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CHEMICAL INDUSTRIES 

e GENERAL PROFILE' em Europe. Brazil is the only developing country with a signifi­
cant synthetic rubber industty. 

Louis S. Beliczky and john Fajen 
TyTes and tyre products account for approximately 60% of 

synthetic rubber use and 75% of natural rubber consumption 
(Greek 1991 ), employing about half a million workers worldwide. 
Important non-tyre uses of rubber include automotive belts and 
hoses, glo\·es, condoms and rubber footwear. 

There are two basic types of rubber used in the rubber industry: 
natural and synthetic. A number of different synthetic rubber 
polymers are used to make a wide \·ariety of rubber products (see 
table 80.1 ). Natural rubber is mostly produced in Southeast Asia, 
whereas synthetic rubber is mostly produced in the industrialized 
countries-the United States, Japan, Western Europe and East-

In recent years, there has been a globalization of the rubber 
industry. This labour-intensive industry has grown in developing 
countries. Table 80.2 shows worldwide natural and synthetic rub­
ber consumption for 1993. 

Table 80.1 • Some important rubber polymers. 

. t of rubber/ Production (1 OOOs of tonnes in 1993) Properties Common uses 
ostomer 

Natural rubber Thailand 1,501 General purpose; not oil-resistant, swollen Tyres, shock mounts, seals, couplings, bridge and 
lndonesio 1,353 by solvents; subject to weathering by building bearings, footwear, hoses, conveyor belts, 
Malaysia 923 oxygen, ozone, UV light moulded products, linings, rolls, gloves, condoms, 
Indio 426 medico! devices, adhesives, carpet bocking, thread, 

foam 
Polyisoprene (IR) us 47 General purpose; synthetic natural rubber, See natural rubber above. 

Western Europe 15 similar properties 
Japan 52 

Styrene·butodiene (SBR) us 920 General purpose; Second World War Tyres (7 5%), conveyor belts, sponge, moulded goods, 
Western Europe 1,117 natural rubber substitute; poor footwear, hoses, roll coverings, adhesives, 
Japan 620 oil/solvent resistance waterproofing, latex carpet bocking, foam products 

Polybutodiene (BR) us 465 Poor oil/solvent resistance; subject to Tyres, shoes, conveyor belts, transmission belts, 
Western Europe 297 weathering; high resilience, abrasion toy superbolls 
Japan 215 resistance and low temperature flexibility 
Eastern Europe 62 (1996) 

Butyl (IIR) us 130 Low gos permeability; resistant to heat, Inner tubes, tire curing bladders, caulking and sealants, 
Western Europe 168 acid, polar liquids; not resistant to oil, coble insulation, vibration isolators, pond liners-and 
Eastern Europe 90 solvents; moderate weathering roofing membranes, high-temperature conveyor belts 
Japan 83 and hoses 

Ethylene-propylene/ us 261 Low-temperature flexibility; resistant to Wire and coble jackets; extruded weather stripping and 
Ethylene· Western Europe 201 weathering and heat but not oil, seals; moulded products; isolation mounts; liner 
Propylene· Japan 124 solvents; excellent electrical properties sheeting for groin storage, roofing, ponds, ditches, 
Diene landfill 

Polychloroprene (CR) us 105 Resistant to oil, flame, heat and weather Wire and coble jackets, hoses, belts, conveyor belts, 
(neoprene) Western Europe 102 footwear, wet suits, coated fabrics and inflatable 

Japan 74 products, extrusions, ildhesives, bridge and roil 
mounts, sheeting, sponge gaskets, latex foam products 

Nitrile (NBR) us 64 Resistant to oil, solvents, vegetable oil; Sealants, fuel-resistant hose linings and gaskets, roll 
Western Europe 108 swollen by polar solvents such as coverings, conveyor belts, shoe soles, gloves, 
Japan 70 ketones adhesives, oil-drilling equipment 
Eastern Europe 30 

Silicone (MQ) us 95 Stobie at high/low temperatures; Wire and coble insulation, seals, adhesives, gaskets, 
Western Europe 107 resistant to oil, solvents, weothering; specialty moulded and extruded goods, gas masks 
Japan 59 (1990) physiologically and chemically inert and respirators, food and medical tubing, surgical 

implants 
Polysulphide (OT) us 20 Resistont to oil, solvents, low Roller covering, hose liner, gaskets, moulded goods, 

Western Europe 0 temperature, weathering; low gos sealants, gos meter diophrogms, gloss sealants, solid 
Japan 3 permeability rocket propellant binder 

Re.claimed rubber Shorter polymer chains; easier Tyres, inner tubes, floormots, mechiliiiflil ·gooas, 
processing; less mixing time and power adhesives, rubberized asphalt 
consumption; lower tensile strength ond 
lower cost 

Source: Production figures obstrocted from Stonford Reseorch Institute doto. 
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Table 80.2 • Worldwide rubber consumption for 1993. 

t Region · 1.· 
f:..\.-.:, !-~-~.-# 

North America 
Western Europe 
Asia and Oceania 
Latin America 
Central Europe 

Commonwealth of 
Independent States 

Middle East and Africa 
Chino and Asia* 
Total 

. ·-·- ·Synth;lli:rubber ,·~· Nafu-ri";~ bber ,: 
(-1000 tonnes) ,;~~:(1 ODD tonnesJ::,~1 

_-,..;.::....=- -··.:""-":" -~ ._,,.,.. -·~ , ~ •. ·• --T -

2,749 

2,137 

1,849 

575 

215 

1,665 

124 

453 

9,767 

999 

930 

2,043 

260 

65 
100 

162 
750 

5,309 

*Includes China, North Koreo ond Viet Nam. 
Source: lnternotionol Institute of Synthetic Rubber Producers 1994. .. 
RUBBER 'TREE CULTIVATION 

AlanEcht 

Natural rubber (cis-1,4-polyisoprene) is a processed plant product 
that can be isolated from several hundred species of trees and 
plants in many areas of the world, including the equatorial re­
gions of Africa, Southeast Asia and South America. The milky 
sap, or latex, of the commercial rubber tree Hevea brasiliensis pro­
vides essentially all (more than 99%) of the world's supply of 
natural rubber. Natural rubber is also produced from Ficus elastica 
and other African plants in production areas such as Cote 
d'Ivoire, Madagascar, Senegal and Sierra Leone. Natural trans-
1,4-polyisoprene is known as gutta-percha, or balata, and comes 
from trees in South America and Indonesia. This produces a less 
pure rubber than the cis isomer. Another potential source of 
commercial natural rubber production is the guayule shrub, 
Partlzenium argentatum, which grows in hot, arid regions, such as the 
southwestern United States. 

Production of Hevea rubber is divided between plantations 
larger than 100 acres and small farms, typically less than 10 acres. 
The productivity of commercial rubber trees has increased regu­
larly since the 1970s. ThJ.S increased productivity is due primarily 
to the development and replanting of acreage with faster matur­
ing, higher yielding trees. The use of chemical fertilizers and the. 
control of rubber tree diseases have also contributed to the in­
creased productivity. Strict measures for the control of exposures 
to herbicides and pesticides during storage, mixing and spraying, 
the use of appropriate protective clothing and barrier creams, and 
the provision of change rooms and appropriate medical surveil­
lance can effectively conn·ol the hazards associated with the use of 
agricultural chemicals. 

Rubber trees are usually tapped for latex by making a spiral cut 
through the bark of the tree on alternate days, although the 
frequency and method of tapping vary. The latex is collected in 
cups hung on the tree below the cuts. The contents of the cups are 
transferre-d fo large c onfainers·· a:na "iriovea to processing stations. 
Ammonia is usually added as a preservative. Ammonia disrupts 
the particles of rubber and produces a two-phase product consist­
ing of 30 to 40% solids. This product is further concentrated to 
60% solids, resulting in ammoniated latex concentrate, which 
contains 1.6% ammonia by weight. A low-ammonia latex concen-
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trate (0.15 to 0.25 % ammonia) is also available. The low-ammo­
nia concentrate requires the addition of a secondary preservative 
to the latex to avoid coagulation and contamination. Secondary 
preservatives include sodium pentachlorophenate, tetramethylthi­
uram disulphide, sodium dimethyldithiocarbamate and zinc ox­
ide. 

The chief hazards to field workers are exposure to the elements, 
animal and insect bites and hazards related to the sharp tools used 
to make incisions in the trees. Injuries that result should be treated 
promptly to reduce the risk of infection. Preventive and therapeu­
tic measures can reduce the hazards of the climate and pests. The 
incidences of malaria and gastro-enteric diseases have been re­
duced on modern plantations through prophylaxis, mosquito con­
trol and sanitary measures. 
. The guayule shrub, a native plant of southern T cxas and north 

central Mexico, contains natural rubber in its stems and roots. 
The whole shrub must be harvested for the rubber to be ex­
tracted. 

Guayule rubber is essentially identical to Hevea rubber, except 
that guayule rubber has less green strength. Guayule rubber is not 
a viable commercial alternative to Hcvea rubber at this time. 

Types of Natural Rubber 
The types of natural rubber cun-ently produced include ribbed 
smoked sheets, technically specified rubber, crepes, latex, epoxi­
dized natural rubber and thermoplastic natural rubber. Thailand 
is tl1e biggest supplier of ribbed smoked sheets, which accounts for 
about half of world natural rubber production. Technically speci­
fied rubber, or block natural rubber, was introduced in Malaysia 

Figure 80. 1 • Rubber tree tapper coagulating collected 
latex by first gathering it on a stick and then 
holding ii over a bowl of smoke. 

RUBBER TREE CULTIVATION 



CHEMICAL INDUSTRIES . 

in the mid-1960s, and accounts for about 40 to 45% of natural 
rubber production. Indonesia, :Malaysia and Thailand are the 
largest suppliers of technically specified rubber. Technically speci­
fied rubber derives it5 name' from the fact that its quality is 
determined by technical specifications, primarily its purity and 
elasticity, rather than by conventional visual specifications. Crepe 
rubber now accounts for only a small part of the world natural 
rubber market. \ 'Vorldwide consumption of natural rubber latex 
has recently risen, primarily due to increased demand for latex 
products as ·a barrier to the human immunodeficiency virus and 
other blood-borne pathogens. Latex concentrates are used for the 
production of adhesives, carpet backing, foam and dipped prod­
ucts. Dipped products include balloons, gloves and condoms. 
Epoxidized natural rubber is produced by treating natural rubber 
with peracids. Epoxidized natural rubber is used as a replacement 
for some synthetic rubbers. Thermoplastic natural rubber results 
from the partial dynamic vulcanization of blends of polyolefins 
and natural rubber. It is in the early stages of commercial devel­
opment. 

Production Processes 
Latex from rubber trees is either shipped to consumers as a 
concentrate or processed further into dry rubber (see figures 80.1 
and 80.2). For technically specified rubber, one manufacturing 
process involves coagulating the field latex with acid and passing 
the coagulated latex through cutting machines and a series of 
creping rollers. Hammer mills or granulators convert the product 
to rubber crumbs, which are screened, washed. dried, baled and 
packed. Another method of technically specified rubber produc­
tion involves tl1e addition of a crumbling agent before coagula­
tion, followed by crumbling using creping rollers. 

Ribbed smoked sheets arc product:d by passing coagulated 
latex through a series of rollers to produce thin sheets, which are 
embossed with a ribbed pattern. The ribbed pattern serves mainly 
to increase the surface area of the material and aid its drying. The 
sheets are preserved by placing them in a smokehouse at 60 °C 
for a week, visually graded, sorted and packed in bales. 

Compounding formulas used for natural rubbers are essentially 
the same as those used for most of the unsaturated synthetic 

Figure 80.2 • Processing rubber on a plantation in Eastern 
Cameroon. 

TYRE MANUFACTURING 

rubbers. Accelerators, activators, antioxidants, fillers , softeners 
and vulcanizing agents may all be required, depending upon what 
properties are desired in the finished compound. 

The hazards arising from the use of mechanized production 
methods (i.e., rolls and centrifuges) require strict safety controls 
during installation, use and maintenance, including attention to 
machine guarding. Appropriate precautions must be used when 
processing chemicals arc used. Attention should be paid to the use 
of appropriate walking and working surfaces to prevent slips, trips 
and falls . Employees should receive training in safe work prac­
tices. Strict supervision is required to prevent accidents associated 
with the use of heat as an aid in curing. 

TYRE MANUFACTURING e 
James S. Frederick 

Manufacturing Process 
• Figure 80.3 shows an overview of the tyre manufacturing process. 

Compounding and Banbury mixing 
A Banbury mixer combines rubber stock, carbon black and other 
chemical ingredients to create a homogeneous rubber material. 
Time, heat and raw materials are factors utilized to engineer 
material composition. The ingredients are generally provided to 
the plant in pre-weighed packages or are prepared and weighed 
by the Banbury operator from bulk quantities. Measured ingredi­
ents are placed onto a conveyor system, and the Banbury is 
charged to initiate the mb,ing process. 

Hundreds of components are combined to form rubber utilized 
for tyre manufacturing. The components include compounds 
which act as accelerators, anti-oxidants, anti-ozonants, extenders, 
vulcanizers, pigments, plasticizers, reinforcing agents and resins. 
Most constituents are unregulated and may not have had exten­
sive toxicological evaluations. Generally speaking, the Banbury 
operators' occupational exposures to the raw materials have been 
reduced by improvements in administrative and engineering con­
trols. However, concern remains due to the nature and quantity 
of components which make up the exposure. 

Milling 
Shaping of rubber begins in the milling process. At the comple­
.rion oLthe Banbury. mixing cycle, rubber is placed onto a drop 
mill. The milling process shapes the rubber into flat, long strips by 
forcing it through two set rolls rotating in different directions at 
different speeds. 

Mill operators are generally concerned with safety hazards 
associated with the open operation of the turning rolls. Older 
mills usually had trip wires or bars which could be pulled by the 
operator if he or she got caught in the mill (see figure 80.4); 
modern mills have body bars at about knee level that are auto­
matically triggered if the operator is caught in the mills (see 
figure 80.5). 

l'vlost facilities have extensive emergency rescue procedures in 
place for workers trapped in mills. l'vlill operators are exposed to 
heat and noise as well as components formed by the heating of, or 
released from, !<iliber). (see a_!;,!nopy hood . over a drop-mill -in 

- -- figure 80.6). 

Extruding and calendering 
The calender operation continues to shape rubber. The calender 
machine consists of one or more (often four) rolls, through which 
the rubber sheets are forced (see figure 80.5). 

ENCYCLOPAEDIA OF OCCUPATIONAL HEALTH AND SAFETY 
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Figure 80.3 • The tyre manufacturing process. 

Textiles Fabric Fabric bias cutter and sheet calender Tyre building machine Curing press Visual inspection 

Chemicals 

Steel Bead, belt, carcass wire 

{ 

The calender machine has the following functions: 

• to prepare compounded rubber as a uniform sheet of definite 
thickness and width 

• to place a thin coat of rubber on a fabric ("coating" o~ "skim­
ming") 

Figure 80.4 • Older mill with a trip bar located too high to 
be effective. The operator, however, has 
large gloves which would be pulled into the 
mill before his fingers. 
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• to force rubber into the interstices of fabric by friction ("fric­
tioning"). 

The rubber sheets coming off the calender are wound on 
drums, called "shells," with fabric spacers, called "liners," to pre­
vent sticking. 

The extruder is often referred to as a " tuber" because it creates 
tube-Ii.kc rubber components. The extruder functions by forcing 
rubber through dies of appropriate shape. The extruder consists 
of a screw, barrel or cylinder, head and die. A core or spider is 
used to form the hollow inside of tubing. The extruder makes the 
large, flat section of tyre treads. 

Extruder and calender operators may be exposed to talc and 
solvents, which are used in the process. Also, the workers at the 
end of the extrusion operation are exposed to a highly repetitive 
task of placing the tread onto multi-tiered carts. This operation is 
often referred to as booking treads, because the cart looks like a 
book with the trays being the pages. The configuration of the 
extruder as well as the weight and quantities of tread to be booked 
contribute to the ergonomic impact of this operation. Numerous 
changes have been made to lessen this, and some operations have 
been automated. 

Component assembly and building 
Tyre assembly can be a highly automated process. The tyre 
assembly machine consists of a rotating drum, on which the 
components are assembled, and feeding devices to supply the tyre 
builder with the compDnents to assemble~ e jigure 80. 7). _The 
components of a tyre include beads, plies, side walls and treads. 
After the components are assembled, the tyre is often referred to 
as a "green tyre". 

Tyre builders and other workers in this area of the process arc 
exposed to a number of repetitive motion operations. Compo­
nents, often in heavy rolls, are placed onto the feeding portions of 

TYRE MANUFACTURING 
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Figure 80.5 • Mill for calender line with a body bar guard 
that shuts down the mill if tripped by workers . .. 

the assembly equipment. This may entail extensive lifting and 
handling of heavy rolls in a limited space. The nature of assembly 
also requires the tyre builder to perform a series of similar or 
identical motions on each assembly. Tyre builders utilize solvents, 
such as hexane, which allow the tread and plies of rubber to 
adhere. Exposure to the solvents is an area of concern. 

After being assembled, the green tyre is sprayed with a solvent­
or water-based material to keep it from adhering to the curing 
mould. These solvents potentially expose the spray operator, ma­
terial handler and curing press operator. Nowadays, water-based 
materials are mostly used. 

Curing and Vulcanizing 
Curing press operators place green tyres into the curing press or 
onto press loading equipment. Curing presses in operation in 
North America exist in a variety of types, ages and degrees of 
automation (see figure 80.8). The press utilizes steam to heat or 
cure the green tyre. Rubber curing or vulcanization transforms 

Figure 80.6 • Drop mill and dryer with canopy hood and 
trip wires. 
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Figure 80.7 • Operator assembling a tyre on a single­
stage tyre machine. 

the tacky and pliable material to a non-tacky, less pliable, long­
lasting state. 

V17hen rubber is heated in curing or in earlier stages of the 
process, carcinogenic N-nitrosamines are formed. Any level of 
N-nitrosamine exposure should be controlled. Attempl5 should be 
made to limit N-nitrosamine e:-."])osure as much as feasible. In 
addition, dusts, gases, vapours and fumes contaminate the work 
environment when rubber is heated, cured or vulcanized. 

Inspectio11 a11d .fi11ishi11g 
Following curing, finishing operations and inspection remain to 
be performed before the tyre is stored or shipped. The finishing 
operation trims flash or excess rubber from the tyre. This excess 
rubber remains on the tyre from vents in the curing mould. 
Additionally, excess layers of rubber may need to be ground from 
the side walls or raised lettering on the tyre. 

One of the major health hazards that workers arc exposed to 
while handling a cured tyre is repetitive motion. The tyre finishing 

Figure 80.8 • Passenger and light truck Bag-0-matic 
McNeal curing press ventilated with a 
ceiling fan, Akron, Ohio, US. 
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Figure 80. 9 • A dust collector of a grinding wheel captures 
rubber dust. 

or grinding operations typically e>.-p'ose workers to cured rubber 
dusl or particulate (sec figure 80.9). This contributes to respiratory 
illness in workers in the finishing area. In addition, a potential 
exists for solvent e>.-posure from the protective paint which is often 
used to protect the side-wall or Lyre lettering. 

After finishing, the tyre is ready to be stored in a \\'arehouse or 
shipped from the plant. 

Health and Safety Concerns 
Occupational health and safety concerns in tyre manufacturing 
facilities have always been and continue to be of the utmost 
importance. Often the impact of serious workplace injuries over­
shadows the devastation associated with illnesses which may be 
linked to worlqJ!ace exposures. Due to extended latency periods, 
some diseases do not become apparent until after the worker has 
left the job. Also, many diseases which may be associated with 
tyre plant occupational exposures are never diagnosed as being 
occupation-related. But diseases such as cancer continue to be 
prevalent among rubber workers in tyre manufacturing facilities. 

Many scientific studies have been performed on workers in tyre 
manufacturing facilities. Some of these studies have identified 
excess mortality from bladder, stomach, lung, hacmatopoietic and 
other cancers. These excess deaths often cannot be attributed to a 
specific chemical. This is in part due to workplace e>.-posures 
involving many individual chemicals throughout the duration of 
exposure and/or combination exposures to several chemicals 
simultaneously. Also frequent changes occur to the formulation of 
materials used in a tyre plant. These changes in types and quant­
ities of the_ rubber_ compound_ constituei:i.!s create ac)_s}itic:mal diffi­
culty in tracking the causal agents. 

Another area of concern is respiratory problems or respiratory 
irritation in tyre plant workers (i.e., chest tightness, shortness of 
breath, reduction in pulmonary functions and other respiratory 
symptoms). Emphysema has been shown to be a common reason 
for early retirement. These problems are often found in curing, 
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processing (premixing, weighing, mixing and heating of raw in­
gredients) and final finishing (inspection) areas of the plants. In 
processing and curing, chemical exposures arc often to numerous 
constitucnLs al relati\·cly Im,· exposure levels. Many of the indi\id­
ual components to which workers are exposed are not regulated 
by governmental agencies. Almost as many have not been 
adequateh- testc-d for toxicity or carcinogenicity. Also, in the 
United States, tyTe plant workers in these areas arc not likely Lo be 
required to utilize respiratory protection. No clear cause of 
respiratory distress has been identified. 

Many workers in tyre plants have suffered from contact dem1a­
titis, which has often not been linked to one substance in particu­
lar. Some of the chemicals which have been linked to dermatitis 
arc no longer used in the manufacture of tyres in North America; 
however, many of the replacement chemicals have not been fully 
evaluated. 

Repetitive or cumulative trauma disorders have been identified 
as an area of concern in tyre manufacturing. Repetitive trauma 
disorders include LenOS)'llOViLis, carpal tunnel S)'lldrome, synovitis, 
noise-induced hearing loss and other conditions resulting from 
repetitive mot.ion, vibration or pressure. The tyre manufacturing 
process inherently contains excessive and multiple occurrences of 
material and product manipulation for a large portion of produc­
tion workers. In some coumries, manv improvements have been 
and continue to be introduced at the plants to address this issue. 
Many of the innovative improvements have been initiated by 
workers or joint labour-managcmenL committees. Some of the 
improvements provide engineering controls to manipulate ma­
terials and product (see figure 80.10). 

Due in part to workforce restructuring, the average age of 
workers in many tyre plants continues to increase. Also, more and 
more tyre manufacturing facilities tend to operate continuously. 
lVlany facilities with continuous operations include work shift 
schedules of 12-hour and/ or rotating shifts. Research continues to 
study the pos·sible relationships between extended work shifts, age 
and cumulative trauma disorders in tyre manufacturing. 

Figure 80. l O • A vacuum lift carries bags to the charging 
conveyor for a Banbury mixer, eliminating 
back strain from manual handling. 
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e NON-TYRE INDUSTRIAL PRODUCTS 

Ray C. Woodcock 

Rubber products are made for countless applications, using pro­
cesses similar to those described for tyre manufacturing. l'ion~tyre 
products, however, use a much greater variety of polymers and 
chemicals to give them the propenies they need (see table 80.1 ). 
Compounds are carefully designed to reduce hazards such as 
dermatitis and nitrosamines in the factory and in products like 
surgical supplies, respirators and baby bottle nipples that are used 
in contact with the body. Often processing equipment is on a 
smaller scale than in tyre making, with more use of mill mixing. 
Roofing and landfill membranes are made on the largest calen­
ders in the world. Some companies specialize in compounding 
rubber to the specifications of others who process it into many 
different kinds of products. 

Reieforced products such as drive belts, air brake diaphragms and 
footwear are built up from calendered rubber, coated fabric or 
cord on a revolving drum or stationary form. Curing is usually by 
compression moulding to fr-. tl1e final shape, sometimes using 
steam pressure and a bladder or airbag as \\'ith a ~·Tc. ]\fore 
synthetic polymers are used in non-~Te products. They arc not as 
sticky as natural rubber, so more solvent is used to clean and 
make the built-up layers tad.-y. Milling, calendering and solvents 
or adhesives are bypassed in some cases by going directly from the 
mixer to a cross-head extruder to build the product. 

Non-reieforced products are formed and cured by transfer or injec· 
tion moulding, extruded and cured in a hot air o,·en or formed in 
a compression mould from a pre-cut slug. Sponge rubber is made 
by agents in the compound that release gas when heated. 

'i·-;. .. J- J -:: - ,i •-

Rubber hose is built by braiding, knitting or spinning reinforcing 
cord or wire onto an extruded tube supported by air pressure or a 
solid mandrel , then extruding a cover tube over it. An extruded 
lead cover or nylon cross-wrap is then put on the hose for com· 
pression moulding and removed after curing, or else the hose is 
put into the pressurized steam vulcanizer bare. Nylon cross-wrap 
or extruded plastic are increasingly replacing the lead. Automo­
tive CUIYed hose is cut and pushed onto shaped mandrels for 
curing; in some ca~es robots are taking over this strenuous manual 
labour. A process also exists that uses chopped fibre for reinforce· 
ment and a movable die in the extnidei: to shape the hose. 

Cements mixed from rubber and solvent are used to coat fabric 
for a host of products. Toluene, ethyl acetate and cyclohexane are 
common solvents. Fabric is dipped in thin cement, or rubber can 
be built up in increments of a few micrometres by applying 
thicker cement under a knife-edge over a roller. Curing is done on 
a continuous rotational vulcanizer or in an eiqilosion·protected 
hot-air oven. Latex processes are being developed for coated 
fabrics to replace the cements. 

Rubber cements are also commonly used as adhesives. Hexane, 
heptane, naphtha and I, I, I-trichloroethane are common solvents 
for these products, but hexane is being replaced because of toxic­
ity. 

Latex is a typically very alkaline suspension of natural or syn· 
thetic rubber in water. Forms for gloves and balloons are dipped, 
or tl1e latex compound can be foamed for carpet backing, ex­
truded into an acetic acid coagulant solution and washed to 
produce thread, or spread on fabric. The product is dried and 
cured in an oven. Natural rubber latex is widely used in medical 
gloves and devices. Gloves are powdered with cornstarch, or 
treated in a chlorine solution to de-tackify the surface. Powder­
free gloves are reportedly subject to spontaneous combustion 
when stored in large quantity in a hot area. 

Salt bath v'Lilcani;,~tio'ai , .... , ' : . 
Salt_ b<:ith vulcanization· is a liquid curing method (LCM). a comnion agent. These nitrosamines are weakly C~!cinogenic, b~t th;,,, coil 
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Hazards and Precautions 
Rubber processing hazards include exposure to hot surfaces, pres­
surized steam, solvents, processing aids, curing fumes and noise. 
Dusting agents include stearates, talc, mica and cornstarch. The 
organic dusts are explosive. Finishing adds a variety of hazards 
such as punching, cutting, grinding, printing ink solvents and 
alkaline or acidic surface treatment washes. 

For precautions, see the articles "Engineering conr.rols" and 
"Safety" in this chapter. 

Microwave, electron beam and ultrasonic vulcanization are 
being developed to generate heat within the rubber instead of 
transferring it inefficiently from outside to inside. The industry is 
working hard to eliminate or find safer substitutes for lead, dust­
ing agents and volatile organic solvents and to improve com­
pounds for better and safer properties in processing and use. 

e 1,3-BUTADIENE 
Ronald L. Melnick 

A colourless gas produced as a co-product in the manufacture of 
ethylene, 1,3-butadiene -is used largely as a starting material in the 
manufacture of synthetic rubber (e.g., styrene-butadiene rubber 
(SBR) and polybutadiene rubber) and thermoplastic resins. 

Health Effects 
Animal studies. Inhaled butadiene is carcinogenic at multiple organ 
sites in rats and mice. In rats eiqJOsed to 0, 1,000, or 8,000 ppm 
butadiene for 2 years, increased tumour incidences and/ or dose­
response trends were observed in the exocrine pancreas, testis and 
.brain. of males and in the mammary gland, thyroid gland, uterus 
and Zymbal gland of females. Inhalation studies of butadiene in 
mice were conducted at exposures ranging from 6.25 to 
1,250 ppm. Particularly noteworthy in mice were the induction of 
'early malignant lymphomas and uncommon haemangiosarcomas 
of the heart. fvfalignant lung tumours were induced at all ex­
posure concentrations. Other sites of tumour induction in mice 
included the liver, forestomach, Harderian gland, ovary, mam­
mary gland and preputial gland. Non-neoplastic effects of butadi­
ene exposure in mice included bone marrow toxicity, testicular 
atrophy, ovarian atrophy and developmental toxicity. 

Butadiene is genotoxic to bone marrow cells of mice, . but not 
rats, producing increases in sister chromatid exchanges, micro­
nuclei and chromosomal aberrations. Butadiene is also mutagenic 
to Salmonell.a ryphimurium in the presence of metabolic activation 
systems. The mutagenic activity of butadiene has been attributed 
to its metabolism to mutagenic (and carcinogenic) epoxide inter­
mediates. 

Human studies. Epidemiological studies have consistently found 
excess mortality from lymphatic and haematopoietic cancers asso­
ciated with occupational exposure to butadiene. In the butadiene 
production industry, increases in lymphosarcomas in production 
workers were concentrated among men who were first employed 
before 1946. A case-control study oflymphatic and haematopoie­
tic cancers in eight SBR facili ties identified a strong association 
between leukaemia mortality and ell."J)Osure to butadiene. Impor­
tant characteristics of the leukaemia cases were that most were 
hired before 1960, worked in three of the plants and had been 
Fmpl.oyedTor at least1ffyeirs iii" ilie- inctustry. The International 
Agency for Research on Cancer (!ARC) has classified as 1,3-buta­
diene probably carcinogenic to humans (!ARC 1992). 

A recent epidemiological. study has provided data that confirm 
the excess in leukaemia mortality among SBR workers exposed to 
butadiene (Delzell et al. 1996). The site correspondence between 
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lymphomas induced in mice exposed to butadiene and lymphatic 
and haematopoietic cancers associated with occupational ex­
posure to butadiene is especially noteworthy. Furthermore, esti­
mates of human cancer risk derived from data of 
butadiene-induced lymphomas in mice are similar to estimates of 
leukaemia risk determined from the new epidemiological data. 

Industrial Exposure and Control 
Surveys of exposure in industries where butadiene is produced 
and utilized were conducted by the US National lns_titute for 
Occupational Safety and Health (NIOSH) in the mid- l 980s. Ex­
posures were greater than l O ppm in 4% of the samples and less 
than 1 ppm in 81 % of the samples .. Exposures were not homo­
geneous within specific job categories, ·and excursions as high as 
370 ppm were measured. Exposures to butadiene were probably 
much higher during the Second World War, when the synthetic 
rubber industry was undergoing rapid growth. Limited sampling 
from rubber tyre and hose manufacture plants were below the 
limit of detection (0.005 ppm) (Fajen, Lunsford and Roberts 
1993). -

Exposures to butadiene can be reduced by ensuring that fittings 
on closed-loop systems are not worn or incorrectly connected. 
Further measures to control potential ell.l)Osures include: use of 
closed-loop systems for cylinder sampling, use of dual mechanical 
seals to control release from leaking pumps, use of magnetic 
gauges to monitor rail-car filling operations and use of a labora­
tory hood for cylinder voiding. 

ENGINEERING CONTROLS e 
Ray C. Woodcock 

The manufacture of tyres and other rubber products exposes 
workers to a large variety of chemicals. These include many 
different powders, solids, oils and polymers used as compounding 
ingredients; anti-tack dusts to prevent sticking; mist, fumes and 
vapours generated by heating and curing rubber compounds; and 
solvents used for cements and process aids. The health effects 
related to most of these arc not well known, except that they are 
usually chronic in nature rather than acute at typical exposure 
levels. Engineering controls are generally aimed at overall reduc­
tion of the level of dust, heated rubber emissions or curing fumes 
to which workers are exposed. Where there is exposure to specific 
.chemicals, solvents or agents (such as noise) that .are known to be 
harmful, control efforts can be targeted more specifically and in 
many cases the exposure can be eliminated. 

Elimination or substitution of harmful materials is perhaps the 
most effective means of engineering control of hazards in rubber 
manufacturing. For example, ~-naphthylamine contained as an 
impurity in an anti-oxidant was identified in the 1950s as a cause 
of bladder cancer and was banned. Benzene was once a common 
solvent but has been replaced since the 1950s by naphtha, or 
white gasoline, in which the benzene content has been steadily 
reduced (from 4-7% to commonly less than 0.1 % of the mixture). 
Heptane has been used as a substitute for hexane and works just 
as well or bener. Lead sheathing is being replaced by other 
materials for curing hose. Rubber compounds are being designed 
to reduce dermatitis in handling and the formation of nitrosami­
·oeii in curing. Talcs used for anti-tack purposes are selected for 
low asbestos and silica content. 

Rubber Compounding 
Local exhaust ventilation is used for control of dust, mist and 
fumes in rubber compound preparation and mixing and in finish-
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Figure 80.11 • A canopy hood controls fumes in finishing 
a tube casting at an industrial rubber plant 
in Italy. 

ing processes involving buffing and grinding of rubber products 
(see figure 80.11 ). With good work practices and ventilation de­
signs, dust exposures are usually well under 2 mg/m3

• Effective 
maintenance of filters, hoods and mechanical equipment is an 
essential element of engineering control. Specific hood designs are 
given in the American Conference of Governmental Industrial 
Hygienists ventilation manual and the Rubber and the Plastics 

Figure 80.12 • Slotted local exhaust ventilation at a com­
pound weighing station. 

L ENGINEERING CONTROLS 

Research Association of Great Britain ventilation handbook 
(ACGIH 1995). 

Compounding chemicals have traditionally been scooped from 
bins into small bags on a weighing scale, then placed on a con­
veyor to be poured into the mi..xer or onto a mill. Dust exposures 
are controlled by a slotted side-draft hood behind the scale (see 
figure 80.12). and in some cases by slotted hoods at the edge of 
the stock bins. Dust control in this process is improved by substi­
tuting larger-particle-sized or granular forms for powders, by 
combining ingredients in a single (often heat-sealed) bag and by 
feeding compounds automatically from the storage bin to the 
transfer bag or directly to the mixer. Operator work practices also 
strongly influence the amount of dust exposure. 

The Banbury mixer requires an effective enclosing hood to 
capture the dust from charging and to collect the fumes and oil 
mist coming from the heated rubber as it mixes. \,Veil-designed 
hoods are often disrupted by drafts from pedestal fans used to cool 
the operator. Powered equipment is available to carry bags from 
pallets to the charging conveyor. 

Mills are provided with canopy hoods to capture emissions of 
oil mist, vapours and fumes rising from the hot rubber. Unless 
more enclosed, these hoods are less effective in capturing dust 
when compounds are mixed on the mill or the mill is dusted with 
anti-tack powders (see figure 80.13). They are also sensitive to 
drafts from pedestal fans or misdirected general ventilation make­
up air. A push-pull design has been used which places an air 
curtain in front of the operator directed up into the canopy. Mills 
are often raised to put the roller nip point out of the operator's 
reach, and they also have a trip wire or bar in front of the 
operator to stop the mill in an emergency. Bulky gloves are worn 
that will be pulled into the nip before the fingers are caught. 

Rubber slabs taken off mills and calenders are coated to keep 
them from sticking together. This is sometimes done by dusting 
the rubber with powder, but is now more often done by dipping it 
in a water bath (see figure 80.14). Applying the anti-tack com­
pound this way greatly reduces dust exposure and improves 
housekeeping. 

Figure 80.13 • A curtain at the edge of a canopy hood 
over a mixing mill helps contain dust. 
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Figure 80. 14 • A rubber strip taken from a Banbury batch­
off mill goes through a water bath to apply 
anti-tack compound. 

Dust and fumes arc ducted to bag-house or cartridge-type dust 
collectors. In large installations, air is sometimes recirculated back 
into the factory. In that case, leak detection equipment is neces­
sary to be sure contaminants arc not recirculated. Odours from 
some ingredients such as animal glue make air recirculation unde­
sirable. Rubber dust burns easily, so fire and explosion protection 
for ductwork and dust collectors are important considerations. 
Sulphur and explosive dusts such as cornstarch also have special 
fire-protection requirements. 

Rubber Processing 
Local exhaust hoods are often used at extruder heads to capture 
mist and vapours from the hot extrusion, which may then be 
directed into a water bath to cool it and suppress the emissions. 
Hoods are also used at many other emission points in the factory, 
such as grinders, dip tanks and laboratory -test equipment, where 
air contaminants can easily be collected at the source. 

The numbers and physical configurations of building stations 
for tyres and other products usually make them unsuitable for 
local exhaust ventilation. Confinement of solvents to covered con­
tainers as much as possible, along with careful work practices and 
adequate dilution air volume in the work area, are important for 
keeping exposures low. Gloves or applicator tools are used to 
minimize skin contact. 

Curing presses and vulcanizers release large amounts of hot 
curing fumes when they are opened. Most of the visible emission 
is oil mist, but the mixture is also rich in many other organic 
compounds. Dilution ventilation is the control measure most 
often used, often in combination with canopy hoods or curtained 
el).closures over individual vulcanizers or groups of presses. Large 
volumes of air are required which, if not replaced by adequate 
make-up air, can disrupt ventilation and hoods in connecting 
buildings or departments. Operators should be positioned outside 
the hood or enclosure. If they must be under the hood, downdraft 
fresh air ventilators can be placed over their work stations. Other­
wise, -replacement air should be introduced adjacent to the enclo-
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sures but not directed into the canopy. The British occupational 
exposure limit for rubber curing fumes is 0.6 mg/m3 of cyclohex­
ane soluble material, which is normally feasible with good prac­
tice and ventilation design. 

Making and applying rubber cement presents special engineer­
ing control requirements for solvents. Mixing chums are sealed 
and vented to a solvent recovery system, while dilution ventilation 
controls vapour levels in the work area. The highest operator 
exposures come from reaching into chums to clean them. In 
applying rubber cement to fabric, a combination of local exhaust 
ventilation at emission points, covered containers, general ventila­
tion in the workroom and properly directed make-up air controls 
worker exposure. Drying ovens are exhausted directly, or some­
times air is recirculated in the oven before it is exhausted. Carbon 
adsorption solvent recovery systems are the most common air­
cleaning device. Recovered solvent is returned to the process. 
Fire-protection standards require that the flammable vapour con­
centration in the oven be maintained below 25% lower explosion 
limit (LEL), unless continuous monitoring and automatic controls 
are provided to ensure that the vapour concentration does not 
exceed 50% LEL (NFPA 1995). 

Automation of processes and equipment often lowers exposure 
to airborne contaminants and physical agents by placing the op­
erator at a greater distance, by confining the source or by reduc­
ing the generation of the hazard. Less physical strain on the body 
is also an important benefit of automation in processes and ma­
terial handling. 

Noise Control 
Significant noise exposures often come from equipment such as 
braiders and belt grinders, air-exhaust ports, compressed air leaks 
and steam leaks. Noise-reducing enclosures are effective for braid­
ers and grinders. Very effective silencers are made for air-exhaust 
ports. In some cases the ports can be ducted to a common header 
that vents elsewhere. Air noise from leaks can often be reduced by 
better maintenance, enclosure, design or good work practices to 
limit the noise cycle. 

Work Practices 
To prevent dermatitis and rubber allergies, rubber chemicals and 
fresh rubber batches should not come in contact with the skin. 
Where engineering controls are insufficient for this, long gauntlet 
gloves, or gloves and long-sleeved shirts, should be used to keep 
powders and rubber slabs off the skin. Work clothes should be 
kept separate from street clothing. Showers are recommended 
before-changing to street clothing to -remove residual contami­
nants from the skin. 

Other protective equipment · such as hearing protection and 
respirators may also be necessary at times. However, good prac­
tice dictates that priority always be given to substitution or other 
engineering solutions to reduce hazardous exposures in the work­
place. 

SAFETY 

James R. Townlzill 

Mill Safety_ 
Mills and calenders are used extensively throughout the rubber 
industry. Running nip accidents (getting caught in the rotating 
rolls) are major safety hazards during operation of these ma­
chines. In addition, there is a potential for accidents during repair 
and maintenance of these and other machines used in the rubber 
industry. This article discusses these safety hazards. 
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In 1973 in the United States, the National Joint Industrial 
Council for the Rubber Manufacturing Industry concluded that 
for in-running nip points, a safety device that depended on action 
of the operator could not be regarded as an effective method of 
preventing running nip accidents. This is especially true of mills in 
the rubber indusu,.-. Unfortunately, little has been done to force 
code changes. Currently there is only one safety de\~Ce that does 
not require operator action to activate. The body bar is the only 
widely accepted automatic de\~Ce that is an effective means of 
preventing mill accidents. However, even the body bar has limita­
tions and cannot be used in all cases unless modifications are 
made to the equipment and work practice. 

The problem of mill safety is not a simple one; there are several 
major issues involved: 

• mill height 
• the size of the operator 
• auxiliary equipment 
• the way the mill is worked 
• the tack or stickiness of the stock 
• stopping distance. 

Mill height makes a difference as to where the operator works 
the mill . For mills less than 1.27 m high, where tl1e height of the 
operator is greater than 1.68 m, there is a tendency to work too 
high on the mill or too close to the nip. This allows for a very 
short reaction time for the automatic safety to stop the mill. 

The size of the operator also dictates how close the operator 
needs to get to the mill face to work the mill. Operators come in 
many different sizes, and often must operate the same mill. The 
majority of the time no adjustment is made to the mill safety 
devices. 

Auxiliary equipment such as conveyors or loaders can often 
conflict with safety cables and ropes. Despite codes to the con­
trary, often the safety rope or cable is moved to allow for the 
operation of the auxiliary equipment. This can result in the opera­
tor working the mill with the safety cable behind the operator's 
head. 

While the height of the mill and the auxiliary equipment have a 
part in the way a mill is worked, there are other factors which 
enter into the picture. If there is no mixing roll below the mixer to 
distribute the rubber evenly on the mill, the operator will have to 
physically move the rubber from one side of the mill to the other 
by hand. The mixing and moving of the rubber exposes the 
operator to increased risk of strain or sprain injuries in addition to 
the hazard of the mill nip. 

The tack or stickiness of the stock poses an additional hazard. If 
the rubber sticks to the mill roll and the operator has to pull it off 
the roll, a body bar becomes a safety hazard. Operators of mills 
with hot rubber have to wear gloves. Mill operators use knives. 
Tacky stock can grab a knife, glove or bare hand and pull it 
toward the running nip of the mill. 

Even an automatic safety device will not be effective unless the 
mill can be stopped before the operator reaches the running nip 
of the mill. Stopping distances must be checked at least weekly 
and the brakes tested at the beginning of each shift. Dynamic 
electrical brakes must be checked on a regular basis. If the zero 
switch is not adjusted properly, the mill will move back and forth 
and damage to the mill will result. For some situations, disc brakes 
are preferred. Vlith electrical brakes a problem can arise if the 
operator has activated the mill stop button "and then -tnecl.-"an 
emergency mill stop. On some mills the emergency stop will not 
work after the mill stop button has been activated. 

There have been some adjustments made that have improved 
mill safety. The following steps have greatly reduced exposure to 
running nip injuries on the mills: 
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• A body bar should be used on the working face of each mill, 
but only if the bar is adjustable for the height and reach of the 
operator. 

• Mill brakes can be either mechanical or electrical, but they 
must be checked each shift and the distance checked weekly. 
The stopping distances should comply witli the American 
National Standards Institute (ANSI) stopping distance recom­
mendations. 

• Where mixer mills have hot, tad.-y stock, a two-mill system has 
replaced the single-mill system. This has reduced operator ex­
posure and improved the mixing of the stock. 

• Where operators are required to move stock across a mill, a 
mixing roll should be added to reduce operator exposure. 

• Current mill work practices have been reviewed to insure that 
the operator is not working too close to the running nip on the 
mill. This includes small lab mills, especially where a sample 
may require numerous passes through the running nip. 

• Mill loaders have been added on mills to load stock. This has 
eliminated the practice of ~ng to load a mill using a fork 
truck, and has eliminated any conflict with the use of a body 
bar as a safety device. 

Currently technology .exists to improve mill safety. In Canada, 
for example, a rubber mill cannot be operated witliout a body bar 
on the working face or front of the mill. Countries receiving older 
equipment from oilier countries need to adjust the equipment to 
fit their workforce. 

Calender Safety 
Calenders have many configurations of machines and auxiliary 
equipment, making it difficult to be specific on calender safety. 
For a more in-deptli study in calender safety, see National Joint 
Industrial Council for the Rubber Manufacturing Industry (1959, 
1967). 

Unfortunately, when a calender or any other piece of equip­
ment has been transferred from one company to another or one 
country to another, often tile accident history is not included. 
This has resulted in the removal of guards and in dangerous work 
practices that had been changed because of a prior incident. This 
has led to history repeating itself, with accidents that have oc­
curred in the past reoccurring. Another problem is language. 
Machines witli the controls and instructions in a different lan­
guage from tile user country makes safe operation more difficult. 

Calenders have increased in speed. The braking ability of these 
machines has not always kept pace witli tile equipment. This is 
especially true around the calender rolls. If these rolls cannot be 
stopped in the recommended stopping distance, an additional 
metliod must be used to protect employees. If necessary, the 
calender should be equipped with a sensing device that will slow 
the machine when the rolls are approached during operation. 
This has proven very effective in keeping employees from getting 
too close to the rolls during tlie operation of the machine. 

Some of the oilier major areas identified by the National Joint 
Industrial Council are still a source of injuries today: 

• clearing jams and adjusting material 
• running nip injuries, especially at wind-ups 
• threading up 
• communications. 

. An _ effective, well _ understood lockout programme (see below) 
will do much to reduce or eliminate injuries from the clearing of 
jams or the adjusting of material while the machine is in opera­
tion. Proximity devices that slow the rolls when they are ap­
proached may help deter an adjustment attempt. 

Running nip injuries remain a problem, especially at wind-ups. 
Speeds at the wind-up must be adjustable to allow for a slow 
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start-up at the beginning of the roll . Safeties must be available in 
the event of a problem. A device that slows the roll when it is 
approached will tend to discourage an attempt to adjust a liner or 
fabric during the wind-up. Telescoping rolls are a special tempta­
tion for even experienced operators. 

The problem of threading-up incidents has increased with the 
speed and complexity of the calender train and the amount of 
auxiliary equipment. Here the existence of a single line control 
and good communications are essential. The operator may not be 
able to sec all of the crew. Everyone must be accounted for and 
communications must be clear and easily understood. 

The need for good communications is essential to safe opera­
tion when a crew is involved. Critical times are when adjustments 
are being made or when the machine is started at the beginning of 
a run or started after a shut-down which had been caused by a 
problem. 

The answer to these problems is a well-trained crew that 
understands the problems of calender operation, a maintenance 
system that maintains all safety devices is working condition and a 
system that audits both. 

Machine Lockout 
The concept of machine lockout is not new. While lockout has 
been generally accepted in maintenance programmes, very little 
has been done to gain acceptance in the operating area. Part of 
the problem is the recognition of the hazard. A typical lockout 
standard requires that "if the unexpected movement of equipment 
or release of energy could cause injury to an employee then that 
equipment should be locked out". Lockout is not limited to elec­
trical energy, and not all energy can be locked out; some things 
must be blocked in position , pipes must be disconnected and 
blanked, stored pressure must be relieved. 'While the lockout con­
cept is viewed in some industries as a way of life, other industries 
have not accepted it due to the fear of the cost oflocking out. 

Central to the concept of lockout is control. Where the person 
is at risk for injury as the result of movement, the power source(s) 
must be disabled and the person or persons at risk should have 
control. All situations requiring lockout are not easy to identify. 
Even when they are identified, it is not easy to change work 
practices. 

Another key to a lockout programme which is often overlooked 
is the ease with which a machine or line can be locked out or the 
power isolated. Older equipment was not designed or installed 
with lockout in mind. Some machines were installed with a single 
breaker for several machines. Other machines have multiple 
power sources, making lockout more complicated. To add to this 
problem, motor control room breakers are often changed or feed 
additional equipment, and the documentation of the changes is 
not always kept cu1Tent. 

The rubber industry has seen general acceptance of lockout in 
maintenance. V1'hile the concept of protecting one's self from the 
dangers of unexpected movement is not new, the uniform use of 
lockout is. In the past, maintenance personnel used different 
means to protect themselves. This protection was not always 
consistent due to other pressures such as production, and not 
always effective. For some of the equipment in the industry, the 
lockout answer is complex and not easily understood. 

The tyTe press is an example of a piece of equipment for which 
there is little consensus on the exact time and method for lockout. 
While the complete lockout of a _press for an extensive_! epair is 
straightforward, there is no consensus about lockout in such op­
erations as mould and bladder changes, mould cleaning and un­
jamming equipment. 

The tyre machine is another example of difficulty in lockout 
compliance. Many of the injuries in this area have not been to 
maintenance personnel, but rather to operators and tyre techni-
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cians making adjustments, changing drums, loading or unloading 
stock or unjamming equipment and to janitorial employees clean­
ing the equipment. 

It is difficult to have a successful lockout programme if the 
lockout is time consuming and difficult. Where possible, the 
means to disconnect should be available at the equipment, which 
helps witl1 case of identification and can eliminate or reduce the 
possibility of someone being in the danger zone when the energy 
is returned to the equipment. Even with changes that make identi­
fication easier, no lockout can ever be considered complete unless 
a test is made to be sure the co1Tect power isolation devices were 
used. In the case of work with electrical wiring, a test should be 
made after the disconnect is pulled to ensure that all power has 
been disconnected. 

An effective lockout programme must include the following: 

• The equipment should be designed to facilitate a lockout for all 
energy sources. 

• Lockout sources must be identified correctly. 
• Work practices requiring lockout must be identified. 
• All employees affected by lockout should have some training in 

lockout. 
• Employees who are required to lockout should be trained and 

advised that lockout is expected and that anything less is unac-
ceptable under any circumstances. 

• The programme needs to be audited on a regular basis to make 
sure that it is effective. 

EPIDEMIOLOGICAL STUDIES e 
Robert Harris 

In the 1920s and 1930s, reports from the United Kingdom 
showed that rubber workers had higher death rates man did the 
general population, and that the excess deaths were from cancers. 
Thousands of different materials are used in manufacturing rub­
ber products and which if any of tl1ese might be associated with 
the excess deaths in the industry was not known. Continued 
concern for the health of rubber workers led to joint company-un­
ion occupational health research programmes within tlie US rub­
ber industry at Harvard University and at the University of North 
Carolina. The research programmes continued through the dec­
ade of the 1970s, after which they were supplanted by jointly 
sponsored company-union health surveillance and health mainte­
nance programmes based, at least in part, on findings of tl1e 
research effort. · 

\Nork in the Harvard research programme focused generally 
on mortality in the rubber industry (Monson and Nakano 1976a, 
1976b; Delzell and Monson 1981a, 1981b; Monson and Fine 
1978) and on respiratory morbidity among rubber workers (Fine 
and Peters 1976a, 1976b, 1976c; Fine et al. 1976). An overview of · 
the Harvard research has been published (Peters et al. 1976). 

The University of North Carolina group engaged in a combi­
nation of epidemiological and environmental research. The early 
efforts were primarily descriptive studies of rubber workers' mor­
tality experience and investigations of conditions of work 
(1vic1V1ichael, Spirtas and Kupper 1974; McMichael et al. 1975; 
Andjclkovich, Taulbee and Symons 1976; Gamble and Spirtas 
1976; Williams et al. 1980; Van En et al. 1980). The major focus, 
however, was in analytic studies on associations between work-re­
lated exposures and disease (McMichael et al. 1976a; McMichael 
et al. 1976b; McMichael, Andjelkovich and Tyroler 1976; Lednar 
et al. 1977; Blum et al. 1979; Goldsmith, Smith and McMichael 
1980; Wolf et al. 1981; Checkoway et al. 1981; Symons et al. 
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1982; Delzell, Andjelkovich and Tyroler 1982; Arp, Wolf and 
Checkoway 1983; Checkoway et al. 1984; Andjelkovich et al. 
1988). Noteworthy were findings regarding associations between 
exposures to hydrocarbon solvent vapours and cancers 
(McMichael et al. 1975; McMichael et al. 1976b; Wolf et al. 
1981; Arp, Wolf and Checkoway 1983; Checkoway et al. 1984) 
and associations between exposures to airborne particulate ma­
terials and pulmona11· disability (1VIcMichael, Andjelkovich and 
Tyroler 1976; Lednar et al. 1977). 

At the University of North Carolina, the initial analytic studies 
of leukaemia among rubber workers showed excess cases among 
workers who had a history of working in jobs in which solvents 
were used (McMichael et al. 1975). Exposure to benzene, a com­
mon solvent in the rubber industry many years ago, and a recog­
nized cause of leukaemia, was immediately suspected. More 
detailed analyses, however, showed that the excess leukaemias 
were generally lymphocytic, while exposures to benzene had com­
monly been associated with the myeloblastic type (V11olf et al. 
1981 ). It was surmised that some agent other than benzene could 
be involved. A very painstaking review of records of solvent use 
and solvent sources of supply for one large company showed that 
use of coal-based solvents, including both benzene and xylene, 
had a much stronger association with lymphocytic leukaemia than 
did use of petroleum-based solvents (Arp, Wolf and Checkoway 
1983). Coal-based solvents are generally contaminated with 
polynuclear aromatic hydrocarbons, including compounds which 
have been shown to cause lymphocytic leukaemia in experimental 
animals. Further analyses in this study showed an even stronger 
association of lymphocytic leukaemia with exposures to carbon 
disulphide and carbon tetrachloride than with exposures to ben­
zene (Checkoway et al. 1984). fa.-posures to benzene are hazard­
ous, and exposures to benzene in workplaces should be eliminated 
or minimized to the extent possible. A conclusion, however, that 
eliminating benzene from use in rubber processes will eliminate 
future excesses of leukaemia, particularly of lymphocytic leukae­
mia, among rubber workers may be incorrect. 

Special studies at the University of North Carolina of rubber 
workers who had taken disability retirement showed that disabling 
pulmonary disease, such as emphysema, w~ more likely to have 
occurred among people with a history of work in curing, curing 
preparation, finishing and inspection than among workers in 
other jobs (Lednar et al. 1977). All of these work areas involve 
exposures to dusts and fumes which can be inhaled. In these 
studies it was found that a histo1y of smoking generally more than 
doubled the risk of pulmonary disability retirement, even in the 
dusty jobs which themselves were associated with disability. 

Epidemiological studies were under way in the European and 
Asian rubber industries (Fox, Lindars and Owen 1974; Fox and 
Collier 1976; Nutt 1976; Parkes et al. 1982; Sorahan et al. 1986; 
Sorahan et al. 1989; Kilpikari et al. 1982; Kilpikari 1982; Ber­
nardinelli, Marco and Tinelli 1987; Negri et al. 1989; Norseth, 
Anderson and Giltvedt 1983; Szeszenia-Daborowaska et al. 1991; 
Solionova and Smulevich 1991; Gustavsson, Hogstedt and Holm­
berg 1986; Wang et al. 1984; Zhang et al. 1989) at about the 
same time and continued after those of Harvard and the Univer­
sity of North Carolina in the United States. Findings of excess 
cancers at various sites were commonly reported. Several studies 
showed an excess of lung cancer (Fox, Lindars and Owen 1974; 
Fox and Collier 1976; Sorahan et al. 1989; Szeszenia­
Daborowaska et al. 1991; Solionova and Smulevich 1991; Gus­
tavsson, Hogstedt and Holmberg 1986; Wang et al. 1984), 
associated, in some cases, with a history of work in curing. This 
finding was duplicated in some studies in the United States (Mon­
son and Nakano 1976a; Monson and Fine 1978) but not in others 
{Delzell, Andjelkovich and Tyroler 1982; Andjelkovich et al. 
1988). 

L RUBBER CONTACT DERMATITIS AND LATEX ALLERGY 

The mortality ex-perience among a cohort of workers in the 
German rubber industry has been reported (Weiland et al. 1996). 
Mortality from all causes and from all cancers was significantly 
elevated in the cohort. Statistically significant excesses in mortality 
from lung cancer and from pleural cancer were identified. The 
excess of mortality from leukaemia among German rubber work­
ers barely failed to reach statistical significance. 

A case-control study of lymphatic and haematopoictic cancers 
in eight styrene-butadiene rubber (SBR) facilities identified a 
strong association between leukaemia mortality and exposure to 
butadiene. The IARC has concluded rhat 1,3-butadiene is prob­
ably carcinogenic to humans (IARC 1992). A more recent 
epidemiological study has provided data that confirm the excess 
in leukaemia mortality among SBR workers exposed to butadiene 
(Delzell et al. 1996). 

Over the years, epidemiological studies among rubber workers 
have led to the identification of workplace hazards and to im­
provements in their control. The area of occupational 
epidemiological research in greatest need of improvement at this 
time is assessment of past exposures of study subjects. Progress is 
being made in both research techniques and in databases in this 
area. Although questions regarding causal associations remain, 
continued epidemiological progress will surely lead to continued 
improvements in control of exposures in the rubber industry and, 
consequently, to continued improvement in the health of rubber 
workers. 

Acknowledgement: I would like to recognize the pioneering efforts of Peter 
Bommarito, former president of the United Rubber 'Workers Union, who was 
primarily responsible for causing research to be done in the US rubber industry 
in the 1970s and 1980s on the health of rubber workers. 

RUBBER CONTACT DERMATITIS AND e 
LATEX ALLERGY 

James S. Taylor and Yung Hian Leow 

Contact Dermatitis 
Adverse skin reactions have been reported frequently among 
workers who have direct contact with rubber and with the hun­
dreds of chemicals used in the rubber industry. These reactions 
include irritant contact dermatitis, allergic contact dermatitis, 
contact urticaria (hives), aggravation· of pre-existing skin diseases 
and other less common skin disorders such as oil folliculitis, 
xerosis (dry skin), miliaria (heat rash) and depigmentation from 
certain phenol derivatives. 

Irritant contact dermatitis is the most frequent reaction and is 
caused by either acute ex-posure to strong chemicals or by cumu­
lative exposure to weaker irritants such as those found in wet work 
and in repeated use of solvents. Allergic con tact dermatitis is a 
delayed type of allergic reaction from the accelerators, vulcaniz­
ers, anti-oxidants and anti-ozonants which are added during rub­
ber manufacture. These chemicals are often present in the final 
product and may cause contact dermatitis in both the end-prod­
uct user as well as in rubber workers, especially Banbury, calender 
and extruder operators and assemblers. 

Some workers acquire co.ntact dermatitis_through _exposure in 
work which does not permit the use of chemical-protective cloth­
ing (CPC). Other workers also develop allergy to CPC itself, most 
commonly from rubber gloves. A valid positive patch test to the 
suspected allergen is the key medical test which is used to differen­
tiate allergic contact dermatitis from irritant contact dermatitis. It 
is important to remember that allergic contact dermatitis may 
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coexist with irritant contact dermatitis as well as with other skin 
disorders. 

Dermatitis may be prevented by automated mixing and pre­
blending of chemicals, provision of exhaust ventilation, substitu­
tion of known contact allergens with alternative chemicals and 
improved materials handling to reduce skin contact. 

Natural Rubber Latex (NRL) Allergy 
NRL allergy is an immunoglobulin £- mediated, immediate, 
Type I allergic reaction, most always due to NRL proteins present 
in medical and non-medical latex devices. The spectrum of clini­
cal signs ranges from contact urticaria, generalized urticaria, aller­
gic rhinitis (inflammation of nasal mucosa), allergic conjunctivitis, 
angio-oedema (severe swelling) and asthma (wheezing) to anaphy­
laxis (severe, life-threatening allergic reaction). Highest risk indi­
viduals are patients with spina bifida, health care workers and 
other workers with significant NRL exposure. Predisposing factors 
are hand eczema, allergic rhinitis, allergic conjunctivitis or asthma 
in individuals who frequently wear gloves, mucosa! exposure to 
NRL and multiple surgical procedures. Fifteen deaths following 
NRL exposure during barium enema examinations have been 
reported to the US Food and Drug Administration. Thus the 
route of exposure to NRL proteins is important and includes 
direct contact witl1 intact or inflamed skin and mucosa! exposure, 
including inhalation, to NRL-containing glove powder, especially 
in medical facilities and in operating rooms. As a result, NRL 
allergy is a major worldwide medical, occupational health, public 
health and regulatory problem, with the number of cases having 
increased dramatically since the mid- l 980s. 

Diagnosis of NRL allergy is strongly suggested if there is a 
history of angio-oedema . of the lips when inflating balloons 
and/ or itching, burning, urticaria or anaphylaxis when donning 
gloves, undergoing surgical, medical and dental procedures or 
following exposure to condoms or other NRL devices. Diagnosis 
is confirmed by either a.positive wear or use test with NRL gloves, 
a valid positive intracutaneous prick test to NRL or a positive 
RAST (radioallergosorbent test) blood test for latex allergy. Se­
vere allergic reactions have occurred from prick and wear tests; 
epinephrine and resuscitation equipment free of NRL should be 
available during these procedures. 

NRL allergy may be associated with allergic reactions to fruit, 
especially bananas, chestnuts and avocados. Hyposensitization to 
NRL is not yet possible, and NRL avoidance and substitution is 
imperative. Prevention and control of NRL allergy includes latex 
avoidance in health care settings for affected workers and patients. 
Substitute synthetic non-NRL gloves should be available, and in 
many cases low-allergen NRL gloves should be worn by co-work­
ers to accommodate those with NRL allergy, in order to minimize 
symptoms and to decrease induction of NRL allergy. Continued 
cooperation among government, industry and health care profes­
sionals is necessary to control latex allergy, as discussed in the 
Health care facilities chapter. 

ERGONOMICS 

William S. Marras 

Ergonomics is the science of assessing the relationship between 
workers and their work environment. This science includes not 
only an assessment of musculoskeletal risk due to the design of the 
work, but also includes a consideration of the cognitive processes 
involved in work that may lead to human errors. 

Jobs in the rubber and tyre industry have been identified with 
an increased risk of particular types of musculoskeletal disorders. 
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In particular, back injuries appear to be prominent. A sample of 
materials-handling jobs in the tyre and rubber industry has 
indicated that the high-risk jobs result in low-back disorder injury 
rates that are approximately 50% higher than that of general 
industry. An assessment of jobs indicates that these problems 
typically arise from jobs requiring the manual transport of rubber 
products. These jobs include rubber processing (Banbury) 
operations, tyre builders, tyre finishers and tyre transporters both 
in the factory and warehouse environment. Wrist problems such 
as carpal tunnel syndrome and tenosynovitis also appear to be 
prominent in tyre construction. An examination of tyre 
manufacturing operations suggests that shoulder problems would 
be expected. However, as expected, injury records tend to 
under-report the risk of shoulder injuries due to a lack of 
sensitivity to the problem. Finally, there appear to be some 
cognitive processing issues involved in the tyre industry. These are 
apparent in the inspection tasks and are often exacerbated by 
poor lighting. 

There are several workplace-related risk factors believed to be 
responsible for these musculoskeletal problems in the tyre and 
rubber industry. Risk factors consist of static, awkward postures in 
the back, shoulders and wrists, rapid motions in the wrist and 
back, and large weights handled, as well as large forces applied to 
the trunk while handling large pieces of rubber during tyre build­
ing. A study of factors associated with low-back disorder risk 
indicates that greater weight is handled by workers in the tyre 
building industry than in other fields and these loads are handled 
at greater than average distances from the body. Furthermore, 
these forces and weights are often imposed on the body during 
asymmetric motions of the trunk, such as bending. The duration 
of the force applications in this type of work is also problematic. 
Often in a tyre-building operation, lengthy applications of force 
are required which diminish the worker's available force over 
time. Finally, tyre and rubber workplaces are often warm and 
exposed to dirt and dust. The heat within the workplace will tend 
to increase the caloric demands of the job, thus increasing the 
energy demands. Resin and dust within the workplace increase 
the likelihood that workers will be wearing gloves while perform­
ing their tasks. This glove use will increase the required tension in 
the forearm muscles that control the fingers. In addition, when 
workers wear gloves they will increase their grip force since they 
cannot perceive when an object is about to slip out of their hands. 
Solutions to these ergonomic-related problems include the simple 
rearrangement of the workplace (e.g., raising or lowering of the 
work or moving the workstations in order to eliminate large 
twisting or lateral bending motions of the trunk; the latter can 
often be accomplished by reorienting origins and destinations of 
lifting tasks from 180° twists to 90° turns). Often more significant 
changes are needed. These may range from incorporating adjust­
able workstations such as scissors jacks or lift tables, to incorporat­
ing lifting assistance devices such as lifts and cranes, to fully 
automating the workstation. There is obviously a large cost associ­
ated with some of these solutions to the problem. Therefore the 
key to proper ergonomic design is to make only the changes that 
are necessary and to determine the effect of the change in terms of 
the change in musculoskeletal risk. Fortunately, new methods for 
quantifying the extent of the risk associated witl1 a given design of 
the ,rnrkplace are becoming available. For example, a risk model 
has been reported that assesses the risk of occupationally related 
low-back disorder given the demands of the job (11arras et al. 
1993; 1995). Models have also been develcip-e'd-tnat ·assess the 
loading of the spine due to dynamic trunk activities (Marras and 
Sommerich 1991; Granata and Marras 1993). Thus, models are 
becoming available for the assessment of workplace designs in the 
industry that are capable of addressing the issue of how much 
exposure to a workplace is too much. 
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e ENVIRONMENTAL AND PUBLIC 
HEALTH ISSUES 

Thomas Rhodarmer 

All rubber products start out as a "rubber compound". Rubber 
compounds start with a rubber polymer, either natural or one of 
the many synthetic polymers, fillers, plasticizers, anti-oxidants, 
process aids, activators, accelerators and curatives. Many of the 
chemical ingredients are classified as hazardous or toxic chemi­
cals, and some may be listed as carcinogens. Handling and pro­
cessing of these chemicals create both environmental and safety 
concerns. 

Hazardous Waste 
Ventilation systems and dust collectors are necessary for workers 
handling and weighing the rubber chemicals and for workers 
mixing and processing the uncured rubber compound. Personal 
protection equipment may also be necessary for these workers. 
The material collected in the dust collectors must be tested to 
determine whether it is a hazardous waste. It would be a hazard­
ous waste if it is reactive, corrosive, flammable or contains chemi­
cals that are listed hazardous as wastes. 

Hazardous waste must be listed on a manifest and sent for 
disposal at a hazardous wastesite. Non-hazardous waste can go to 
local sanitary landfills or may have to go to an industrial landfill, 
depending on applicable environmental regulations. 

Air Pollution 
Some rubber products require a rubber cement application in the 
manufacturing process. Rubber cements are made by mixing the 
uncured rubber compound with a solvent. The solvents used in 
this process are usually classified as volatile organic compounds 
(VOCs). Processes that use VOCs must have some type of emis­
sion-control equipment. This equipment can be a solvent recov­
ery system or a thermal oxidizer. A thermal oxidizer is an 
incineration system that destroys the VOCs by combustion and 
usually requires a fuel supplement such as natural gas. Without 
emission control equipment the VOCs can cause health concerns 
in the factory and in the community. If the voes are photo­
chemically reactive, they will affect the ozone layer. 

v\1hen rubber parts are cured and the curing vessel is opened, 
curing fumes rush out of the vessel and from the rubber part. 
These fumes will be in the form of smoke, steam or both. Curing 
fumes can carry unreacted chemicals, plasticizers, mould lubes 
and other materials out into the atmosphere. Emission controls 
are needed. 

Ground and Water Pollution 
Storage and handling of VOCs must be done with extreme cau­
tion. In past years, VOCs were stored in underground storage 
tanks, which in some cases resulted in leaks or spills. Leaks and/ or 
spills around underground storage tanks generally result in soil 
and groundwater contamination, which triggers expensive soil 
and groundwater remediation. The best storage choice is above­
ground tanks with good secondary containment for spill preven­
tion. 

Waste Rubber 
Every manufacturing process has process and finished goods 
scrap. Some of the process scrap can be reprocessed in the in­
tended product or other product processes. However, once the 
rubber is cured or vulcanized, it can no longer be reprocessed. All 
cured process and finished goods scrap becomes waste material. 

L ENVIRONMENTAL AND PUBLIC HEALTH ISSUES 

Disposal of scrap or waste rubber products has become a world­
wide problem. 

Every household and business in the world uses some type of 
rubber product. Most rubber products are classified as . non-haz­
ardous materials and therefore would be non-hazardous waste. 
However, rubber products such as tyres, hose and other tubular 
products create an environmental problem as related to disposal 
after their useful life. 

Tyres and tubular products cannot be buried in a landfill 
because the void areas trap air, which causes the products to rise 
to the surface over time. Shredding the rubber products elimi­
nates this problem; however, shredding requires special equip­
ment and is very expensive. 

Smoldering tyre fires can generate large .amounts of irritating 
smoke that can contain a wide variety of toxic chemicals and 
particulates. 

Incineration of Scrap Rubber 
One of the options for disposing of scrap rubber products and 

process scrap rubber from the manufacturing processes is incin­
eration. Incineration might initially seem to be the best solution 
for disposal of the numerous "worn out" rubber products that 
exist in the world today. Some rubber-manufacturing companies 
have looked at incineration as a means of disposing of scrap 
rubber parts as well as cured and uncured rubber-process scrap. 
In theory, the rubber could be burned to generate steam that 
could be used back in the factory. 

Unfortunately, it is not that simple. The incinerator must be 
designed so as to handle air emissions .and would most likely 
require scrubbers to remove such contaminants as chlorine. 
Chlorine emissions generally would come from burning products 
and scrap that contain chloroprene polymers. The scrubbers gen­
erate an acidic discharge that may have to be neutralized prior to 
discharge. 

Almost all rubber compounds contain some type of fillers, 
either carbon blacks, clays, calcium carbonates or hydrated silica 
compounds. When these rubber compounds are burned, they 
generate ash equivalent to the filler loading in the rubber com­
pound. The ash is collected either by wet scrubbers or dry scrub­
bers. Both methods must be analysed for heavy metals prior to 
disposal. Wet scrubbers most likely will produce a wastewater that 
contains 10 to 50 ppm zinc. This much zinc being discharged into 
a sewage system will create problems at the treatment plant. If this 
occurs, then a treatment system for the removal of zinc must be 
installed. This treatment system then generates a zinc-containing 
sludge that must be shipped out for disposal. 

Dry scrubbers generate an ash that must be collected for dis­
posal. Both wet and dry ash is difficult to handle, and disposal can 
be a problem since most landfills do not accept this type of waste. 
Both wet and dry ash can be very alkaline if the rubber com­
pounds being burned are heavily loaded with calcium carbonate. 

Finally, the amount of steam generated is not enough to supply 
the full amount necessary to operate a rubber-manufacturing 
facility. The scrap rubber supply is inconsistent, and efforts are 
currently underway to reduce scrap, which would reduce the fuel 
supply. The maintenance cost of an incinerator designed to burn 
rubber scrap and rubber products is also very high. 

"When all of these costs are taken into consideration, incinera­
tion of scrap rubber may be the least cost-effe\:tive method of 
disposal. 

Conclusion 
Perhaps the best solution to environmental and health concerns 
associated with manufacturing rubber products would be good 
engineering control for producing and compounding powdered 
chemicals used in rubber compounds, and recycling programmes 
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for all uncured and cured rubber process scrap and products. The 
powdered chemicals collected in dust-collector systems could be 
added back to rubber compounds with the appropriate engineer­
ing controls, which would eliminate the landfilling of these chemi­
cals. 

Controlling the environmental and health issues in the rubber 
industry can be done, but it will not come easy or be free. The 
cost associated with controlling environmental and health prob­
lems must be added back to the cost of rubber products. 
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