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m lamtorx notes

Reference to "tons" indicates metric tons,
Reference to "dollars" (%) indicates United States dollars.
The term "billion" is used to signify a thousand million.,

Use of a hyphen (-) between dates representing years signifies the full
period invilved, including the beginning and end years, e.g. 1971-1973,

A slash (/) between dates representing years indicates one year that
is not a calendar year,

The unit of currency in India is the rupee (Rs). During the pericd
of the project, the operational rate of exchange was Rs 7.5) = $1,00.
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INTRODUC PTON

Followins the United Nations Gonference on the an Rnvironnent, held at
Stockholr: in 1972, the United Uations eslablished the Uniled Nations Rnvironnental

Programme (UNEP).  'The (mited Jat ions Indust rial Developront Oreanizalion (mitna)

and UNEP ar~ now ~ollaborating on a nencrasme sonse raed wilh the e acts of industry

on the environnent in developin;: countrics,

One of the projects being undertaken Jointly by UNIDO and UNEP iy a "3tudy
on synthetic versus natural productgss pilot project cn the rubber industry and
its impact on the environment", The nurpose of the project is to atudy the
environmental impact of the rubber indust ryy to determine the aextent to «hich
environmental considerations shonld influence the choine between natural and
synthetic rubber production, and to examine manufacturing procesaes and the
disposal or recycling of wastes. Detailed stidies were rade Ly conasultants on
specific aspects of the sub ject, and these were examined hy an Bxpert Group Lhat
met in Vienna in September 1974, One of the recommendations of the Bxpert Group
was that a detailed study of the environmental impact of thc rubher industry in
one or two limited areas be undertaken, since the reports of the consnltants

represented only a general survey of the environmental problem,

Consequently, it was decided to gend a team of two experts tn undertaxe fhe
study in two countries, namely, India, a developins- count ry in which both natg o
rubber and synthetic rubber are produced and rubber products are manua’achured an
a large scale, and the United Kingdom of Great Britain and Horthern Ireland, a

developed country in which synthetic rubber production is well esiablished,

The team spent approximately a month (13 February = 20 Mapch 1915) in Tadia
st udying the production of the followings
Natural rubber
Synthetic rubber
Rubber products
Retreaded tirea
Reclaimed rubber

The team also visited the government departments responsible for environ-

mental controls,

In the United Kingdom, the team spent a week (31 March - 3 April 1975)
studying synthedda rubber production, discuasing problems with pollution—control




officers and studying the work of the Department of the Environment,
The team alsn studied existing and proposed legislation in both countries,

Hith only a linited ancmmt o® (ime and money available, the tecam was able
to aake oaly 1 anlitative survey, The tean had to rely on the analyses of
effluents provided by the factories visited except in one case where il was able
to obtain the gservices of the llational Environmental Fngineering Institute

(NW!.’RI) in Inlia to ~arry out an analysis of affluents,

This report i3 based on the findinrs of the team of experts, It is one of
a series of rase gtudies being carried out under the UNIDO/UNE'P programme, (thers
in the series dcal with the chemical indust ry in Turkey, the textile industry
in Thailand, the ~ement industry in Tran, an integrated iron and steel mill in

Brazil and the chemical industry in India.

Acknowledg:ment is made to the Department of Soienoce and Technology of the
Government of India for the asristance it axtended to the team while it was in
India and to the British Association of Synthetic Rubber Manufacturers for
arranging the visit to one of the well-known aynthet ir rubber plants in the

United Kinglom,




I. PRODICTION OF NATURAL RUBBER IN TNDIA

General survey of rubber cultivation on planta:ions

Natural rubber is produced From ‘he lalex of the rubber tree (I_I_r_*le_a. brasi-
liensis) and latex is synthesized by nature within the tree. The tree has to
be planted and cultivated For about six years before it starts yielding the
product. The latex is extracted by cutting a "\ notch on the bark about 1 m

above the ground,

Rubber cultivation in India is confined largely to the south-western region
of the country, mainly i the State of Kerala and nartly in the States of Tamil
Y¥alu and Karnataka. The rubber plantations are mainly situated in the midland
region between lhe low coastal areas and the high mountain areas ir a narrow
belt approximately 400 ¥m in length running paralle!l to the Western Chats
mountains. The region receives a heavy annual rainfall and the weather ir

warm and humid. Map 1 shows the rubber-growing areas in south-western India.

Small holdings occupy 4Y per cent of the total area in which rubber is
grown. Recently a co-operalive marketing federation was formed to strengthen

the organization of co-operatives for the benefit of the small hold 'rs.

The Indian Rubber Board plays an active role in developing rubber culti-
vations Subsidies for replanting, loans for new planting, distribution of
fertilizers and fungicides at concessional rates, distribution of high-yielding
planting materials and assistance to rubber- marketing co-operatives are some of

the measures implemented by the Board.

The research and davelopment aclivities of the Board are f(inanced by the
tax collected at the rate of 30 paise (Rs 0.3,30.04) per kg of all rubber
produced in India and deposited with the Central Government. The annual tax
collected amounts to about Rs 35 million. The Rubber Research Institute of
India (RRII), which was established in 1955, has done some commendable work in
evolving high-yielding clones, in experimenting on yields and in formulating

cheaper fungicides. It has also made recommendations on manuring. One of the
clones developed, RRII 208, appears to be most promising, with a yield potential
of about 4,000 kgﬁnectare a8 aghinst the average yield of 730 k.g’hectare.

RRIT has also undertaken the breeding of clones with objectives other than

high yield, e.g. disease resistance, drought tolerance, wind resistance, desirable
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canopy, The Institute has helped to make a start in the production of technically
specified rubber to assist srall growers %o improve the quality of the rubber

they produce,

Employment and conditions of labour

The population of Kerala was 22.75 million in 1974, of which the aumber of
persons employed in cultivating rubber on planta*ions - owners, workers and

members of their families - is estimated at 1.45 million, or 6,37 per cent,

One of the objectives of the Rubber Board is to achieve better worling
conditions for the workers. The natural rubber industry is an importani source

of employment in Kerala, which is not highly industrialized.

Well over 150,000 persons are enployed in rubber cultivation. Men, women
and adolescents are employed in the plantatiocns. Barlier, children were also
employed, but now the use o7 child labour has been prohibited by statute. The
percentaze of men employed is 69; women, 30; and adolescents, 1. They are
distributed among three main occupational groups of tappers, general workers

and Tactory workers in the ratio of 50, 40 and 10, respectively.
Some of the benefits for workers on plantations are described below.

In 1957/58, a scheme for granting stipends to children of workers on the
plantations was launched. In that year 128 students received stipends; in
1972/73, 1,185, The amount disbursed under the scheme rose from Rs 1,428 in
1957/58 to Rs 177,353 in 1972/73.

The Board gives grants to hospitals to construct wards for the benefit of
rubber plantation workers. 3o far eight hospitals have availed themselves of
these grants, anda total of Rs 287,486 has been paid out up to 1974, Under the
Plantations Labour Act of 1951 it is the responsibility of the employer to srant
medical facilities to workers in tke plantations. The Act applies to rubber
plantations having an area of 10.1 hectares or more, but 97 per cent of the
plantations are too small to come under the scheme. The Board has consequent ly
formulated a scheme to grant relief to workers in cases o° distress and prolonged

illness.

The Board is working out plans to provide homes for orphans and destitute
adult 8.
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The Board has set 4p a school to train tappers. So far around 00 persons
have been trained. The training lasts for eirht weeks, during which period the

trainee receives ree lodrins and a snall stipend per day.
( p ay

The relations betyeen eaployer and employee on the rubber plantations have
been good corpared with Lhose in manufacturiaz industries in India. Joint con-
sultation marhinery works muite satisfactorily, Apart from being assured of a
minimum wagre, the plantation workers are paid acrording to an incentive sch e
The plantation lahour has been the “irst in India to receéive the payment of an

annual bonus, and also a lump-sum retirement henefit.

The growins tendency of fragmentation of the estates into small units is
likely to affect living conditions of the workers, particularly with regard to
housing, hygiere and health.

Another problen wili be the existence of educated, unemplcyed dependants of

plantation workers in the "tture, who may not wish to take up work on plantations;

even if" they were willing to, there may not be enough work for them,

Effect on the national economy

In 197?/73, production of natural rubber in Kerale, amounted to 106,000 tons,
valued at Rs 500 million. The net domestic product of Kerala in that year was
Rz 14,440 million at current prices. Rubber formed 3.5 per cent of the net

donestic product of the State in that year.

During the last 25 years the area under rubber cultivation has increased
from 53,000 to 212,000 hectares, a phenomenal increase of 235 per cent. Pro-
duction of rubber has increased from 15,000 to 112,000 tons, an increase of
647 per cent, Productivity in terms of yield per hectare has increased from
320 kg/ha to 730 kg/ha, an increase of 128 per cent. Natural rubber is no longer |
imported.

Effect on the environment

Agro-climatic conditions suitable for successful rubber growing exist in
the centre of the south~western region of India. The land in this area consists
of low hills and hillocks of varying sizes and heights and the resulting vallays,
Though rubber is the mein crop at present, large-scale planting of new rubber
in the nor-rubber areas should be considered ecologically sound for the following

reasons even though it is recognized that large-scale new planting will adversely
affect production of food crops, particularly tapidcs, which is the second staple
food (next to rice) grown in ‘he ares
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(a) Scientific rubber cultivation in which a legume ground cover is also
groim in amsociation with rubber stabilizes the soil;

(b) Pood crops cannot be cultivated permanently in this area without
soil erosionj;

(¢) Rubber cultivated according to latest scientific methods, in which
importance is given to soil-conservation t echniques, can serve as a better
reforestation crop than some of the forest crops which are usually planted in
the region;

(d) Rubber trees purify the atmosphere by absorbing carbon dioxide and
releasing oxygeny

(e) The only non-renewable resources consumed in the cultivation of
rubber are fertilizers and the chemicals used to stimulate growth,

Processing of natural rubber

Latex is generally processed in the followins Tornmast
Preserved latex in various concentrations
Ribbed smoke sheets
Crumb rubber or block rubber

Crepe in different qualities

Preserved latex in various concentrations

The team visited two factories of a private company owned almost entirely
Uy one family in Kerala, One factory is at Kodimatha and the other at Chenappady,
The latter factory has its ow. plantation of about X0 acres. The factories
process rubber mostly as concentrated latex. The combined yearly production
capacity of the two factories is 6.5 million litres of 60 per cent concentrated
latex by the centrifuge process. The two factories enploy 213 persons.,

Prooess and production

Presh latex collected from the rubber tree usually contains 0-40 per
cent dry rubber, } per cent non-rubber constituents and the rest water. Like
milk, it is an excellent medium for the &rowth of bacteria and therefore
coagulates on keeping, owing to bacterial action. Preservatives are added to
prevent bacterial action and stabilise the latex. Te most commonly used latex
preservative is 0.7 per cent of ammonia. A variety of chemicals with a low level

of ammonia of about 0.2 per cent ocan also be used.
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Although a few latex rubber moods can be manufactured from preserved field
latex, it is une-onomical Lo pack and transport over long distances at the low
tevel of concentration. Therefore, oraserved field latex is produced and
marketed only to meet local demand. Bui when part of the water has been removed
for economy in packing and trangportine, concentrated latex is an important

“orm iv vhiech to market natural rubber.

I[n the centrifu-e procesa, latex is subjected to centrifiyral force in the
senarator and aplit into two fractions, the eream, with dry rubber content (dre)
2 60 per cenl and skim, dre, 5-10 per cent., The non-rubber constituents of the

F1m will be i.ore than Lhose n” Lhe cream.
Pimue T orives a low chart “or the preduction of conceatrated latex,

Dailv production data for each of the two factories is as followas

Input - 110 drums each ~ontaining 205 litres of ammoniated and
settled field latex

Output - 50 drums, or 10 tons, of 60 per cent concentrated latex,
and 60 drums of skim latex, a by-product containing approximately
10 per cent dry rubber

Consunption «f water - 20,000 gallons for washing and procesaing
ol skim latex into the skim crepes

The Chenappadi factory obtaina about 15 drume of latex from its own
plantation, The other 95 are purchased from other plantations in the Iddikki
and Kottayam districts at the notmal concentrations of 3040 per cent dry rubber,
Figure II gives a diagram for t'he layout for the centrifuging process in the

first factory,.

The equipment, De laval-type centrifuging machines, is identical in both
plants. The only difference is that at the first factory the latex is air-=1ifted
“rom the settling tanks to Teeding tanks and from the cream-reception tank to
the storage tank, but in the second factory the entire operation is done by

gravity feeding making use of the natural miope of the land on which the factory
is wituaten,

Tt is proposed to manufacture master batches of carbon black with natural
rubber. This material is not at present manuractured in India. Use of this
material will be advantageous to the tire manufacturers. The master batoch can
b= added direct to the mix, which reduces the time required for the mixing and
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consequently increases the capacity of the mixing plant, Also, electricity con-
surption in the tire plants can be reduced. By eliminating the messy handling

of free carbon black, pollution problems, as well as housekeeping probleme ,

will be solved in the tire plants.

EZfect on the environment

Gaseous emissions

The smell ~aused by the putrefaction of protein and other non-rubber ~on-
atituents in the skim latex is one of the main problems. The odour emanating
from the Kodimatha factory is smelled even at a distance from the Tactory. People
who pass over the bridge on the main ceniral road adjacent to the factory get
the full impact of the odour. The odour inside the factory is stronger when the
factory is not operating, since the ammonia used ir Jrocessing helps to counteract
it, The effect of ammonia on the human system is well known. No adverse effects

were reported,
Effluents

The effluent problem starte with the skim latex separated from the centri-
furing machine as a by-product of the concentrated latex. The route it takes
is as followss
Skim latex reception tank

Coagulatlon tank
Haste tanks—¥y discharge into a river or straam

3kim latex from the centrifuring machines is collected in tanks and released
into the coagulation tank, where dilute sulphuric acid is added to effect coag-
ulation. The liquid waste after coagulation flows into waste tanks.

There are three waste tanks at the same level in the first factory, whereas
in the second factory they are at different levels, and the waste flows from
one tank into another through filters by gravity. In both cases the waste tanks
are outside the main building and are exposed to the open air.

In the factory at Kodimatha the effluent from the waste tanks after natural
aeration is released into the private oanal that rune in the company's own land,
which in turn flows into the the Kadoor River, The river is full of water all
Year round and feeds into Lake Vempanad at a distance of 34 miles. Prom Noy
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to October the ronsoon “loods merge the river with the ad joining paddy fields,
The level of -oncent ration during the monsoon is not significant, but during
other tires the nogition has to be watched. Table 1 ~ives an analysis of the

e ety Voo oanlaint s “rom outsiders were reported.

Tavie 1 4, Analvsis o e“flyent from factory at
:lodimatha on 17 May 1375

Test Results

Toloar Creamy white

Jdonr Musty odour

AnDearance Turbid viscous liquig

Reartion Highly acidic - 10 ml of the sample
consumed 1.6 ml of 1 N NaOH to become
neut ral

Total solids 5.:1595 g/100 r1

Ammoniacal N 44404 mg/ml

Total N 4.722 mg/ml

Reduriar sumar 0.52 mg/ml

BOD 7581 ppm

B. Hicrobial population

Orly rod-shaped veasts and & few coccoid bacteria were observed.
".en neutralized with line, white precipitation took plave and the liquid

turned Lrowm,

Ir. the factory at Chenappedi, the effluent from the waste tanks is let out
through drains into shallow pits dug in the company's plantation. The Nanimalai
River, wvhich is only partially full in the eummer months, runs adjacent to the
plantation and factory site, and some quantities of the effluent sesp through
the earth and find their way into the river, During the monsoon months the
river is flooded and seepage has no appreciable effect. There have been no
complaints from the villagers uaing the river water for bathing, agriculture
and for watering cattle, The seepage into the soil is considered to enrich
the 30il in the ad jacent areas of the rubber plantation. (8.. photograph.)
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One of the settling tanks with the partially dry
river in the beckgroumd




Pollution is caused by the discharge of erfluents from the processing
factories, and analysis results published indicate that the effluents from
factories producing concentrated latex contain the highest concentration of

undesirable oxygen-absorbing materials,

Studies indicate that the processing factory effluents can be sufficient 1y
purified 30 that thev can be discharged without any harm to rivers and streans
b subjecting the effluent to aeration and sun and then seeding with an appropriat
algal culture, preferably an inoculum containing chlorella as the dominant apecies

Solid waste

The coagulated latex obtained from the coagulating tanks is used for making
crepe rubber, At the Kcdimatha fact ory, the creping is done in a unit on the
opposite side of the river, whereas in the Chenappadi factory it ie done on the
same premises. Equipment required for creping consists of a battery of marcerator:

Grepers and swooth rollers,

Sludge containing most ly magnesium ammonium phiosphate and rubber particles
is removed from the latex reception and settling tanks periodically. If it is
dried and passed through a specially designed granulator, the magnesium ammonium
phosphate can be removed from the rubber particles. In actual practice the
sludge is sold to small traders who recover the rubber from it,

Sludge ie also collected periodically from the centrifuge bowls when they
are cleaned. Usually 10-15 kg of bowl sludge per day is obtained from each of

the two factories,
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Recommendat ions

Use of closed chutes from the centrifuse to the eream-collection tan'ss

will vedune the emission of ainonia into the air, Besides cansing less pollution,

it will reduce the loss o" amonia.

Use of Formalin can reduce the foul smell by redueing putrifaction, but
it should be pointed out that the smell gives a warning that the BOD level of
discharge into the river is high,

The Dunlop method of treating the skim latex with an eazyme (trypsin)
has heen reported to reduce the foul smell and also give a better-quality rubber.
Besides, the BOD level of the discharge will also be reduced., This method,

unfortunately, is costly.

Assisted biological coagulation (ARC method) has heen raocommended in some
quariers as a neans of recovering better-quality rubber from skin latex and aled
as a cheaper method. Sugary materials like molasses or pineapple vaste are
int roduced into the skim latex to encourage fermentation leadins to coagulation,
The smell will be worse as a consequence. The procese, however, has nit been
widely adopted.,

Ribbed smoke sheets

Brief deacription of process

Most natural rubber produced in India at present is marketed as sheet
rubber. Sheeting is the only process practicable for small growers., The
following are the important steps in tiiis processt

Reception of field latex

Straining of field latex

Standardisation by dilution with water to 12.5 per cent drrc after
measurement of drc of the cample and allowing fine sand particles
to settle

Mdition of dilute formic acid or acetic acid to standard containers

(placing partition boards if tanks are big) and allowing complete
ooagulation

Flooding of oontainers with water after ooagulation

Removal of coagulum and sheet in a sheeting battery, the simplest
oonsisting of two small mills, one having & pair of smooth rolls
and the other a pair of grooved rolls
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lashing the sheets in a washing tank

-~

Oreing the sheets “or three to four hours ia the shade

%

o . 0
)orine the sheets in Lhe amole house at a Lemperature of 497-%0
e Tane to Cive days or in an air drying shed

Tennval, grading and packing

coonoatlest power can carry out all the operations in his house using

wAalt alwciadwe entaisers Tor coarmlation, a set of hand rollers for sheeting,
At tie oaee titehen for sroving,  High-quality sheet cannot be produced by
Phis ediode Mivst, the small srower has no "acilities Tar standardizing properl
P Totex and its widting,  Secondly, ihe sheet can becore dirty or contaninated,
riliie rtine o drying in the Yilehen is without proper control. The low-

T osheels prodaced Tetch a low price, It is estimated that there are about
0,00 haldiam o7 Vess thaa one hectare. For a large estate, sheeting is not
\f‘n.:]‘. A Cevm oy -{,..

The production and marketinge of ribbed sheets have nany disadvantages,
The r~ibbed sheets oermit only visual grading, which leaves ample scope for
fault s and indiseriminate srading., The shecots lack uniformityt dirt, sand and
otiier “orei:m aatter are often frumA in ther, The cost of production is high,
To dry the sheets properly takes a long time., They are difficult to store for
lons periods owing to existence of moisture etc. The nosts of tranasport, handlin,

and storage are hich, The packaring is unattractive.
EfTect on the environment

Water from washing is spilt all over the premises of the small growers
who use the method described above. The serum is usually poured outside the
house, causing a smell around it. As compared with the skim from the cent rifuge
plant, the serum from coagulation is in a dilute form as far as non-rubber

constituents are concerned,

Smoke from the smoking chamber, a mixture of smoke, water vapour and air,
is released at a height. No problems were reported.

Cleanings from the bulking tank, scrap from the oolleoting cups as well
as from the trees are sold as scrap to smal. ers, who sell it to orepe

factories or manufacturers.

Figure III shows a flow chart for the production of sheet rubber.
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Figure III. Plow chart for production of sheet rubber
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Snlid hloel rubler

Pro~eseing o natural rubbo- in solid block form is a most important
developrent  since it enables natural rubber to be market ed in a manner similar
to that o” =nthetic ruvber and it does not have the disadvantases of ribbed

smoke sheets,

Brief description of process

The tean visited the factory operated by the Palai Marketing Society, a
co-operative gociety at Palai, Kerala. The Societ, purchases field latex
and scrap subber “rom small srowers on a commission basis. In its coagulation
tanis, the latex is collected and processed in‘o coagulune. The coagulum is

transported in the lactory for rfurther processing into solid block rubber.,

The method o processing involves essentially the follewing operatirnss
(a) size reduction; (b) de-waterings; (c) dirt removal; (d) dryinri (e) pressing
and balinvy and (7) grading. The [irst three operations are accomplished togethe
A scl of rachines, namely, the macerator rollers and the hammer mill, disintegrat
the coarulum or scrap into granules and at the same time remove the dirt and
water. The processed granules are then passed on to driers, the temperature
of which is %ept al about 100°%C. The dryinz time depends upon the size of the
particles. Usually four to eirht hours is rr quired for the drying. The dried
Ccranules are pressed when they are warm (GOOC) with a hydraulic press, Bales
containing ?5 or 50 kg are prepared. Samples are then cut from a few represen-
tative nales and tested "or technical specification. Grading i8 based on the

test res:lts, The bales are then wrapped in polythene film, packed and marketed.
Figure IV gives a flow chart for this process.

The advantages of the process ares
Standard quality and uniformity of product
Improved appearance of product
Ease in transporting, storing and handling

Adaptability for using up all the crop material, e.g. latex coagulum,
low~grade scrap

Reduced labour and power costs
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Effect on the environment

The Tactory stands in a low-lyiag area where the water table is hish,
The effluents are collected in a treatuent tank fron which the water slowly
seeps thronsh the soil into the adjacent river, Table 2 zives an analysis of

the effiuents.

e 2. Analrsis o® tank water and erfluents fror. the crumb ruboer factory
at Palai, Kerala (Date of reseipt o” sanple 7 Janaary 1974)

-

Tab

Chararteristia
or aonmonent Tank water 2 luent

Phrsinal

Anpearance Clear, hrown sedimentas Turcid sediments
p-esent present
oH 6.1 6.0
Blestrical condustiviir
(mho) 100.1 700.0
Chemical Parts par million
Alkralinity 44.0 248.,0
Chlorides 10.0 24,0
Hitrites Nil Ml
Jitrates Nil Nil
Sulphates K1l 15.0
Oxrgen absorbed 1.1 157.0
Armonia free and saline 0.2 15.0
Ammonia albuminoid Trace 22.%
Total golids 80.0 780.0
Hardness - total 40.0 130.0
Iron 1.2 14,0
Saspended snlids £,0 10%.0
Settleable solids 5.0
Sulphides 25.0
BOD for 5 days at 20°C 720

con 848.,0




-7 -

The public and particula:ly Lhe rice eultivators objected when Lhe BOD
wan orizinally about 700 ppme Lilh aeration and an aleal cultura containings
chlarella, the co-operative socieiy clains to have broughl down the BOD level

Lo 25 ppine

In summer when the level of water in the river is low, it is proposed to
purp the effluents into the nursery for rubber plants. During the monsoons
when the river is flooded, the effluernts can be discharged into the river with-

ont any appreciable cffecis,

No occupational hazards have been reported,

Crepe processing

Brief description of process

Latex for crepe rubber is coapulated in the samne way as for sheet, but for
crepe, the coagulum is passed through heavy rollers revolving at different speeds
to produce a creping effect., Crepe thus obtained is air-dried, usually in the
upper floor at %SOC and not smoked. There are various types of crepe rubber.
Superior grades are prepared from field latex under controlled conditions to
meet exact specifications, whereas inferior crades are made (rom all types of

scrap rubber,

Bffect on the environment

The effect on the environment is similar to that of crumb procesaing,

Ancillary indystries

Several small industries, some of them cottage industries, produce dipped

goods from concentrated latex. Such production oould be developed further,

since it has many advantages, e.g. low capital requirement, a simple process,
availability of raw materials and a ready market for the produot.. Some of
the items produced are rubber bands, teats, toy balloons and gloves.,

Role of co-operative ggg;gnl

Co~operative societies that have been established in recent years have
helped the small grower immensely by distributing fertilisers, pestioides,




aciis and other items required, e.g. coagulation Aishes, tapping knives at
wholesale rates; siving information on methods of planting, manuring etc.; and
processing from latex supplied by the member at half of vhat 1t would cost him
i? he were to do it himaerlf, quite apart from the carital expenditure he would
have to incur,

The investrent in each collection depot run by the co-operative society
is only ahout Rs 15,000 (3?,000). The collection depot i3 provided with the
necesgsary equipnent for processing and testing, equipment that is superior to
any the individual member conld acquire. There 18 one collaction depot in
every A sq krt of plantation area. (See photograph, )

The society markets the sheets at favoirahle prices, atocking and selling
at the richt time, It pays rcash for the latex irmediately on delivery or on
a weekly basisg,

The society extends credit to each member up to a certain amount at rea-
sonabl~ interest.

The srall grower is spared the time required for processing and selling

his produce. He is able to concentrate on replanting or new planting and to

took after manuring and other important taskas,

A co-operative collection depot
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II. PRODUCTION OF SYNTHETIC RUBBER: FACTORY AT BARFILLY, INDIA

Bac ound

The synthetic rubber factory the team visited in India is located in the
centre of the mugar and fermentation aleohol industry in Wttar Pradesh State
at Fatehganj-West, 221 km from Delhi and 12 ¥m from the town of Bareilly. The
site was selected because o0°;

(a) Availability of raw materials, i.e. alcohol from molasses, a by-
product in sugar manufacture from sugar—canej

(v) A plentiful supply of water from the river nearby and tube wells,
the requirement being 2,000 gal/min for the cupacity of 30,000 t/a;

(c) Proximity to waste lani and to the river for disposal of ef “luents}
(d) EBasy access to trunk rail and roads;
(e) Availability of land for expansion,

Map 2 shows the location of the plant,

The idea of producing styrene butadiene rubber (SBR) at the time at which
the plant was commissioned, 1961, was prompted by the inadequate supply of
natural rubber produotion in India to meet the growing demand for rubber,
particularly for tires, India was trying to conserve foreigm exchange, which
was badly needed for the import of heavy machinary and equipment., At the same
time a small SR factory was readily available from a company in the United
States of America at a reasonable cost.

Description of process and production

The synthetic rubber factory at Bareilly is divided into the production
area, tank farm area, and the utilities, workshop and stores areas.

Production area

The units in this area are desipned to make 30,000 1/a of latices and
synthelic rubber. The four main processing units are the ethylene and styrene
nnit, butadiene unit, latex unit and the rubber unit,

Bhylene-styrene unit

In the ethylene-styrene unit, the manufscture of styrene from alcohol and
bensene is effected in five major steps,
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Jier 1o Ethylene is produced rrap ethyl alcohni! am represented by the "a1lowin-

‘henical equatlion, using a dehydration type o ~aial si al high temperal areg

C,””SOH _) a’!,}h[1 + 11,0

Vapours o passed over a Lal e

elhyl alcohol catalyst “or ethylene
dehydration and wvaler

Step 2. Crude ethrlbenzene, called "alkvlat e’ is vroduced fron elthylene and
Lenzene using aluminiwn chloride as catalyst as repreacaied Ly 1he Follovine

equations
c + C.H  Aluminiuwn, C .H_CJ
24 66 Soridey s
Ethylene Benzene FEthylbenzene and b/-prodanls

This reantion is carried out in a special type o reartor called an "alvylatorn,
The product, alkyla e, consists of ethylbenzene, diethylbenzene, unreacted

bhenzene and some resicduns.

Step 3. Crude alkylate is purified and separated b - distillation into ethyl=-
benzene and other side products.

Step 4. Crude styrene is produced from sthylbenzene using a special dehydro-
cenation catalysl at high temperature as shown in the equations

C HeC He —) CHCH, + W,

Vapours of passed over a malke

ethylbengene dehydrogenation styrene and hydrocen

catalvet

Step 5. Crude styrene is purified and separated by vacuun distillation to
vield pure styrene.

Butadiene unit

In the butadiene unit, a closely integrated, continous operation takes
place in three steps.
Step 1. Crude acetaldehyde is produced from ethyl alcohol usins a dehydrogmenation
catalyst at high temperature as shown in the equations

C HOH —y CH.CHO + H,

Vapouw of passed over a make

ethyl aloochol dehydrogenation acetaldehyde and hydrogen
catalyst
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Ster o ode dadiene is oroduced Trom eth 1 aleohnl and acelaldehyde 1sing
a deovdoaiiosa catalyst al hi ch lenperature as shown helows
Ok + C1.010 4 C;‘”G + 7}190

Varoveg o ad vanous n” passed over a make
Alc o acel aldeh; de dehydr ation butadiene,

~atalyst valer and ny=product s
Step . In adiition 10 hitadiecne, ~ases and nils are also Tormed in step 2,
'encey elaunrale separation and purification steps hy distillaitan listed below
are adootedg

(1) Acetallelyde is recovered, purified and distilled for reuse}

(i) 3utadiene is recovered, separated and purified hy absorption

and listillat iong
() fases and oils are separated for use in the plant ‘urnacesj

(d) Alcohol is recoverad and purified for reuse.

atex unit

In the laiex unit, copolymerization of butadiene and styrene into copolymer
particles, in aqueous suspansion, known as latex, is done. Three steps are involved
in preparing latex.

Step I~f ced blending. Butadiene and styrene are blended at hi-h precision and

enuleified activator, modilier and catalyst are added herore the blend is "ed

to reactors,

Ste polymecization. This reaction is carried out in a series of

reactors. The mechanisn o reaction is represented by the “olluwin: ecuations

(a) Generation of free radjcgls

2=emulsion

ROOH D + ret*t
Hydroperoxide Perrous Peroxyl free ferric ion
catalyst ion radical (% denotes

free radical)

(b) Initiation

The free radical attaches to a monomer molecule, vhich itself

then hbecones a free radioal,

L 4 L ]
RO + CH 2-0H-CH-CH2 " lmx?_cx-cmu?

Butadiene
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(~) Propaggtion

The charsad monomer maleanle adds Lo other nanone» rinlenuleg,
The addilion »° siyreie and ‘miadiene noleriles LA’ es place al candon,
*
HOCH CTIsCHCHL,, ™ 4 n(CHz-C!K}H-CH?) + m(C()HSCHac}ID) ——y
Butadiene 3t rena

*
RO H, e HOH ) (M, CHacHirH) [ Pl (TA=rH,) 1

'men ithe desived converaion of nonoie-g is reached, nolinerization is
stonned by addition o a clavical called M"show: o, MoareV rives a "oy

~hat or thig nro~eas,

Jiep J-'eed recovery. Orude latex is irther Drocessed iy successive “lashiin-

Aud slrippine 1o rcenover unreactied butadiena and styr-ne for recyeling;. The

slrivped laiex is then stored Tor further proceasiag,

Rubber wunit

I the rubber unit, later is coarulated into larze mbber particles, vaghed,
dried, baled and pacled. Several solutions aeeded "or iarious naits ace also

prenared,  Bfluent treatment and disposal "acilities are pro ided here.

T

1

L Tarin arca

In the tank farn area, i gstorare Tarcilities are provided ror rau- materiala,
venzene and alcohol and ror intemediates such as ethylbenzene and -eactor: nil,
This area also includes facilities to handle railway tank wagons and road tank
trucks bringing in alcohol from the distilleries of Uttar Pradesh and bensene
from the steel plants of Hindustan Steel Ltd,

Milities, worm@ gnd stores areg

The Tacilities in the utilities, workshop and stores are limted »@low.

Stean generation and disti i+ion

Two boilers, each with 150,000 1n/h caracity, prodnae steam at 700 naig
pressire, This area also includes coal- and ash~ andling ‘acilities. “oal is
used as “uel,
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Elertricity generation and diétribution

Two steam-driven turbogenerators each haviag 1,000 kW capacity are provided.
In addition, a diesel-engine-driven generator of 750 ¥i capacity is provided

for emergency power. Power is zenerated here to ensure a steady supply.

Water supnly and treatment

Fresh water im drawn from five deep tube wells situated along the west side
of the factory. Water for steam generation is treated by hot lime, gypsum aad
ma;mesiun oxide to reduce bicarbonate and silica content followed by pressure
filtration and passing through hot zeolite units to remove calciun and magmesium
hardness. The recirculating cooling water system is treated with a -orrosion

inhibvitor and sulpauric acid to maintain PH.
Inert gms, brine treatment and miscellaneous facilities

Workshops, maintenance and other stores and warehouses

ffect on enviro. t

The factory discharges the followings

(a) Gaseous emissions to atmosphere
Boiler stack Flue gases 1 x 13,550 SCPM
38 x 10° Btu/h
Dust content 0.015 g/ICM
(estimated) 4.4 t/a
Dowtherm furnace Flue gases 41,550 M
Stack 4.7 x 10° Ptu/h
Styrene reactor system Plue yases 3,080 MM
1.91 x 10° Btu/h
Butadiens reactor re-

generation Oases 220 TP
(H2 burnt) 0.2 x 10” Btu/h
Flare stack Gases 350 LM

2.3 x 108 Muh
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The flower garden with the synthetic rubber factory at
Bareilly in the background
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(b) Eftluents
To land - Nil
To watervays - 1,236 gal/min

(c) Solid waste

Scrap rubber - 20 t/a (small quant it sold to amall manu aciurers
0" vheelbarrow tires, rest disposed o” by hurning)

Sludge enllected “rom the oil separators (~ommustinles) = 1r ¢ /4
(burat ia open pit away “rom the plail vat within Taci o) acea

Boiler ash - 60-80 t/d4 (carried over conveyor belts to dumpers,
which carry it “or land fillia:)

raseous emissions
.

The ~oal used ie of low sulphur conient (0.5 per rent). Yo undesiranie
~f7eats have heen reportad as a result of the emiggions to the atmoisnhers, ihe
"a~tory is the only one in the area, which, beins an agricultural area, is ahle
to absorb a nsertain amount of emisgions vithout any sisnificant impact, o bad
n"fects were noticeable in the vegetation around the area. As a matter of fact,

the factory has a beautitul rlower garden (see phot ographs).
EfTluents

Approximately 5,500 litres/nin of ef“luents are discharged into the Dejora
‘iiver through a 4-km long pipeline (coated hume pipes) of 30-cm dianeter. In
the early days the BOD level of the discharge into the river was ahout 2,000 ppm,
and there were complaints from the villagers regarding the stron: odour. ATi~r
treatment, the BOD level now is around 750-1,200 ppra. The erluent standarl
“or BOD set by the Uttar Pradesh State Tovernment is 200 ppm, and the plan.
anthorities have requested the National Environmental Eagiaeering Research
Institute (IIEERI) at Nagpur to conduct a survey and sugrest Dvacteriological
treatment or other measures to improve the quality of effluent to meet ihe Staie
standards. MDilution in the river is about 1150 in summer aad 13250 duriar~ he

rainy season., Hap 2 shows how the effluents are discharged.

Aprroximately 675 litres/min of effluent: are sent through settling pite
and 10 large lagoons into the Sanka Nulla cansl, which is a ocanal with perennial
water used for irrigation. Tha lagoons are dug in the earth in a zigsag "ashion
and each lagoon is divided into two to increase the line of flow and detention
time. There was algal growth on the surface of the water both in ithe laroons
ad in the canal (see photographs of the lagoons).
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One of the effluent-treatment lagoone with the synthetic
rubber factory in the background

The canal into which the effluents from the lagoons
are released
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average) and of the river water 200 m dowmstream is given bhelow,

Well-water analysis

Total hardness (as Caﬂoa) 55 ppm
M value 242 ppn
Chlorides 38 ppm
Silica (3102) 22 ppm
Ca hardness 40 ppn
Conductivity 495 mioromho/cm3
pH 7.8
Anglysis of effluent to the river (1974 average)
PH 5¢5 ppm
Turbidity 150 ppm
Total solids 2,865 ppm
Chloroform extractables 194 ppm
Total dissolved solids 2,442 ppm
Chloride (as NaCl) 1,208 ppm
Total hardness (as Cd}03) 431 ppn
Calcium hardness (as Cwoa) 161 ppm
Conductivity 2,855 r\'cicx‘omho/om3
BOD at 20°C for 5 days 75 = 1,200 max,
COD 200 ppm
(*] v te sis m _downstream from
disch oint on 25 Feb 1
pH 8.6
Carbonates (as CaCOJ) 62 ppm
Bicarbonates 306 ppm
Total alkalinity 368 ppm
002 Nil
Dissolved oxygen 5.3 ppm
cop

54 ppm

A typical well~-water analysis of the effluent to the Dejora River (1974
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30lid woste

Tre main itens of golid waste are soda ash from the water-goftrqin- nlant
21t the sahetandard crumb "rom th~ ribher production, The soda aali i, nsed as
fad "i11. @0y experience in the Factory estate, the anda ash has hee1 foaal
inhae a salntary effent an ~lant mowth. The waste ~rumb ig nged ag laal-

111 or 301d Tor next to nolhing,

cegonrece ut dlization

There are 5 weilg in all, each 103 n decp awl capale 07 aiving 2,050
litrea/iin,  our wells are required “or the "n11 sapacity o~ 30,000 t/a or SAR ;
production using approximately 18 million litrea/d of water. One fourth of this |
quantity goes to the boiler, one fourth to cooling water make-up and the remaining
half goes for other purposes, including processing, Pigure VI gives a block
diagram of the water balance using 1,836 gnl (8,267 litres)/min from the wells
for current production,

The coal-"ired hoilers conswie 150 t/1 o0~ coal, or 135,000 t/a. Other

ray materials ~conaumed aret

Alcohol (litres/a) 54 million
Bengene (t/a) » million
Lime (1/a) 700
Disproportionated resin

from pine trees (t/a) 1 thousand

Highly aromalic extender
oil (t/a) 3.5 thousand

*Piltrol* (activated Dehydration of ethyl alcohol

clay) 49.8 to ethylena

*Shell 105" (iron oxide) 12 Dehydre*ion of athylbensene
to styrene

"Piltross” (copper and 24 fonversion of alnohol to

ahromiunm coated on inert acataldehyde

matorial)

Tantalum pentoxide 32-48 Conversion of alcohol and
acetaldehyde mixture to
butadiene

Parapethane hydroperoxide 50 Initiation of

pnp) (a) Cgld polymerimation at
Initiator) 5°C 0. styrene and
butadiene;

(v) Mot polymerisation at 5o°c
with small quantity of
potassiu~ phosphate
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T, [EIE T R R re 'iis{‘"‘"pi ne 1A ?,)]];)wsg ”fﬁiltro]" and "Shﬂ]l 105" are
firped as "20d7i1l, "Piltrose” and tantalum pentoxide are preserved in drums,

dork in prn--egs for reclaimine tantalum pentoxide is particularly expensive.

S0 2abicaa’ logae la

Avardia - 0 the 014 aq) N Firer, theee vere nn ncepatinnal diseaanrs except
Vo ash s T Hepaal it ceanltiae Teom contact with acetaldehyde, Regular
Fort =m0 those o cvie it sontanct With Lenzeae is required by law, and a
“ri=ree of gurh persors is maintained, Those enplayed in sandhlasting and

T =aiatin s anerations are alsn cxanined periodically.

hatiins of acpylonitrile motomer in the manu”acture of nitrile rubber on
a ritaf=nlant scale is an area of poteatial danger, and the pilot-plant efluent

s isolated, treated with chlorine and diluted prior t) discharge,

There i3 a simiinant anount of ~hall dust in Lhe air where rubher is
vatadg 21l the men in the sention are constaitly inhaling the chalk in the
“tfinc 3entinn,  In other areas hot fumes and ammonia, whirh can rause respiratory
‘mmibles, are quite strong.  The sandb.asting section, where pipes are sandblasted
brare heing: ~oated, also presents a notential danger to the health of tlie workers,

fias masks are oprovided, hut a8 in rany industries, they are seldom used,
) ’ ) ’ Al

§ocigl and econogic ef{ocn

Sonial effects

The rartory was established in 1961 on a stretch of waste land in the middle
27 the sugar-cane growing areas. The place was supposed to be an old battlefield
and of some historic importance., Tha team was told that in 1961 not even a cup
of tea was available in the area, Today the quiet agricultural village is humming

with activity,

‘hen the factory atarted operation, no skilled labour was available. Workers
had only agricultural experience, but they were capable of being trained, whioh
the factory undertook to do. At present the factory employs 1,570 workers.

Yearly wages amount to Rs 10 million (31.3 million)

A housing coloay has heen established providing accommedation for 220 em-
ployees, mostly supervisory staff, who pay subsidised rent. The housing colomy
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is well laid out, and facilities provided include swimming pool, tennis courts,
club-house and schools. About 400 workers live in the village nearby and corie
to the factiory walking or on bisycles. Those who live in villages receive a
hicycle allowance, Two hundred workers live about six wiles away from the
factory, i.,e. abou! half way towards Bareilly, in a ~overnment housing colony
and 750 1live in Bareilly itself, Free transport is provided from Bareilly and

tne government housing colony,

Management takes special interest in safety precautions inside the factory,
and the factory won a national safety award in 1973 for the loiest accident

rate in the chemical industry and longest accident — ree period,

The factory has a mediral centre with a full-tinme doctor in charge. Addi-

tional staff consists of one ward boy per shift,

Ancillary industries bave been encouraged to spring un in the locality,
They make and supply even sophisticated equipment for the factory, like control
valves and diaphragms, Equipment and spares, which were previously imported,
ars produced in the faciory!s workshon,

Esonomics of production

PPor many years the company made no pro”it., ‘There were many reasons for
this. In the first few years the derand for SBR was insufficient to keen the
plant running at 11l capacity. India was importin; aatural rubber “ron ilalaysia
to meet the sap between its requirement and its own produstion of natural runber,
The tire manufacturers were not kecn on switchins to SBR, but the Governmeat
made it obligatory for them to use a certain percentage of S3R if they wished
to obtain licences to import additional natural rubber. The price of 38R, which
was "ixed by the Government, was hisher than that of natural rubber on account
of the high cost o” alcohol result ing from an extra levy placed on it by the
Uttar Pradesh Government,

The company's investment in 1972 was 115,92 million,and the annual sales
volume was valued at %14.1 million, Underutilization of installed canacity -
production was about 70 per cent of the installed oapacity of 30,000 t/a - was
due to a shortage o coal aad raw materials like henzene besides labour troubles
in recent years, I.n 1973, the year for which the annual report of the company

was available, the company's workers went on strike Tor 17 days.




The company’s appeal to the Government to increase the controlled price
07 3BR did not neet with :much success; the Government has referred the question
2% a rompreheasive review of the price stcucture o gynthetisc rubber to the

Tari®f Nommission,

The total coct o all antinollution measures dnes not amount t0 nore than
P per ceat 0° the tobal onerational ~nsts. This includes nost o° chemicals,
T2bour and enerzy #or yater and o fluent treatment and alaso the cost o™ the

sedical ~entre,

=xpansion anl diversi“ication nlans

The company has plans to expand, the implementation of which will, of
course, depend on (a) availability of raw materials and the demand for SBR,
taling into account the requirements to meet the projected demand for tiress
and (b) the ambitious programne of the natural rubber industry to double its
production by 1980,

The company has a licence to manufacture 2,000 tons of nitrile rubbdber.
Construction of a pilot plant has heen completed and pilot production has begun,
A pilot plant for nitrile polymers (ABS plntica) is nearing completion and
trial runs are expected to commence shortly. The know=how for nitrile rubber
and nitrile polymers is based on the process developed at the National Chemical
Laboratory, Poona, and the Sri Ram Inst itute for Industrial Research, New Delhi,

The company has also plans to diversify into the manufaoture of steel cord

and textile-reinforced and solid PWC conveyor belting,
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III. PRODICTION OF SYNTHETIC RUBBER: PIANT AT HYTIE, THITED ¥ INGDON

Backrround

The com chosen for the study is the lar~esi nroducer of syntheiie puhhe:s
i L ()

in the United Kingdom of Great Britain and Norihern Ir~tand.

By the end of the Second World War, synthetic rubber had established a rlace

“or itgelf within the rubber industry, but the United <inecdon did noi have
rroduciion facilities. Imports of aynthetic rubher rose Ffrom 2,773 tons in
VilT to 20,454 tons in 1955. OF the lattrr figure, about 14,000 tons were SRK.
The sitnation in the industry vas beconing difficult, since the country lacled
the dollars to pay for imports. No single manufacturer of tires or general
rubber goods could afford a captive plant., In November 1955, the company was
formed by a consortium of manufacturers of tires and Zeneral rubher goods. In
October 1958, the plant was officially opened on a 54-acre plot at Hythe near
Southampton and well within proximity of the Southampton estuary of the rivers
Itchen and Test., It employed 400 persons and had a capacity of 70,000 t/a.
Installation cost 8$12.5 million. It was estimated that the plant would save

the country $25 million in foreign exchange annually,

The plant is part of an industrial complex that houses the second largest
refinery in Burope of a leading oil company. The relinery provides one fourth
of the United Kingdom's petroleum, Nearly 50 per cent of the oil company's
investment is in chemical feedstocks to make raw materials for the rubber,
plastics, textile and chemical industries. This company produces 44,000 t/a
of butyl rubber, used mainly for inner tubes, and is thus the largest producer
of butyl rubber in Burope. Other plants in the oomplex produce polyethylene;
organic chemioals; and liquefied air, hydrogen, nitrogen and oxygen.

The major factor contributing to the selection of the site for the synthetic
rubber plant was proximity and easy acoess to the monomer source. The plant is
strategically situated less than a rmile from the oil refinery, which provides
the butadiene monomer and the raw materials for in-house styrene production.

A deep-water point had to be gelected to facilitate the use of tankers. Besides,
a plant of this sise needs daily approximately 50 million litres of water for
cooling purposes and about 5 million litres for processing. The cooling water

is drawn from the sea and the process water from the rivers. The waste water
after treatment is discharged into the sea.
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Doscoiiption o proceas and nrad ction

Lo 3t e sg oom and in the 1iv9id form asg hi~h solids latex

P Ab e s ea e s et eed af he Prtlie »lant, Total productic

LR GP oo e T 0 b 3 anall ‘raction, 30,000 tons, consists
A aad e s Yt ces. The utadieie mononer is obiained fron the

Al oveing ceCier e b pipelines and the strrene mononer is manufact ured
itre The 5% is srodeoed 27 the amlsion polymerization process,

:

SUovenae Ly oaantTact aped Croq et hylene and benzene throsh tlie intermediate
oot enbeine etk 1henzeane,  This is loae by the alkylator reaction in

1

Cerennane o0 goegtad et Binylhenzene is thereafter dehydrogenated by passing
retoat bich temneraiare producing slyrene and hyrdrogen. Styrene
iz vl fled and senaraied b vacmys d1slillation, and the hydrogen iz bhirnt off,

ciree 30 e not congidered acononical o purify aad collect the as,

Trralsion nolraecization is uo e “requently adopted for the produstion of
SO Ehan othier nethods, althoush a substantial amount is made by solution
wlrarrcization, which allous the structure of the individual molecules to be
1wre ~loselr contenlled and thus vives different properties to those of emulsion
SBR. In the emulsion pnlvmerization process, soap solution, catalyst, activator
and modilier are added to the mixture of styrenr and butadiene before it goes
into Lhe polymerigation reactors. The catalyst used is a hydroperoxide, The
solutions are made with water from the Avon River after purification. The plant

nses the cold polynerization process at SOC, which is an improvement over the

hot process used rormerly,

The emulsion with the monomers and the additives is cooled before it ie
passed into the reactors by an ammonia refrigerant cooling medium, whioh is
chilled brine. The polymerisation reaction is carried to 60 per cent conversiea
of monomer to rubber. Beyond this stage the rate of reaction falls of f, and the
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Titites o the neadoet bering to Aceteriorate, The vesulting mixture is a milky
viitte emilaion ~alload latex, At this stase "short stop" solution is added to

the latex to stop the nolinerization,

Recavery o the iareacted noaomers ia eassential to the economie nrodiet 4on

»® gynihetis rahher, Butadiene, having a lower boiling point than styrene, is

r)C and the vapours

“irst atrirped “rom the latex in a vacum "lash tan at 970-3?
rounressad and ~ondensed inlo a receiver, A snall quantity o water collects

i1 the receiver, whirh is discharsed neriodically. Siyrene ia recnierad by st ean
injection in perrorated plate stripming colurng at apnroximately ’»OOC,thn reaulti
stear-styreae nixture beiny condensed and seal Lo a reseiver, The Lop laver

0 slyrene is decanted and vecrnledy and the hotton layer of water, whirch con-
tains soue stirene, is discherged. Duoher golids peritdically foul both the
varnun and siean strippers,and they have 1o be renoved by hand and then by

stean or water jets, Besides pultin-~ the sirippers out of commission, this

nperation prodnces large quantities of waste water,

A™er addilion of an antinxidant to stabilize it, the latex 1is pumped
into the coaymlation tanks, vhere dilute sulphuric acid and brine are added
to roasulate the rubher pariicles. The coagulated crunmbh is geparated from the
licuid in a sha'-er screen, It is "urther resuspended and washed in the water
in another tank, after wiich it is dewatered using a vacuum "ilter and dried in
the hot air on a continuous belt, ATter drying, the rubber is weished and
vressed into hales ol 0 k> each, wrapped in polyet hylene film and stored,

ready Tor shinment.

Jome " the solid SBR is prepared as oil-extended grade by the addition of
over 30 ner cent of oil to the latex hefore it is coagulated into solid rubber.
The addition of oil imparts processing qualities that make it particularly

acceptable to certain rubber-manufacturing industries.

Emulsion polymerization is also used for producing SBR latex in this plant
'rith the same processing steps as for crumb production with the exception of
latex coagulation, rinsing, drying and baling. About 10 per cent of all the
SBR prodnced is marketed as latex and used for such purposes as dipping of fabric

for tire manufacture, carpet backing, paper coating or latex foam. It is in-
creasingly being used in adhesives and has a potential use in improving asphalt
and stabilizing soil.
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Tlart 01 e eqri roamen
™ n Lean invegl i -al ad rariong agnes’n a7 the natyeal envivonsail 10 azzess
‘'~ e TTertyg an tne entiroameat o0 Y, Hrthe sthet 1o o0shes nlgns | fana pos-

sible, data were collected from the manufacturer, local and State officials,
and from previous reports. Although some 0" the necessary data were lacking
or not obtainable within the time alloted, with the data available the atmos-

oheric emissions, hydrologic discharges and solid-waste disposal could be evaluated,

Jriteg o sollutiog

Caseous eniisginags

The priacinal emissions to the at mosnhere “ror a gynthetins rubber plan
typically originate "rom the rospil *ue! uged to provide power services, stean
Generation and fuel gas. The plant at Hythe uses 2 Hoilers, each 0" vhish enits
sases containing S0, CO and the like. The only antipollution measure emnloved
Lo control these po]ﬁlufants is {o have hoiler stans of a certain heisbt. The
stacl” heisht o” 67 m, established ia 1262, helps to disperse the atmogpheri~
emissions, vhich minimizes the effect of the pollutants on the surroundin~ area.
In addition, the "nel is e ficientl: “Hurned ‘or siear generation; its sulnhur

sontent is about 2 per cent.

Butadiene and styrene vapours escape during the strinping o" the partially
polynerized latex. The odour of ihege monomers perm~ates the nlant area. However,
1o data exist on the concentraiion of these rollutants and vhether they pose
any health hasard., Wor example, styrene vapours can hecome hazardous in confined
arcas. At the very least these vapours inflict an unpleasgnt odour on the plant
worrers and the neighbouring residents.

B fore the monomers are polymerized, the emulsion 18 cooled by an amnmonia
refrizerant. The odour o" ammonia was detectahle in this area, but the level
07 the sas within the area was not tested. Published reports indicate that the
maximum level of ammonia permitted within a closed area is about 70 mg/m3 of
atr, Tt is recommended that a few tests be conducted in this area to deternine

vhether the ammonia level is such as to warrant further action.

Occasionally certain hasardous vapours are relsased because of improper
handling. Such gases as sthylene, used in the production of styrene, and
hydroquinone, employed during the short—etop phase, can have deleterious e~fects
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T Iaens

3y Tar ibe nast si-mi Cicant llution raised 'y the s:nthetin ruhher industry
is ‘ater oolluiinn, iastae—rgtenr contaminants from the manufacturing process
innlade a=uvy ~esidue, snent covnlrs’s, nreanted monomers and enulsi Sring
arents, Thege ~nllutaats create hich ronceatratione of suspenued soiids, and

71 300 and 00D, Mo assese accire’ ely the e"%ent 0° the wagte-a,er e""luent,

the folioins pa'llution pacameters ghapld o nonitoreds 30D, susnended so'ids,
PHy COD aad oil aad rrease. Tear netals, aranides aad phennls are not “nuad

in sigri“icant ~mantities *o0 degeree nonitorins. At the Iythe nlant, ihree of
the ahove -arameters are continams’: heing tested - BOD, suspended solids and pHe.
Je"ore lhe e luents »eank the sea; the BOD concentration has been reduced to
less ‘han 20 pomy the sonnentralion of suspended solids is ahnut 0 ppri, and

‘e nl' is “ent within the renge of 50,

Jurine: emu'sion crunh nroduct ion, various types o° waste water are oroduced
at di“ferent process vhases, Thege 2""luents are ultimately passed to the
treatnent facilitv, At the Hythe plant, hoth styrene and hutadiene monomers
are stored in small tanl Farms. To stop excessive apills ~ron enterin~ directly
into the ef~luent syst em, these areas have been adequaiely di%ed. 3Be“ore the
butadiene is ~omhined with tre styrene Tor pol;merization, it is nassed through
a caustic soda solution 1o remove an;” inhibitore added during storaze., The
spent canstic soda solution, higsh in PH and coleur, is passed directly into the
effluent drain, The flow into the efTluent drain from this source is extremely

low., Before entering the nelymerization reactors, the momomer mixture is combined
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2ressia® has a iniaal e”"ect on the siream and its innediate el 0as,

{a the enld polynerization process, the nonnmer emulsion is cooled with
3ea water teore it enters tle reactors. Thiz ~onling water is also erployed
"ororefrizeration at the recovery area., The daily volume used is about /5 million
iitres. The roolins water is cowbined with the non-saline water discharged at
ihe ireatneat Mfacility and passed into the estuary at a slichtly hizher temperature.
Since the {emperatare of the effluent is only a few degrees above the initial

intale temperature, thermal e~"ects on the estuar;’ are minimal.,

Durin: the steam stripping phase, the unreacted monomers are recovered.
!aste waler from this process is laden with partiall; reacted monomers in the
srr of dissolved and separable orgarics. The water is passed into a rrumd pit,
wlere the separable organics form a floating top layer. This layer is ekimmed
0ff and collected, while the lower, clarified layer ie passed through the effluent

irain to the treatment facility.

The latex is passed into a blend tank, where it undergces coagulation with
the addition of a coagulation liquor. 0il may be added to form an extended
variety of rubber. The coagulated crumb is separated from the coagulation :
liquor, Part o the latter is recycled; and the overflow portion, consisting
of used acids, dissolved organics and suspended and dissolved molids, is passed
to a crumb pit. Here the floatable crumb rubber is separated and coliected while
the underflow is discharged into the effluent drain.

The process crumb is rinsed and dewatered. A portion of the rinse water
is recycled while the overflow is passed to the same crumb pit as coagulation
overflow. The rinse-water overflow is higlh in suspended and dissolved solids
and dissolved organics. The Hythe plant contains only one pit for the stripping
phase and only one pit for the coagulation liquor and crumb-rinse overflow.
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Barh erevh o1t shenld have a dual unit tn easure that proper crumo separation

shall “e achieved durine~ enercencies and nit ounit cleanin~ operations.,

The ajos area o wasgte disposal oe~yrg during three phases of the synthetic
rihbar nroressr onome- recoveryr, coagulatini-ltirquor overfloy and crumb-rinse
2oertlove Diner waste water ig renerated whea the equipment is cleaned and the
area washed vhere Jarce qiantiries o uncna:malated latex and suspended and
1s30lved solids and 0rtanics are senerated. All of the waste water, laden

vith ~ontami 8y is passed tn the treatment facilities,

ment facilitr at the Hyithe plant consists of a rotaling ecircular

tan’ vhere lime and a'lm ave added to cause coagulation of the suspended
8 and 10 neatralize the acid nature of the effiuent. The waste water is
subsequent 1y nagsed to three sett lin lagoons, where “urther coagulation occurs
betore the aste waler ig combined with the sea-water coolant and passed into
the estuar -, Plocrulating agents such as alun used in this treatment process
nreate a bhu by disnosal product. Prom the existing data, it can be seen that

the plant's treatment facility has little difficulty in meeting the standards
required by the local water authority, which are as follows:

Less than 20 ng/litre of BOD

Less than 30 n{:/litre of suspended solids

A pH range of 5-0

Turther wiological treatment is not necessary because the fresh-water
effluent is combined with the saline cooling-water disoharge so thatthe enc-of-
the-pine standards ~an be readily met. (If the plant were locited further inland
discharging into a stream, then further treatment would be necessary.) There
is no evidence that the synthetic rubber plant at Hythe is significantly polluting
the estuary because the volume of the eflluent is esmall compared with the volume
of sea water contaiiled in the estuary. The nearest water-testing point is
0.5 mile from the effluent pipe. In general, the estuary appears not to have
been affecter. by any of the plants in the industrial complex. The fisheries
0.er the past “ew years have improved for &-lmon, oysters, clams and other

estuarine fauna.

Solid waste

Solid waste originates from the crumb pits and the treatment facility.
It consists of off-grade rubber materials that cannot be recyoled and spent
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atelvals,  Other wyastes orisinate “rom the normal reuse developed in indus? rial
weafse  Approximately 1 per rent o0 the tofal prodartion is recovered as solid-—
cwttie vubbers Of this amount, 20 wer rcent is sold “or use in low-grade rabhep
cootuele sueh as toys,and the rest is disposed o7 in areas of Jand reclaaalion
mter ihe authnrization 97 1he locnl conitt; ~omeil,  Substances found in the

sotid raste ave esseatinlly noa-toxic and pose no nollution nroblen,

Noise

doise in a synthetic rubher plant oririnates from the numerous driers,
mwins, motors, “urnace burners and air-coolers. At Lhe Iythe plant, the noise
level i hichest in the Tinishin: area, vhere the rubber is dried and haled.
In thi~ area oral communication is virtually impossible. Conveyance of energsency
insiruction would he severely impaired. Data obtained From the mana;ement
iwdirate that the noise level in this are. never execeeds 34 decihels and thal
10 lanl worker is subjected to long-term exposure. This noise level is Just
holotr the penerally accepted limlit o 90 decibels. Therefore, little if any
dama;ce to the hearing of the plant worker is likely to oceur. Alterations in
the desim in the Tinishing area could reduce the "10ise level and thereby
“arililate aral ~ommunication., Outside the plant, the noise diminishes rapidly

and noses no problen to the neighbouring residents,

Ef"ect on ecology

Before the synthetic rubber plant was oonstructed, the vegetation of the area
~onsislted of a non-coniferous forest of oal, elm and other hardwoods interspersed
with small patches of heath, moo» and pasture land. After construction this
continous area of forest and nesture was in part destroyed, leaving isolated
areas of vegetation. In certain instances a sufficient number of trees remained
to maintain forest production, for sxample, the small grove of trees located
bclween the estuary and the north-—eastern boundary of the plant site. 1In other
instances there is evidence that certain isolated groves contain too few species
lo maintain production. In these areas, the trees are subjected to over-exposure

of wind and sunlight and are not likely to survive,
The wild 1ife in the area has been affected by the alteration of the
vegetation. Habitats for the larger fauna, such as deer, were disrupted largely

because of increases in development. The wild life that does remain consists




T thone gperies uore adaptable to suall natches o7 forest. and heath. This
fauaa iaclades Foxes, rabhits, s'mirrels, and «unerous bird species, "Wild"

coates Crhaboace aciually ovmed Uy iadividnals are seen rrazins in the area

As a beneficial effest, the synthetic rubber plant has served to isolate
~ertain areas of fauna and flora from further development and the intrusion of
the teneral public, Although the plant has altered the vegetation and wild-life
areas, its impact has been diminished owing to the location of the New Forest,
a 8,000-acre wild=life preserve, only a few miles away. The deer, for example,

have movel into this area,

Fariae 1ife does aot seen to have been a’“ected in snite of the "act that
fhe ce’ianrs alone uses 450,000 lit“os/n'n o” sea water “or cooling purposes.,
darmt e luents "ron the iadusiy seen to have a gsalutory effect on Tish life,

aal the sAlmoa cat~l ia the Test Estuary is considered tn e one of the nest,

The largesl oysier %el in the country exisis close to the Pawley power
statloa. ‘he refinery, uhich uses large quantities o sea water “or nooling
Darposes, nas not a"fented the growth of dysters. They are “ound to setile
setter i ihe area in spite o the heat and tne chlorination o™ some o7 the

vater, An ovster-nollection comrany is located hehind the nover station,

30il rconszervation

frile grathetic rubber nanufacture Tron rfossil oils is a drain on the non~
renevable resources, it is heartenin: to Tind that the Research and Development
Departmeat in the nlant has developed a process that can significantly contri-
bute to man's fight against wind erosion. A series of succesful experiments
in soil slabilization was carried eut in the sand dunes o7 England and in the
deserts o” the Niddie Basl, It is claimed that sand spraved with a nixture
0" nineral oil and synthetic latex, whioh dries as a thin rubver film, protects
the sand azainst erosion v vind or water long enough to enable holding crops
t> be yrovm. The company's pnroduct, it is claimed, meets the requirements o th
the main sectors where restoration of vegetative cover in the form of g£rass or
crop is required. It is alse claimed that the materials used are in no way todﬁ
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2.1 »lainets on thoge vorkin:s in the siyrene plant,

o reapiratory diTfisnlties sansed by alr ncllutioa or %y the Fi 01 odour
0T e nomoners viere renorted., There was no report of ay danase causcd iy

ev~e3s5ive noise.

The Imiernational Institute o~ Syn*hetic Rubber Producers is atudying the

=" ects 07 all gubstances used in the synthetic rubber industry,

iene "its to the econory

The synthetic rubber industry in the United Kingdom is making a substantial
contributicn to the country's economy in the following wayss

(a) ™e United Kingdom no longer depends on imports of synthetic rubber,
It has been estimated that at the 1970 rate of consumption the country will
save annually $50 million;

(b) British rubber goods manufacturers have been provided with materials
of high quality at economic prices that have enabled the manufacturers to enter
competitive export markets and thus to increase the country's exports;




(~) Thare has heen a thriving export trade in raw syntheti: rubbers
themgelves, ta abont 30 countries, but exports may gradually dwindle in the
future as ran. 9f the countries establish their own synthetic rubber plants,

Lol 3 a7 apsdetion

The clav bas bhad A phensoeial ceowth in arotuction, Trom a noainal canacity

TG00 A in 8 44 310,000 t /a in /70, dacludiae AB3, speciality latice

Al 5.0 vens tonoiers, Vhe nenocress achieved Uy tle H:the plant is showm by the
) i Ciovieess Yearly
Year Jdaterials (t! mcilt{o ]
1353 SBR (solid and late:x) 50
>0 5727 (s30lid and latex) 90
1752 S8 (30111 and lalex) 100
1058 S312 (anlid and lates) 130
1007 5 (901id and latex) 130
Sty ene nononer 60
170 SBR (#8olicd and latex) 180
3L rene mononer 60
A"S ~ud spenialily latines o
1971 /7> SR (s01id and latex) 220
ABS and speciality latices 30

Sty rene monomer 60

In the Tirst rull year ol ncoduction up to the end o 1059, the conpany
made an after-tax profit o7 $308,000 which could be considered a oreditable

achievement,

A new plant was opened by the company at Grangemouth, Scotland, at the
end of 1253 for the manufacture o~ polybutadiene rubher. This plant has steadily
increased its production from 10,000 t/l to 140,000 t/l of solution polymer,
In 1250, the conpany nrodnced 70,000 tons of styrene noinorner by buying a plant
on-gtream at Hythe, For a nlant that uses siyrena as a raw material "or its

produsts, thia vas a sound venturs.

In 1972, the nompany, in u joint venture with snother company, started
production o" Mirnace carhcn black in a plant at Crangemouth, with a capaoity of
30,000 t/a. The main rurpose of this was to supnly the tire companies with




carbon black masier batches with Lhe solntion 832 memTactured at Grangemouth,
The seneral <ierr, however, is that the carbon black naster hat-hes have nol,

eally caught non with the tira nani®acturers.

The SBR indusiry ia the Uaited Yingdon has hecone hishly conpetiiive, siace
it {9 b ject to a tarif? on hutndiene importa about three times hisher than

that of its rivals in Burope. But the nompany has a flexibility of structure
1l ability to adapt to changing patte-ns o demand.




IVe ™CONOIIC ASPTTS 07 AG12AT, AD SOPVETIC MUBYRR PRODIRTION

Pl o T e e i it ioa aad Y el nalin - prires 0" ray materials,
At et e Cas U e ey Lo oy ntg e widneaiive coglg ol nroducing natural
niloar o e i pubbers Uectoin ceneralizalionns e iiouever, 5953sible and they

are e Tela,

Snst T Hreodoetion

Sinca the aradnetion o aalnenl pvier ig i i1 labour intensive, one o
e Tavooass cannoneats i spaluciion ~ogi is fhe Tahonr costs this cost
Paverery Tie ahgtaatially celiced Woianreasing s Lhe vield ner helare,

Firdies o7 the major g atletina ' her orodaction ia produnias countries
o7 the woeld have shotm that ilie rogl o ca naverials, over which the synthetin
e dadasioer hiag ao eonteol, acrowtl Cor aver {0 e~ cent of the total cost

A7 prodaetion v 9IR.

e ialoun cconanmic size 27 a1 SR nlant ia developed countrircs is said

L0 e 10,000 t/n_. e aro~based SBR plant in India, vith an installed capacity

b

0" 70,000 1/:;, As el yith aa investioent o 0 million,  The investient per

P01y 1,730, i "ar abowve Lhat of an averase 381 plant in a developed country,

k]
vhish bag been cenorted as “500, The iean was Aol able to obtaia a sorrespondiag

Lerwee Cor a@ineal ruhber sroduetion in India pecause of the large awiber of small
srall holdin 'g, the di-Terence 123 land prices "or large and small holdinos,

™y

anbalao "luctnations o7 land prices in difrerent areas, lHowever, even a small

aatieal pobhe r orodnction “acility yith an annual yield of as little as one ton

.

e tene 1a ecoomie,
Erinlo.ient potential

A comarison 97 the emnloritent notential o7 lhe three types of production

sbadied i3 ivea in the “ollowin tables

Toun 07 wihher Worl erg Out put Ho. of workers/
(number) ‘t[ﬁ[ 1,000 tons

ilatural ruter (19723) 150,000 122,000 1,219
53y aeo-vased, India, 177% 1,570 21,000 75
38R, petrochemical-orsed

Y, 1071/70 150 250,0003/ 1.8

2/ Inclides 0,000 tons o° ASS amd apeciality latices but ex:iudes 60,000
Loas o styreae aononer.
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V. MANUFACTURE OF RUBBER PRODUCTS I INDIA

Within the comparatively short period of 25 rears, the Indian ruober
industry has become one cof the major industries in India. Besides produciar
practically the entire requirement of the country “or autoroovile tires and tubes,
binrele tires and tubes, tread rubber, foot-wear, conveyer btelting, V aad "an
belis and miscellaneous rubber zoods, it has developed a large export market.
Tt is estimated that there are nearly 2,000 rubber “actories - large, medium-
sized and small - spread over the country employing about 150,000 persons. The
sruntry today ranks as the tenth largest country mal’ins rubber products. The
“ollewinz “i~ures Tor conswwntion of natural, synthetic and reclaimed rubver
for the last 10 years show a stead; growth rate resnltin- in almost a doublin-

77 the consumption during the period:

Consumption

Year (ton!l
1963/64 81,096
1964/65 85,711
1965/66 95,092
1966/67 103,190
1967/68 109, 704
1968/69 128,022
1969/70 130,734
1970/T1 134,745
19711/72 149,435
1972/73 151,507

Products manufgotured
Automob113 tji-es gnd tuves

Automobile tires and tubes accaunt for 50-55 per cent of the total rubber
consumed in the country. There are at present seven companies with nine “actories
ma.ufacturing these products. The increase in production during the period

1966-1972 is shown below.
Production of tires

Your (number)
1966 2,580,553
1967 2,705,739
1968 3,438, 351
1969 4,015,014 ‘,
1970 4,040, 946
im 4,659,129

1972 4,918,218
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The demand for tires and tubes is expected to double during the period
1974=-177", and the Government has issued licenoes to a number of new units
besides siving expansion permits to the existins companies, It is anticipated
that the country will have a 'icensed capacit’ o” 1] million :ires by 1979, bdut
in vierr 07 the 2il rrisis and the drop in demand “or tires that has set in
recentivz, sne cannot “orenast acrurately how much of the licensed capacity will

be atilized,

Bizyc'e tircg and tuhes

India is one 07 the largest produsers of birycle tires and tubes in the
world,  There are 20 large units and about 20 small units producing them, The
preseat production o bicyecle tires and tubes is estimated to oe about 315 million

pieces, and the demand is expected to reach 60 million by 1979.

Carelback (tread rubber)

The third rubber product manutactured on a lar: e scale is camelback, or
tread ruober, used for retreading of old tires; output is approximately
20,000 t/a. With the hich cost o” nev tires, production is expected to double

by 1975,

Misceilaneous rubber goods

While the above three major items account for 65 per cent by weight of the
total rubber goods production, a wide range ol miscellaneous rubher goods
account "or the remaining 35 per cent. An estimated breakdown of these products

is given below (percentage):

Rubber and canvas foot-wear 11.7
Belting 4.2
Latex foam and dipped rubber goods 4.5
Hoses 2.9
Cables 0.9
Waterproof fabrics 0.5
Battery boxes 0.9
Ebonite 0.2
Miscellaneous 9.2
———
35.0

There are well over 1,700 units manufacturing these products, the total
output of which is valued at Ks 1,200 million (8160 million),
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Tire Tfactory Ho., 1 Ladras area

The tire factory at Ambattur ient into production in 1759, At thal 1ire
India's production of tires “r11 “ar shart »° demand, The antiripated deaal
“or trucks, cars and bicynles in the Second Five-Year Plan nag exnentod [n e
"he shortage more acute, and this prompted 1he derision {1 open a ne Jact ory

war Madras to serve the needs of Seuth India, vhich had no larie tire nbory,

In 1955, the search began for a suitable site “or the ractory.  The =inst
inportant consideration was the availability of an adecuate suppls o” vnle..
The nompany sourht the assistance of the Geologiral Survey of India, and
Ambattwr, a village with many high-yielding wells located 16 ¥m “rom Madras, was
s« lerteds There were also rail and road facilities adjacent to the site selected.
Uther factors such as availability of labour and scope for future expansion were

also taken into account, Map 4 shows the location of the factory.

The project, including land, buildings and plant, cost approximately
e 25 million ($3.3 million). Trueck tires, bicycle tires and camelhack rormed
the initial range of products of the factory. The e¢nipment installed was n”
the most ..odern design. Today, in addition to the original lines o7 production,
'he factory produces tires for cars, motor cycles, nopeds and tanks, as well
as inner tubes for trucks and bicycles and alao accessories like vuleanizing;
and rubber solutions and bicycle rims. The company” has invested an additional
sum of Rs 100 million ($13.2 million) in the various expansion prosoramnes
undertaken, Employing initially about 600, the factory today employs 2,750

persons,

The produotion oapacity is as follows (number except for camelback):

Automotive tires (truck, car and scooter) 901, 700
Bicycle tires 6,090,000
Automotive tubes 510,000
Bicycle tubes 5, 336,000
Camelback (kg) 600,000
Bicycle rime 760, 000

Nanufacture of tires

Tire manufacturers produce many types of tires designed for a variety of
vehicles, which indlude passenger oars, trucks (buses and lorries), farm tractors
and aircraft. Selection of the rubber and compounding materials and the

anita Redmmede?
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Map 4. Location of tire factory No.!, Madras
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nroportion of the materials in a tire will vary accordines to its type. Basically
“he tire consigts of four parts= the tread, the sidewalls, the ~asin~ and ihe
ceads.  Each part has different service requirements and requires a dif‘erent
nraportion o the rav materials. Tor example, long lil'e and ood trantion are
e requireneats of the tread, whereas a high degree of lexibility is the
cequirement of the sidewalls. The hasin compound used Tor lires congists of
1alural and synthetic rudber, various fillers, extenders and reinforcers, cuping
~il acnelerator agenta, antioxidants and pimments. The fillers, extenders and
~einforcers are used to prodice a ;reater weicht or voliwwie and innreagse the
shrength, hardness and abrasion resistance of the final rroduct . Carboa hlack

Al mineral oll a~e the most common materials nsed.

The typical tire manufacturing process consis$s of the followinms
Compounding of the raw materials
Using the compouad in the four component s

Building, moulding and finishing

Componnding

The basis items of machinery in the compoundin; oneration arr the Banbury
ixer and the roller mill. A Banbury mixer mixes rubber and ot her ingredients
inlermally in batches acecording to aet timinss and is tne key piece of equinent
in compounding, which consiste of tuo operations. irsi, ruhber is aixed with
“illers, extenders, reinforcing agents, r lements and antiovidants into what is
tnown as stock mix. Since no cnring agents have been added, this uix has a lon;:
chelf 1i®e, and large quantities o’ a particular recine ~an he niade and stored
ror later nse, In the second ooera.ion, iLhe curing and accelerator acents are
nided; and the resulting mix, vhich Las a short shel’” 1i e avl has to he used

almost imnediately, is known as the final mix.

farbon blac: and oil are added in the rirst onnration, Carbon blac’ ia
A Cinely divided powder that is easily airborne. To avoid dispe-~sal of the
naterial in the air as well as housekeeping probleris, in :odern plants the
material is added automatically thraush Redlar conveyors. 0i) is alse added
automatically into the Banbury chamber to avoid nesgy handlins., The area is
provided with dust-extraction equivment to redice air pollution "rom carbon
black and other powders used,
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After mixing, the compound is sheeted 1n a set of roller mills, The
sheeted material 18 tacky and is usually coated with chalk in the form of .
slurry, which grevents it from sticking together during storage. Chalk in the
effluent stream, owing to spills and floor washings, is common and creates main~
tenance and waste-water problems, Leakages of 0il and water from the oil gseals
1ti the mills and i1l and dust from the dust-ring seals of the Banbury cause

further pollution problems.

The Cinal Aited consa ol iag Lo e conyerted into the “orm 0 one of the
Laal onctn 07 e dive,  Min involves seveogl narallel processes by which the
reetod onTher and other o nalarials are made into the basic tire commonenta
flee el e D oeads, and alieie poriet s, Tire heads are rubher-coated wires
Limertel in the amennatic fire at tha anint where ire meets the rim and

“hal "ix it ‘o the rin, The tire t-ead is the portion o~ the tire that meets
the cond aoefane, and its Jdesim and nomposition irpend on the use to whinh the
tice =ill Do pute The “ahris norbaets are made “ronm vuoven synthetin fabrics,
Teually rason or oy lon imremated with rubber, ~ut to the rizht size. They

“orn the Laner body of the tire and ~ive it its strength.

‘Ising Yhe r~omnound in the componentg

In 1 ke production o7 Lhe tire treads, mixel compound as received from the
conmonading senticn i3 maaually “ed into a warminag=-up roller mill, Here the
compond 15 heated and further nixed, heat heing provided by the conversion
o7 mechanical enersy from the mills. The temperature of the nills is controlled
by the nse 0’ roolins water within the mill rolls. The compound is passed
throach a “reaker mill and then through a warning mill. The warmed-up compound
hpagses on to another mill vhere il receives its final mixing and is peeled off
the rollers of the mill in thin st rips, which are fed continuously to an extruder.
The size of dies "itted to Lhe extruder depends on the size of the tread required.
The tread leaves the extruder as a continuous strip while still hot and therefore

tacky. A cushion layer of compaunded rubber is attached Lo the underside of
the tread. ‘fhere a separate compound is necessary for the sidewalls, as in most
truck lires, tvo types of compound from two different strip mills are joined
together to form the tread and the sidewalls. The tread is then cut to the
proper width, cooled in a water trough, size-stamped and then cut to the proper
length. Trimmings are transferred back to the strip-feed mill and reprocessed.
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Waste-water problems in this area are caused by oil and iater leakages
from the various mills and from accidental overflows from the cooling-water

system,

Rubber stock has to be impregnated onto a pretreated fabric for the pro-
duction of fabric pockets. The fabric is let off a roll and fed under controlled
tension through a festooner into a latex-dip tank. .fter dippinsg and when it
is still under tension, the fabric is passed through suctio: lines to remove
the excess dip and then through a drying chamber. After that, the fabric is
impregnated with rubber by passi'.g through a calendering machine. The fabric
is then cut to proper bias angle and length and spliced together., The angle
and length will depend on the size of the tire. The rubber used for impregnating
the fabric proceeds through the same operations as in the tread extruder, i.e,
the warm-up mill and the strip-feed mill.

Effluent problems in this area are caused by the latex drippings and also

by leaking of the oil and water.

In the production of beads, rubber is extruded through a small extruder onto
a series of coppe.-plated steel wires, which are then solutioned, wrapped and

cut. Effluent problems are similar to those in the tread extruding nroceas.

Building, moulding and finishing

The tire is built up as a cylindrical assembly on a collapsible rotat ing
drum. Beads and layers of fabric as required are put on the cylindrical drun,
the beads being attached to the tire by folding over the ends of the fabric.

Finally, the tire tread is placed and firmly fixed over the assembl:-.
The cylinder, which is known as the green tire, is remowed from the drum and
is ready for further processing, Before moulding, the inside o" the green tire
is painied with a water-based solution., The potential exists for spills or
let-gvers of the solution during the weekend cleaning, which cause waste—water

streams,

The tire is moulded in an automatic press. A curing bag made 0f rubver
compound is inflated inside the tire to permit the tire to take its shape.
The mould is closed over the shaped tire, and heat is applied by steam through
the mould and the bag. Excess rubber and trapped air escape throuch vent holes.,

Ater a specified time of cure when the temperature is controlled, the press
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fpeds avionaticalic, fhe Lire is renoved will the bag, the covleased water is
syphoned f'rom the bagyand the bag is removed from the tire by means of a debag-

ging machine,

The L ove comeat me vl oo mrandiag, called Jacoongtis nouldia o, rales uae
Sa Talie s tnat anacr i ¢ e apegs Jerianentl s Toe o cestais g ne oa cures

-

Teneatin- 21 the 1170 27 tia cladde s, The moslds are Gueaved itk o solation
~mtanmit g siticon afler earh ~ares andda are alsn lradied ater nocertain
|

Quie s o sneen sandsiasiing or shot s a1 "o

~

In thr moiliin: ape-g? i0a, ouin tn ihe use of sieaty the sosvia: sonditinong

are rol, oad bn Times ~ranat e Tra the mreuasas. Yhen Yiere are ian’ yresges
in o oninad nlant, there i3 alua s the heidte Tor a onid Lo iea's There is
alsn a ratiner -erota pegsinility that 4 L e RYadde- will swest.  The water
atl Sl 07 the Tubrication oil uged in the acea, 0" yhish there ig a large

a ount, can cause a water ~ontaninatio) nmovle ia the discharge.

Aer nou'ldin, the tire vroceeds to tue “iaishin: oorrations. These
incinde trimming the vent spews and grinding the uneven surfaces as necessary.

In the case of white sidewall tires, additional grinding 1is necessary.

£y

e feimiiing 07 the want sJers are tnin oylindrical pieces o ~ured »uboer,
These are ~ollesied and used for rezlained runber or hirowm away in (he scrap
Jart to Ue dispoged of with other scrap materials., The griadiacs “ron ihe tires

are relativelr snall particles and will stay in the air “or lons neriods of tinme,

A crclote Do o7 dust nollector is used to conirol these enissions.

After triamin: and grinding, a few tires nay require ninor nateching up of
the ‘wieven gu- ane, Passenger tires, particularls the 'thite sidewall tires,
are spray-naiated. Allhoush this prainting is done ia a hooded area, it causes

aone air pollution,
Firure VII 7ives a water-"loy dia;rar for a typinal iire plant,

The nrocess desnribed apnve applies to the manufacture of passenger car

tires and standard truc’ tires. Larger truck tires and "off the road" tractor
tires are cured in ~iant moulds that are not automatically cperated. Hoists
are required to open and cloge the moulds. Curing can take many hours. The
brocess variations do not have a significant difference as far as pollution

provblens are concerned,

Camelback, or tread rubber, is used for tire retreading. The process

and waste problems are the same as for tread extruding described above,
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Natulacture of inner tubes

Te y-oress "or the manufact-re of ianer tuhem is similar to that descrihed
“or tive mannfacture as far as the "ollovring steps are concerneds
Conpounding of tke mibber with other raw materials
Bxteasion of 1he compound to form a tube

Building and mouldin- to farm the "inal product

Compounding

Banhury inixers and roller nills are used and stoc' mixins and rinal mixing
o7 the compound ave done. One minor di""erence is the use ol butr1l rublers
ia inner-inbe manuracture, lrsiles, a soap sollutinn in place of the shall
slurcy is sonetimes used to coat the stock=ini ed conpound, The soan snlution
is not discharged hut used up with the compownd. E " luent problems with leak-
e8, drippings ov oily malerials anl powders are similar to those in the

compounding area of tire manutacture.

Extrusion

The proress “or extrusion is similar to the extrusion 0" the tread ‘or
tires except that the rubber is extruded into the form of a continuous cylindaer,
French chalk is spraed inside the tube as it is rformed in the extruder to keep
the insines ran sticking to each other. The tube is size-marked and passed
throash a uat er-cooline tan*, After cooling, the water is blowm orf the tube
and “rench chalk is sprayed on the outside o the tuhe. Excess powder must ue
collected in a dust collertor. Other waste problens are similur to those in

the tread-maving process Jor tires,

After cxtrnsion, the tuve is cut to length and ends spliced together,

A valve is also Fixed,

Moulding

After valve fitting, the tubes are moulded in steam-heated presses. After

movldiag the tube ig inspected and nacked ready for shipment.
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™

. "ect on the environnent

v1a tean identi®ied the "0llnuins areas as havias; potential Cor environaental

mltation and/or or health hazardss
Banbur’ and soanonad rnixine areas
Latex d nping
Ise o7 naphtha in ~ase ma“ing
Neuldiag section
T of tives and eurin hars
Sandhlagline of monlds
Tube extrrding
Camecous enissions and ef”luants
Solid wvaste

Banbury and compound mixing areas

The factory has a Redler syatenm feeding carbon black automatically into
the Banbury rhamher., The di18t-extraction system was working efficiently when
'he tean visited the factory. Bul'- handling and master hatches o carbon blan'
s1071ld he considercd, Because of the possible risks to health from the contami-
nation in the air, free milk is supplied to the workers in the mill department.

lLatex dinping

The latex dip contains formaldehyde and other cheniéals that produce very
wipleasant fumes in the area. The main nroblem is from the drippings that find
their way into the effluent streamn.

Use of naphtha in case making

Stray cases of dermatitis have been reported owing to the regular contact
o the hand with pads dipped in napthta. These cases were reported to be of
a temporary allergic nature and the wo.kers gradually become immune to the

elfects,.

Houlding section

In the moulding section the tempersture is high owing to the use of steam.
Jorking conditions are particularly uncomfortable during the suemer, 1In the

A
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3

ronstruciion o the duillding, snecial atieatio.. was iven to the ventilation

in this =waction, tatine ‘he wind direction imto account. The factory inspector
wualis engires that this is doae vhea the baildia- nlad is approved. In the
§rer eason Lue yovvers oan su”"er Tron dehrydratioa owins to excessive sweat i
Theoonct o mansceneat has veen fiviac the ynoters saline tablets during sunaer
ot az2ie 1y Tov ihe salia lost o throwsh neraniration, The saline tallets
~antaia o iowiac cearonents 10 the riochi nronoritionss calcium lactate,
potassium chloride, magnesium sulphate, sodium chloride, sodium citrate, sodium

acid phosphate and dextrose,

31731 +sae is apraed 22 the iaside o 1hie ronlds at a su™Ticiently creat

watatrre ran the coarter 5o inat a0 undesirable el’Tects seen to he produced,

The onise level ia the baming: section is hish where the curing bag is
iairodaced 119 lae reen cover Uy a nrocegs o inlation and simultaneous
nregeing oo shade in the hydraulis presses, io heariaz troubles have been
cenovled, noueers The more node-n Basonatic process here a diaphragn replace:

tne curin ey elininates inhiis noise,

Ju”fiae o7 tires aad enring bags

31"Tian 0" tires Tor minor repnairs in the Tinishing section produces rubde:
dnsiy huh o the anount ol ©alTins done is small, and the usual precautions taken
0~ usin a ‘ust-eriraction uait aad havin:s the oneraltor cover his nose with a

fine ~loth seen to e satis’acior:,

In ihe surins=bar-repaivias section, there is significant amount of buffing
arnl conger zent dvst noliation. The dust-eriraction waits have to he nore
nowerfl, and Tre vov.ers shorld vear sas nasi-s.  As ls‘ual, the -roriiers resisi
wsins ras asis and cesort 1o the nractice o7 roverias their nouth and nose
«ith a "iae cloth, The neregsity "or repairing the »ags shou’'d He elininated
1™ at al) nossible % use 0" suilanle componid. A Tter the stipulated life of

wry Lhe bhar should be seranned.

Saadhlasting o™ noulds

Sandblastiag of moulds, althouzh done in an eaclosed chamber with a zlass
vindow through vhich the operator can wvateh ‘he pro;.ess, emits 100 many sand
varticles, sone ol wvhich are hound to hHe inhaled and cause trouble in the luazs.

The Tactory has now chziaed over to shotblasting, vhich is less hazardous to

health.
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s

use of nhal¥ in tube e:7 1y, vk madunes chall dam is Lae 21, sa.nn

©10 one of ‘he 1081 meonTorialie oerations Totoo eog

211ts caa have only a limited tigalin- e "lent,  Tleriias hea'ilh aden o o
cvade 0T Ao worlers in This oneratione el gluee s Sused ae ‘geoan

~R’5ible,

Gasen s foissions avi o Nl

The lean Deie”lr weat thryous the aceas o° polinion inside Le ooiom,

e wolier 17 this faniory is 7i'-"ired, and the height of the chimney ensures

zat the snole is -~elgagsed awa; “ron the ‘aniorlr area,

The Tacioryr's averase daily consuiniiog o7 Ay walier ig approsinaiel,
00,000 callons (2,700,000 litres),

The plant has an e“flient-‘reatnent @z well as sovas et

o which approximately Re 500,000 (§66,000) is spent yearly.

teatrieny systen

The e”"laehts are cnllected inin two larce lans, one of which is used for
ireatment w1ile the other receives the e"“luents in alternation., 1n this tank
the e”"luent is treated with alum al a concentration o° 0.5-1 l:;j/l,OOO litres,
alloved to settle and >umned into strainer beds rade nf wood chippinc~s and wood
sardust, Trom the strainer beds the e”"lueni is disclarged int> 3ettling tanks

ore release into the canals.

The sowage is Tirst collected in a sett lingy tanr 1ith tre covered drriae
2eds by the side Tor drying slidge. Fro the settling tani the liquid is

passed through an autonatic dosin~ syphon io filter beds made ol granite ahips
vith a revolving sprinkler Fitted on the top. Tran the Tilier bed the liquid

passes into a humus chamber be ore bein;: discharged into the chanael,

The pumps, sprinklers etc. were originally supplied by a firm in the
United Kingdom, but similar equipment is now available locally.

At the request of the team, copies of analyses of
into the channel were supplied.

charges are relsased

effluents discharged
These are given in tables 3 and 4. The dig-

into & channel that is used mainly for agricul tural pur-

poses, and no adverse reports nave been received from the farmers using the

water, As a matter of fact, owing to the severe water shortage in the locality,

the discharged water is much sought-after for agricultural purposes,
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Table 3. Results of analysis of effluents and sewage from tire factory No, 1
(all results except pH and sodium expressed as ppm)
Effluent Efflaent Sewage
discharge discharge plant
at 12 noon average over discharpe
Test on 18 Oct. 1974 period 10 a.m.
to 5p.m, on
21 Oct. 1974
pH 6.5 505 5!5
Total dissolved solids 1,20 1,435 1,425
Sulphate (304) 540 789 443
Chloride (C1) 170 195 213
Sodium (per cent) 22.7 14.9 leS
BOD 5 days at 20°¢ 700 1,050 900
0ils and grease 18 62 Nil
Boron (B) Nil Nil Nil
COD 269 289 Mo

Table 4. Results of analysis of drain water and rim

No. 1 (all results except pH and

effluent at tire factory
sodium expressed as ppm)

Drain water Drain water Rim
Test (near new raw (west of new affluent
naterial stores)  base stores)
PH 5¢5 6.5 6.0
Total dissolved solids 995 2,20 1,982
Sulphate (804) 284 516 961
Chloride (C1) 142 532 213
Sodium (per cent) 3.8 2.5 14.1
BOD 5 days at 20°C 700 1,000 1,200
Oils and grease 5 A4 86
Boron (B) Nil N1l Less than 1
oD 118 181 52
Total chromium (Cr) - - 6.0
Hexavalent chromium  (Cr) - - 2.5
Nickel (Ni) - - w1
Organic matter (by permangmnate
digestion) - - 217
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The sludre collncted “rom the Jewarn=ireatneat niat ig aged ag aanoee
in the fantory  amm, . in vhish rice and vegetaibleg are cearm Lo He aged in the

Caclomy canteen,

3ni1 - aste

.

The sludee nalleated Trom the e “lueat ‘realnent is used as landfill.
Sueepins “rom Lhe Tfactory, paciiae materials and olher geran aaterials ace
storedl i the aalvage »n~l and auctioned in 8~ran lealers neriodirally,

-~

30712l and ecoaonic ¢ lects

Until the Tate 1950 Anoatinr wvas a small, ~iet <illare, -lmown ‘o IR N
Lie olhier har vard and isnlnied villaces, (his village depended naialy an
azrisnlture.  Paddy was lbe main ~e0p wiith amal) muantities o7 pilses and
“rretables. There wers no proper traaspori. "acilities or other covmasialion

wrilities, hospitals, schools or cecreation centres.

A bisyele-mani’acivring wnit was the First plant to he estenlished in this
“illare, rollowed by the tire “actory i1 1959. Then came the taak factory at

nearny Avadi and the industrial estate af Ambat tur,

Amoattur, categorized ') the census of India as a "non-city urban area"
or & "core city", has an area of 774 hectares. Aocording to the 1971 census,
the population increased from 11,128 in 1959 4o 25,586 in 1971. The present
population inm estiuated at 52,000. This larse iacrease in the population is
the result of the rapid indvstrialization that has talen plane during the past
10 years. Ambattur is a rural-urban mix*ure. Anbattur is heing connected
with all important places Lhroush bhusea. A slow but steady socio-econonin

improvement has taken place in this village.

Report of interview with local residents

After the establishment of the bicycle factory, many private parties and
the Government started purchasing land. The factories have opened up new
avenues of employment, and the conversion of agriocultural lands into factory
sites has not resulted in unemploymens among the farmers to any significant
extent.

The waste water from the three factories mixes with the canal water, and
the farmers who own land around the factories use it for irrigation. Since the
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valer in Ashatiar lake is available “or onlyv six months, for the remaining six
maaths the “apaera have to depead solely on the waste nater supplied by these
At ving,

“ive of the persons intervieyed pointed out that the waste water released
o tne ociber fartor was purified befure discharge, while the water from the
ither two "actories was aot.  On many ancasinons the ~rops were Jdanael bhecause

othe shemional coatent in the water,

3000 o7 the “armers pointed oot that the; depended on the water from the
rabber Cact ipy o for irrigetion. It was aaid that the ractory, which has a larce
area pebind it, receatlr started cultivatias about five acres of land ad jacent
"oite 5o the vagte water froa the Jactory is nsed for irri -ating its own land

i il the ramaiaine vater is sipnlied to the nearhy farmers,

The catastiishineat of faciories, re ardlece Sf size, has resulted in the
coamireiina o aew roadsy iacrcased transpoet ‘anilities; new education, health
ant recreal inaal facilities; and above all 19 the ‘ree “low of money. With the
in'Inv o’ 'orivers, accommodation has hennie a problem.  Rents have increased

fivefold,

Alvast all thoae iate-vicwed said that Lhe rubber “actor: paid more than
the other "artories in thal area. It was pointed ot that noat of the labour
unions i1 the other campanies Jdurin- the past five years had denanded the same

wases as siven 11 this factory,

Most o those interviewed pointed out that the existing socio-enonomic
uetterment was meinly due to the tire factory and the bicycle factory. Almost
a1l the shoplkcepers near the plant said ithat they depended on the factory workers
“ar their business. It wvas mentioned that Four hicycle shops and several hotels

had started husiness near the Tactory to cater to tte aeeds of the workers.

The existence of these factories has resulted in the establishment of new
8°hnols, hospitals and recreational centres. Yow there are 2 high schools,
5 middle achonls, 4 higher elementary schools and 10 elementary schools. There
arc alsn 2 hospitals, 1 municiral dispensary and 3 cinemas. The social
and recrealional activities in the small rural community have changed their
pattern with the comixns of cinemas, restaurants and clubs for recreation and

anese  The once tiny, unkno'm village has changed completely with new types of

buildings and modern nethods of transport and communication.
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The team attempted to find out the effect of industrialization on health
and in particular the effect of the rubber factory. It should be noted that
two other factories are situated adjacent to this <actory. One makes wire

products and the other one manufactures ultra-marine blue.

The Ambattur lake water that passes through canals also passes through
the rubber factory estate.

No one complained about any smoke or bad smell from the rubber factory,
while all those interviewed stated that the smell from the neighoouring blue

factory was unbearable at times.

It was pointed out that those who worked in areas using carbon black were
forced to inhale the dust, and the bodies of these workers were entirely
covered with carbon black &wring work,

The carbon black bags are sold to a contractor who has a dumping place of
his own, very near to the factory. This dumping place is not well covered
the area is often covered with carbon black bags. It was pointed out that this
dumping place caught fire some time the previous year minly for lack of atten-
tion, This was the major complaint agsinst the rubber factory.

Owing to a power cut the rubber factory is working with the help of a

genarator. Nearby residents complained about the noise ocoming from the generator.

Ancillary industries

Several small industries fabriocate meta. parts for the maintenance and
repair of the factory, since importing of spare parts is restricted by the
Government., Much of the light machinery used in the tire plant is manufac-
tured locally. Mill rollers and moulds used for all sizses of tires are now
produced loocally. A large portion of such work is done in the industrial
estate in Ambattur,

Tire factory No. 2, Madras area

The second tire factory the team visited is loocated at Thiruvottiyoor on
the sea-coast, about 15 km from Madras. The factory began production of tires
and tubes in 1965, although production of camelback had begun earlier, The
factory employs 1,800 men and has a yearly production capacity of 1 million each
of automotive tires and tubes, 2 nmillion each of bicycle tires and tubes, besides
8 million kg of oamelback. Part of the requirement of mixed compound is supplied
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ty another Tartcry helonging to the same company in Kerala. This arranzement
has helped the nlant to overcome the difTicultiss caused » - the power shortage

in1 the State o7 Tamil Jadu,

The “actnory ases approximately 900 litres of uater/min. This water is
taken from wells that, thout situated <ery nlose to the sea, give 0od water
that is not oaracvish. There are several other industries in the area, e.g. a
match "astory, a Tactory nanu”acturing dry-cell tatteries, a “a~tory manulacturing
fruckg in ~nllahoration with a eoopany in the Uaited Vinrdom, a factorv nanu-

"arturi.i motor cycles, and other engineering industiries.,

The “artory uses “he same production prncess as tire factory Jo. 1.

Z°%ct 02 the environnment

The main dif“ereances with the fantory described earlier are as follows:

(a) Carbon black is not fed automatically into the Banbury chamber.
Instead, the bags are handled in the section, which results in greater con-
tamination from black in the area;

(b) Wet sandblasting is used for cleaning moulds;

(c) The wind direction was not taken into account in locating the
Banbury, with the result that black and powders are blown into the other
production areas;

(d) BEffluents are not treated. They pass through pipes connecting to
the main pipes through which the city's effluents are discharged into the sea.
There is no sewage treatment either, except for some septic tanks, which
are allowed to overflow into the drains that connect to the main effluent dis-
charge into the sea. Tables 5 and 6 give the results of effluent analysis
made by NEERI at the request of the team.

Table 5. Results uf analysis of raw water used in tire factory No., 2
(all results except pH sxpressed as ppm)

Test Results
pH " 7.4
Turbidity (silica scale) 8.0
Total alkalinity (as 05003) 180,0
Chloride (C1) 178.0
Total hardness (aa 0.003) 96.0
Sulphate (804) 80.0
Iron (Pe) 0.15
Manganese (Mn) 0.20

Dissolved solids 600,0
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Table 6 A, Results of analysis of effluents from tire factory No. 2
(all results except pH expressed as ppm)

Resultns
Test Procesn Cormhied psie
rast e g/ axl gewase b
pH 743 745
d Alkalinity (as c.co3) 160 »80
Chloride (1) 180 215
Sulphate (soq) 85.0 120.0
ROD § days at 20°0 75,0 500.0
70D 86 810
Total solids 700 1,100
Total nitrogen (N) - 120.0
Phosphate  (PO,) 0.75 2.25

g./ Process vater is reused and only a “"rantion is discharsed as maste.

y The rombined waste and sewage is discharged into the sea,

B. Results o" airepollution study

Suspended particnlate matter (mf-/m}) Results
Inside factory g/ 621
Banbury b/ 24

Q/ This is a closed area; hence, particulate matters 4o not e.cape ani
the concentration is greater.

p/ Because of good air .onditioning in this area the particulate suspeaded |
matter is low,

Social and economic effects

Thiruvottiyoor was a small village until some of the large industries
started establishing their factories there. Unlike Ambattur, this area has no
industrial estate with many small industries. There are only large factories
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1n the area, Since the village is on the coast, almost on the beach, no agri-
cul tural land has been affected by the industrial growth. According to the
township records, the population of the village rose from 137,571 in 1961 to
82,353 1n 1971,

0° 311 the fartn-ira in the area, the worters of this tire lactory and of
me o the rasineerins companing are the begt paid, Traasport facilities in
*he oarea have inproved congideradly as a result of the eatablishment of the many
ataries, lfanr snall cestanrants and hotels have alan gnrm~ up Lo eater to
the requirements of the workers. iducational facilities have improved consider-
ably. There are 17 primary schools, 6 middle schools and 2 high schools. Apart
from the medical facilities provided in the factory, several private doctors

have started practice and many shops sell pharmaceutical products,

There are three cinemas and a few recreation clubs,

Interviews with local residents

fisherien in the area were asled how industrialization had affected thenm,
dany said that the -lemand “or fish had increased and it had become easy fTor
them to aell their catch., The effluents discharged into the sea do not seem
to have adversely a"feated ihe fishing in the area., It was suggested that the
discharme of the city's sewage into the sea provided food for the fish in the
particular area. There is a distinct Aifference in the colour of the water
where the e"Tluents are discharged into the sea, and seagulls feed on the refuse

that floats (see photograph).

A cross-sectisn of 15 persons (4 workers, 5 from the general public, 4
fishermen and 2 shopkecepers) were nnestionsd about the general effects of the
factory on their living habits., Some said that the noise from the factory
disturbed them at night, but mnost said that they had become used to the noise,
Some said that hecause of the increased traffic it was risky for their children

to play outeide,

Ancillary industries

A number of small metal-fabricating units cater tc the needs of the indus-
tries in the area. No industries have been met up to use the wasts materials

from the rubber factory.
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Point where the effluents from one of the
tire factories are released into the sea along with a
large volume of the city's refuse

B
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V1. RECYCLING OPERATIONS

Retreading factory in Medras

The retreading factory the team visited is located right in the heart of
Madras. The owners also own a large automobile workshop and a sales offioe

for new cars and trucks. Production capacity of the factory is 36,000 tires/a.

The plant is situated on level ground about 4 km from the sea-shore and sur-
rounded by commercial establishments and a few workshops. The plant is well
connected by road to other important places in the city. Msdras has a popula-
tion of 2.4 million. The climate is hot and humid most of the year, with
temperatures of 20 -40°C.

Production process

A flow chart of the retreading prooess is given below:
Inspeotion
4
Buffing
4
Trimming, rasping and repairing
4
Solutioning
Coating
4
Stitohing
Curing

N 4
Finishing

Inspection

All tires are inspected for defects to ensure that only tires fit for
retreading shall be selected. Tires having damaged or weak casing are rejeo-
ted at this point.

Buffing

After inspection, the tires are btuffed over the outer surface of the
tread to remove surplus rubber and sven out the surface, at the same time
making the surface rough for proper adhesion of the tread rubber. DBand taoks
are used on the buffing machine. Output per operation is approximately




e T

- 8] -

80 tires per shift. Dust-extraction equipment is provided, and the operator
uses a gas mask to avoid inhaling rubber dust. The worker wears goggles to
protect his eyes.
Trimming, resping and repairing
After buffing, the uneven particles are trimmed off, the tires are put on
the rasping machine, and after rasping, minor repairs are made if necessary.
Solutioning

Rubber solution is applied manually to the buffed surface by an operator
using a brush. The operator is provided with a gas mask as protection against
solvent vapour.

Coating

After solutioning, the tread rubber is laid on the solutioned surface.

Stitching

The purpose of stitching 1s to fix the tread rubber to the old tire and
simul taneously to drive the trapped air from between the new tread and the

casing.

Curing

The tires are cured inside moulds of the right size and pattern in presses
using steam at 50-60 lb/-q in. for 75-10% min according to the size of “ire.
Vertical boilers are used. Moulders wear gloves for handling hot tires.

Finishing

Finishing includes trimming of vent spews and also spraying a coat of paint.

Effect on the spvironment

General

Retreading has a very good effect on the environment because the waste
tires that would otherwise pose a problem are recycled. The industry also con-
serves resources. In retreading, the operations that have to be watched are:

(a) Buffing and rasping. Use of dust extractors reduces the air pollu-
tion from rubber particles. The particles collected through the dust extractor
are packed in bags and sold 3 reclaimed rubber at $40 /ton. The workers are
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subjected to a certain amount of inhalation of the particles, which is mini-
mized by the use of gas masks. Coggles give adequate protection to the eyes;

(b) Soluticning. Masks used by the workers help to prevent the ill
effects of the solvent vapour (SBP spirit) from the vulcanizing solution;

(c) Curing. Hot working conditions can affect the health of workers.
Gloves are provided for handling hot tires.
No occupational hazards have been reported. The factory has 4 medical

centre that gives each worker a medical check-up once a year.

The team did not have sufficient time to visit some of the smaller units
operating on the roadside, but heard that such units pay little attention to
pollutior. problems. They employ very few workers and do not come under the

Factories Act,

Two oil-fired boilers produce some air poilution, which does not appear

to be significant.

Water used for washing tires is discharged into the storm—water drain.

There are no other effluents.

Solid wastes are disposed of as follows:

(a) Packing materials - polythene backing and hoop iron are sold.
Cardboard boxes and centres from tread rubber are sent back to the factory
for reuse;

(b) Unusable tires are returned to the customers;

(c) Waste from dust collectors, approximately 3 tons per month, is
sold as reclaimed rubber. It is proposed to use this material for a brake-
lining factory to "Je put up in the future.

Social and economic effects

Employment

The company has 12 retreading plants operating in different parts of the
State that provide employment for a total of 650 persons. There are 88 persons
employed in the plant visited and approximately 50 persons in each of the other
plants, all being lo~ally recruited. The wages paid are slightly above the
average for industrial workers in the State. There are 9 wage classifications.

No labour troubles were reported io the team.

Welfare measures

“anteen facilities are good. Three sets of uniforms are provided to each

worker and are washed fres of charge. Educational grants are given to workers
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for their children's education. Promotion is given up to foreman level after
internal training. No significant shift of population takes place, since

workers are recruited locally.

Economic benefits

There is an acute shortage of truck tires in the coantry, and new tires
are usually sold by dealers at a premium. A new tire of the size (9.0n-20)
used on trucks costs approximately the equivalaent of $20N, whereas retreading

of & used tire costs only $43. For a passenger-car tire, the cost of retread-

ing is $13, as against the price of a new tire of around 225,

Indian standards have not been established for retreading. The big re-
treaders, about five in all, generaily maintain a good standard, but the approx-
imately 4,000 small retreaders havi-: small unite cn the roadside are not ir a
position to apply strict quality control. Tt is said that a small retreading
plant can be established for a cost of $4,000, The plant visited has an ine
vestment of approximately $116,600 and a yearly sales volume valued at 400,000,

Rubber-roclaimig£¥factory near Frnakulam

The team visited a typical rubber-reclaiming factory situated in the
countryside 25 km from the town of Ernakulam, Kerala. The site was origi-
nally selected where labour was less expensive. Also, the land was cheap.
The site is surrounded by paddy fields, coconut and rubber plantations.
Since it lies on the main road, raw materials can be transported by road,
The area is hilly. Since the factory site is on higher ground than the sur-

rounding fields, there is natural drainage for the rain water.

0ld tires and other rubber products used as raw materials for the industry
are stocked in the open - 15 tons approximately. Outside go-downs store approxi-
mately 300 tons to avoid high requirements of labour in the area of the factory.
The factory's consumption is made up of old tires, approximately 25 ver rent, and

peels from retreaders, 75 per cent.

About 90 per cent of the world's supply of new rubber is not reclaimed but
ends up as unwanted waste that has to be disposed of. There are many methods
for reclaiming rubber. Reclaimed rubber is a useful compounding ingredient in
new rubber compounds for many reasons besides its low oost,




Consumption of natural, synthetic and reclaimed rubber in India for five

years for which figures are available are as follows (tons):

Year Natural rubber Synthetic rubber Reclaimed Total

1964 /65 61,057 15,285 9,569 85,711
1965 /66 63,765 21,553 9,774 95,092
1966 /67 68,685 23,592 10,913 103,190
1967 /68 74,518 23,324 11,862 109,704
1968 /69 86,615 27,238 14,169 128,022

At present, about 8 units in the country produce reclaimed rubber with a

total annual production of around 16,000 tons.

Brief description of process

H1d tires and other scrap-rubber products are first ground in grinding
mills. Metals are then separated by means of magnetic separators and air
suction. The ground rubber is fed into a Reclaimator and through an internal
mixer, where it is mixed with ¢ emicals and oils and fed into refiner mills,

where reclaimed rubber is finished in the form of sheets.

The following advantages are claimed for the particular dry Reclaimator
process used in this factory:

(a) Greater saving of resources, since no materials are destroyed. In
other processes parts are burnt or destroyed;

(b) Hardly any effluents. Other processes require:
(1) Washing of the raw materials

(1i) Washing of the digested crumb in the digester process to
remove caustic soda and other chemicals}

(c) Poth in the digester process and in pan thermal reclaiming, tail-
ings represent up to 30 per cent of the batch owing to uncooked, overcooked or
undigested materials as the case may be, Digested effluents and the conden~
sate from the autoclaver have to be disposed of. Owing to the use of steam,
sulphur oxides and other toxic ingredierts in the rubber are released as efflu-
ents, which does not happen in the Reclaimator process.

Effect on the environment

Solid wastes

Rubber particles in the atmosphere in the building are very much in evi-
dence in spite of suction and exhaust arrangemenis. The sweepings are recycled.

FPibre is sold to cotton-waste dealers. 3and is used as landfill.
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Effluents

No effluents are released to the outside by this process, Water from the
factory's own wells is used for the chilling plant, and the nrhilled water is

gsent round for the cooling mills, reclaimator grinder etc.

aseous emissions

The odour of burnt rubber is quite strong, but no adverse effects have
been reported. The odour is 8o strong around the factory that motorists urn-
aware of the existence of the factory often stop to check whether anything is
wrong with their cars. Air pollution is high inside the factory because
carbon black ie addsd in the internal mixer up to 6 per cent; china clay and
other fillers are added according t> the customer's requirements. It ie
proposed to add oil and carbon black as a slurry to the crumb, which would

reduce air pollution in the factory.

Social and economic effects

Labour in the area was previously engaged in making crushed granite,
which is a low-paid job. Wages paid by the plant are more than double what
the workers earned previously. Familiee of the workere have a higher standard

of living than before.

There ars 29 workers, all locally employed and living in the area.
"welve supervisory staff memberas have been recruited from different areas.
"he neighbouring factory is governmerit-.uned and makes transformers and
structural work. Another factory is being constructed close by. It will

produce gas cookers.

No adverse effect has been observed on agriculture, There are no ancil-
lary industries using producte from the factory or supplying the factory’s

requirements,
Fifteen tons of material come in and out every day.

Teeting facilities (tensile tester, hardness tester, thickness tester)
are made available to mamufacturers of rubber products, even those not using

reclaimed rubber.

Workers inhale the dusty air, since no duet collectors are installed,
They do not like gas masks but prefer s piece of cloth tied over the nose.
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Dumrs of scrap rubber and old tires are stacked around the factory, whioh
collect water during the rainy seasons and could be a source of mosquitos. How-
ever, reclaiming old tires reduces unwanted scrap dumps in other areas.

Expansion plans

It is planned to increase capacity for grinding and refining to match the
capacity of the reclaimator., It is also proposed to establish another unit in
Calcutta of the same capacity, i.s. 4,500 t/a (3 shifts). Half of the present
production is sold in the Calcutta region. The establishment of smaller grind-
ing units in various parts of the country is being considered, since tires are
large articles and it would be cheaper to transport ground rubber.

A photograph cf the plant is shown below,

The rubber-reclaiming plant set in rural
surroundings near EKrnakulam, Kerala
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Cogclusiong

There are technical limitations on the use of reclaimed rubber, but it is
no doubt an ingredient that can be used in compounding with advantage. Some

of the advantages are:

(a) The material being already plasticised, less power will be required
for mixing;

(b) Use of reclaimed rubber in the compound helps to reduce the
curing temperatures;

(c) Reclaimed rubber, being cheaper than new rubbsr, can be used to
make a cheaper compound for many articles whsre the use of a high-~grade com-
pound would be a waste, e.g. cycle pedals, car mats, solid tires, battery
cases. In fact, reclaimed rubber can be used as the w0le elastomer in some
low-quality compounds. (One of the disadvantages in the use of reclaimed
rubber is the reduction of abrasion resistance of the comnound. This can be
overcome to msome extent by the use of new rubber and carbon black loading.)

(d) Use of reclaimed rubber undoubtedly helps to conserve resources.
Reclaiming old tires and other scrap produots helps to preserve the environ-
ment from unsightly and unhealthy dumping of scrapj

(e) e rubdber-reclaiming industry provides employment in the factory
and in the collection and transport of materials.

The plant visited by the team has little effect on the envirnnment or on
the health of the workers, since the plant is located in rural surroundings.

Proper dust-collection equipment should form an essential part of the nlant.

The addition of extender oils and carbon black to form master batches with
reclaimed rubber would help reduce pollution in the mamufacturing industries

using the reclaimed rubber.




VII. LEGISLATION, ENVIRONMENTAL PLANNING
AND CO-ORDINATION IN INDIA

Pollution-control legislation

In February 1974, the Indian Parliament passed the Water (Prevention and
Control of Pollution) Act of 1974 to provide legislation for (a) preventing and
controlling water pollution; (b) maintaining or restoring the wholesomeness of
water; (c) establishing boards for the prevention and control of water pollu-
tion; (d) conferring on and assigning to such boards gowera and functions

relating thereto and for matters ronnected therewith.-

Only two States in India have any regulations concerning water pollution.
The Factories Act of 1948 is very vague and general and is not particularly

easy to enforce.

The Water Act of 1974 provided for the establishment of a Central Board,
State Boards and Joint Boards. The Central Board will consist of a full-time
chairman and member-secretary, five officials nominated by the Central Governmdént,
three non-officials represen‘ing agricul ture, fisheries and industiries, up to
five members representing State Boards and two representing private or public
enterprises., The Central Boari will have the following functions: (a) to
advise the Central Government on any matter concerning the prevention and con-
trol of water pollution; (b) to co-ordinate the activities of State Boards and
resolve disputes among them; (c) to provide technical assistance and guidance
to State Boards; (d) to plan and organize training of persons engaged in pollu-
tion control; (e) to organize through mass media a comprehensive programme
regarding pollution control; (f) to collect, compile and publish technical and
statistical data relating to water pollution; (g) to lay down, modify or anml
1L consultation with State Covernments standards for a siream or well; and |
(h) to plan and cause to be executed a nation-wide programme for the prevention, |

control or abatement of water pollution.

# State Board will consist of one full-time Chairman and Member-Secretary,
five officials nominated by the State Government, five members representing
local bodies, three non-officials representing agriculture, fisheries etc. and

two persons representing industry.

1/ Copies of this act can be obtained from the Ministry of Works and
Housing of the Government of India.



The functions of a State Board are: (a) to advise the State Novernment

on pollution controlj (b) to plan a comprehensive programme for pollution con—
trol and collect and disseminate information on the mubject; (c) to collaborate
with the Central Board in various activities; (d) to encourage research on the
subject; (e) to lay down standards and inspect sewage and industrial effluent-
treatment plants; (f) to evolve efficient methods of treaiment; (g) to evolve
methods of using sewage and effluents for agriculture; and (h) to establish
effluent standards.

An agreement may be entered into by two or more States to have a Toint
Board, consisting of a full-time chairman and member—secretary, one offirial
nominated by the Central Government, one non-official nominated by the Central
Government and two persons from industry. The Government of the State
for which a joint board is constituted shall be competent to give any direction
to a matter within the exclusive territorial jurisdiction of the State. These
boards may establish or recognize a laboratory or laboratories to enable the
board to perform its functions efficiently, including the analysis of ssmples

of sewage or eifluent.

Any officer empowered by the boards has powers to enter the premises of
any industry and collect samples. Whoever fails to comply with a direction
given by a board may, on conviction, be punishable with imprisonment for up to
three months or with a fine of up to Rs 5,000 or both. If non-compliance con-
tinues,an additional fine of up to Rs 1,000 may be levied for every day it con-
timues. The Act further states:

n(a) no person shall knowingly cause or permit any poisonous, noxious or
polluting matter determined in accordance with such standarde as may
be 1aid down by the State Boari to enter (whether directly or indir-
ectly) into any stream or well; or

"(b) no person shall knowingly nause or permit to enter into any stream
any ... mtter which may tend, ... to impede the proper flow ... or to
lead to & mibstantial aggravation of pollution ...."

The Central and State Governments may (a) establish central or state water
laboratories or (b) specify any laboratory as an authorised laboratory to carry
out the functions aseigned to it.

Mork done by Indian St s Institution in water-pollution comtrol

Long before any antipollution laws were passed, the Indian Standards
Institution (ISI) had dravn up standards necessary for water-pollutio: comtrol




and guides for the treatment of certain industrial wastes. ISI prepares three
standards for the disposal of industrial effluents into different environments.
They comprise tolerance limits for the industrial effluents discharged (a) into

inland surface waters; (b) into public sewes; and (c) on land for irrigation.

As there are no statutory standards, several State Governments and munici-

. . /
palities are using the ISI standards for controlling water pollutlon.g:

Enforcement of pollution contirol

Difficulties are bound to arise with industries that lack adequate finan- |
ces to undertake waste disposal. In the case of new industries it may be pos- |
sible to incorporate waste treatment from the beginning or choose favourable
sites for their location. In the meeting held with the Joint Secretary for
Industrial Development, the team was told that provision had been made in all
applications for licences to start an industry to rnsure that antipollution
measures should be provided, and letters of inteni were given on the distinct
understanding that such measures would be introduced. For small industiries,
nommon service facilities nn a cn-operative basis may be the answer. For cities
and towns that will be pressed to install sewage eystems, finance will be a nro-

hlem, and it is anticipated that they will turn to the Government for 1loans.

For industries required to install expensive waste-water—treatment equip-
ment, 1t 18 thought advisable to give tax incentives as 18 done in some of the
Western countries, for example, writing off the entire depreciation on the

waste~-treatment plant in one vear.

The National Committee on Environmental Plannig and Co~ordination

The National Committee on Environmental Planning and Co-ordination has been
set up by the Government .0 review and advise on matters related to the environ-
ment with the following terms of reference:

(a) Identifying and investigating the problems of preserving or improving
the human euvironment in the country in the context of population growth and its
distribution and economic development;

(v) Reviewing policies and programmes that have a significant bearing on
the quality of the enviromment and advising the Government, public authorities

2/ Copies of the IS] standard tolerance limits can be obtained from the
Indian Standards Institution, Manak Bhavan, 9 Bahadur Shah Zafar Marg, New Delhi.
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and industry concerned, on environmental repercussions of the activities, pro-
grammes and policies and on matters relating to appropriate environmental
management

(c) Reviewing existing legislation, regulations and administrative
machinery for environmental management and advising authorities concerned re-
garding necessary changes;

(d) Proposing solutions to environmental problems after taking into
account, as far as poesible, all relevant factors, including cost effectiveness;

(o) Enmuring that environmental policies and measuree shall be co-
ordinated with economic policies and measuree and the results of environmental
investigations and research shall be fully utilized in the wider framework of
planning for economic and social development;

(f) Advising on coneervation of nature ia all its aspects, with a view
to increasing the kr.)>wledge of nature, deepening a love of it among the people
and safeguarding for the future the rich heritage of nature in the couni.,}

(g) Promoting research in environmental problems and establishing
facilitiss for such research wherever neceesary;

(h) Promoting and etrengthening environmental education at varioue
levels in the educational syetem;

(i) Promoting and enlarging public awareness of environmental problems
through conferences, seminare, sympoeia or any othe: means;

(j) Co-operating with the United Nations and other international agencies
in environmental programmes of global concern and keeping in close touch with
developments in the environmental field in other countries.

Office of Environmental Planning and Co-ordination

The Office of Environmental Planning and Co~ordination (OFPC), consieting
of scientists and engineere of various dieciplines, was set up to aid the
National Committee on Environmental Planning and Co-ordination in formulating
and co-ordinating plans and programmes related to environmental improvement.
OEPC works with the appropriate minietriee to ensure the proper use of
pollution-control equipment when future plants are set up. Some of the
activities of VEPC are:

(a) FEnvironmental education and training programmee. Theee include

lectures, seminars and articles in newspapers and magazines to increase
“environment consciousness" among citizensj

(b) Fnvironmental research. OFPC encouragee work in national labora~
tories to develop techniques for the treatment and disposal of sewage and solid
waste from domestic and agricultural sourcee., In addition to encouraging the
evolution of technological solutions, OEPC actively promotee work on other pos-
sible options mich as proper location of pollution-generating activities and
the development of alternative methods of disposing and reusing wastes. Tt has

set up two committees to formulate and co~ordinate programmes of research in
environmental protection:

(1) Fvironmental Research Committee (FRC). This committee conducts




regsearch in human settlements, environmental pollution and
management of natural resources;

(ii) Indian National Man and the Biosphere Programme (MAB) . This com-
mittee in co-operation with the MAB programme of UNESCO, deals
with the ecological aspects of the environment such as natural
conservation, wild-life management and crop and soil management.
A symposium on noxious aquatic vegetation was conducted in 197}
at which 54 papers on ecology, hydrology, limnology, fisheries,
agronomy, botany, engineering and physics were read. This inter-
disciplinary approach resulted in the evolution of guidelines
and strategies for combating pollution;

(¢) Wet-land survey. After a country-wide survey, a wet—land map of
India has been prepared., Another survey of aquatic weed infestation in the
couniry in in progress;

(d) Proje_.. appraisal, OEPC, together with the project-appraisal
division of the Planning Commission, is developing guidelines for evaluating
the relative costs and benefits of development projects that take account of
environmental factors, Quantitative evaluation procedurer and an environmental
impact matrix method are being worked out. Some of the projects that have been
taken up to assess the envircnmental effect are:

Th~ proposal to establish a six-million-ton refinery at Mathura
Proposal to locate a naval academy at Chilka Lake
Guidelines for site selection of super thermal power stations

Proposal to locate a hydroelectric power project in the middle of
the wild-life sanctuamy at Mudumalai

(o) Planning. Five-Year Plan proposals on environmental improvement
have been submitted to the Planning Commission. The project areas include:

Environmental aspects of human settlements

Enviroaomental pollution

Environmental aspects of natural resources management
Fcological and environmental research training and education;

(f) Noise., OEPC 1is collaborating with the Consumer Council of India
in initiating steps to tackle the growing problem of noise;

(¢) Participation in the Technical Advisory Committee of the
Ministry of Irrigation and Power, OFP" i@ represented on the Committes.

National Environmental Engineering Research Institute

The National Environmental Engineering Research Institute, which has its
headquarters at Nagpur and eight zonal laboratories spread over the country,
has been making recommendations for economic methods of pollution control that
suit local conditions in the following fields:

Industrial waste treatment

Water treatment

et e P e e e
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Sewage treatment

Air-pollution surveys of major oities
Microbiological studies

Studies on methods of molid-waste disposal

Training courses for field personnel in public health engineering and
seminars on important subjects, e.g. treriment and disposal of tannery
wastes, estuarine pollution

Special mention must be made of the research in industirial waste treat-
ment and industrial air-pollution surveys carried out by NEER] as a signifi-
ocant contribution to environmental pollution control in India.
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VIII. EXISTING AND PROPOSED POLLUTION-CONTROL
LEGISLATION IN THE UNITED KINGDOM

Types of pollution

ir

Under the Alkali Act of 1906 and the Clean Air Acts of 1956 and 1968, stan—
dards were established for industrial emissions into the atmosphere, including
smoke, grit and dust from specific industrial and chemical processes, and the
"pest practicable means" of reducing air pollution. The synthetic rubber plants
come under the jurisdiction of these acts. In essence, a set stack height for
the boilers was established. The height was determined in 1969 with considera-
tion of the production levels of that year. No additional measures have been

undertaken.

Water

The team had disc.3sions with a pollution officer in the Southern Water
Authority, which controls Southampton. The Clean Rivers (Estuaries and Tidal
Waters) Act of 1960 brought under its control new or altered discharges,
whereas the 1951 Act applied only to non-tidal watere and certain specified
tidal estuaries. This means that only new discharges after September 1960
are subject to the control of the Southern Water Authority.

The standards established earlier are flexible and consider the volume and
composition of the effluent, the dilution available and the probable effect of
the discharge on the receiving water. Data from these tests are not available
to the public. If 'he contaminants are excessive in the waste water, the local
authority oan only recommend that the problem be corrected. There is no legal
authority behind the existing legislation. Fortunately, stronger legislation
is pending, such as the Control of Pollution Bill, whioh will regulate effluent
emissions into estuaries and coastal waters. Through this and similar legisla~
tion, it is hoped that more frequent " end-of-the-pipe' tests will be conducted,

which will include the following pollution parameters: BOD, COD, pH, suspended
gsolids, and oil and grease.

Noise
The Factories Act of 1961 prohibits noise of suoh a nature as to "cause
risk of bodily injury". Numerous reporis have bzcn published that desoribe the
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hawards of noise levels and provide methods of achieving noise reduction. The
Safety and Health at Work Bill that is now psnding in the legislature provides

provisions for noise abatement.

Pollution control

Since the ninetsenth century, the need to oontirol atmospheric emissions
has bssn recognised. As far back as the 1860s, standards were established to
control factory emissions. In recent years, considerable improvements have
been achisved in reducing air pollution. Control of domestic smoke has been
a more recent development. The Clean Air Act of 1956 has given local authori-

ties control of domestic emimsions.

The quality of the public water supply and pollution control have become
major considerations in recent years. Ten regional water authorities have besen
established tc administer the country's water and sewage services. ''he Depart-
ment of Environment (DOE) has the general responsibility of ensuring satisfac-

tory operation of these water authorities.

DOE was set up in November 1910.3/ It is responsible for a whole range of

functions that affect the environment in which people live, includings

Land-use planning

Road tuilding and traffic menagement

Improvement of the urban snvironment

Conservation and recreationsl use of the countryside

Protection of ancient monuments and historic buildings

Control over many types of pollution

Provision of water and sewage-disposal facilities

General supervision of the construction industries

Housing

Development of new townuy

Many aspects of inland surface transport

Regional development

The head of the dopart'mcnt is the Secretary of Stats for the Environment,
and the rumber of staff employed is about 80,000 with an annual budget of close

3/ The Department of the Environment has published a book onits work, This
book can be obtained from the Department of the Tnvironment, 2 Marsham 3t.,
London SW1.




to $10 ©billion, Although everything that DOE does is concerned with envi-
ronmental protection, the following are the spucific areas of pollution control
it concentrates on:

Cleaning the air

Water supply and sewage disposal

Cutting down noise

Solid-waste disposal

In the field of noise pollution, DOE has general jurisdiction for govern-
ing local activity. Noise pollution can be curtailed by isolating the source
of the noise from the people or by reducing the noise level itself. Additional
controls include a Noise Advisory Co. .cil established as an independent source

of government recommendations.

Organizational systems for solid-waste collection and disposal come under
the authority of the local government. DOE has ocoasionally exercised its con-
trol over these operations. In certain instances, toxic wastes have been dis-
posed of improperly and have created a danger to public health. In cases where
the public health might beaffected, DOE has intervened to place limitations on

the local authorities.
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IX. CONCLUSIONS AND RECOMMENDATIONS

Natural rubber production

Conclusivns

1. Natural rubber production offers the possibility of employing large
mumbers of worksrs in both the plantations and in the processing factories.

Unemployment is one of the major problems in a developing country like India.
2. Many smell holders are involved and therefore the social impact 18 great.

3, Rubber plantations have the following ecclogical advantages:
(a) They purify the air;
(b) Rubber is a better reforestation crop than other forest crops;

(c) The areas where rubber is grown are not ideally suited for food
crops except for a few items. Food crops are likely to permit soil erosionj

(d) The leguminous ground cover normally resorted to in scientific
cultivation serves as a soil stabiliser.

4. Inadequate attention is being paid to the damages caused by the release
of liquid effluents from the production of concentrated latex and solid rubber
into streams. In the summer months particularly, the dilution levels may cause
significant damage, the extent of whioh, owing to lack of regular monmtoring and
analyeis, the team was unable to assess.

The team did not : -3ive any reports of land contamination from the
use of fungicides.

5. The industrialists have in the past given low priority to environmental
oonsiderations, having been more conoerned with the social benefit of providing
employment The team felt that cost wis not the main reason for this low prior-
ity Wt a lack of awareness of the importance of environmental protection in
rural surroundings possibly arising because of ihe capacity of the environment
t0 avsordb a ocertain amount of pollution without tangible adverse effects.

Recommendations

1. Steps should be taken to mitigate envirommental pollution caused by
the release of effluents from the proocessing vlants, among which the latex oom~
osntration faotories produce effluents with ithe highest BOD ani COD values.

Much work has been done om low-ocost treatment methods using asration
and an algel culture, and industrialists should be persuaded to treat offluents
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even before permissible standards have been establigshed and the new pollution

control legislaticn takes éffect.

2. The Government and the Rubber Board should take speedy measures io

enforce the pollution-control legislation.

3, Co-operative societies, which serve a very useful function in helping
small growers, whose holdings occupy 69 per cent of the total area 1n which
rubber 18 grown, should be encouraged with financial assistance to establish
units capable of uaing modern processing methods such as those used in making

g01id block rubber.

4. Loans and subsidies should be given to rubber growers to encourage
them to undertake new planting and replanting schemes. The team had the oppor-
tunity to meet a World Bank team that was visiting the area to consider

this prop»sal.

5, Greater emphasis should be given to disseminating the results of
research carried out by the Rubber Research Institute of India on the economic
use of fertilizers for rubber trees, the judicious use of yield stimulants and

the beneficial effects of having peuraria phaseoloides ground cover.

Synthetic rubber production in India

Conclusions

1. The plant the team visited is located in a riral area with plenty of
waste land for lagoons for effluent trontment. The major portion of the efflu-
ents is,however, discharged into a river used for irrigation through a 4-km
pipeline after only partial treatment. The lagoons used for treating the

smaller part of the efflueate for irrigation appear to be effective.

2. From the environmental point of view, the effluents let out into the
river may constitute a danger © the health of humen beings who bathe in the river
and to fish life. This is partioularly so with the high concentration in the
summer time. Pollution-sontrol legislation has been introduced uvnly recently.
Although control boards have been formed, permissible standards are yet to be
fixed. The present BOD level of 750 ppm is mmoh higher than the standard of
200 ppm fixed by the Uttar Pradesh State Government, which is generous acoording
to international standards and those established by the Indian Standards
Institution. The company has asked for recommendations for effluent treatmemt
from the NEERI laboratories.
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3. The industry has undoubtedly made a significant contribution to the
local economy in providing employment to over 1,500 persons, and the welfare
amenities provided in the housing colony are to be commended. The company's
policy of encouraging ancillary industries in the locality has also contri-

buted to the prosperity of the area.

4. The factory gives the impression of being well 4esigned and well mana-
ged. The underutilization of capacity and low profitability are due to factors

beyond the control of the management.

Recommendations

1. Efforts to reduce the BOD in the effluents released into the river by

bacteriological treatment need to be continued more vigorously.

2. Analysis of the effluents from the lagoons should be made at the point

of release to the stream, which is used for irrigation and watering of cattle.

3. In starting a new synthetic rubber plant, provision should be made for

adequate land for settling pits and iagoons.

4. Better utilisation of the substandard crumb, which is now sold at a

give-away price, should be explored.

5. The health hasards from handling of chalk in the packing section should
be eliminated, possibly by opening up one side wall.

6. A feasibility study taking into consideration the costs and availatility
of raw materials should be made before establishing a highly competitive indus-
try like synthetic rubb--. The Indian SBR plant was conceived in the late 19508
primarily as a means of using surplus alcohol from sugar-cane available as a by-
product of the distilleries of Uttar Pradesh State, which was then exported at
unresunerative prices, and bengzene, a by-product of the steel plants. [t would
appear from later results that costs and availability of the raw materials were
not adequately considered, and the factory made no profit for several years
after starting production.

7. Another important factor that developing countries should consider 1ic
the availability of markets for the produots. The Indian SBR plant has worked
only to about 7O per cemt of its capacity partly because the manufacturers of
rubber products have been reluctant to buy synthetic rubber at higher prices
than matural rubber without a significant improvement in performance.



8., Developing countries starting production of highly competitive lines

should establish a competent research and development (R and D) department.
"his company now, after several years, has invested substantially in R and D,
and production 18 being diversified to include nitrile ribber and ABS plastics,

but much valuable time has been lost.

Synthetic rubber production in the United Kingdom

Conclusions

1. Within the limited time available, the team was able to make only a
gqualitative survey. On the basis of this survey and on information given by
the industry and the local authorities, the team concluded that the synthetic

rubber plant a* Hythe, Southampton, was not affecting the environment adversely.

2., Since the plant 1s part of a large industrial complex, the effect of this
plant on the environment will not be easy to 1dentify, unless pollntion reaches a
significant level. "he same may be gaid of most synthetic rubber plants, which
usually form part of a petrochemical complex. In this particular case, it was
noticed that neither this plant nor the combination of plants in the complex was
polluting the environment significantly. The only exception would be the rather
strong odour of the monomers, which could be smelt in the entire area of the fac-
tory. However, it was not st"rong enough to be objectionable to the local resi-

dents, since new housing projects have sprung up adjacent to the plant.

3. The major source of pollution from a synthetic rubber plant is the efflu-
ents discharged. The Hythe plant discharges daily two streams of effluent: 10
million imperial gallons of sea water for indirect cooling and 1 million imperial
gallons of fresh water. The sea-water effluent is practically unpolluted, but is
discharged at a higher temperature. Tt is the fresh water, used for processing,
that is the major source of pollution. The plant is strategically located to en-

able the effluents to be discharged, after treatment, into the Southampton estuary.

Discharges into tidal waters do not come under the purview of the preseat
legislation as long as the volume or content does not exceed the level of
September 1960. It is expected that new legislation will bring the tidal
waters under the control of the Southern Water Authority in the near future.

However, the civic sense of thomse connected with the industiry and the relations
between them and the government authorities are so good that without threat of
penal action, corrective measures can usually be initiated by the suthorities,
who periodically check BOD and coliform levels near th3 discharge points. From

o
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talks with the local authorities, it was found that there had been instances in
the past of depressed lavels of oxygen and high ammonia levels about 2 km away
from the discharge point, but the situation had been rectified promptly.

No adverse effects have been reported on marine life.

4. The main source of external air pollution is the burning of oil with
) per cent sulphur content in the boilers. The plant contains a waste gas
header system terminating in a flare stack for burning hydrocarbons in the
event of a bursting disc failure. This occurrence is infrequent. With the
stack height and the predomi.ant wind direction as they are, the gaseous

emissions have a tendency to fall over the city of Southampton.

5. The maximum continuously permitted noise level in the plant is
84 decibels at 1.3 m from the source, Nu one is continuously subjected to

this noise level at any point.

6. Approximately 1 per cent of the total production is recovered as
20lid waste rubber. Of this amount, 20 per cent is sold for use in low-grade
rubber products and 80 per cent is disposed of in areas of land reclamation

under the control of the local County Council.

Rec: tione

1. To avoid a high degree of pollution in the Southampton area caused by
the etack emieeion, anmtipollution devicee suoh as sulphur-stack scrubbers
should be employed.

2, Tests should be conducted in the ammonia-refrigerant cooling area to
determine whether the ammonia levels are high enmough to warrant corrective

aotion.

3. The plant has only one pit for the stripping phase and only one pit for
the coagulation liquor and crumb-rinse overflow, BEach orumb pit should have a
dual unit to ensure that proper crumb separation shall be achieved during emer-
genciee and pit-cleaning operatione.

4. Since the plant has no provision for keeping rain run-off from flowing
into the effluent drain, the orumb pits and the treatment faoility ocan be
flooded after & heavy rainfall and thus readered ineffeotive. Additional
lagoons should meke provision for separsting siorm-water run-off from procese
waste water and domestic sewage.




5. If tests show that COD levels are high in the effluent pipe (-500 mg/

litre), the plant should investigate the feasibility of employing activated car-

bon to reduce them. Implementation costs may prove to be expensive. However,
a study recently carried out :n the United States of America indicates that
70 per cent of 0N removal could be achieved at a cost of $369/million gallons

of effluent.

6. During the coagulation phase, the coagulation liquor consists of an
acid and a brine solution. This type of liquor produces iarge quantities of
total dissolved solids that are discharged into the coagulation liquor over-—
flow. Use of an acid polyamine liquor would substantially reduce the total

dissolved solids 1n the effluent.

7. FEfforts should be made to reclaim a higher proportion of the solid
waste for use2 in industries that make use of cheaper rubber, e.g. toy, shoe-

sole manufacture.

Manufacture of rubber goods

1. Regardless of whether natural rubber or synthetic rubber is used in

the production of rubber goods, the pollution problems will be the same.

2. The main sources of pollution in the industiry have been identified as
(a) carbon black in the compounding area; (b) chalk used in tube extruding;
(c) rubber particles from the grinding operations; (d) process waste water; and

(e) sewage.

Carbon black

Tire factory No. 1 has a Redler conveyor system that considerably reduces
pollution in the compounding area. The handling of free black in the section
is eliminated, but bags are still opened in the warehouse, which is a messy
operation. The better arrangement would be the bulk handling of black. A
factory to be opened in West Bengal is located near a carbon black mamifactur-
ing plant, which would make 11 possible to supply the black direct from the
factory by pipelines pneumatically, probably the most desirable method of
dealing with the problem.

Carbon black solution master batohes produced in the natural or synthetic
latex production areas have a high level of dispersion, but have not gained the
popularity they were expected to gain in the rubber goods indusiry even in the
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United Kingdom. Their use means lower power requirements for the mixer, shorter

mixing cycles and fewer housekeeping problems. The advantages of the process
will be lost if a wide range of grades of black is demanded. Much work has to
be done to make standard batches attractive to the tire maker, who will have to
i modify slightly his approach to compounding.

Chalk

The only means of oombating pollution from chalk is to use effective
dust-extraction equipment and wet slurry wherever poesible. Operators should

be required to wear gas masks.

Rubber particles

In grinding operations the machines should be supplied with hoods and

dust-extraction equipment. Here again the use of gas masks is essential. The

rubber collected can be reclaimed.

Process waste water

The treatment of process waste water in tire plant No. 1 is recommended
for industries in developing countries that have the necessary land., This
plant has an end-of-pipe treatment for all procesa waste-water streams. After
chemical treatment in large settling tanks, the effluents are pumped into
strainer beds and again into seitling tanks after which they are released to

the outside canals. No specialized equipment is required. Water is scarvrce
in many developing countries, and the treated water is useful for irrigation.

Sewage

Tire factory No. 1 has very effective sewage treatment, and similar sys-
tems could be used by other factories. The equipment requires is now manu-
faotured looally. Sewage treatment is highly desirable from the point of view
of public health and beoause of the high mutrient value of the residue, which
can be used in farming, and the water made available for irrigation.

3. Occupational dermatitis is probably the most widespread hazard in the

processing industries. Effective control by reduction of skin contact and proe
vision of adequate washing facilities should be maintained.




Health hazards may arise from the toxicity of certain chemicals used in

compounding. Certain additives have in the past led to ill effects, including
bladder cancer, and the use of such chemicals has been banned. Screening of
any new material used in processing is absolutely essential. Occupatioial
exposure should be subject to environmental monitoring, and workers involved

should be subject to regular medical examinations.

Recycling

Retreading

The retreading industry, a low-cost, small-scale industry, not only has
minimal potential for environmental pollution, but also preserves the environ-
ment from unwanted tires, conserves resources and meets the needs of the con-
sumer at economic prices. Quality standards are to be established, which will

ensure the safety of the users.

Reclaimed rubber

The problem of disposing of old tires and other waste rubber in developing
countries is adequately solved by retreading and reclaiming.

When wet processes are used, the effluents need to be treated. When the
dry Reclaimator process is used, air pollution oan be combated by using effeo-

tive dust—extraction equipment.

With the low cost of transport in developing countries, the industry ocan
supply material to the rubber goods industry at attractive rates. When reclai-
med rubber is mixed with new rubber in the right proportions, the quality or
performance of the product is not affected. The industry does not harm the
environment; it conserves resources and creates employment in the production

industry as well as in collection and transport.,

The rubber indusiry as a whole

1. The rubbe. industry cannot be classed among the industries that ser-
iously pollute the environment. Natural rubber production in fact oould be
beneficial to the environment, if effluents were treated. Hitherto little or
no attention has been paid to the treatment of effluents because rral surroun~
dings are capable of absorbing some environmental pollution and becauss a

higher priority has been given to the creation of employment.
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2. The establishment of an agro-based synthetic rubber industry located
in a rural area can be recommended, particularly sinoe the raw material sources
are renewable, the pcllution it causes can be controlled, and it will bring

immense sooial benefits.

3. In seleoting effluent-treatment methcds, developing countries can, with
advantage, select low-cost methods that do not require advanoed technology, but
require lerge areas of land and many workers. Settling tanks and lagoons that
require periodic oleaning are a good axample.

4. Pollution-oontrol costs have not exoeeded 1 per cent even in the indus-
iries that have satisfactory pollution-control measures. Some measures pay for
themeel ves partly through the produots recovered, e.g. sulphur from staok recov-
ery, rubber dust from dust-extraocticn units, menmure and water from sewage-
disposal systems.

S. Pollution-oontrol legislaticn, together with the establishment of
allowable pollution standarde and provisione for striot compliance, ie eseen-
tial in developed and developing ocountries. The recently paeceed legislation,
the work of the Office of Environmental Planning and Co-ordimation (OEPC) and
NEIRI in India should prove to bs of value to other developing oountries.
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