiates them
to eject their sperms and eggs in case of males and females respectively. Before
operation, oysters are kept under stress of suffocation as a result they start to
open their shells aud at once a.bamboo peg (piece) is inserted between the gap
of two shells due to which shells may not be closed again.

2. Preparation of graft tissue. The piece of tissue which is inserted inside
the mantle is called as ‘GRAFT’ tissue. A strip of about 7 x 0.75 cm is cut
from the edge of rnantle of heaithy oysters by sharp knife. This piece is smoothed,
cleaned and washed off the adherinz muscus and again wiped off by wet sponge.
The border of gill piece is remnved by sharp scalpel. Now this tisssue is trimmed
to 2 to 3 cms long narrow strip and again cut transversely into small squares
according to the size of the nucleus for insertion. These squares are kept in sea
water at 22°C where they can survive for about 48 hours. The outer edges of
these graft squares must be known because nacre secreting cells are found oniy
on the outer surface of the manile so it is essential t6 keep the outer surface in
contact with the inserted nucleus.
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3. Preparation of nucleus. Although any small particle may function as
nucleus to initiate the pearl formation but i. is reported that calcarious nucleus
1s the best bzcause the deposition of nacre was found to be more saticfactory
on calcarious nucleus as compared to any other particle. Best nucleus is formed
by the shell of molluscs with heavy deposition of calcarious shells. Such type
of molluscs are zasily available in India but Japan depends on U.S.A. for good
quality of calcarious shells. It is also notable that spherical nucleus is best for
the formation of good quality of spherical peral. : :

4. Insertion of nucleus. For the insertion of nucleus, cysters are fixed in
a desk clamp in the position of right valve facing upward. Mantle falds are
smoothly touched to expose the foot and ti:e main body mass, followed by an
incision into the epithelium of the foot and a slender channel into the main
mass. Suddenly one graft tissue piece is placed into the channel and the nucleus
is placed over the graft tissue which functions as a bed for the nucleus. Now
the bamboo peg is quickly removed and oyster shells are closed automatically.
For the insertion of the second nucleus simiiar operation is performed from the
left side in the gonadial tissue and third insertion should never be tried. In Japan
one trained girl can operate 25 to 40 oysters per hour and these girls are called
as 'TOMARINE SON’ means ‘Miss Nuc.eus Pusher’. The operation period
should not increase beyond 30 minutes and the oysters can not survive beyond
one hour of the operation period. So operation and insertion of nucleus should
be performed by experienced persons. :

5. Post operational care. Nucleated oysters are placed into cages and.
suspended into sea water and attached with floating rafts to a depth of 2 to 3
metres for about 6 to 7 days to recover from the shocks due to operation. This
period of 6 to 7 days is known as ‘RECOVERY PRRIOD.’ Now. oysters are
examined properly and dead individuals are removed from cages. Sometimes,
few oysters expel out tlie nucleus from the brdy due to heavy shock. Now-a-days
it is examined by X-rays whether oysters are having inverted nucleus or not.
About 3000 to 3600 nucleated oysters are kept in different cages suspended in
sea water at 2 te 3 meters depth for 3 to 6 years and undisturbed except at the
time of clearing and inspection. The pearl oysters grow best in warm shallow
waters generally not more than 14 metre deep.

[IV] Harvesting of pearl

Pearls are harvested in the month of December to February which may slightly
vary according to the climatic conditicns of the industrial area. After the
completion cf 3 years of the insertion of rucleus, pearl cysters are harvested
from the sea and the pearls are taken out from the shell.

Scanne d with CamScanner



Pearl Culture , : : [ 253

[V] Clearingl of pearls
After taking out the pearls from the oysters shell they are washed properly.
cle'aréd with the soap solution, but pearls should not be rubbed much.

Composition of Pearl
Pearl comprises of water, organic matter, calcium carbonate and the residue.

(1) Water : 2-4% (2) Organic matter :  3.5-59%
(3) Calcium carbonate :  90% (4)  Residue : 0.1-0.8%

Quality of pearl

The pearls obtained are of variable shapes and sizes. They may be white, or
cream red or pink red in colour. The spherical pearls of rainbow colour are
rarely found. The best quality of pearl is known as ‘LINGHA PEARL’ and
obtained from marine oysters. Pearl obtained from freshwater bivalves are not
as valuable as those obtained from the marine oysters (Mishra, 1961).

Problems of 'Pearl_ Industry

Theoretically pearl culture appears to be very much easy but practically several
problems crop up during culture. Number of enemies like eel, octopus, devil
fishes etc, destroy the oyster. The lethal cold water, low salinity of water,
turbidity of water and high range of temperature variation hamper the pearl
industry by affecting the proper rearing of the oysters.

Suggestions for Pearl Industry
(1) During pearl fishing the nets used should be of such size from which

smaller than a limited sized pear] may not be caught but should pass through

the net to get a chancé to grow.
(2) The fishing of pearl oysters should not be much so as to exhaust the stock soon.

(3) During the breeding season, oysters should not be distrubed by fishing,
rather allowed to breed freely. This period may be declared as close season

for any fishing.
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Automobile Emissions

s SYNOPSIS
[troduction, Kinds and sources of pollutants emitted
p'o [lutarts on human health, Photochemical pollution,

by au tomobiles, Effect of important automobile

Control of vehicular pollution.

\.(ln‘_frogucﬁon om Ac .

‘ aAscg;
\A‘la// ming level of ‘pollution has shrouded the

cities due tomotor vehicles. Inbig cities of India like
Delhi, Mumbai, Kolkata, Kanpur, Chennai we have
now an automobile culture and we find roads and

nearby places full of exhaust toxic gases. Out of the

automobiles. the major pollution is done by two-

whelers and three-wheelers which burn a mix fure
- of petrol and il and emit about 9-10 times more
~ harmful gases than cars. Besides the emission ‘of

harmful gases, automobiles also increase the

problem of noise pollution, As vehicularairpollution -

in this 'co_ufr\f_’i)f)"" is not monitored efficiently, it is
difficult to -éstimate precisely the extent to which
they contribute to the pollutants in the air. However,
it is believed that in three metros in our country,

~vehiclescontribution towards ait pollution is as

follbws :
Delhi = 64%
Mumbai = 52%
Kolkata = 30%

Asstudy indicates that 97% of HC and 76% of CO
emissions in Delhi are from vehicles running on
Petrol: About 70% of HC and 48% of CO i India
come ffom vehicles having 2-stroke engines; In

gereral, most fwo-wheelers and three-whe slers riin
on2-stroke petrol engines; In spite of the advantages
(Light, easy to manufacture, less

. S .

- \ , L)o ) |
W22 Audmobiles

to maintain), the 2-stroke engines are considered tc -
be Emission-mefﬁd'g'nt, However, NO, emission in
2-stroke engines is only 1/3 as compared to 1/4
in 4-stroke engines: The present chapter, however,
deals with'the types of pollutant emitted by
automobiles and their deleterious effects,
particularly on human heaith.

Kinds and So@;rces of Pdllutanfs~—~ :
Emitted by Automobiles =~ -

The composition and nature of ~ir-harpe
pollutants produced by automobile éxhaust has been
reviewed by Sherwood and Bowers (1570).
Although the exhaust gas, the chief culprit, polliates
the air but evaporative losses from the fuel tank
and carburetor and also losses frori the crank ~ase
account for a significant proportion of the
hydrocarbons emitted (Fig. 10.1). If the petrol is
completely oxidized in the environment, only the
H,0 and CO, will be produced in an internal
combustion engire, which can hardly be considered
as pollutant, although there is considerable andety
about the build-up of CO, in the environmient and
its possible effect on the climate. In practice, it is
rather difficult to achieve 100% oxidation and, thus,
CQ s fontied in considerable quantity.

Besides, some of the fuel remains unchanged
and someis converted into other organic compo-

cost, high specific output, casy cold start, and eaéy

nents. Apart from these products of incomplete or
partial combustion most petrols contain lead and

av

‘..47
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FUNDAMENTALS OF TOXI SOLGGY

lead compounds which are also present in the
exhaust. Further, the conditions in the combustion
chaimber favour the oxidation of tke nitrogen in the
air so that oxides of nitrogeh are also formed in the
engine. All these chemical products are expelled as
exhaust gas. It is observed that the diesel exhausts
also contain some car'cinogéﬁ%‘.lﬂ(e benzopyrine.

The iﬁlpo‘rtant pollutéigt_s present in the exhaust
gas produced by automobiles are : -

Water vapour
co, -

:}—‘ Not considered io be pollutants
U..burnt petrol : ;

co - B

Nitrogen oxides 3

Lead compounds __4 Considored to be
Sulphur oxides serious pollutants

Carhon particles (Smoke)
Organic compounds

The world average of the transport sector’s
share in polluted air is :

+ CO - 85%
+ NO, - 47%
+ HC — 45%
+ SO, — 3%
+ CO, — 20%
[ EXHAUST EMISSIONS j
[ Fuel task carburetor 15% of the hydrocarbons |
Can;qaée' - EAxh'ai.Jstu_' i t

100% of ‘the carbon monoxide

100% of the nitrogen oxides.
. 100% of the lead compounds
“65% cf tha hydraocarbors

Biowby 20% of
the hydrocarbons

Fig. 10.1 : Pattern of emissions from an
uncontrolled vehicle

- minimum, and the combustion process is nearly -

i

[t shall not be out of place tc mention thatunder

55 o &
certain arcumstances the produ?.s emi tted by
automobiles can react with each other to prcduce

unpleasant secondary products. This frequently

Pra

occurs: '
Although petrol engines and diesel engiries both
products in their exhausts, the

i
4

i

?

produce similar L
relatiye proportions present are very diffesrent —
as shown in Table 10.1.

The exhaust of diesel engines contains
significantly ower concentration of pollutanits than
the exhaust gas from petrol engines. However, to
oifset this, diesel engines are very liable o emit
snioke.and a nauseating smell if they are incorrectly
opcrqted. and/or not properly maintained. Under
such conditions the amount of CO and
hydrocarbens produced is also increased; the CO
content may then rise to 2,000 ppm. Diesel, high in
sulphur content. is also responsible for nigh SO,
concentration in traffic junctions of big cities -

From the above discussicn, it can be concli*ded
that ancther major source of air-borne pollutants,
through the combustion processes, is the
automobile. Poilution occurs each time a mmotorist
presses his brake pedal. Thus vehicles on road. serve
as mobile sources of air pollution, contributing such

- pollutants a3 €O, nitrogen dioxide, smcke; organic -
\)épours and incompletely burnt hydrocarbons -
- (Table 10.2). Their contribution to air polJuAti_on is

Y ™ - T MO QARSI N A el M

Mo o

complete, when vehicles are driven at cortstant
speeds, with minimum stops and start. Of course,
ather factors such as the enginedesign and the iype
of gasoline used also delermine the quantity and
profile of poliutants emilted by a car.

Tabls 10.1 : Comparative Composition of Exhaust Gases in Msiatzined Vehicles (concenlraiions in ppm by volunre)

N

| Type of engine Potlutant Idling Acceleration Cruising Deceleration
COjn 1. 69,000 29,000 27,000 39,000
! Hydrocacbons 5,300 1,600 1,000 10,000
Pe‘l[g %en gxides 73] 1,020 850 20
Engifres -Aldehydes 30 20 10 290
. Trace 1,000 Trace Trace .
Diasel ; ) 400 200 B S ' ——-;
| Engines . _ ___b[dxogan-eiedeo———- e e 0 350 240 30
Aldehvdes 1n : on 11 o 3
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utomoblle Extmlsts ,‘

Kgs/1,000 liters of gasoline used

360,00
25.00
14.00

1.50
1.00
0.50
050
0.06

Nickel may be emitted from the Ni-added to
ine and Ni~containing parts of automobiles.
Zincand cadmium come from the lubricating motor
oils, tires and galvanized paris of the vehicles.
Cadmium concentrations range from 0.07 to 0.10
ppm in diesel oils and 0.20 - 0.26 ppm in lubricating
oils; cadmium in automobile tires ranges from 20 to
90 ppm. It is amazing to know of the various
chemicals and materials involved in the manufacture
of automobiles and keeping them on road. When
discarded, several of them contaminate tne
mwmnment (Table 10.3) :

emissions from 17 g/k
problem lo achieve the si
pamculahund NO enussmnsetﬁclmtly‘_) o

Table 10,4 Emlulon Faclors for Dlml Englnu
Types of omission Emission:levels -
¢ (Kg/1,000 itars of diesal)

Oxides of nitrogen 27
Hydrocalbonb 17
Particulate matter 14

Carbon monoxide 7

Oxides of sulphur 5

Organic acids 4
Aldehydes 1
Benzo(a)pyreiie* - 0.1

Excessive and visible smoke is always

inexcusable and is the result of bad engine main-

tenance. Odour, however, is a more difficult
problem. No single component is responsible for
exhaust odour, ‘and complex synergisms
undoubtedlyoccur

Hydrocarbons are undoub tedly responsible for
a considerable part of the odour, and oxygen-

r
/
'
L
! : containin matenals may also contribute.
Table 10.3 : Automobile Parts and Pollution _ &
4 Problems assoclated with them Compounds of sulghur and nitrogen may also :
,' : o contribute to odour although the sulphur contents  *
' Parts P_'°.°’°f’"5 coliac il A1 - ofexhaustare generally 50 low that they are present :
Battery " | Contains leed and HCI - but not detected, The.concentration at-whicha -~ =
i £ | Bumper - | Wastas incliide ‘cyanide; th""“‘“ 5""‘ ~material in the atmosphere is detected varies
1. - - | other heavy metals: . - greatly from compound to compound — a listof .
,~ : = B@ke_shoes Contains asbestos S - th&se‘.odou.rth_ml_ ; I some Irtatelfﬁal_s__!s_gl‘{e,ﬁ!: pry
o Engine Wastepertomeotmnngs,osm— it Ta IS S R i e I :
’; e ‘ma!mys!agswm.sm\etomcom SRR~ T s _
Exhaust Contains several a poliutants : 63% lead, - Table 105 : Odour Thresholds of Possible Exhaust
‘ 1 20% NO,, 23% h)dowbons and 45% CO. Components :
Seal textiles Wastes Include dyes, acids, st)_!v_en.s Material I Oor recnod Nilge)
P greases and waxes : ievel fppm) 3
’ - | Gasofize tank Serves as a source of benzena and ; - : A\
- X S R Hydrocarbons _ ;
n B hydrocarbon emission ‘unng uediing : R 4700 ;
M $ |Piasic components | Toxic chemical used i the production Cyclohexans 300.000
m include vinyl chloride, formaldehyde, Styrens 6.650
- : phenols Toluene - 2,100
. Tyres Toxic chemicals used in production hdude -~ 0-Xylene * 0200
g’ amines, thiurams,” nluosamlnes and ’ 4p-XyIane 0.500
solvents ;
A5 B o 0.200
?j' - Bond and Straub (1972) rep -7 | A 100.000
A= = Vehadesm,e'lmpomm SOUrces of: 'mtrogen oxides, Acm'em _ 10200
hydroca, bans and part;culates (Table 10. 4) p-Cfe;o! : 0.001
X ———_—_—_—‘-—
Regu.lanom proposed in the early eighties called : Fomggldehyda 000 . :
for T enal - 0.050
| A Sulphur mn_mg compounds
Drmethytsulpulde : { 0.001

(99
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) the envirol I'M
» fuel tank and

| Weakness
dimness of

' blown and exhaust gases also
.t fuel. In fact, the constituents of petzol
warded to be decleterious but few of them
/ slight anesthetic effects in fairly high

The gaseous products released from the fuel and

emitted through exhaust gases contains over 100
‘ ds. Most of these are hydrocarbons,

olefins, paraffins, aromatic hydrocarbons
and aldehydes. These components produce irritant
action on the eyes, mucus membrane and respi-

rate; grealer possibility of collapsa and
as above ie., (30 - 40%)

Syncope; increased pulse rate; coma; |
Intermiliant convulsions, and Cheyne-Stokos
respiration.

50 -60

Coma; interiittent convulsions; depressed heart

60 - 70 :
lunction and respiratory raté, and possibly death.

| Weak pulse; very slow respiratior:s; respiratory
failure and death within few (4-6) hours.

70 - 80

8C -90 Death in less than an hour

Death within few minutes

30 +

ratory system. Apart from the gaseous products,-
 various polynuclear arematic compounds are also
emitted with the exhaust gas 2 5'very fine particles
and these may persist in the air for long periods.
Such particles are injurious to health and are known
to be carcinogenic, e.g., benzopyrine.
Benzene is a constituent of crude oil; when
unleaded fuel is produced, benzens is added or

knock property. Benzene is highly soluble.in fat,
and settles conveniently in fat-rich adipose tissues
- and bone marrow. Even a'small amounit of benzene
éan cause cancer and leuKerid,; On the other hand,
- PAHs are quickly absorbed into the gutand lungs
— and thus increase the risk of being affected with
bladder cancer —among truck drivers and delivery
‘personnel’by 50%. PAHs are formed during
incomplete combusiion of fuel: axhaust of digsel
mes particularly contains high cencentration of

2. Carbon Monoxide (CO)

A Iti‘s T
from the'en
hemoglobin

ha

-

med asa §e;i_ogs toxic pbuutant,e:xlitted
nes. Ithas a tendency to combire with
In the blood to forn carboxy-.

i

Ag;é l‘i“?ﬂe{éf.fad' Co has a greater affinit for
“PBIOVIN AN Oy and 5 eas] absorbed even j
small concentration, e ey

7

3. Nitrogen Oxides -
maintained athigh levels to enhance the fuel’s anti-

-oxides of nitrogen

The deleterious effects of CO is measured by
the percentage of COHb formed in the blood. Table
10.6 shows the signs and symptomns at different
concentrations of carboxyhemoglobin.

_ Both nitric oxides (NO) and nitrogen dicxide - -
(NO,) are preduced in the automobile exhausis. NO

is produced in much larger quantity. However, NO, -

is producéd in less quantity (about half of NO), but

is relatively more toxic. The ‘maximum allowable
concentration for industrial exposures of 8 hours
for NO is25.0 ppm and NO, 5.0 ppum. Normal jevel

_In city street is under i percent of these values.

Nitrogen dioxide final'y ends Lp as HNO,, nitrates,
Or organic nitrogen compounds (under conditions

~of photochemical Smog) :

3NO + HOH — 2HNO, + NO

In the stratosphere (12-50) km above earth, NQ,
also reacts with hydroxyl radical to from HNO;:
HO- +NO, — HNC,

. Little is kngwi about the deleterious effects of
Ot nitrogen on human health. However, their
effects are adverse and penaarent than the CO.

—Do&sa“d-ﬂbbltﬁﬁfpesedm‘cmmr_aﬁ‘ on of
0.5 ppm for 90 days gained w

: . eight less than normal,
and monkeys, when similarly exposed, lost weight.
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AU
exposed at this concentration for 3, 6 and 9

and then exposed to Klebsiella preumonive
ortality rates than the control groups.

Mice
moﬂ.ths 3
 had higher ™

toad Compounds

¢ has been reported that some three thousand
f Jead are emitted with the exhaust gases of -

o mobiles especially cars, in UK each year. This

;:s. been found to accumulate in the vegetations

andscl along roadside ve-ges. Leac' could possibly

fo
:;:\r the source Of pollution.

o humans, lead enters the body either through
e mouth, with things eaten or drunk, or breathed
in through the nose. Far more lead is likely to be
ingested than inhaled, but ingested lead is less
ahsorbed than that which is inhaled. Poiconing by
lead at high concentration has been known for a

very long time.

The most common form of lead poisoning seen
today is the disturbance of the gastro-intestinal
sv-stém known as Zead colic. lts symptoms are
excessive tiredness; continued headaches; loss of
'appetite, muscular pains and nausea. These
symptoms are produced only when the lead level
in the biood increases above 80 mg per 100 ml of
blood. As most leact in ambient air is in the form of
fine particles, children are the worst sufferers of lead .

4

§ poisoning. .

5. Smoke

E mainly of very fine particles of carbon formed due

y o incomplete combustion of fuel. Smoke formation
is actually related with diesel engines. Carbon
particles may act as nuclei both for haze formation
g ndinthe absorption of gasese.g., CO, and nitrogen
1 OXJ-des It has been observed that where this occurs,
A itis likely to cause damage to lungs.

] 6. Other Particulate Matters

In addition 1o the finely divided carbon and
EOR® dfomatic comp ounds in the exhaust, road traffic

;:ls-g responsikle for finely divided mbber from
| ep Yres and For asbestos dust from the brake:

QLS54 dutipltes. Frlonge sposire 0
3 V"‘-Yie.t(?s d“..Sf-gwes_-"ri_s,e to dsbestosis and ome

. l&¢ are carcinogenic. However, 'tl.‘e
| roportion prociuced from soad-vehiles 3
B8 there is no evidence that it is a hazar
1 i : ‘man hEalth, S

oJ chains and have dameging effects far

* of itrogen (@ major constituent of ai

.'co‘i;’ijun

d o7 Ehigrelore L

Photochemical Pollution

I smog'. as experienced in Los Angeles, is a
classical examyle of photochemical pollution.
Asinitiated by sunlight, the series of atmospheric
r?act;ons between hydrocarbons and oxides of
nitrogen, which lead to the formation of new

products, is a most complex system. Among these

products are substances termed ‘oxidants” which are
chemical entitics detrimental 0 biological systems
and destructive to certain materials. - 3

In the original sense, the term ‘oxidation.
‘represents cherical reactions in which cectain atoms
combine with oxygen to form carbon dioxide — a
typical example of an oxidation reaction. .

is1

Presently, the term: ‘oxidation” is more usually

applied to describe the loss of one or more electrons
by an atom, ion, or molecuie. Conversely, a gain of
electrons is referred to as reduction” Oxidation-
reduciion reacticns cannot be separated since, in
any reaction, one of the reactants is oxidized while

the other is red uced. For example, in thz combustion .

of carbon in air, carbon is oxidized while oxygen is

reduced.

“The combustion of coal and petroleum pro'ductsm Y

such as natural gas, gasolire, and fuei oil — termed
“fossil fuels’— is an oxidation-reduction reaction which

is responsible for-most of the air pollition in wrbafi

' atmospheres. Fossil fuels aré composed-principally of
" hydrocarbons (RH or HC) which, upon complete™ -
- combuistion, produce two oxides; carbon dioxide and
-~ ‘water. These two oxides are not considered to be air -

_ pollutants, since they are relatively non-toxic and are. " - -

" The smoke emitted by automgbiles consiste - - L
- normal constituents of the atmosphere.

The other byproducts of combustion in exhaust

gases and the products of incomplete combustion

Jead to localized air polluticn problems. Since

combustion processes are normally less than 100
ercent efficiert, the exhaust gases contain minor

 amounts of the original fuel as well as minor

amounts of partially oxidized fuel. Carbon
monoxide, aldehydes, and unsaturated
hydrocarbons (those which conlain less than the
maximum number of hydrogen atoms as a result
of thé presence of double or triple bonds) are

examples of partially axidized fuel. Small amounts
{ ' : it of air) are oxidized

" _—-’at the high tempdratures characteristic of

cétjﬁbqétion{pr‘ocesseé — to nitric oxide; sulphur
ds ' also found in varying quantities in
§ fare. oxid xzed to sulphur dioxide.
;-the combustion processes produce
!i‘p,dllu'téihe air with oxudes of carbor

efore

]
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ﬁ'wcesZes, ternied pho
ally . lzm;ant in some comm' !
 prot Duringday, for exaitiple, nitric
lluted atmospheres is rapidly xidized to
ﬁi‘ﬁogendltndde. Similarly, the oxidation of sulphur
digxide to sulphur trioxideis accelerated and olefins
and alkylbenzene., are oxidized to form aldeh -des
- and ketones. Formation of ozone is also observed
as well as formation of a famxly of compounds
identified as peroxyacetyl nitrates (RCOONO,)
Researches suggest the presence, in such
atmospheric mixture, of peroxybenzoyl nitrate,
hydrogen perox-ide and alkyl hyd roperoxides.

Various pollutants formed dunng the
photochemical reaction process are termed
oxidants — atmospheric substances which oxidize

* certain reagents not readily oxidized by oxygen.
Products of the photochemical air pollutlon process,
these sibstances are often termed photochemicai
‘oxidants. For’ detail about photochemical smog,

2fer Chapter 12. :

Control of Vehlcular Polluﬂon

Catalyt;c converters are—tecommwded for the -
_reduction of vehicular eml§smns Such.a converter
is placednear the exhaust pipein cars to chemically
convert engxne emission into envu'unmentally
bemgf\ gaSgs Three-Way converters ptomote
reactions _which oXidize HC. and CO and
mmultaneously reduce NO, etmssxon.

Such cdnvetters wOrk best when a dtemu:auy
corré’ét mixture or fuel and air is consistently
maintained by the introduction of a closed loap air-
fuel ratio control system. However, no indian -
manufacture, at present, uses this system, and
converters become non-effective during the: start

. up, i.e., when the enussxonsarermxunum Catalyhc
converters also reéquire unleaaea ruel :

It should be apprecxated‘ that thb exss‘..‘b
vehmula " uhon 1i$ due to combinéd effect of -

@ P'oofvelucular niamtenance,‘and apit Sl "W
"—"T_NOR-QXJSI'EHCE of trafﬁc planmng, '
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FUNDAMENTALS OF TOXICOLOGY

To control automobxle pollution vehicles reed

cngme redesign. Emission etficiency of the veh.:cles
should be increased. But quality of the fuel tha t are
being supplied by the state-owned ufmer;es has
also to be improved. Crude oils, high in sulphur
content, are usually cheaper, and are importecd by
the refineries. This results in an increase in the
sulphur and carbon content in the fuael.

Improvement in fuel quality would result in
immediate unprovement in air quality.

Exoerts suggeat that maintenance alone can °
4cdu\_c emission by 40%. But only efficient- tra ffic
managemert, as pr.cticed in many large cities
elsewhere, can reduce the vehicular air polludior in
India metro cities. The only way out of jammed
road, slowly moving cars and mtreased emission
seems to be a tough traffic management
Introduction of a Mass Rapid Transport System 11 ke
Metro Railor Suburban Rail System, control of entry
of vehicles or: busy roads or crowded areas, banning
of old and polluting vehicles from city 'rqads, and
withdrawal of subsidy from diesel could be some of
the strategies for a cleaner environment.



.

Toxic M‘etals

SYNOPSIS

3 Some‘ 65 gf the known 92 elements are metallic
_in nature. The term ‘metal” designates an element
thatis a good conductor of electricity whose electrical
 resistance is directly proportion to absolute oT. In
addition, metals share some distinctive
 characteritics such as high thermal conductivity and
h'igh density. M—e'talliq eiements are intrinsic
*“components of the environment. Erosion of surfacé
 deposits of minerals, forest fires and volcanic activity
" are some of the natural causes of environmental
* pollution with the toxic metals. The processes
mvolved in the extraction of metals from the ores
and their extensive use resulting from improved
technology are also responsible for their dispersion
in the biosphere. With the incfeasing use of a wide
variety of metals in industry and in our daily life,
problemns arising from toxic metal ppllution of the
environment have assumed serious dimensions.
}fulther, their use without appropriate recyciing has
also precipitated the prospect of exhausting these
non-renewable resources. f
Trace elements gener ly found in coal fly ash
Mo/Hg; Niz&c; Se, Sr, Sn, ¥, Yb, Zn and Zr. These
trace elements are transferred during combustion
to particles that range in size from less than 0.1 pm
Atér thas S50

As.Bi, Ce,and Ti,

dataon:

1683, Be, Gd:Cr, Co, Eu, 6 Ga, e, L4, Ph, Li, Miv

preseat .

[ntroduction, -Toxicolqu of Arsenic, Lead, Mercu Cadn: .
and Mangarese. 1y, Cadmium, Clrromz.qm, Copper, Zinc, Aluminium
[nfrodUCflOﬂ Toxic metals, to a large extent, are dispersed in

the biosphere through industrial effluents, ciganic
wastes, refuse -burning, transport and power
generation (Fig. 13.1). They can be carried to places
many kilometers away from the source of origin
by the winds depending on their physical state, viz.,

whether they are in the gasecus formoras =~
particulates. Metallic. poHutants are: ultimately — -

washed but of the air by rain onto land or the surface -
of the waterways. Thus, air becomes a major route -

far thé contamination of the rest of the living . _

environmerit: [ndustrial smoke cortaining arsenic, -
antimony, copper, managanese, nickel, etc. is a
potential source of contamination of air. The
inkalation of these elements at enhanced leve)s can
produce adverse physiological effects. Metals frora
the air are accumulated by mosses and lichens since
these plants depend orn the atmosphere for their
mineral supply. The levels of copper and zine in
plants have also been found to be high near the
copper smelter plants.
National Institute of Occupational Health,
Ahmedabad (Gujarat) recently has collecled baseline
n.métals in blood and urine of Indian
popula ion.. Twent_y:six_ Gecupationally unexposed
human volunteers:from Ahmedabad city were
investigated forl -ad, manganese, zinc, cobalt, nickel,
copper, chromium and cadmium contents in blood
an unne. econtems'ofrnosto.f these metals were
almostjsi'milar to values reported from abroad;
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however, the nickel content in the blood was found
to e on the higher side. This relatively higher
content Qf nickel was assumed to'be due to the
consumption of vegetable ghee or due to use of

 stainless steel vessels in cooking,
Metal containing industrial effluents constitute
a major Source Qf.h'\gtallic pollution of the
hyiqro'gphg"re. Metal containing induslg*ial effluents
when discharged into coastal waters are, of.course,
eventually dispersed and diluted in the ocean. In
polluted voastal waters there is a possibility of
concentration of toxic elements within the food chain
in the marine ecosystems. This may seriously affect
life of birds arid mamumals which are-dependent on
sea for their food. e

- Mercury-containing effluents. are being
discharged into waterways by soine of the industries
in India which can possibly create problems similar
to Minamata disease in Japan. Reports on fish from
coastal waters of Mumbai reveal thatali varieties of
fish, except salmon, con.ained about 100 ng/gm of
mercury on fresh weight basis. The greater part of
the nietal load emitted into the environment is

transported by water, lead being an exception.

FUNDAMENTALS OF 10XICOLOGY

such as smelting and mining cf ores, releasing’

industrial wastes, use of metallic compourds in

pesticides, fertilizers, textile, paper. cds'rngtics,_
medicines, de(-rgrlxls, war wé’apons and in the

production of vehicles and aeroplanes have re leased
a large number of toxic metals and their salts in to

the environment.

General Principle of Metal Toxicity

“The toxicity of metal increases with the increase
in atomic number and electropositivity. A snong
metal salts the toxicity rises from Nitrafes < Chlorides
< Bromides < Acetates < lodides < Perchlorates
< Sulphates < Phosphates < Carbonates < Fluorides
< Hydroxides < Oxides. '

A number of metals and metalloids. forexample
Arsenic, Chromium, and Nickel, and their
compounds are carcinogenic in-animals. Soxme of
them are considered to be carcinogens in hxuman
also. A'r's-enic was thouight to be an exception in that
it is carcir/\_(_)geﬁic in humans but not in animals.
Nickel-is a biclogically active metal which can

produce allergy and lung cancer (Sunderman; 1973).

Expesure to Ni has been reported to produce . nasal

Industry Transport
Power Genaration
Reluse Burning

METAL EMISSION

Atmosphere

“Ocean «—,Estﬁaries ~— Lakes and Rivars

AI"NDUSTR‘_I_A!. EFFLUENTS
MUNICIPAL WASTE -

' ~<——> Tarrestrieal
Run off
/ e System
/ \ Irrigation
it \ :
A \ = 1
Sea Foods Sediments Fish Sediments Crops- -
B Flg. 13.1 : Dispérsion of Metals in Environment ///'

g Agfgany_mncnmlséfvepfe‘sau‘m small quantities
in the eax‘*tP'smqu; tence these are called frace niclale.
Trace tietals by definitioh afe those fiat veciir af less
than 1,000 pin feves in the earth's crust Those are
further classified as heavy and !ightwmel-als based on

.
sinus cancer in refinéry workers a_nd{é experimental
s azard in the nickel-
animals: The must important /l_):;qud mf»h, nick
asing industry arises as. result of inhalation
exposure to nickel carhe nyl even in extremely low
concentrations. Twe phases of acute poisoning are
dache, dizziness, nausea and vorniting

-

N e ) (‘

- |

U’IEHdensmes being gver orunder 5 g /cm?
- The toxic.heavy metals are preséiit at < 0.1%

levelsimthe earth’s cust but anthropogenic aativitids

described. Headz : :
appear in thefirst phase an estpainand tlgh_tness,

S : g o . 3 me
‘i;-y.c/ou/gh, ¢ yspnea, cyanosis and ex_tre.,

_weakness in the second phase.
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important Toxic Metals

ihe following are the importanl loxic metals of

Iy glabal concern :

1 Arsenic
Lead

© Mercury
Chromium
Cadmium .
Copper
Zinc
Aluminium

Mo R W

O >

Manganese.

- Manganese is of special interest to India because
of the position occupied by the country as one of the
leading exporters of manganese ore. The demand
for mangariese by our steel dnd chemical industries

has also risen. —
1. Arsenic

Arsenic is particularly difficult to characterize as
asingle element because its chemistry is sc compiex
and there are many different arsenic compounds. It
may be trivalent or pentavalent and is widely

listributed in nature. The most comunon inorganic

ivalent arsenic compounds are arsenic trioxide,

-dium arsenite, and arsenic trichloride. Pentavalent
inorganic compounds are arsenic pentoxide, arsenic

+d, and arsenates, such aslead arsenate and calaum
senate. Organic compounds may also be trivalent
or pentavalent, such as arsanilic acid, cr may even
occur in methylated forms a§a conszquence of
biomethylation by organisms in soil, fresh water,
.nid sea water, Arsenic trioxide (As)Os) is known as
white arsenic. It constitutes about 97% of all arsenic
produced and used in end-product manufacturing.
Arsenic has been known to mankind from ancient
times. Already in the 8th century its compounds
were known to Arabian chemists, while in the 9th
century Avicenna 2 -~-ribed arsenous anhydride in
his works, T. Paracelsus (1493-1541) was the firstto
use arsenic compounds for medical purposes.
Arsenic and its compounds in small doses are
valuable drugs having a tonic effecton an organism
They improve the state of an organism and increase

Tetabolism. A solution of potassivm a{?ﬁﬁi?-"f{»
KA,0,, called Fowler’s Solation, i nsed in medidine. -

Uses and Pollutional Sources

Afithr UPogeniCSdurces e i-Iforganic arsenic is
ea,\nto the environment from a numbe

copper, 7inc,

Natural Sourges : Mine wastes and land erosion.—

. 197

an ; hich i ' :
_thrOpogemc sources which include primary

———— o/
d lead smeclters, glass inanufacturers

th ~ g
at add arsenic 1, raw materials, and chemical
manufacturers. '

The arsenical compounds are used as :

(i) | Pesticides : Lead arsenate; sodium arseni te;
calciumarsenite etc.
(1)  Herbicides :NaAsO,,.
(i) + Wood Preservatives : Monosodium arseni te;
' Dinethyl arsenic compounds like

fluorochrome arsenate phenol (FCAP) and
chromated copper arsenate (CCA).

(tv)  Chemotherapic Agents : Methylated Arservic
acid (CH,AsO (OH), and cocydylic acid
(CH3), AsOOH.

(v) Lead and copper based alloys to ifcrease
hardness and heat resistance.

(vi) Warfare - Lewistios {CH,CH = CH AsCl,).
Researches (Pandey and Shukia, 1982) reported

release of arsenic as its trioxide from HPC Tower of
Urea manufacturing plants.

Environmental Fate of Arsenic

Sequential methylation of arsenic by certain soil
microbes (fungi and bacteria) releasing dimethyland
trimethyl arsine has been reported.

Toxicokinetics of Arsenic

Actually arsenic is a metalloid and not 2 metal.
The toxicity of arsenic in trivalent state is greater-
than pentavalent state. It is because the ars
bind strongly with the -SH-groups of roteins
resulting in enzyme inhibition, whereas the -
arsenates neitoer bind to-SH-gro ¥s nor inhibit-
enzyme systems. However arserjtes inhibit ATP
synthesis by oxidative uncoypling of certain
reactipn. Tosum up, As (1) is p{ost potent, followed
by As (v), monomethylarsgnate, and dimethyi-
arsenate (Kreppal et al, , 93). In fact, ingested
arsenite gets oxidized t;)/arsanate and the latter 1s
reduced to arsenite aggifi. Both these inorganic forms
are partly methylated to form monomethyl arserve
acid and dim’elhyl./rgcriic acid (also calied cacodytlic
acid). The forz 1_a_ti,_o_xj"plf-methylated forins is
regarded as x'detoxication mechanism, a far as
axigty is concemed.

Excrefion of absorbed arsenic s mainly via urine.
The bia dgi@al h_lef-li_feo ]
5 abt F10 purs and to 80% is excreted in about
3d£y&Th@ biological half-time to me thylated arsenic
is about 30 hours.
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nasopharyngeal, kidney and bla‘c.i‘dex cahce_r.s r
K3 =2 gigre human only but not in any experimental animn

AL :iﬁ M’P‘!&l\hl memb anes and is a Presence of 0.6-0.8 ppm concentration of arsenuic in

knownanimal teratogen. It induces sfin lesions and drinking water in Latin (U.S.A.) caused endemic

may lead to skin cancer. Inorganit arsericals are oisoning and the Black oot disease (WHO, 1972).

known lung carcinogens in humgs. B2 2

Telvalent arsenic exerts js SO by T N e e o i other Animal- '

attacking SH-grcups of z}x\'enzyme, tiereby -

inhibiting enzymie action - /

o 1 SN RS

Chronic exposure reduces growth of fingerlings

/! of freshwater fishes (Pandey and Shukla, 1982).

AT - Shukla and Pandey (1984, 86, 87} repor ted
@'\ ey Impairment in spermatogenesis, oogencsis, nucleic
Wker 0,-’ . acids (DNA-RNA), and protein metaholism in

/ S nature tropical fresh water fishes. Fish liver

Enzyhe \/As—o— + 20H" dysfunc'rioning at 1-20 mg/1 cone has also been

S : observed. Chronic éffects in mammale produce skin

The enzymes which generate cellular energy in
the TCA cycie are Adversely affected, The inhibitory
action is based’ on bioactivation of pyruvate 2. Lead
dehydrogena by complexation with As (). . by . 71
whereby the gz\eration of ATP is presented. Lead is the most ancient industrial tsxicant
kiiown to man. Earth contains about 0.00002% of

o/ 3 : c
As ! compounds at high concentrations lead by weight. It occurs in nature as its sulphide .
coagulate p otem‘.possibly_byattacking the sulphur (Galena Nt O ) ALS, 1de

bunds, maintaining the secondary and tertiary \82na), cerru: : Ponat )} e_md apglgs_ltg_;»_l__..»
ot A e »—(Ieacfsulphate). The average lead content of mined 3
ores ranges frem 3-8%. Lead smelting and refining
are probably the most hazardous operation in
regard to exposure to Jead with recorded mean
cenzeniation of lead in air of 80-4,000 pg/m?.

damage, liver damage and other pathological effects.

Arsfnic affects mitochondrial er}zymés and
impaixk tissue respiration (Brown etal, 1976), which

to be related to the cellular toxici ty of arsenic.

Arsenic compounds are inducers of

metallothionein in vivo. Potency depends on the Chemical Forms

chernical form of arsenic. :
Lead occuss in two valence states ie, 32 and +4.

Lead in irorganic formulations normaliy exists in
Large doses of arsenic (70-18) mg) ingestiqn may thedivaient {+2) state; but in the +4 form occurs in

be fatal. Sy mptoms of acute illness pbssibly leading  lead aceiate and tetra alkyilead (R,Pb) compounds.

to death consist of fever, hepatomegaly, melanosis, b o 1

and cardiac arrhythmia. Other feafures include  Uses and Poiiutionai Sources

peripheral neuropathy, gastrointestinal, cardio-

Vascul;:‘xfmd hemalopojetic effects. Sensory loss in

the peripheral Nervous system js the most ¢onmon

neurolegicai effect, e o

Toxit Effects of Arsenic on Humans

Lead isexle:\sively used Inprinting, manufacture
of paints, water pipes, storage, battery manufacture,
pottery and‘Sb'deririg' b—péraddﬁé,'—etc. Besides, it is
. £ koW used as an antiknock agent in gasoline Lead in
Chronic ex!p'o;sure to if\’b}g‘a nic arsenic galso]ine, aécountirig for 20% of lead u:sed by makind,

€O 20unds naj ead to loss of appetite and weight, s responsible for abom_9Q-9_&‘Zn_QLLb¢poJluuo
—dijéﬁt}émdﬁ_EmTy of both the peripheral problems caused by lead. Lead arsenate is used a:_j
and céntral nervoyg system. Neﬁfotoxic&jf ﬁ'suau'y pesticide.

L

1
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TOXIC METALS

Toxicokinetics.
3 7 : . CoA. Coen 7 — !
- J . . 3 Zym s - o e p
_ A;)l’ zotll':\e 18§hd of small particle size is readily synthetase -');L:faa,:,ﬁzls alrfu'nole\:uluuc acid
S e the lungs. About 50% of inhaled aminolevulinic  acid ?“h”:;c‘acfd L
particle lead (size < 0.9 um) is absorbed; as h Porphobilinopen - enydratase,” = PBG:
b6 5b X ’ much as I ogen; Uropor, Uraporphyn'noge" E
90% may be absorbed when the size is still smallér OPro. coproporphyrinogen : Copro-0, copro-
(< 0.1 pm). About 90% of lead particles.in ambient GO:P"I’:Irlnogen oxldase; Ferro-c, ferrochelaases.
air that ar2 deposited in the lungs are small enough | DY1och-C. eytochrome c: Pb, site for lead effect.

to be retained. Absorption of retained lead through /
alveoliis relatively efficient and complete. K€y enzymes involved in the overall procéss of
heme synthesis whereby the metabolic inte~-

Net abSO- i-)“(“l or lead m ul~ mluls‘ttaiy aqadi is medl t 3 F I:} !
L ates accumulate<ab ShOWl’l mn ‘g- L

very low (5-15%) because of its low solubility. More
“then 90% of the. lead in blood'is in RB.C. Lead in - . Sif\cé lead interféees with the synthesis of heme, -
bone may Fontnbute as much as 50% of blood lead. 2 aPpears to LR Dl 0 chronicl
Mobilization of lead from maternal bone is of . poisoning in animals in gerteral and  Rilgans s

particular concern during pregnancy and lactation particular. :

and may bt? m(?bl] ized ir. later years in persons with Chronic exposure to lead causes weight loss,
osteoporosis (Silbergeld et al, 1988). The total Lifetime constipation, and loss of teeth. :
accumulation of lead may be as much as 200 mg'to Lead also damages liver, kidney and centraland
over 500 mg for a worker with heavy occupational * peripheral nervous system.

exposure. Most of thy lead intake by a typical city Kidney dysfunction occurs due to the

dweller is tfrom diet (about 200-300 pg/day),airand  impairment of energy metabolism, leading to the
water adding a further 10-15 pg/day each Of this  expression of Fanceni Syndrome (characterized by
total intzke, 200 pg of lead is excreted while 25 pgis  an increased loss of amino acids, glucose and
stored in the bones each day. Renal excretion of  phosphate in the urine due to the inability of the
lead is usually with glomerular filtrate with some ‘damaged tiibular cells to resorb these substances)-
‘renal tubular resorption. Lead also. crosses the Lead is a renal carcirlogen in rodents but whether it
placenta. Possibility of léad poisoning in Indian . is carcinogenic to human kidney is unclear. !
wornieA who apply sindoor(red lead) to the scalp
(hair parting) and forehead has also been reparted.

B G G DWW Ay s ey

‘most sensitive adverse health effect from lead ~ ~°
, ; “ 7" exposure occurring in the adult human population. -
Toxic Effects of Leac on Human e SR Leadifsélso'atgrgi}_lpggr} QAR_C_,}?B_Z)Et_xﬁéQg&_

e AR e e commion fumovr< ferind in people working in lead.
. The major toxicological c1iechs of jead i6 5. . jndustry is of the respiratory and digestive systems,

inferference with heme synthesis, which l?adsélto- not the kidney. ; o
i inhibits several of the ' ' -

ematological damage: Lead inhihill : Lead is now a well-known teratogen leading to
embryo toxicity. Due to lead intoxication, the rate

1}

I e

" Mitschondrion {  of abortions goes up and it may also lead to low

' birth-rate, brain damage and low reproductive

| Hemey " . gk~ Cloehic ability. In higher concentration, it tends to

""'Ieme \\ / Feuo-\e Glycine + accumulate in foetal bpne apd liver ‘and .l.ead:s— t~o

) axidase \ ob)aFe” . succinyl-CoA deformity and phyS{olog.zca_% malfunctioning.
Ba A Pb Adverse effects of lead intoxication enhances due to

{microsomal)
Bilirubin}\\
+

Fe

iron deficiency. Cases af lead poisoning have also
_ beennoticed inIndia after the consump tion of addic
beverages stored in d pottery-

“w

3 - w

1 Toxie Efff*c'S o0

In fishes lead inh
muscle tremors, redu
. Chifortic exposure tolea
in mammals. ;

h: emoglobm .p_roduc_'t'ion-

d ?foduces renal rar-inoma

B ®p
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FUNDAMENTALS OF TOXICOLOGY | g

Mercury is a well-knowr toxic metal which
‘camé to the limelight after the incidence of

“Minamata Disease” in 1973-1960 in Japan (For -

Minamata Disease refer Chapter 5). No otiher metal
better illustrates the diversity of effects ca used by
various chemical species. than does mercury. On

the basis of chem,iéal‘speciation, there are three’

forms of mercury (i) elemental (i) inorganic, and
{iii) erganic compounds, eack of which has
characteristic toxicokinetics and health effects as
shown in Table 13.1.

Uses and Pollutional Soqrces

In the environment, mercury occurs as metallic
mercury and as HgS and HgCl, in the earth’s crust.
Anthropogenic sources corisist of miring, sinelting,

_ paper pulp, paints, batteries, lamps, switchies, caustic

soda, medicine and instruments. Twenty five

| percent of the total production of mercury is
| * consumed by the chlor-alkali plants, rest is used in

electrical equipments, paints, in measurement and .

contro! like thermometers, sphygmomanometers,
in dental practice and in agriculture. Methyl and
ethyl mercury have been extensively used in seed
clre,ssingé. Mercury is released into the environment
: during’its preduction and by human activities like
- combustion of fossil fuels, waste disposal and
industrial activities.-Annual production of mergury
in the world is estimated. tc bé about 9,000 fons.
~ About SO%-of.wﬁich'isgsﬁmawd to be iost into the
'ent'jrbhn';e'i}t. As per WHQ (1971) standards, the
maximum permissible limjts of mercury in drinking

water shotild not be more then 0.001 ppm.

‘Environmental Fate of Me&ury

~ Inorganic mercury released into the

- environmient is converted intd more toxic methyl
Mercury compounds by the action of certain
fillaegobic bacteria present in the sediments and
bottom inuds of watérways. The major source of

€xposure to methy] mercury for people in general

popula tioh i from the consumption of fish.

¥z pereap
23!

e

T

NIE \; 5 ) o st ;.7’ SRR
Metallic or elemental mertury volatizes to
MEICUTY vapour at ambierit Fir temperatures, and

~ contain the maximum concentratidns of mercury-

membrane and is fat solublc so that it has ar: = ffinity « | g
fork.B.C. and the central Nervous sys: 2m. N{etallic
mercury is very slowly abso-bed by th talimenlary ( g
tract (0.01%). % )
Inorga..ic mercury salts may be divalent = g
(muercuric) or moncvalent (mercurOus).vKi'dneys d By

following exposure to inorganic salts of mercury < 4 =
-

and mercury vapour, whereas organic mercuxy has
greater affinity for the brain, especially the posterior
cortex. All forms of mercury cross the placenta tq

=

—— o8 ‘—hwﬁﬂﬂ'expuaure ts by hhalatioh- Méréury
vapour readily diffuse~"aéross the ‘alveolar

N T ==

the fetus in experimental animals. 1
Elemental or metallic mercury is oxidized to 4=
divalent mercury after absorption which is mecliated
by catalases. Also mhaled mercury vapour absorbed 8 F
into R.B.C. is transformed into divalent mexrcury.
Methyl mercury may undergo biotransform ation v -
to divalent mercury. compounds in tissues by
cleavage of the CHz bond. Fonnation of any crganic 4 f
form of mercury, however, in mammalian Hssues
has not yet been reported. _ ()] e
Within cells, mercury may bind to a varierty of 5
enzyme system producing non-specific cell "iﬁjury o
or cell death. o
- A v g
Toxic Effects of Different Species of Mercury L5
on Humaas ‘m
As mentioned above, the foxicity-of -mercury -~ - - -
depends.upon its chemical species which may.be- g%
represented in tabalar form :° |
: Teble 13.1 : Toxichy of Different Speciee of Mercury @ a
SI. No.| Species of Hg -~ | Toxic Effects bl 8
1.| Elemental Mercury | Eiemental Mg Is rolatively inert and|- 4
: (Hg vapou) - [nontoxic Eut vapour highly toxic | »
when inhaled: it may produce 4
.|an scute, cemosive bronchilis and &
interstitial preumcnitis. Chronic | .
8Xposure exerts major effects on 5 4
C.N.S. It causss. loss of memory,
increased excitability, severe oA
depression and even'delidum.
Severs salivation and gingivitis o 4
are sthsr charecteristic feglures.
Spotadic insiances of protginuria u
and even nep wotic syndrome
r : - 1tgy occur I pers_ons with = .
b T &xposurs to Hg'vapour.
2. | Mercuric salts - ] Sé«ere_ébdomlnal cramps, bloody S
_(_EEE‘EL“__ diarchea, suppressionofwdse——————
~ . | Mercuric chiorids) circtlation collapse, renal Tallure aa
ik . | ete. HgS s trapped in soil.

Co_ntﬂ._._.‘-

Scanned with CamScanner



. TOXIC METALS

" 4. Mercurous Sals

Loss loxic than.mercurle salls
because of less solubility. In excess
il may cause acrodynia or Pink -
Disease in children. It causes faver,
pink coloured rash, swelling of the
splean, Iymph nodes nnd ﬂngets in
childran.

4./ Methyl Mercury | Highly toxic. causes severe
neurotoxic effects viz., paresthesia;
ataxia; rieurasthenia; vision and
t.2aring loss and finally coma a..d
death in adults. Also causes geno-
loxic ellects 1esulling in chiomoso-
mal averratlons.

Special : Methyl marcury ‘nteracts
with  DNA and RNA and binds
with sulfhydryl groups, tesulting in -
changes of the secondary structure
of DNA and RNA synthesis.

b It TR

J

Toxic Effecis on other Animals

.

Irhibits enzymes and prot=in 5ynthmxs in fishes.
In mammals it reduces DNA synthesis.

4. Chromium

9 1" 1(‘1

@

hexavalent forms are of bxologxcal ngmﬁcan

Chromium is generaily an abundant element at -
about 100 ppm levels in the earth’s crustand occurs -~
in oxidation sfates ranging from Cr? to Citt.as
shown in Table 13.2, but only. trivalent and o

Ttblo 13:2: Va[oncy state§ of. dwuﬂum oomeounda
: Vale_n_cy State | -ExamplAs- ‘
1) St Wetallic chronsum
g2 "I Chromaus. chiaride (GrCly)
; Chiomous sulphate (Cr SO,)
+3 Chromic oxide (Cr, O3)
- Chromic chiorida (Cr Cly)
Chromic sulphate. fC(,(SO
+6 Chromium lrioxide (CrO4)
Dichromate saits Na, T Oy)

-USGS and Pol’uhonul Sources "

Ghromum is

‘u_qn,orer

S 'Parhcularly ferrochio
: Chetmcal andrefrac

¢ 9";»‘@9?103('8“{% LIRS

; isi elyusedmelectr ylatmg‘ :_._5 qum“"m
b P °115hmg, pamt-pjgmenf mdustry Chroxmum Ve
ambient air. onginates:from mdmuxd sources;, -

eﬁn‘ﬁ\‘"’fr same
fgli{g,ahdéombusuon
of fossil { fuels Cem’en; producmg plaqts areanother:’
Potential sources of atmosphe(lc Chm““um The
PG

20%

’

Potential . sourcps of rhrommm in aquatic
,envuonment are effluents from tanneries and tc xtile

; mills.

: Tannerywastes contam 10-50
-50 ppm of chrgniurre.
[ts permissible lu'mt in drmkmg water is 0.05 pPpm.

) |ox|;okan61|cs

* Chromium (+3) is the most common form found
innature and in biological coraponents. Now report -
is available that trivalent chrormun‘ is converted
into hexavalent forms in bmlnglml Systems.
However, hexavalent chromium readlly crogses cell
membranes and is reduced mtracellularly to
trivalent chromium. Trivalent chromium
compounds are considerably less toxic than the
hexavalent chremium compounds.

The excretion of chrom-um mcreases with the
duration of exposure.

Toxic Effects on Human

Chromium (III) -is considered an esaenhal
trace nutrient serving as a component of the.
“glucose tolerance factor”. No conclusive -
evidence exists on ‘the toxic effects of chromium
An-its trlvalent state. The adverse effects i ol

' chrommm are attributed to. the hexavalentforms__ A

‘which are mg}dy toxic to humans Hexav'alent
chromium is, corrosive and causes. chromc
ulceration and perforatlon of the nasal septum. . .. -
witis because chroxmum (VI) isa powerful oxxdmt

- ‘which can easxly penetrate the cell membtane

and irritate cells.. Chromium. (IH) is. neither

it 1rr1’atmg nor corrosive. Chromium (Vl) is a-
_ teratogen and- also’ carcmogemc (inducmg

bronchogenic cancer).

Studies of chronic exposure on animals to Cr

* (Vi) have not revealed evidence of toxicity.

Toxic Effects on other Animals

Fishes as well as mamumals are farless uuscepbble
to the toxic e_Efects of chromn.fn :

Cadnuum is a toxic heavy metal belonging to
ity asmmuW
toxlcology iew point. [. is relativelf/ rare but toxic
toall systemsand functions of anirr ls and humans

“at hxgh levels of exposure.
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.,of the cadmiun in a cigaret

The occurrence of free metalljc cadmium in
nature js rare but it exists in close association wh
other metallic ores. It occurs mainly with zine (in
the ratio of 1 Cd : 200 Zn in zinc sulphide ores) anq
is obtained as a byproduct from the reﬁmng‘ofzinc,
copper and lead. w

‘Uses and Pollutional Sources

Cadmidm has been used in a number of
industrial processes, as in electroplating, in the
manuifacture of pigments and paints, as a stabilizer
in plastics and in welding electrodes. Ag copper-
cadmium allov. it is nsed in automobile radiarnre

_and cadmium may serve as an electrode component
in alkaline accumulators. :

It is of interest to note that an extremely wide
range of cadmium corncentration have been reported
in foodstuffs from many parts of the woild: In wate-,
cadmium is {cund mainly in the bottom sediments
and suspended particles. Pollution of drinking water
with cadmium can occur as a result of leaching from
solders containing the metal in fittings of water
heaters, coolers and taps. Cadmium in the ambient
air occurs mostly in the particulate form. Smoking
tobacco'may be an important route of exposure for

the general population: Both water-bome and air- -

bome cadmium can cause an increased concentration

of cadmium in soil. The use of cadmium ¢ontaining

sewage sludge and superphosphate fertilizers lead

to contamination of the soil. Cadmium present ixi the

soil is taken up by plants. It has been observed that
more then 50 percent of the soil samples from Punjab

and Haryana were sandy v.ith low organi¢ matter,

low pH and Were deficient in zing; these conditions
are tavoirable to promote cadmi'ilmruptak_e; by the
plants. Fertilizers like superphosphate, rock
phosphate, diammonium phosphate etc. used in
Punjab contained cadmium. Sea water from
Bhavnagar, Gogna and Mandapam used for
Preparation of salt contained cadmium more than
the recommended permissible limits. Studies carried
outon flyash produced by casal buming power plants
during electricity generation shows that the dust
contains high contents of cadmiuin (Hayes etal; 1980).
Re?p,i_r Qfory,absorpﬁon of ogdizﬁum is ab‘but 15

o 30.percent. Workplace exposufe to cadinjitm is
culatly hazatdous vhere there are cdimium

mes or airborfie daduifium. Most afrborn
cadmiiim is respirable. A ;_ri’afdi" "hgjho'c'cfupﬁ_ﬁénal

ook [ -0LOGY
FUNDAMENTALS OF foxIcO

rbGrne

te is inhaled (0.1 toaq;
- 53} of cigarettes a_ a
B Rty moccror def of cadmiu=n.

may double the daily absorbed bur

Toxi :okinetice

Of various heavy metals present in the a.quat:lc
environment, cadmium pollution is especﬁuy 2
problem because it is not only highly toxic to the
organisms but its toxicity is also cumulative-

Alimental absorption is less than respiratoxy

' absorption and i~ about 5 to 8 p_:cent. Absorption

Is actualiy enhanced by dietary d_eficiencie's of
caicium and irof and Oy 10W proteiin dieis. LOWY
dietary calcium stimolates synthesis of ca‘lci.um-
binding “protein, which enhances cadmiurIn
absorption. Women with low serum ferritin levels
have been shown to have twice the nerm.al
absorption of cadmiura (Flanagan et al, 1978). Zinc
decreases cadmium absorption, probably by
stimulating production of metallotheionein.
Caamifim is transported in blood by binding to
erythrocytes i.e., red blood cells and large-
molecular-weight pioteins in-plasma, espe'ci_all_y
albnmin. A small fraction of blood cadmivmmay
be transported by metallotheionein. Blood cadmium
levels in adults without excessive exposure is usually
less then 1 ug/dL. Newborns have a low body

_content of cadmium, usually less than | mg total
body burder. The placenta synthesizes

‘metailotheionein and may serve as a barrier to

- maternal cadmium, but the fetus may be exposed

with increased maternal exposure. Human breast
and cow’s railk are lew in cadmium, withless than
1 pg/kg of milk. About 50 to 75 percent of the body~

burden of cadmium is in the liver and kidneys; its

half-life in the body is not exactly known, but it is
many years and may be as long as 30 years. With
cortinued retention, there is progressive
accumulation in the soft Hssues, particularly in the
kidneys, through ages 50 to 60, when the cadmium
burden in soft tissues begins to decline slowly.
Because of the potential for accumulation in the
kidneys, there is considerable concern about the
levels of dietary cadmium intake for the general

However, presence of higher

population: Ho :
concentrations of zinc in water may reduce cadmium

toxicity.

Principle of Cd Toxicity

RS, ) i 30 2

bl ian

source-of fespuéblmdmwclgamte&&e_-—-Gncrmbemm)mum Ras a

cigarette contains 1 to2 g cadmiush; and 10

Vi

ek stronig afﬁmty for the ifr'!jr_iwzole moiety of histidine,
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phosphates, sulfhydryl groups and inhibits a
aumber of enzymes. About a third of the cadmium
absorbed is stored in the kidey, which constitutes
the principal t2rget organ. Also lung is the major
target organ effected by air-borae Cd. The
symptoms are the development of severe
tracheobronchitis, pneumonitis, emphysema and-
pulmonary edema (Goyer, 1985). Sampson ei al
11984) reported development of pulmonary fibrosis.
Cadminm is proved immun~suppiessive as
indicated by IgG mediated rosetie formation
(Hadley etal, 1977).

Toxic Effects on Human

The symptoms of acute poisonirig in man are
vomiting, abdominal cramps and headaches. A fter
inhalation, shortness of breath, general weakness
and respiratory insufficiency occurs. Chronic
exposure to cadmiuin resuits in respiratory
a'ijso_rders, kidney damage, ost'edporosis, i..c., c
decalcification of the skeleton, liver .dyéfunction,

' anaemia and hypertension. It has also been found
- o be highly toxic to the gonads of experimental
animals. :
Cadmium has recently been accepted as a
pulmorary carcinogen (IARC — 1994) in human
andcat: o i
- Since the kidniey is the principal target organ for
" cadmium toxicity, the following disorders have been”
. recorded in kidney of hruman : .

- Excretion of amina acids ii :

+ 1, Aminoacidugia
g ‘ the urine.-
¥ 2 Glucosuria Excretion of blood sugar in -
the urine. TR da
3. Hypercalciuria ~ Excretion of excess calcium
in the urine. !
4. Proteinuria Excretion of proteins in the
urine. .

% ltai-1tui Episode

Rice, as in India, is the staple fond in ,mnst_nf the_L i
egions of Japan. Normally, peopte-iivingif

80 pg of cadmium daily- Ho'uvci'éf, the reports

1 t{ﬁ‘zas U'EC&?TIS;E Of:

L000 ug of cad;mum e;véry day: :
e grown

th? fact that the sice they consumed wer
. With such irrigation water supplies (effluent

=

: , . people- VIR N =2 hemoglobin Synthes
- Wicontaminated parts of the globe ingest about25- ‘{"-péro}dd"ase;';;'a@hse,éy}oc}uome oxidase and others
- -also require ccpper.

feveal that the people Living along the banks Of’,

rom - . most important m fal ‘used &

zinc smelter) that containec 0.35-3.5 ppm of.
cadmium. [t caused ubout one hundred deaths until:
“the end of 1965. As a result of the analyses carried =
out by Jun Kobayashi at Okayama University, it
became apparent that cadmium intake was the .
_causative factor. The victims accumulated 500 mg
of cadmium in their body.over the lifetime. This -
disorder was termed ‘Itai-lItai’ (literally meaning
“ouch-ouch”) characterized by renal malfunction
‘reduced ability to re~orb water), drop ‘n the
phosphate level of blocd serum. loss of minerals
' from the bone and osteomalacia, a ricket-like
condition characterized by pathological bone
fracture and intense pain. Actually the onset of
sympioms occurs only severai years after the
consumption of cadmium. Nogawa (1967) reported
that serum 1, 25 (OH), Vit. D levels were lower in
[tai-Itai diseased patients.

Toxic Effects on other Animals.

In fishes, Cd accumulates in muscle, liver, gills
and bones where it produces toxicity. Cadmium -
chloride can produce acute but reversible effects on
ovarian tissue in sexually immature rats. The ovanan
stimulation induced by CdCl, was manifested as
follicular maturation and corpora lutea formation.
but did not seem to lead to the production of sex

"_hormones. A single ifitraovarian injection of this =~ =

salt (1 to 3 'ing/kg) sterilized adult goats, all the -
germinal elements and corpora lutea were

 destroyed. The stromal tissue with vasculatures was |
also damaged.-Similar changes have also been.-7.in

observed in other species of animals. The change
commenced with damage to the vascular structure
indicating thé primary role of vascular injury in
producing acute degeneration of the tissue.

6. Copper

Copper (Cu) is an essential eiement and is widely
distributed in nature. Substantial copper deposits in
India are known to occur in Rajasthan. It occurs

- primarily as its oxide ‘or sulphide ores. Copper
 deficiency ‘is characterized by hypochromic
: microcytic_anemia_',;es-llting from defe

ctive

is. Cxidative enzymes Viz.,

«

Jses

S :
naﬁglluhongl Sources
Next té iron and aluminium, copper is the third
in the indust [t1

1es S
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second to snlver in its thermal and elec'rical
corductivities, hence it finds use, as a conductor in
many alloys. It is also used in »aints and ceramics.
Copper qulphate is used.med cinally as \n ernetic
and also as an antihelmintic. Cop. per sulphate mixed
with lime has beer: used as a fungicide.

The environmental contamination with copper

primarily results from its discharge from the

industrial plants producing non-ferrous metals.
Additional sousces comprise wood combustion and
steel production. Copper mining and metallu: : gical
opc.auons centribuie to contaminations, 6f aquatic
environment. Some of the copper salts are used as

_ algicides and fungicides. Apart from these, copper
is also used as antifouling agents in paints. Most of
the paints contain 100-200 g copper oxide/liter.
Fertilizer production and dlsposal of industrial/
municipal sewage wastes represent minor sources
of copper in the environment.

Toxfcokinetics

Alimental absorption of copper is generally
regulated by body stores (Sarkar ct al, 1983). It is
transported in serum bound initially to albumin and
later more ﬁrmly bound to ceruloplasmin, where it
is exdt:mged in the cupric form. The normal serum
level of copper is 120 to 145 pg per liter. The bile is
the normal excretory pathway and plays an initial

role in- copper. homeostasis. Most copper is stored -

in liver #nd bone marrow where it may be bound
to metallothionein. The amourit of copper in milk is
ndt enough to maintain adequate copper levels in
the liyer, Iunas, and spleen of tha:-newbom.- Tissue
levels gradually. decline up to about ten years of
age, remaining relatively constant- thereafter. Brain
levels, on the other hand, tend to almost double
from infaricy to adulthood. The ratio of newborn to
adult liver copper lévels shows.considerable species
differénce : human, 15 : 4; rat, 6 : 4, and rabbit, 1.: 6.
Since urinary cop i)er levels may be increased by
soft water, unider these conditions concentrations
of approfitnately 60 pg per liter are not uncommon.
_ Copper.is an esdenfial compbnent for. various
“:e‘hiyme meng tyrosmase involvéd in the

formation of:.melanin plgmepte rytnchrome
‘oxndase, aupcmxxde dxsmuté%e a nine oxd

' ana gi%akﬁx A
utilization ofifon. Iron deﬁamcy aheinia if mfancy

as'b.'

TR
T
5

T
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‘The recommended davly intake of copper Tanges s
from 23 mg7 day. The impairment of the ability to
absorb copper. resultmg in its deficiency is called 3
Menke’s Disease whereas Wilson’s Disease is its
0pp05lt (i.e., excessive accumulation of cop.perf

Toxic Effegls on Human

Acute poisoning resulting from ingestion of
excessive amounts of oral copper salts may produce

death. The mgeahon of 15-75 mg of copper causes-
crash'o'n!esfx..al Cisturbances. Further increase in

amount may cause hemolysis, hepatotoxic and
nephrotoxic effects.

Inhalation of airborn copper cauges irritation of
the respiratory fract and metal fume fever und
ultimately lung cancer after chronic exposure.

Toxic Effects on 'other Animals

Reduces growth, "survival and rate of
‘reproduction. It also causes. necros s of kldney cells
and btam haemorrhage

2 Zine

Zincis a nutritionally essential trace metal to all
organisms, as it is necessary for lhe normal__
functioning of .various enzymes More- than 200
metalloenzymes require zinc-as'a cofactor. ™

Zinc is ubiquitous in the environment so that it
is present in most foodstuffs, water and air. The

important ores of zinc are : Willemite (Zn,Si0,), -

Zincite (Zn0), ch Blends (ZnS), Smithsmile
(ZnCQO,), etc. Zinc forms about 40. mg/kg of the
-earth’s crust. Atmosphﬂnc zinc levels are higher in.
mdustnal areas.

Uses and Pellufional Sources

Zinc is used in dry batteries, construction
materials, pigments and printing processes. Itis also
used for protective coatings on iron, steel, brass and
alloys. ‘ ’ ;

Smelung of ores conivibutes appreciably to the

Agnc;iltural use of ZuSO == COnta\mng pesucldea
and funglcldes, for e)agnple “~ Manozeb (16% M.
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Toxicokinetics

Approximately 20-30% cf ingested zinc is
- absorbed. Its absorpiion is generaliy influenceg by
prostaglandins E, and F, and is chelated by
tryptophan derivatives like picolinic acid. Zinc
concentration in tissues varies widely. The liver
receives up to about 40% zinc. It is bound there to
metallotheionin. The greatest concentration of zinc
in the body is in the prostate, probably related to
the rich content of zinc-containing enzme and
phosphatase.

Itis interesting to note that Zinc is nece's;ary for
the normal functioning of the cell, viz., profein
synthesis, carbohydrate metabolism, cell division
and growth. Recommended daily dietary
allowances of zing are 2t 15 mg for adults and 10 mg
for children over a year old. The average dietary

intake of zinc in India is about 12-15 mg, mosily
from food.

Toxic Effects on Human

Zinc at concentration over 151mg/m3in air may
produce metal fume fever, Large doses of zinc salts
(220-440 mg of zinc as ZnSO,) cause gastrointestinal

disorders including vomiting and diarrhea. There is .
no evidence of zinc being teratogenic or mutagenic: -
Zn shows no hematological, hepatic or renal toxicity. .

Toxic Effect on other Animcls -

In fish zinc causes decrease in O, consuptption. .
““1t-also’damages "'?g‘ﬂ!"s‘,”déérea.s_'es_ growth and

fecundity. -

3. Aluminium

Aluminium (4l) is one of the most ubiquitous
elements in the environment. It is the third most
abundanit element in the earth’s crust (about 8-15%).
[n industrial societies it is the second most important
metal. Bauxite, the principal ore source of alu{ninium,
1s widely distributed in India. The most important
depasitsare found in Bihar, M.P’. and Maharashtra.

Uses and Pollutional Sources

Aluminium is a non-ferrous metal, chiefly

Contamination of the total environment with
#1 may result from the indiscriminate disposal of
Al-containing products and " sastes. Workers in the
mining and manufacturing industries may bpe
exposed to aluminium particles. Human exposure
to’Al contes from foods and drinking water as well
as pharmaceuticals, :

Toxicokinetics

Average daily intake of Al bv human has been
reported. to be 18-20 mg/day through foods and:
drinking -water. In plasma 80-90% of Al binds to
transferrin, aniron-transport protein for which there
are receptors in many body tissues.

Aluminium at higher levels of exposure
interferes with phosphate metabolism. It reduces
the bioavailability of ATP and casein, and inhibits
certain active erzymes by complexing them.

Bone and iung have the highest -oncentration
of aluminium. Actually bone may be a “sink” for
alurninium. It does not normally accumulate inblooct
to any great extent. . '

‘Aluminiurn compounds may atfect absorption .
of other elements in: the alimentary tract and aitex
its motility by inhibition. of acetylcholine-inducect
contractions. Alumjnium has been found to inhibit - -
fluoride absorptign and may decrease the

_absorption of calciunrand iron compounds. Almay == =~

cross the placental barrier. Al in its dissolved form.
. in water is much more toxic than suspended form.

Generally, human beings are least affected by
aluminium; however, inhalaiions with aerosol
produce pneumonia. In general, Al binds withbore
and causes osteomalacia. Al competes with or alters-
calcium metabolism in severa! organ systems
including the brain. Calcium rises in brain tissue -
following Al exposure and disrupts neurctubular
integrity and transport. )

‘Toxic Effects on other Animals

In fishes, Al causes gill hyperplasia and mortality.

9. Manganese

v wvoSa e

K{angmeée (Mn) is an essential trace element
1sacafactor for aTUMber of enzymatic reaction,
parhcularfythose ir'uff!(ili/éa in phospherylation, fatty
acid and cholesterol synthests. [t is toxic at higher
cohcentrz;_tions, The most important commercial

extracted from bauxite. It is extensively used for
canning, food packaging, and as foil for covering
~and preserving foodstiff: Bevérage cans dnd.
cooking utensils constructed Uf Al are: extensively
used around the world. '

Scanned with CamScanner



206

source of mar ranese is Pyrolusite (MnO
‘containing 6)-63% manganese. India ranks third 31)

the producti>n of manganese. About 75%, of Mn is
p-oduced n Orissa, KarnataLa M.P. 4 ld
Maharashtra. i

Uses and Pollutional Sources

Beszdﬁs export, indigenous demand for this meta]
is constantly increasing with the growth of the steel
industry. Manganese is also uséd for the
manufacture of ferromanganese alloys »nd in non-
ferrous industries. Mn02 1s utilized in dry cell
batteries as a polarizer; metallic mangam.se 1S coated
in the clectrodes in welding rods and fluxes for iron
and stecl. Manganese is also used in the production
of zinc by electrolysxs manufactu.rmg pigments,
palnts, ceramics, photographic material, as a wood
preservative and in fertilizers. Grganic manganese

compounds zre used as addifives in gasoline, fuel
oil and diesel.

*  Burning of fossi! fuels (coa: oil) is'the princ.pal
scurce of Mn in the environment. Industria;
i rocesses of battery, glass and steel manufacture
provide additional input of Mn into the environment.
The use of Mn in some fertilizers contributes further
to air and water pollulion. i

Ch_emicc;xlforms

Manganese can exist in seven poséi_ble 65dd$u‘o‘n
states : O, +1, +2, +3, +4, +6 and +7. Of these, orly
two valence states, +2 and +4, are encountered
commonly from toxxcolog;ca] v1ew—p01nt

Toxtcoklnehcs

Mn s pre-:en. inall )_wmg organisms. Vege!ablc
the germinal portions of grairs, fruits, nutc, tea, and
some spices are rich in manganese. A daily allowance
of 2.5-9.0 mg of Mn is recommended for huraans.
But when exposed to higher levels of Mn,
approximately 1-4% of it is absorbed, retained, and
accumulated — chJeﬂy in kldney, liver, and bores.
Gaatrou.testmal absorphon is less than 34%. Mn
conceritrates in mitochondria so that tissues rich in
these nganelles have the mazumam ¢oncentration
of M. mch.id1hg the pancreas, liver, kldnéys and
mtethnes Biological Ralf-life of the manganese in
the body is 37 days. It réadily ¢ crosses the blooc-

'bramner and ifs half-hme i the brainis longer
than in the whole body. The prmcxpa] route of its
éxcretion is with feces. i

e i

: Toxic Effects on Human

(o4
- expostre, generally to manganese dioxide, in mining

___and compulsive behaviour that may include run_rurlg,

v
v B
FUNDAMENTALS OF TOXICOTOCTERY
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Evidence of occupationa! Mn po1<omn§.;:$;
reported for the first lime as early 25 1837 in e (;f
in a few workers engaged in the grinding
manganese ores.

A definite relationship was estabhshed only In
1919, Since then several cases of chronic mang;anese
poisoning have been detected in miners, steel plant
and foundry workers, welders, workers emp loyed
in dry celi baitery manufacturing industries and in !
families consuming water with high mang anese ;
conlents. Indusltrial toxicity from inhaiation *

!

or manufacturing, is of two types : The first, )

" manganese pneurmonitis, is the resull of acute

exposure. Mer. working in plants with high ;
conceritrations of manganese dust show aniniciclerce

ofrespu'at_ory disease 30 times greater than no rm:{l {
Pathological changes inciude epitheli2l necrosis
followed by mononuclear proliferation. ¢

The second and more serious lype of disease
resulting from chronic inhalation exposu re to
manganese dioxide, generally cver a period of more ‘

than 2 years, involved the central nervous sy stem.

Chronic marganese poisoning (7urganisn) procduced

a n'europsychi'alr'ic disorder characterized by
. irritability, difficulty in walking, s speechdisturbances, __
- fighting and singing. If the condition persists a
masklike face, retropu!sion or propulsion, and a

- Parkinson’s Disease-like like syndrome develops: To

- sum up, the symptoms of neurological syndroxne of _

mang"'"‘se pmso.&ng are u mm!'y insidicue 2nA

- progressive. An initial phase of psychomotor
excitérent is followed by asthenia, somnolence.
imbalance while waﬂcmg siurred cpecrh difficulty
in fine movements, impoience, etc. Fstablished cases
show tremors, paresthesia, memory loss, difficuliy
in walking and swallowing. Brady kinesia, imp aired
postural stability, dmumsned associated moverments,
gait disorder described as “Cock-walk”, retropuIsion
and masked faces are also obcerved

to recover slowly, even when removed from the
excesswe exposure. The oral absorplion of NMn s

£:

mc_reased by iron defiviency.

Toxic Effects on other Animals

2L S
Mn is neuro- and pancreotoxic to fishes ang

mammals
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