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PART I - HEALTHCARE WASTE 

1. INTRODUCTION- DEFINITIONS 

Solid HealthCare Waste (HCW) is any solid waste generated from one of the following processes: diagnosis, 
treatment or immunisation of human beings or animal in related research, biological production or testing. 
They are materials which are generated at health care facilities, such as hospitals, clinics, physician's offices, 
dental practices, blood banks, and veterinary hospitals/clinics, as well as medical research facilities and 
laboratories [1]. This waste stream includes both non-hazardous and hazardous waste constituents. The non-
hazardous waste includes wool, kitchen waste, etc. that do not pose any special handling problem, hazard to 
health or the environment. Non-hazardous waste is generated in the patients’ ward areas, out-patient-
department (OPD), kitchens, offices, etc. According to World Health Organisation (WHO) estimates, 85% of 
hospital waste is actually non-hazardous and around 10% is infectious while the remaining 5% is non-
infectious but consists of hazardous chemicals like methylchloride and formaldehyde. WHO has classified 
HCW into eight categories:  

• Infectious to potentially infectious waste 
o Pathological 
o Sharps 

• Non-infectious 
o Chemical and Pharmaceuticals 
o Radioactive 
o Pressurized containers 
o High content of heavy metals 

• General Waste 
 
 
 

 
 

Figure I-1: Medical waste. 
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2. DEFINITION AND CHARACTERIZATION OF HEALTHCARE WASTE 

2.1. Infectious/ potentially infectious Healthcare Waste 

Infectious is the waste capable of producing an infectious disease and they include (see also Table I-1)[2]:  
• Waste from infectious wards or patients infected by drug- resistant pathogen; 
• Culture or deposited materials with infectious pathogen (all cultures with microbes);  
• Human blood and residue sample for examining blood and body fluid;  
• Polluted lab waste;  
• Plaster, bandages, dressings, gloves, mops, etc. contacted with blood and wound;  
• Discarded or outdated bio-products, such as: Blood serum, bacterins, etc.;  
• Those hard-to-be- disinfected one-way medical instruments, such as one-way injectors, syringes, 

draught bottle, blood vessel catheter, draught tube, blood dialyze and pipes;  
• One-way textile contaminated with blood and body fluid 
• Other materials contaminated with blood and body fluid. 

Table I-1: Categories of infectious waste. 
Waste category Examples a 

Isolation waste 
Waste generated by hospitalised patients who are 
isolated to protect others from communicable 
diseases 

Cultures and stocks of infectious waste 

Specimens from medical and pathology agents and 
associated biological laboratories 
Cultures and stocks of infectious agents from clinical, 
research and industrial laboratories; disposable 
culture dishes and devices used to transfer, inoculate 
and mix cultures 
Waste from production of biological 
Discarded live and attenuated vaccines 

Human Blood and Blood products Waste blood, serum, plasma and blood products 

Pathological waste Tissues, organs, body parts, blood and body fluids 
removed during surgery, autopsy and biopsy 

Contaminated sharps b Contaminated hypodermic needles, syringes, scalpel 
blades, Pasteur pipettes and broken glass 

Contaminated animal carcasses, body parts and 
bedding c 

Contaminated animal carcasses, body parts or 
bedding of animals that were intentionally exposed to 
pathogens. 

a These materials are examples of waste covered by each category. The categories are not limited to these materials. 
b Unused sharps that have been improperly managed or discarded should be managed as if contaminated. Both used 

and unused sharps present the same potential for puncture injuries; testing of improperly disposed sharps to 
determine the presence of infectious agents is impractical; unused sharps present the same aesthetic degradation of 
the environment as do used sharps. 

c The descriptor “contaminated” may be superfluous- many landfill authorities do not accept such parts whether 
exposed/contaminated or not 
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The factors that are necessary for the introduction of a disease are: 
• presence of a pathogen of sufficient virulence; 
• dose; 
• portial of entry; and 
• resistance of host. 

Infectious and anatomic waste together represent the majority of the hazardous waste, up to 15% of the total 
waste from health-care activities [3]. The two main categories are presented below. 

2.1.1. Pathological and anatomical waste 

Pathological waste consists in organs, tissues, body parts or fluids such as blood. Even if pathological waste 
may contain healthy body parts, it has to be considered as infectious waste for precautionary reasons. 
Anatomical waste is a sub-group of pathological waste and consists in recognisable human body parts, 
whether they may be infected or not. Following the precautionary principal, anatomical waste is always 
considered as potential infectious waste [4]. 

2.1.2. Sharps 

Sharps represent about 1% of the total waste from health-care activities [3]. Several categories of sharps are 
generated on-site, such as needles, razors, and sharp glassware. Although most are not considered 
hazardous waste, they do require special handling for safety reasons.  
Throughout the world every year an estimated 12 000 million injections are administered. And not all needles 
and syringes are properly disposed of, generating a considerable risk for injury and infection and opportunities 
for re-use. 

• Worldwide, 8-16 million hepatitis B, 2.3 to 4.7 million hepatitis C and 80,000 to 160,000 HIV infections 
are estimated to occur yearly from re-use of syringe needles without sterilization2. Many of these 
infections could be avoided if syringes were disposed of safely. The re-use of disposable syringes and 
needles for injections is particularly common in certain African, Asian and Central and Eastern 
European countries. 

• Regarding injection practices, public health authorities in West Bengal, India, have recommended a 
shift to re-usable glass syringes, as the disposal requirements for disposable syringes could not be 
enforced. 

• In developing countries, additional hazards occur from scavenging on waste disposal sites and 
manual sorting of the waste recuperated at the back doors of health-care establishments. These 
practices are common in many regions of the world. The waste handlers are at immediate risk of 
needle-stick injuries and other exposures to toxic or infectious materials. 

2.2. Hazardous/ non-infectious Healthcare Waste 

2.2.1. Chemical and pharmaceuticals waste 

Pharmaceutical waste includes expired, unused, spilt and contaminated pharmaceutical products, drugs and 
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vaccines. In this category are also included discarded items used in the handling of pharmaceuticals like 
bottles, vials, connecting tubing. Since the Ministry of Health has taken specific measures to reduce the 
wastage of drugs, HCFs should deal only with small quantities of pharmaceutical waste. This category also 
includes all the drugs and equipment used for the mixing and administration of cytotoxic drugs. Cytotoxic 
drugs or genotoxic drugs are drugs that have the ability to reduce/stop the growth of certain living cells and are 
used in chemotherapy for cancer. Cytotoxic waste is dealt with under a separate heading. 
Chemical waste consists of discarded chemicals (solid, liquid or gaseous) that are generated during 
disinfecting procedures or cleaning processes. They may be hazardous (toxic, corrosive, flammable…) and 
must be used and disposed of according to the specification formulated on each container. Nevertheless non-
explosive residues or small quantities of outdated products may be treated together with infectious waste [4]. 
Chemicals and pharmaceuticals amount to about 3% of waste from health-care activities [5]. 

2.2.2. Radioactive waste 

Radioactive waste includes liquids, gas and solids contaminated with radionuclides whose ionizing radiations 
have genotoxic effects. The ionizing radiations of interest in medicine include X- and g-rays as well as a- and 
b- particles. An important difference between these types of radiations is that X-rays are emitted from X-ray 
tubes only when generating equipment is switched on whereas g-rays, a- and b- particles emit radiations 
continuously. 
The type of radioactive material used in HCF results in low level radioactive waste. It concerns mainly 
therapeutic and imaging investigation activities where Cobalt 60Co, Technetium 99mTc, iodine 131I and 
iridium 192Ir are most commonly used. With the noticeable exception of Cobalt 60Co, their half-life is 
reasonably short (6 hours for 99mTc, 8 days for 131I and 74 days for 192Ir) and the concentrations used 
remain low. A proper storage with an appropriate retention time is sufficient to prevent radioactivity to spillage 
in the environment [4]. 
The use of radiation sources in medical and other applications is widespread throughout the world. 
Occasionally, the public is exposed to radioactive waste, usually originating from radiotherapy treatment that 
has not been properly disposed of. Serious accidents have been documented in Goiânia, Brazil in 1988 in 
which four people died from acute radiation syndrome and 28 suffered serious radiation burns. Similar 
accidents happened in Mexico City in 1962, Algeria in 1978, Morocco in 1983 and Ciudad Juárez in Mexico in 
1983. Risks associated with other fractions of health-care waste, in particular blood waste and chemicals, 
have been relatively poorly assessed, and need to be strengthened. In the meantime, precautionary measures 
need to be taken. 

2.2.3. Waste with a high content of heavy metals 

Waste with high contents of heavy metals and derivatives are potentially highly toxic (e.g. cadmium or mercury 
from thermometers or manometers). They are considered as a sub-group of chemical waste but should be 
treated specifically. 
The concentration of mercury-zinc batteries in hospital waste may be even greater than in MSW, because 
industrial-type mercury-zinc instrument batteries are used in hospital diagnostic equipment and there is 
potential for a high proportion of elderly persons at hospitals to use hearing aids. Mercury-zinc instrument 
batteries contain over 20 times more mercury per battery than button cells (14 grams (g) of mercury per cell 
versus 0.63 g of mercury per cell, respectively). Industrial mercury-zinc batteries have been poorly 
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characterized in most nationwide inventories of batteries in the waste stream. Therefore, they may be a more 
important source of mercury from MWIs than has been reported. Thus, the primary targets for separation at 
hospitals should be mercury-zinc button cells and instrument batteries. Several successful programs have 
been implemented at hospitals to separate mercury-zinc button cells and instrument batteries from the waste 
stream. Initial results from these programs indicate that they are highly effective in removing mercury from the 
waste stream at hospitals. Results of emissions tests from the MWI at the Mayo Clinic in Rochester, 
Minnesota, showed a significant decline in mercury emissions after a battery separation program was 
established. Similar types of separation programs designed to remove specific items containing high 
concentrations of mercury may also be feasible for some industrial, commercial, or military facilities. 

2.2.4. Pressurized containers 

Pressurised containers consist of full or emptied containers or aerosol cans with pressurised liquids, gas or 
powdered materials. 

2.3. General waste 

Most of the waste produced in healthcare facilities (HCF) (75-90%) is similar to domestic waste. This fraction 
referred to as healthcare general waste (HCGW) is made of paper, plastic packaging, food preparation, etc. 
that haven't been in contact with patients so it is not contaminated with agents and does not pose risk to 
human health or environment. 

3. SOURCES OF HEALTH CARE WASTE 

HCW generators are producers of more than 50lb of HCW monthly, managed by shipping off-site. The 
characteristics of waste from hospitals are almost similar in all countries except for amounts generated due to 
standard procedures executed in the medical field. The differences are owned to: 

• National income (Table I-2). 
• Living standard/district (Table I-3). 
• Number, size and nature of healthcare facilities (Table I-4& I-5). 

 
Table I-2: waste production according to the country average income [6]. 

National income level Annual waste generation 
(kg/head of population) 

High-income countries 
  -all health-care waste 
  -hazardous health-care waste 

 
1.1-12.0 
0.4-5.50 

Middle-income countries 
  -all health-care waste 
  -hazardous health-care waste 

 
0.8-6.0 
0.3-0.4 
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National income level Annual waste generation 
(kg/head of population) 

Low-income countries 
  -all health-care waste 
  -hazardous health-care waste 

 
0.5-3.0 
n/a 

 
Table I-3: Healthcare Waste production in several districts worldwide on 2003 [7] 

District HCW production (kg/bed/day) 
South America 7-10 
Latin America 3 
West Europe 3-6 
East Europe 1.4-2 
Middle East 1.3-3 
East Asia (high income) 2.5-4 
East Asia (medium income) 1.8-2.2 

 
 

Table I-4: Health-care Waste Generation according to source size [8]. 

Source Daily waste generation* (kg/bed) 

University hospital 4.1-8.7 

General hospital 2.1-4.2 

District hospital 0.5-1.8 

Primary health-care centre 0.05-0.20 

* Data from high-income countries  

 
Table I-5: Amount of infectious waste produced according to according to bed sizes [9]. 

No. of beds Total waste production  
(kg/bed/day) 

Infectious waste 
 (% of total waste production) 

<100 2.59 13.3 
100-299 4.70 15.0 
300-499 5.67 14.9 
>500 5.83 14.9 
Total average   4.18 15.0 

 
 

Table I-6: Sources and generated quantities of infectious waste in USA [10]. 
 

Infectious waste 
generation source 

No. of Healthcare 
facilities 

Total infectious 
waste (t/year) 

Average amount of 
infectious waste 

(kg/facility, month) 

 
 

% 
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Hospitals 7,100 359,000 3,805.20 86.80% 
Laboratories 4,300 15,400 271.8 6.20% 
Clinics 15,500 16,700 81.54 1.86% 
Physiotherapy offices 180,000 16,400 

10.872 0.25% 
Dental offices 98,400 7,600 5.889 0.13% 
Animal clinics 38,000 4,600 9.06 0.21% 
Blood bank 900 2,400 199.32 4.55% 
Total 344,200 422,100 4,384 100.00% 

 
 
 
 

Table I-7: Amount of Healthcare Waste Generated in Turkey(kg/bed/day) [11]. 

Amount of solid waste (kg/bed/day) 
 Total Number 

of Hospital 
Number of 
Hospital 

Total Medical Household Recoverable 

Public Hospitals 421 34 2.39 1.92 0.38 0.09 

Private 
Hospitals 123 13 4.34 2.01 1.35 0.98 

 
Table I-8: Average waste generation for hazardous and non-hazardous portions in some health care facilities 
(HCFs) in Dar es Salaam province, Tanzania [12]. 
Health facility Non hazardous 

(kg/patient per day) 
Hazardous (kg/patient 
per day) 

Total (kg/patient per 
day) 

Dispensaries 0.0082 0.0096 0.0178 
Health centres 0.003 0.007 0.01 
Hospitals 0.058 0.076 0.0134 

 
Developing countries that have not performed their own surveys of HCW may take into account the following 
distribution during the preliminary planning of WM. 

• 80% general HCW, which may dealt with by the normal domestic and urban WM system 
• 15% pathological and infectious waste, 
• 1% sharps waste, 
• 3% chemical or pharmaceutical waste, and 
• Less than 1% special waste such as radioactive or cytostatic waste, pressurized containers or broken 

thermometers and used batteries. 
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4. POTENTIAL HEALTH HAZARDS 

HCW shall be considered capable of producing an infectious disease if: 
• it has been, or is likely to have been, contaminated by an organism likely to be pathogenic to healthy 

humans,  
• if such organism is not routinely and freely available in the community, and 
• such organism has a significant probability of being present in sufficient quantities and with sufficient 

virulence to transmit disease.  
Due to the microbial multiplication that occurs in the materials present as well as the possible presence of 
laboratory cultures from microbiology laboratories, the level of bacterial contamination may reach as high as 
1012 cfu (one trillion micro-organisms). This is enormously higher than the level of contamination- 
approximately 102-103 cfu- that is considered normal in hospital environments for new materials or thoroughly 
cleaned materials to be submitted to sterilisation prior to subsequent medical use. 

 
Figure I-2: Cultures and stocks of microorganisms and biological. 

Table I-9: Examples of infections caused by exposure to health-care waste, causative organisms, and 
transmission vehicles [13]. 
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Anyone who handles contaminated waste--from the time it is thrown out by a service provider to even after it 
reaches the site of final disposal--is at risk of infection or injury. In many settings, housekeeping staff may not 
understand their risks. It is particularly important for supervisors to ensure that these staff know their risks and 
follow the appropriate procedures. The following people face a very high risk of suffering from infections if 
HCW disposal is not handled properly. They include [14]: 

• Medical staff (doctors, nurses, sanitary staff and hospital maintenance personnel). A large percentage 
of staff report having experienced HCW related injuries and or infections. Sharps (injection needles for 
example) pose the greatest risk and can cause injury and transmission of serious infections such as 
HIV and Hepatitis – B. Records show that US health-care workers suffer almost 400,000 needle-stick 
injuries every year that could expose them to blood borne viruses risking infection from transmittable 
diseases. If possible, all the staff at risk of sharp related injuries should be vaccinated against 
Hepatitis - B; 

• In and out-patients receiving treatment in healthcare facilities as well as their visitors. Staff members 
who have not effectively carried out HCW disposal can easily transmit the infection to clients; 

• Workers in support services linked to healthcare facilities such as laundries, waste handling and 
transportation services; 

• Workers in waste disposal facilities, including scavengers; 
• The general public and more specifically the children playing with the items they can find in the waste 

outside the healthcare facilities when it is directly accessible to them. Improper HCW disposal is one 
of the greatest threats to members of the community. For example, contaminated HCW can be found 
by children who are playing and cause them injury and infection. In many low-resource settings, 
scavenging of HCW is a significant problem. Not only are scavengers at risk of injury and infection 
themselves, but this practice can also put clients and the local community at risk when scavenged 
waste, such as syringes and needles, is reused. 

 
Table I-10: Occurred injuries and HIV-/infections from sharp Healthcare Waste [15]. 

Professional category 
No. of people injured 
from sharp items per 
year 

HIV infections caused 
after injury from sharp 
item 

Nurses   
- in hospitals 17,700-22,200 56-96 
- out of hospitals  
Hospital laboratory staff 

28,000-48,000 
800-7,500 

26-45 
2-15 

Hospital technical staff 
Hospital doctors 

12,200 
100-400 

24 
<1 

Hospital dentists 500-1,700 1-3 
Doctors and dentists 
working out of hospitals 100-300 <1 

Out of hospitals dentists’ 
assistances 2,600-3,900 5-8 

Medical staff 12,000 24 
Sanitary staff 500-7,300 1-15 

 
Effective hospital hygiene reduces the infection rate by 27-35% whereas non effective hospital hygiene 
increases the rate to 9-26%. 
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4.1. Healthcare officers 

Basic personal hygiene is important for reducing the risks from handling health-care waste, and convenient 
washing facilities (with warm water and soap) should be available for personnel involved in the task. Viral 
hepatitis B infections have been reported among health-care personnel and waste handlers, and immunization 
against the disease is therefore recommended. Tetanus immunization is also recommended for all personnel 
handling waste.  
Great importance for personnel safety is the receipt of suitable training (see chapter 6.8).  
The type of protective clothing used will depend to an extent upon the risk associated with the health-care 
waste, but the following should be made available to all personnel who collect or handle health-care waste 
(see chapter 6.9) [16]. 

4.2. Public health risks 

The unsafe disposal of health-care waste (for example, contaminated syringes and needles) poses public 
health risks. Contaminated needles and syringes represent a particular threat as the failure to dispose of them 
safely may lead to dangerous recycling and repackaging which lead to unsafe reuse. Contaminated injection 
equipment may be scavenged from waste areas and dumpsites and either be reused or sold to be used again. 
WHO estimated that, in 2000, contaminated injections with contaminated syringes caused [17]:  

• 21 million hepatitis B virus (HBV) infections (32% of all new infections); 
• two million hepatitis C virus (HCV) infections (40% of all new infections); and 
• at least 260 000 HIV infections (5% of all new infections). 

In 2002, the results of a WHO assessment conducted in 22 developing countries showed that the proportion of 
health-care facilities that do not use proper waste disposal methods ranges from 18% to 64%. 
In addition to the public health risks, if not managed, direct reuse of contaminated injection equipment results 
in occupational hazards to health workers, waste handlers and scavengers. Where waste is dumped into 
areas without restricted access, children may come into contact with contaminated waste and play with used 
needles and syringes. Epidemiological studies indicate that a person who experiences one needle stick injury 
from a needle used on an infected source patient has risks of 30%, 1.8%, and 0.3% respectively of becoming 
infected with HBV, HCV and HIV. 
Although treatment and disposal of health-care waste aim at reducing risks, indirect health risks may occur 
through the release of toxic pollutants into the environment through treatment or disposal [18]. 

• Landfilling can potentially result in contamination of drinking water. Occupational risks may be 
associated with the operation of certain disposal facilities. Inadequate incineration or incineration of 
materials unsuitable for incineration can result in the release of pollutants into the air. The incineration 
of materials containing chlorine can generate dioxins and furans3, which are classified as possible 
human carcinogens and have been associated with a range of adverse effects. Incineration of heavy 
metals or materials with high metal contents (in particular lead, mercury and cadmium) can lead to the 
spread of heavy metals in the environment. Dioxins, furans and metals are persistent and accumulate 
in the environment. Materials containing chlorine or metal should therefore not be incinerated. 

• Only modern incinerators are able to work at 800-1000 °C, with special emission-cleaning equipment, 
can ensure that no dioxins and furans (or only insignificant amounts) are produced. Smaller devices 
built with local materials and capable of operating at these high temperatures are currently being field-
tested and implemented in a number of countries. 

• At present, there are practically no environmentally-friendly, low-cost options for safe disposal of 
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infectious waste. Incineration of waste has been widely practised, but alternatives are becoming 
available, such as autoclaving, chemical treatment and microwaving, and may be preferable under 
certain circumstances. Landfilling may also be a viable solution for parts of the waste stream if 
practised safely. However, action is necessary to prevent the important disease burden currently 
created by these waste. 

In addition, perceived risks related to health-care waste management may be significant. In most cultures, 
disposal of health-care waste is a sensitive issue and also has ethical dimensions. 

4.3. Indirect risks via the environment 

Finally, the dumping of HCW in uncontrolled areas can have a direct environmental effect by contaminating 
soils and underground waters. During incineration, if no proper filtering is done, air can also be polluted 
causing illnesses to the nearby populations. This has to be taken into consideration when choosing a 
treatment or a disposal method by carrying out a rapid environmental impact assessment (EIA). 

5. GUIDELINES ON HEALTH CARE WASTE MANAGEMENT 

The absence of waste management, lack of awareness about the health hazards, insufficient financial and 
human resources and poor control of waste disposal are the most common problems connected with health-
care waste. Many countries do not have appropriate regulations, or do not enforce them [17].  
In view of the challenge represented by HCW and its management, WHO activities are oriented by the 
following guiding principles (c.f. also Table I-11): 

• preventing the health risks associated with exposure to HCW for both health workers and the public by 
promoting environmentally sound management policies for HCW; 

• supporting global efforts to reduce the amount of noxious emissions released into the atmosphere to 
reduce disease and defer the onset of global change; 

• supporting the Stockholm Convention on Persistent Organic Pollutants (POPs); 
• supporting the Basel Convention on hazardous and other waste; and 
• reducing the exposure to toxic pollutants associated with the combustion process through the 

promotion of appropriate practices for high temperature incineration. 

Table I-11: Responsibilities for the establishment and the sustained maintenance of sound systems for 
health-care waste management [19]. 

Governments  

• allocate a budget to cover the costs of establishment and maintenance of 
sound health-care waste management systems; 

• request donors, partners and other sources of external financing to include 
an adequate contribution towards the management of waste associated with 
their interventions; and 

• implement and monitor sound health-care waste management systems, 
support capacity building, and ensure worker and community health. 

Donors and partners  
• include a provision in their health program assistance to cover the costs of 

sound HCW management systems. 
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Non-governmental 
organizations  

• include the promotion of sound health-care waste management in their 
advocacy; and 

• undertake programs and activities that contribute to sound health-care waste 
management. 

Private sector  
• take responsibility for the sound management of health-care waste 

associated with the products and services they provide, including the design 
of products and packaging. 

All concerned 
institutions and 
organizations  

• promote sound health care waste management; 
• develop innovative solutions to reduce the volume and toxicity of the waste 

they produce and associated with their products; and 
• ensure that global health strategies and programs take into account health-

care waste management. 

5.1. Agreements 

5.1.1. The Basel Convention 

The Basel Convention is a global agreement, ratified by some 160 member countries to address the problems 
and challenges posed by hazardous waste. 
The Secretariat, based in Geneva (Switzerland) is administered by UNEP. It facilitates the implementation of 
the Convention and related agreements. It also provides assistance and guidelines on legal and technical 
issues and conducts training on the proper management of hazardous waste. 
The key objectives of the Basel Convention are: 

• to minimize the generation of hazardous waste in terms of quantity and hazardousness;  
• to dispose of them as close to the source of generation as possible;  
• to reduce the movement of hazardous waste.  

A central goal of the Basel Convention is “environmentally sound management” (ESM), the aim of which is to 
protect human health and the environment by minimizing hazardous waste production whenever possible. 
ESM means addressing the issue through an “integrated life-cycle approach”, which involves strong controls 
from the generation of a hazardous waste to its storage, transport, treatment, reuse, recycling, recovery and 
final disposal. 
HCRW is one of the categories of hazardous waste covered by the Convention. 

5.1.2. The Stockholm Convention on Persistent Organic Pollutants 

This Convention is a global treaty to protect human health and the environment from persistent organic 
pollutants (POPs). POPs are chemicals that remain intact in the environment for long periods, become widely 
distributed geographically, accumulate in the fatty tissue of living organisms and are toxic to humans and 
wildlife. POPs circulate globally and can cause damage wherever they travel. In implementing the Convention, 
Governments will take measures to eliminate or reduce the release of POPs into the environment. 
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5.2. Principles 

5.2.1. Duty of care principle 

This principle stipulates that any organisation that generates waste has a duty to dispose of the waste safely. 
Therefore it is the HCF that has ultimate responsibility for how waste is containerized, handled on-site and off-
site and finally disposed of. 

5.2.2. Polluter pays principle 

According to this principle all waste producers are legally and financially responsible for the safe handling and 
environmentally sound disposal of the waste they produce. In case of an accidental pollution, the organisation 
is liable for the costs of cleaning it up. Therefore if pollution results from poor management of health-care 
waste then the HCF is responsible. However, if the pollution results because of poor standards at the 
treatment facility then the HCF is likely to be held jointly accountable for the pollution with the treatment facility. 
Likewise this could happen with the service provider. The fact that the polluters should pay for the costs they 
impose on the environment is seen as an efficient incentive to produce less and segregate well. 

5.2.3. Precautionary principle 

Following this principle one must always assume that waste is hazardous until shown to be safe. This means 
that where it is unknown what the hazard may be, it is important to take all the necessary precautions. 

5.2.4. Proximity principle 

This principle recommends that treatment and disposal of hazardous waste take place at the closest possible 
location to its source in order to minimize the risks involved in its transport. According to a similar principle, any 
community should recycle or dispose of the waste it produces, inside its own territorial limits. 

5.3. Strategies 

To better understand the problem of health-care waste management, WHO guidance recommends that 
countries conduct assessments prior to any decision as to which health-care management methods be 
chosen. Tools are available to assist with the assessment and decision-making process so that appropriate 
policies lead to the choice of adapted technologies. WHO proposes to work in collaboration with countries 
through the following strategies [20]:  
Short-term  

• Production of all syringe components made of the same plastic to facilitate recycling;  
• selection of PVC-free medical devices;  
• identification and development of recycling options wherever possible (e.g.: for plastic, glass, etc.); 

and 
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• research and promotion on new technology or alternative to small-scale incineration;  
Until countries in transition and developing countries have access to health-care waste management options 
that are safer to the environment and health, incineration may be an acceptable response when used 
appropriately. Key elements of appropriate operation of incinerators include effective waste reduction and 
waste segregation, placing incinerators away from populated areas, satisfactory engineered design, 
construction following appropriate dimensional plans, proper operation, periodic maintenance, and staff 
training and management.  
Medium-term  

• Further efforts to reduce the number of unnecessary injections to reduce the amount of hazardous 
health-care  

• waste that needs to be treated; research into the health effect of chronic exposure to low levels of 
dioxin and furan; and  

• risk assessment to compare the health risks associated with: (1) incineration; and (2) exposure to 
health-care waste.  

 
Long-term  

• Effective, scaled-up promotion of non-incineration technologies for the final disposal of health-care 
waste to prevent the disease burden from: (a) unsafe health-care waste management; and (b) 
exposure to dioxins and furans;  

• support to countries in developing a national guidance manual for sound management of health-care 
waste;  

• support to countries in the development and implementation of a national plan, policies and legislation 
on health-care waste;  

• promotion of the principles of environmentally sound management of health-care waste as set out in 
the Basel Convention; and  

• support to allocate human and financial resources to safely manage health-care waste in countries. 

6. INFECTIOUS WASTE MANAGEMENT PROGRAM 

Poor management of health care waste potentially exposes health care workers, waste handlers, patients and 
the community at large to infection, toxic effects and injuries, and risks polluting the environment. It is essential 
that all HCW is segregated at the point of generation, appropriately treated and disposed of safely [21].  
The objectives of an effective infectious waste management programm should be to provide protection to 
human health and the environment from hazards posed by waste. Proper management ensures that infectious 
waste is handled in accordance with established procedures from the time of generation through treatment of 
the waste (to render it non-infectious and unrecognisable) and its ultimate disposal, An infectious waste 
management programm should include the following elements [22]: 

• Segregation 
• Packaging 
• Labelling 
• Storage 
• Transport and handling 
• Treatment techniques 
• Disposal of treated waste 
• Contingency planning 
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• Staff training and protection 

 
Figure I-3: Action plan for national programme of sound healthcare waste management [23]. 

6.1. Segregation  

Waste should be properly segregated at the point of generation according to their type: 
• Infectious non-sharp waste;  
• sharps;  
• chemical waste (drugs, chemical solutions, etc.);  
• non-infectious, common waste (paper, cardboard, etc.)  

Collect each type of RMW in separate inner containers that will ultimately be placed into the outer cardboard 
container (i.e. needles, glass cover slips, scalpel blades and syringes must be collected in a sharps container; 
culture transfer devices, blood soaked items, and other paper or cloth related items must be collected in 
autoclave bags or red RMW liner bags.) In order to perform this procedure personnel should avoid chopping,  

 



 
ACP-EU Cooperation Programme in Higher Education (EDULINK) 

A programme of the ACP Group of States, with the financial assistance of the European Union.  
 

Page 19 of 93 19

 
Figure I-4: Medical waste in health care institutions and their potential disposal or treatment solutions [24]. 

 
bending, breaking or otherwise destroying hypodermic needles or syringes before discarding them into the 
sharps container (Table I-12). 

• Segregation of infectious waste at the point of origin. 
• Segregation of infectious waste with multiple hazards as necessary for management and treatment. 
• Use of distinctive, clearly marked containers or plastic bags for infectious waste (Figure I-5). 
• Use of universal biological hazard symbol on infectious waste containers, as appropriate (Figure I-6). 

 
 

Table I-12: Packaging of sharp waste [25]. 
Type Package 
Biohazardous metal and glass Puncture proof biohazard container (red) 
Radioactive 
Chemically contaminated 
Uncontaminated metal sharps 
Uncontaminated glass* 

Puncture proof container 

*No labelling or special container is required if disposed of directly in a glass 
dumpster. *No labelling or special container is required if disposed of directly in a 
glass dumpster. 
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Figure I-5: Containers and plastic bags for infectious waste segregation (on the top right container for sharp 

waste). 
 

 
Figure I-6: Univesal biohazard symbol. 

6.2. Packaging, labelling and marking 

Infectious waste should be packaged in order to protect waste handlers and the pulic from possible injury and 
disease that may result from exposure to the waste. 
Packaging: The generator must package all RMW before the RMW vendor can remove it. All needles, 
syringes, scalpels and any sharp objects must be packaged in the appropriate punctureresistant sharps 
container. Unbroken as well as broken glass must be packaged to prevent puncture of the outer RMW 
container. All other items may be packaged in autoclave bags or other appropriate inner containers. These 
items must then be packaged in an appropriate HCW box before removal.  
Labeling and Marking: Generators shall mark each package of RMW according to the following labeling and 
marking requirements before it can be transported offsite by the RMW vendor. The outermost surface of each 
cardboard box prepared for shipment shall be labeled with a special water resistant identification label called 
“HCW Outer Container Label”; only indelible or waterproof ink or marker fluid may be used to complete this 
label [26]. 
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6.3. Storage and in-situ handling 

Though regulated HCW should be treated as soon as possible, some temporary storage is inevitable. Some 
states have very specific guidelines regarding storage areas and time limits. Most states do not require permits 
for waste storage. The following are typical requirements for storage (not all rules apply in every state) [27]: 

• HCW must be kept separate from other waste in an area that is designated and clearly labeled with 
the universal warning sign or the word “biohazard.”  

• The storage area must be ventilated and located to minimize exposure to the public and is accessible 
only to authorized personnel.  

• Containers of regulated HCW within the storage area must be prominently marked with the universal 
warning sign or the word “biohazard.”  

• Floor drains must discharge to an approved sanitary sewer connection.  
• Spill kits are required by some states (e.g., WV).  
• There are often no maximum time limits for storage of RMW. However, the waste must be maintained 

in a non- putrescent state, using refrigeration, when necessary and vermin and insects must be 
controlled. Where storage time limits exist, they are in the range of 7 days (NY) to 90 days (AZ).  

6.4. Transport of infectious waste  

An effective cleaning disinfection program is considered important to be established and performed regularly 
(at least weekly). Other than that special guidelines must be followed during transportation of HCW: 
 

• Placement of all infectious waste into rigid or semirigid containers before transport off-site. 
• The load compartment should be lockable and separated from the driver’s cabin. 
• The waste material shall be contained in a manner that spillage cannot enter the load compartment, 

and that the container is labelled so that the type of waste material is readily identifiable. 
• Equipment and material should be available to manage a spill. 
• The waste shall be transported in such a manner that they are securely segregated from any other 

materials or product in accordance with the relevant Dangerous Goods code or regulation. 
• Waste containers shall be secured in the load compartment during transport to prevent spillage. 
• Avoidance of mechanical loading devices that may rupture packaged waste 
• Frequent disinfection of carts used to transfer waste within the facility 

A certification system should be implemented to adequately identify source and transport path to disposal. The 
waste transporter is responsible for: 

• The transport certificate if the transporter is registered as an accredited agent by the generator and 
the relevant authority; 

• Ensuring the transport of clinical and related waste is done in accordance with approval/permit/licence 
conditions and Dangerous Goods requirements as applicable; and 

• Completing and using transport certificates when transporting waste, irrespective of vehicle type and 
carrying capacity. 

6.5. Treatment of infectious waste 

Treatment of each of the infectious waste categories aims to to ensure a reduction in public health and 
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Environmental 
protection 

Reduction 
of accidents 

Reduction of on-
site infections 

HCW 
management 

targets 

Reduction of 
landfilled 

waste 

environmental consequences. Figure I-7 presents an overview of the most commonly used methods and Table 
I-13 present the recommended techniques for each waste category. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure I-7: Health care waste management targets. 
 

Table I-13: Recommended techniques for treatment of infectious waste [22]. 
Category of infectious waste Recommended treatment Technique 
Isolation waste Steam sterilization a 

Incineration 

Cultures and stocks of infectious agents and associated 
biologicals 

Steam sterilization a 

Incineration 
Thermal inactivation a 
Chemical disinfection a 

Human blood and blood products 
Steam sterilization a 

Incineration 
Chemical disinfection a 

Discharge to sanitary sewer b 

Pathological waste 
Steam sterilization a 

Incineration 
Handling by mortician 

Contaminated animal carcasses, body parts and bedding:  

-Carcasses and body parts Steam sterilization a 

Incineration 
- Bedding Incineration 
a For aesthetic reasons, steam sterilization (and other treatment methods which do not render the waste 
unrecognizable) should be followed by incineration or by grinding with subsequent flushing to sewer system or 
by landfilling in accord with state and local regulations. 
b Provided secondary treatment is online and operating authorities have been notified. 
 
Microwaves 
Microwave treatment units can be either on-site installations or mobile treatment vehicles. In this type of 
disinfection process, the waste is first shredded. The shredded waste is then mixed with water and subjected 
to microwaves. The microwaves internally heat the waste, rather than applying heat externally, as in an 
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autoclave. The heat generated in this method provides even heating over all portions of the waste, and the 
high-temperature steam that is generated effectively neutralizes all biologicals. The shredding operation 
reduces the volume of the waste by up to 80%, and the treated waste can be disposed of in a landfill. The 
entire process takes place within a single vessel, and the system can be operated by unskilled workers. 
Treatment of HCW through exposure to microwaves is less expensive than incineration. This method is not 
recommended by the EPA for the treatment of pathological waste [28]. 

 
Figure I-8: Microwaves treatment unit. 

 
Steam sterilization 
Treatment by steam sterilization is accomplished in either an autoclave or retort. Both have a chamber in 
which the waste can be subjected to sterilization by saturated steam at pressures of 15-30 psi. The autoclave 
is the most commonly used steam sterilizer. A variety of designs and capacities are available. The operating 
and design principle is to subject the waste to the saturated steam in the absence of air at prescribed 
temperature and pressure for a sufficient time to ensure sterilization. Figure I-9 illustrates a commercial 
autoclave for sterilisation of infectious waste. Larger autoclaves are found in commercial sterilization facilities 
while smaller autoclaves are used by physicians, dentists, clinics and small hospitals. Auto claves have the 
advantage of a live steam jacket which greatly reduces the amount of time needed to reach operating 
temperature. Disadvantages include the unchanged appearance of sterilised waste and the unsuitability for 
treating recognisable body parts [22]. 
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Figure I-9: Commercial autoclave for sterilisation of infectious waste; (top) large scale, (bottom) small scale. 

 
Incineration 
Incineration is the preferred treatment process for infectious waste management.  
Most HCW incinerators operate on “controlled-air” using two chambers. The primary chamber into which the 
waste is fed, operates with restricted air flow at 1600-1800oF. The waste is pyrolised and volantiles move to a 
secondary chamber where they are combusted at 1800oF or greater temperature. Excess air provided in the 
secondary chamber to ensure complete combustion. Ash is moved through and exits the primary chamber by 
the use of hydraulic rams or other feed devices. Air pollution control equipment collects particulate matter, 
captures trace metals and organics and neutralises acid gases produced in the combustion process. 
Properly designed and operated infectious waste incinerators, with adequate emission control equipment can 
achieve excellent results in terms of destruction of pathogens and organic chemicals, capture and containment 
of heavy metals and reduction of volume. However concern persists regarding atmospheric emissions of 
highly toxic dioxins and furans by combustion of this waste at other than optimal feed rates, temperatures and 
dwell times [34]. These conclude from small-scale incinerators of past technology due to [34]:  

• Incorrect construction of the incinerator. 
• Incorrect operation, in part associated with operator’s lack of training. 
• Poor combustion, e.g., low temperatures (<800 C) and short residence times (well below 1 second).7 
• Lack of process monitoring. Visual cues are sometimes used, but temperatures and other parameters 

are not directly monitored. 
• Inadequate maintenance. 
• Absence of pollution controls. Existing units generally have no pollution controls. 
• Insufficient waste segregation and waste minimization. Waste segregation practices are generally 

deficient. 
• Lack of emission limits, process and emission monitoring, inspection, etc. 

On the other hand new technologies applied ensure the sustainable HCW treatment with incineration process; 
emission monitoring equipment and the bottom ash from the process is disposed at the adjacent sanitary 
landfill, whilst the fly ash is stored and shipped abroad for treatment, though the operators have plans to install 
a treatment facility for the fly ash. One potential treatment method for the fly ash could be stabilisation with 
colloidal silica solution as it is suitable for chlorine-rich fly ash like the fly ash derived from incineration of 
hospital waste [29]. 
 
Chemical Disinfection 
Disinfection of the application of chemicals to contaminated materials has been practiced for many years. 
Similarly chemicals have been used a preventive application for sterilization and for disinfection of infectious or 
potentially infectious waste but general preference of practitioners and administrators was for hospital waste 
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incinerators. The new emissions standards and guidelines have caused a trend toward other methods 
including chemical disinfection. Current practice usually makes use of chlorine applications such as sodium 
hypochlorite, accompanied by grinding or shredding and mixing to ensure contact of the disinfectant with all 
surfaces of the waste particles. The physical destruction of the waste is also necessary to render the waste 
unrecognisable. 
The ability of a chemical disinfectant to kill a targeted organism depends on many factors, including: 

• Type of micro-organism 
• Degree of contamination 
• Type of disinfectant 
• Concentration and quantity of disinfectant 
• Contact time between the antimicrobial agent and the targeted organism 
• Other relevant factors (e.g. pH, presence of electrolytes or complex formation and adsorption such as 

binding to small molecules or ions, macromolecules or soil). 
Antimicrobial agents are substances or mixtures of substances that are used to destroy or suppress the 
growth of harmful micro-organisms whether bacteria, viruses or fungi on inanimate objects and surfaces. 
Commercial antimicrobial products contain about 300 different active ingredients and are marked as sprays, 
liquids, concentrated powders and gases.  
 
An overview of appropriate technology for each HCW category as well as the advantages and disadvantages 
are presented in the following tables. 
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Table I-14: Biological Waste Management [30]. 
HEALTHCARE WASTE TYPE 

 BIOHAZARDOUS 
WASTE 

REGULATED 
MEDICAL WASTE 
(RMW)  

OVERCLASSIFIED 
MEDICAL WASTE  

NON CONTAMINATED 
LABWARE  

BIOLOGICALLY 
CONTAMINATED 
SHARPS  

NONCONTAMINATED 
OR UNUSED 
SHARPS 

EXAMPLES 

Cultures and stocks of 
pathogenic 
microorganisms, e.g., 
those organisms 
regulated at BL-2 or 
higher. Solid waste 
(e.g., culture flasks, 
petri dishes, pipettes, 
pipette tips, gloves) 
potentially contaminated 
with pathogenic 
microorganisms. 
 

The NJ RMW statute 
considers the following 
items to be RMW: 
cultures and stocks of 
infectious agents and 
associated biologicals; 
human pathological 
waste; human blood and 
blood products; needles, 
syringes, and sharps; 
contaminated animal 
waste including 
carcasses; hospital 
isolation waste; and 
unused sharps. 
 

Overclassified RMW 
is generated from 
activities that do not 
meet the legal 
definition of RMW. 
Examples include 
blood products 
generated in teaching 
labs (research labs 
are covered but 
teaching labs are not) 
or culture dishes 
generated in basic 
research labs 
(materials not used in 
research into the 
diagnosis, treatment 
or immunization of 
humans or animals). 

Labware that has been 
used to manipulate 
sterile media, buffers, 
water, and other 
innocuous materials may 
be considered non-
contaminated labware.  
This material may not be 
placed directly into the 
regular trash due to 
perceived hazards 
associated with waste 
material of laboratory 
origin. 
 

Sharps that were 
used in animal or 
human patient care, 
treatment, or 
biomedical research 
including hypodermic 
needles, all syringes 
with or without the 
attached needle, 
pasteur pipettes, 
scalpel blades, blood 
vials, needles with 
attached tubing, used 
microscope slides 
and cover slips. 
 

Hypodermic needles, 
suture needles, 
syringes, and scalpel 
blades. 

PROCESSING 
INSTRUCTIONS 

Autoclave or chemically 
disinfect prior to placing 
material in labeled 
regulated medical waste 
box, lined with red bag, 
for collection by vendor. 
Once autoclaved, this 
waste material is 
considered 
overclassified RMW. 

Place material directly 
into labeled RMW box, 
lined with red bag, for 
collection by vendor. 
 

Place material 
directly into labeled 
RMW box, lined with 
red bag, for collection 
by vendor. 
 

Place material directly 
into black plastic bag. 
Label bag 
“noncontaminated 
labware” prior to 
placement in dumpster. 
 

Place sharps directly 
into leak-proof 
puncture resistant 
commercially 
available sharps 
container. Never 
uncap, recap, bend, 
break, or shear 
attached needle from 
a syringe. 

Place sharps directly 
into leak-proof 
puncture resistant 
commercially available 
sharps container. 
Never uncap, recap, 
bend, break, or shear 
attached needle from a 
syringe. 
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HEALTHCARE WASTE TYPE 
 BIOHAZARDOUS 

WASTE 
REGULATED 
MEDICAL WASTE 
(RMW)  

OVERCLASSIFIED 
MEDICAL WASTE  

NON CONTAMINATED 
LABWARE  

BIOLOGICALLY 
CONTAMINATED 
SHARPS  

NONCONTAMINATED 
OR UNUSED 
SHARPS 

AUTOCLAVING 
REQUIRED Yes No No No No No 

CONTAINER 

Collect waste material 
in lidded container lined 
with autoclave bag. 
Exterior of container to 
be labeled with 
biohazard symbol. 
Transport autoclave 
bags, sealed with 
autoclave tape, to 
autoclave room in a 
covered leak-proof 
container. Once 
autoclaved (or 
chemically disinfected) 
processed material is 
placed in RMW boxes 
for collection by vendor. 

Place material directly 
into labeled RMW box, 
lined with red bag, for 
collection by vendor. 
Smaller containers 
placed within the RMW 
box (e.g., sharps 
containers) must be 
labeled with inner 
RMW label. 

Place material 
directly into labeled 
RMW box, lined with 
red bag, for collection 
by vendor. Handle 
overclassified RMW 
in the same manner 
as RMW. 

Place material directly 
into black plastic bag. 
Label bag 
“noncontaminated 
labware” prior to 
placement in dumpster. 
When full seal bag and 
transport to dumpster or 
make arrangements with 
building services to 
transport to dumpster. 

When full seal sharps 
container, label with 
inner 
RMW label, and 
place in labeled 
RMW box, lined with 
red bag for collection 
by vendor. 

When full seal sharps 
container, label with 
inner 
RMW label, and place 
in labeled RMW box, 
lined with red bag for 
collection by vendor. 

DISPOSITION 

Transported by vendor 
to approved RMW 
incinerator for off-site 
incineration. Generator 
to retain RMW 
Tracking Forms. 

Transported by vendor 
to approved RMW 
incinerator for off-site 
incineration. Generator 
to retain RMW 
Tracking Forms. 

Transported by 
vendor to approved 
RMW incinerator for 
off-site incineration. 
Generator to retain 
RMW 
Tracking Forms. 

Placed into dumpster by 
laboratory personnel or 
building services. 
Collected by solid waste 
carting vendor and 
transported to landfill. 

Transported by 
vendor to approved 
RMW incinerator for 
off-site incineration. 
Generator to retain 
RMW 
Tracking Forms. 

Transported by vendor 
to approved RMW 
incinerator for off-site 
incineration. Generator 
to retain RMW 
Tracking Forms. 
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Table I-15: Brief comparison of the methods. 
 Dry Physically 

inert 
Sterilised Weight 

reduction 
Volume 

reduction 
Safety No 

polluting 
effluents 

Incineration        
Autoclave        
Microwaves        

: Pros    : Cons 

Table I-16: Competitive differences between and the major competitive systems currently in the marketplace. 

 AUTOCLAVE MICROWAVE INCINERATOR 
Pounds Per Hour  600 800 Size Dependent 
Volume Reduction V 4:1 V 8:1* V 20:1 
Waste Handled:    
- Sharps  Yes No Yes 
- Fluids  Yes Yes Yes 
- Animal Waste No No Yes 
- Pathological No No Yes 
- Microbiological  Yes Yes Yes 
Hazard Reduction  Manually Loaded Manually Loaded Yes 
Time to Disinfect 67 Minutes 45 Minutes At Consumption 

Processing Time for 1000 Pounds 1.66 Hours 1.25 Hours At Consumption 

Emissions/Air Quality  Steam Odor Extreme Odor Air Pollution 

Water Quality Impact Sewer Connection Sewer Connection Leaching 

Space Requirements I00 sq. ft. 145 sq. ft. Size Dependent 

Separation of Waste Required Required Not Required 
Manpower Needs 2 Workers 2 Workers 2+ Workers 

Final Waste Disposition  Landfill Landfill Landfill 

Disinfectant Method Steam Heat Combustion 

* If equipped with an optional shredder. 

6.6. Disposal of treated waste 

Infectious waste that has been effectively treated is no longer biologically hazardous and may be mixed with 
and disposed of as ordinary solid waste provided the waste does nit pose other hazards that are subject to 
countries’ legislation. 
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6.7. Contingency planning 

The infectious waste management plan should include a contingency plan to provide for emergency situations. 
The plan should include, but not be limited to, procedures to be used under the following circumstances: 

• Spills of liquid infectious waste- clean up procedures, protection of personnel and disposal of 
spillresidue; 

• Rupture pf plastic bags (or other loss of containment)- clenup procedures, protection of personnel and 
repackaging of waste; 

• Equipment failure- alternative arrangements for waste storage and treatment (e.g. off-site treatment). 

6.8. Staff training 

Facilities that generate infectious waste should provide employees with infectious waste management training. 
This training should include an explanation of the infectious waste management plan and assignment of the 
roles and responsibilities for implementation of the plan. Such education is important for all employees who 
generate or handle infectious waste regardless of the employee’s role or type of work. Training programs 
should be implemented: 

• When the infectious waste management plan are first developed and instituted; 
• When new employees are hired; 
• Whenever infectious waste management practices or regulatory requirements are changed. 

Continuing education is also important part of staff training. Refresher training aids in maintaining awareness 
of the potential hazards posed by infectious waste. Training also serves to reinforce waste management 
policies and procedures that are detailed in the infectious waste management plan. 

6.9. Staff protection equipment 

Essential occupational health and safety measures also include the following with regard employees’ personal 
protection in site: 

• Helmets, with or without visors-depending on the operation. 
• Face masks-depending on operation. 
• Eye protectors (safety goggles)-depending on operation. 
• Overalls (coveralls)-obligatory. 
• Industrial aprons-obligatory. 
• Leg protectors and/or industrial boots-obligatory. 
• Disposable gloves (medical staff) or heavy-duty gloves (waste workers)- obligatory. 
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Figure I-10: Recommended protective clothing for health-care waste transportation. 

7. IMPORTANT REMARKS 

There is a lack of capacity in the provincial departments of health to provide data which is needed to carry out 
HCRW management. Although the cost is not a large percentage of the total health budget, it is none-the-less 
large when considered at nationally. Without reliable measurements and data it will be difficult to make rational 
and cost effective decisions on technology selections and tender standards. For this reason the 
measurements of quantity and cost, merits more capacity than is currently provided. A good starting point will 
be to get trained professionals managing costs and safety using data bases and information obtained from this 
study. 
HCRW management systems in rural areas are more expensive to operate within the current tender system 
and the limited information collected here indicates it is because of transport cost rather than treatment cost in 
a large centralized treatment facility. The issues of lower cost transport, longer storage and less frequent 
collection are being investigated and these may provide more cost effective solutions than those currently 
considered as part of the tender process. 
The lack of data on the cost and safety performance of the small treatment plants in less accessible areas 
indicates a lack of inspection and reporting capacity in the Departments of Health and Environment. This lack 
of information could be hiding occupational, public health, air pollution, and disposal site hazards. A training of 
the inspectors on the safety and health, and minimum safety requirements for operation of these on site 
facilities will be required so that they can report within the Health and Environment frameworks. The possibility 
of inspection within the Occupational Health and Safety Act has not been evaluated during this study, and 
should be assessed as it is both a regulatory requirement, and provides independent expert ass 
The incidence of open burning, placenta pit disposal or burial of waste in provinces which have contracted 
commercial service providers can be considered to be symptomatic of the capacity problems in operational 
management, tender specifications, and inspection. The capacity to manage appointed contractors has been 
linked to the open pit burning. The absence of working solutions for transport and storage is being addressed 
in another part of this study. 
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PART II - INDUSTRIAL WASTE 

 

1. INDUSTRIAL WASTE CHARACTERIZATION  

Industrial waste can pose significant health risks for those involved in the collection and ultimate disposal of 
solid waste. The presence of toxic compounds in municipal solid waste is highly regulated in modern 
developed nations, where special procedures must be followed to ensure minimum environmental 
contamination and human exposure. Understanding the enormous diversity of characteristics of the solid 
waste generated by industry is important for the following reasons: 

• They define the potential hazards of handling the material. 
• They define the design of transportation, treatment, and disposal systems incorporated into a solid 

waste management program to handle them. 
• They define the procedures and precautions that must be used in collection and disposal. 
• They determine how the material will be classified under each region environmental regulations. 
• They may determine which of the industrial solid waste generated in any particular industry is actually 

managed in a private sector integrated solid waste management program. 
Figure II-1 illustrates a simple industrial solid waste management model. As illustrated, many of the steps in 
the management model are in the control of the industry that generates the waste. These are shown in the 
shaded area on the schematic. Key processes in the model include the following: 
 

 
Figure II-1: Industrial solid waste management model [31]. 
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1. Source Reduction: Source reduction means any practice that reduces the amount of any substance, 
pollutant, or contaminant entering the waste stream or otherwise released into the environment, prior to 
recycling, treatment, or disposal and to reduce the risk to public health and the environment associated with 
their release. From a solid waste management standpoint, source reduction means that a generator will 
attempt to decrease the quantity or toxic characteristics of their waste materials through some process change 
or activity that occurs prior to waste generation. 
2. Recycling: Recycling requires an examination of waste streams and production processes to identify 
opportunities of reusing solid waste materials or components. Recycling and beneficially reusing waste can 
help reduce disposal costs while leading to the reuse of recycled materials. They can be used as substitutes 
for feedstock that reduce raw material costs to the industry reusing the material. 
3. Waste Exchange Programs: Waste exchange programs assist in finding uses for a recycled material and 
in identifying effective substitutes for raw materials. A significant portion of the industrial solid waste stream in 
Egypt is recycled either by the industry or small-scale private contractors or brokers that provide waste 
management services to the industry. 
4. Treatment: Treatment can reduce the volume and toxicity of waste. Reducing waste volume and toxicity 
prior to final disposal can result in long-term cost savings. There is a considerable number of levels and types 
of treatment from which to choose. Selecting the right treatment option can help simplify disposal options and 
limit future liability. Treatment can occur at either the industrial plant or at a contractor-developed facility. 

2. HEALTH CONSEQUENCES OF POOR INDUSTRIAL WASTE DISPOSAL 

The solid waste generated from industrial sources contains a large number of chemicals, some of which are 
toxic. The waste is considered toxic, if the concentration of the ingredients exceeds a specified value. Although 
the levels of some ingredients may occasionally exceed the permissible level, the waste as such is considered 
to be toxic only if the average value of ingredients exceeds the toxicity level. Various criteria and tests have 
been devised by different agencies to determine the toxicity of a given substance. It is necessary to know the 
properties of the waste so as to assess whether its uncontrolled release to the environment would lead to toxic 
effects on humans or other living organism in ecosystem. This evaluation is carried out using criteria such as 
toxicity, phytotoxicity, genetic activity and bio-concentration. The potential toxic effects also depend on quantity 
of the toxic constituents. Substances are classified as hazardous or otherwise depending on the dose, 
exposure, and duration of exposure. For a chemical to affect human health it must come in contact with or 
enter the human body. There are several ways in which this can happen [32]. 
Skin contact: Chemicals that cause dermatitis usually do so through direct contact with skin. Some chemicals 
like corrosive acids can damage the skin by a single contact while others, like organic solvent, may cause 
damage by repeated exposure. 
Inhalation: Inhalation is the most common source of workplace exposure to chemicals and the most difficult to 
control. Air pollutants can directly damage respiratory tract or gets absorbed through lung and cause 
system/systemic effects. An adult male will breathe about 10 cubic meters of air during a normal working day. 
Ingestion: Ground water and sub soil water contamination from leachates from refuse dumps and poorly 
managed landfill sites can result in ingestion of toxic chemicals by population groups who live far away from 
the factory sites and decades after the garbage has been dumped. 

3. PREPARING AN INDUSTRIAL WASTE MANAGEMENT SYSTEM 
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3.1. Determine and Categorize Industrial Waste Stream Composition 

The service area will most likely include different types of industrial facilities. Since each of these is apt to be a 
collection point for industrial waste, you should develop a detailed inventory of industrial waste generators to 
gather core data by which the active elements of the industrial solid waste management program will be 
designed and implemented. For example, the location of various industries within the service area will 
determine the design and routing of the vehicles involved in the industrial waste collection program. If possible, 
the RFT technical specifications should include a map of the service area that shows the location of the 
industries that will be serviced. This inventory will help in determining the desired level of service for small 
industrial waste generators. To conduct a proper inventory, complete the following tasks: 

• Assign the responsibility for developing the inventory data form to one individual or department. 
• Develop an initial listing of industries and industrial categories within the defined service area. The 

Ministry of Industry and Technological Development - General Organization for Industrialization 
(GOFI) database may be used as an initial screening and listing tool. 

• Distribute the inventory data form to prospective industries with requested responses by a specified 
date. 

• Receive completed inventory data forms. 
• Follow up on delinquent submittal. 
• Develop the initial industrial facility database. 
• Follow up on specific questions or to verify the accuracy of the information submitted and gather more 

information if required. 
• Use the inventory information to define the level of service that will be provided in providing service to 

small industrial solid waste generators. 
• Finalize the industry database for inclusion in the RFT. 

3.2. Determine Potential Hazardous Solid Waste Sources in Service Area 

Based on the results of the service area inventory, perform an analysis of the type and quantity of industrial 
solid waste that will be generated and which must be managed by the contractor. Collect data concerning the 
type and quantity of industrial solid waste through the inventory process outlined above. The contractor will 
use this data in preparing their tender and to do preliminary design of industrial waste individual collection 
routes as well as key program elements. 
Follow-up work with the various industries may be warranted in exploring their generation and disposition of 
solid waste that would be classified as hazardous in accordance with Ministry of Industry and EEAA criteria. 
While the hazardous waste will most likely not be the responsibility of the contractor, information on its 
existence should be provided. This will be important in allowing the contractor to develop their procedures 
specific to each industry within the service area. 
The existence and management of hazardous waste in the service area will be one of the important elements 
of coordination between the governorate industrial waste management planners and the contractor during the 
development and administration of the contract. Effective segregation of hazardous solid waste by industry 
may require better enforcement of rules and regulations applicable to that material. 

3.3. Waste audit 



 
ACP-EU Cooperation Programme in Higher Education (EDULINK) 

A programme of the ACP Group of States, with the financial assistance of the European Union.  
 

Page 34 of 93 34

A public awareness and education program should be developed once the desired industrial waste 
management program has been defined. The awareness program should provide information to industry on 
the ways that they can influence the effectiveness of the solid waste management program. Some of the 
elements of an awareness program may include the following educational elements. 
A public awareness and communications campaign is critical to the successful implementation of any policy 
decision.  

3.3.1. Preparing for waste reduction audits 

Within every industrial facility, there are a number of distinct operations which, when combined in the proper 
sequence, lead to the production of a product. The process engineer refers to these as unit processes. To 
properly begin a waste reduction audit, it is necessary to list all the unit processes and assemble as much 
information as possible. This information should include: 

Operational type categories 

• Material storage 
• Waste storage 
• Manufacturing 
• Waste blending 
• Waste air emissions 
• Recycling 
• Wastewater emissions 
• Waste treatment or disposal 
• Other releases 

Process categories 

• Process description 
• Equipment lists and specifications 
• Operating manuals 
• Piping and instrumentation diagrams 
• Facility layout and elevation plans 
• As-built drawings 
• Equipment operating conditions (temp., pressure, etc.) 
• Physical locations where materials are added to the operation 
• Physical locations where emissions result 
• Types of measurements made and recorded 
• Analyses and assays performed 
• Utilities affecting the process (steam, vacuum, coolant, nitrogen, waste, etc.) 
• All process reactions (stoichiometric description) 
• Material/energy balance (design and operating) 
• Cleaning steps and operations 
• Frequency of operation 

Include all intermittent processes, such as cleaning, make-up, blow-down and tank dumping, in the inventory 
process [33]. 
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3.3.2. Performing the waste audit 

To be effective, the audit must be conducted methodically and thoroughly under the direction of experienced 
individuals who understand the firm's processes and operations. It is necessary to record all data and 
information to ensure no operation is missed. 

There are several Audit Handbooks available that provide the procedure and forms for recording information. 
Significant imbalances may occur due to measurement and estimation. Additionally, various inputs and losses, 
i.e. evaporation, may have been understated or missed altogether. Therefore, the compilation of accurate, 
comprehensive data is essential to a successful waste reduction audit. A preliminary material balance must be 
made to determine if the information has gaps or inaccuracies. 

The opportunities to reduce waste are many, and they all cannot be accomplished and implemented at once. 

Evaluate all the options and implement the one with the greatest potential first. The following criteria can help 
determine options with the greatest potential: 

• Investment requirement 
• Cost saving 
• Market for recovered materials 
• Quality control of production 
• Output volume (same, improved) 

Management must realize a waste reduction audit is not a one-time affair, but must be done on a regular 
basis. Documentation that is prepared during the waste reduction audit process can serve as the basis for the 
next audit. 

 

4. WASTE MANAGEMENT APPROACH 

4.1. Prevention- A Waste Minimisation Approach 

Reduction and recycling of waste are inevitably site/plant specific. Generally, waste minimisation techniques 
can be grouped into four major categories which are applicable for hazardous as well as non-hazardous 
waste. These groups are as follows [32]: 

Inventory Management and Improved Operations 

• Inventorisation and tracing of all raw materials ; 
• Purchasing of fewer toxic and more non-toxic production materials ; 
• Implementation of employees’ training and management feedback ; and 
• Improving material receiving, storage, and handling practices. 

Modification of Equipment 
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• Installation of equipment that produce minimal or no waste ; 
• Modification of equipment to enhance recovery or recycling options; 
• Redesigning of equipment or production lines to produce less waste ; 
• Improving operating efficiency of equipment ; and 
• Maintaining strict preventive maintenance programme. 

Production Process Changes 

• Substitution of non-hazardous for hazardous raw materials ; 
• Segregation of waste by type for recovery ; 
• Elimination of sources of leaks and spills ; 
• Separation of hazardous from non-hazardous waste ; 
• Redesigning or reformulation for products to be less hazardous; and 
• Optimisation of reactions and raw material use. 

Recycling and Reuse 

• Installation of closed-loop systems ; 
• Recycling off site for use ; and 
• Exchange of waste. 

4.2. Cleaner Production 

Your awareness program should also focus on Cleaner Production principles. The term “Cleaner Production” 
was coined by the United Nations Environment Program (UNEP) when it launched the Cleaner Production 
Program in 1989. Cleaner Production is the continuous application of an integrated preventive environmental 
strategy applied to processes, products, and services to increase overall efficiency and reduce risks to 
humans and the environment. Strategic approaches for such a program include: 

• For production processes: Conserving raw materials and energy, eliminating toxic raw materials, and 
reducing the quantity and toxicity of all emissions and waste. 

• For products: Reducing negative impacts along the life cycle of a product, from raw materials 
extraction to its ultimate disposal. 

• For services: Incorporating environmental concerns into designing and delivering services.  

 
Cleaner Production requires changing attitudes, responsible environmental management, and evaluating 
technology options. The benefits of Cleaner Production programs include: 

• Economic benefits: including increased profits; improved marketability; lower expenditure on materials, 
resources, waste disposal and transport; additional sources of income; increased quality, and greater 
productivity; better customer service; and increased goodwill from being seen as a responsible 
member of the community. 

• Environmental benefits: including less pollution; reduced production of waste; more efficient use of 
resources; less waste going to landfill; and less effluent to sewage or discharges to water bodies. 
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4.3. Waste Management at Source 

A specific example worth-mentioning in this context is removal of fly ash through coal beneficiation 
process at the mine head in view of high ash content. It is evident that the larger the volume of waste and 
the longer the distance of transportation of raw material (coal), the bigger will be the economic benefit in 
favour of coal beneficiation instead of carrying the filthy fly ash. However, benefitcost analyses have to be 
made before taking appropriate decision. 

5. INDUSTRIAL WASTE COLLECTION 

Manual handling of industrial waste is the usual practice in developing countries; there are very few 
mechanical aids for waste management. Waste are shovelled by hand into storage containers and loaded 
manually into lorries. The people undertaking salvaging do so mainly by hand, picking out useful items, 
usually not even wearing gloves. Although there may not be a health risk in handling clean waste paper, 
people handling or salvaging waste without protective clothing are at risk when waste is mixed with 
chemicals. Apart from the likelihood of cuts caused by broken glass or sharp metals, sorting through waste 
contaminated with hazardous chemical materials could cause skin burns, excessive lacrimation, or even 
loss of consciousness; chronic hazards include respiratory problems from dust inhalation, and potential 
carcinogenicity from toxic chemicals present in discarded containers or surface deposits in other waste. 

Table II-1: Area of application of some important industrial waste [34]. 

 Waste Areas of Application 

1 Flyash 

i. Cement 
ii. Raw material in Ordinary Portland Cement(OPC) manufacture 
iii. Manufacture of oilwell cement. 
iv. Making sintered flyash light-weight aggregates. 
v. Cement/silicate bonded flyash/clay binding bricks and insulating bricks. 
vi. Cellular concrete bricks and blocks, lime and cement fly ash concrete. 
vii. Precast flyash concrete building units. 
viii. Structural fill for roads, construction on sites, Land reclamation etc. 
ix. As filler in mines, in bituminous concrete 
x. As plasticiser 
xi. As water reducer in concrete and sulphate resisting concrete 
xii. Amendment and stabilisation of soil. 

2 
Blast 

Furnace 
Slags 

i. Manufacture of slag cement, super sulphated cement, metallurgical 
cement. 
ii. Non-portland cement 
ii. Making expansive cement, oilwell, coloured cement and high early-
strength cement. 
iv. In refractory and in ceramic as sital 
v. As a structural fill ( air-cooled slag) 
vi. As aggregates in concrete. 

3 
Ferro-alloy 
and other 

metallurgical 
i. As structural fill ii. In making pozzolana metallurgical cement 
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 Waste Areas of Application 
slags. 

4 By product 
gypsum 

i. In making of gypsum plaster, plaster boards and slotted tiles 
ii. As set controller in the manufacture of portland cement 
iii. In the manufacture of expensive or non-shrinking cement, super 
sulphated and anhydrite cement 

iv. As mineraliser  
v. Simultaneous manufacture of cement and sulphuric acid 

5 

Lime sludge 
(phos-

phochalk, 
paper and 

sugar 
sludges) 

i. As a sweetener for lime in cement manufacture 
ii. Manufacture of lime pozzolana bricks/ binders 
iii. For recycling in parent industry 
iv. Manufacture of building lime 
v. Manufacture of masonry cement 

6 Chromium 
sludge 

i. As a raw material component in cement manufacture 
ii. Manufacture of coloured cement as a chromiumbearing material 

7 Red mud 

i. As a corrective material 
ii. As a binder 
iii. Making construction blocks 
iv. As a cellular concrete additive 
v. Coloured composition for concrete 
vi. Making heavy clay products and red mud bricks 
vii. In the formation of aggregate 
viii. In making floor and all tiles 
ix. Red mud polymer door 

8 Pulp & 
Paper i. Lignin 

Personnel handling waste from tanneries or hide processors may also be exposed to such diseases as 
anthrax. Necessary precautions will reduce and minimise hazards associated with manual handling of 
industrial waste. Personnel handling hazardous waste should wear appropriate protective clothing. 
Mechanical methods for handling waste should be adopted wherever possible, and people should be 
educated about the dangers of manual handling of hazardous waste. 

5.1. Collection points 

The contractor in most cases will be responsible for collection and transport of acceptable industrial waste 
within the service area to the disposal site. Each industry will have its own unique point or points of collection. 
These will serve as the interface between the industry’s internal waste management program and the 
contractor’s service. The points of collection will generally be locations on the industry property where 
contractor-supplied bins will be placed. Industry personnel responsible for waste management will place waste 
into these bins prior to collection by the contractor. Important criteria for establishing effective collection points 
at each industry include the following: 

• Collection points will need to be accessible for the contractor’s collection equipment. Accessibility will 
need to include the ability of a collection vehicle to be maneuvered sufficiently to pick up filled bins and 
transport them to the treatment or disposal location. Depending on the amount and type of waste 
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collection, bins may simply be emptied into a truck cargo area at the collection location. Once empty, 
bins are returned to their original position. 

• Collection points should be sheltered so as to prevent industrial waste from being scattered during 
high winds.  

• Collection points should be actively managed and isolated from scavengers. They should not be 
located on public streets where anyone can access them. 

• Sufficient space should be available at the collection point to place an empty bin prior to the pick-up of 
a full one in the case where roll-off containers are used. 

5.2. Bins 

The bins that the contractor provides to each industry will be an important element in the success of collection 
and transport activities. The minimum technical requirements and standards contained in the RFT technical 
specifications should define the minimum acceptable criteria for these containers. The decision of what type of 
containers the contractor will procure and use depends on a number of factors including: 

• The operating environment where the containers will be placed. 
• The physical constraints of the locations where the operation will occur. 
• The types and quantity of materials to be hauled. 

Depending on the types of containers placed at each industry, the contractor may actually have two different 
collection route configurations to service industries in the service area. If small bins that are emptied directly 
into a truck at the collection point are used, a more formal collection route may be established. In this scenario, 
a collection vehicle may travel from collection point to collection point collecting waste until the vehicle is filled. 
At that point, the truck will travel to the treatment or disposal location to dis charge its payload and return to the 
collection route. To service industries that generate large quantities of industrial waste, roll-off collection bins 
may be used. The collection process in these instances consists of bringing an empty container to the point of 
collection, off loading it, and loading a filled container onto the truck for transport to the disposal location. 
There are two primary lifting configurations available for transporting large roll-off bins: the tilt frame and the 
hook-lift configurations. The majority of roll-off operations use the tilt frame consisting of two fixed rails that are 
elevated by a hydraulic ram. A cable winch attaches to a hook on the container, which is pulled onto the 
inclined rails. The cable pulls the container up the rails until it reaches the balance point on the rails. The rails 
are lowered, and the cable pulls the container along the lowered rails until it is fully seated on the truck. In a 
hook-lift configuration, a fixed boom pivots on an axis located at the rear of the truck chassis. The boom 
extends out to the rear of the truck through a low-angle hydraulic cylinder. The boom hooks onto the container 
and pulls it onto the bed of the truck. Trucks used for bin transport can be equipped with a number of features 
such as automated tarp covers. Automated tarp covers allow more efficient covering of loads to be transported 
as well as allowing the tarping process to be done safely. 

5.3. Containers 

Roll-off containers are available in two basic styles including tub or box configurations. They can range in sizes 
from 10 to 50 cubic meters (m3). The tub-style container came into the marketplace some years after the 
rectangular box configuration. As its name implies, the sides of the container are vertical with a bottom half 
that has an octagonal configuration. This container configuration does not have any 90-degree areas at the 
floor and wall area, so it dumps cleaner, preventing the buildup of waste in the corners and making it easier to 
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clean. One other advantage of this configuration is that the containers are nestable, meaning multiple 
containers can be transported together at one time. 
In general, the use of the container will also dictate the volume of the container. In most cases, smaller roll-off 
containers are used for more dense materials such as construction and demolition materials. The most 
common general service containers are in the 30 to 40 m3 capacity range and are used for lighter materials. 
The size of the container for any particular industry will be a function of the amount of industrial solid waste 
collected; the density of the material that establishes the weight of material transported per unit of volume; the 
total weight that can be transported at any one time may be a function of road limits and; the physical 
configuration of the collection point that may limit the size of the container that can be used. 

5.4. Storage & Transportation  

The storage of industrial solid waste is often one of the most neglected areas of operation of a firm. Very little 
attention is paid to proper storage and a heap of mixed waste piled against a wall or on open ground is a 
common sight in many factories. Concrete bays or disused drums are also often used for storage. Whereas 
the sludges originating from holding tanks or interceptors do not present storage problems as no separate 
sludge storage is required, because the sludge is retained in the tank until sufficient quantities are collected. 
Waste is rarely covered, protected from vermin or pretreated in any manner. There are no restrictions on 
access and employees are often encouraged to sort out through such waste and take away any useful 
material or articles they find. Waste is regarded as an unwanted product by firms and very often no senior 
person is assigned for its control. 
Transportation of industrial waste in metropolitan areas of developing countries is generally not by purpose-
built vehicles such as skip-carrying lorries, but by open trucks. The waste is not covered during transportation. 
It is typical for a firm not to have any standing arrangements with one contractor, but to allow collection by 
whoever is the contractor quoting lowest rates. It is rare for special arrangements to be made for hazardous 
waste; they are usually collected together with the other waste. Contractors who carry hazardous waste do not 
need to be licensed, and consequently, there is little control over either the types of firms engaged in carrying 
hazardous waste or the vehicles used. Drivers are not given a list of precautions to be taken; there is no 
manifest or labeling system of waste during transport. Fly-tipping is often prevalent and waste are often taken 
to disposal sites inappropriate for the type of waste concerned [32]. 
 
 

6. TREATMENT AND DISPOSAL 

Assessment of industrial solid waste management problem greatly varies depending on the nature of the 
industry, their location and mode of disposal of waste. Further, for arriving at an appropriate solution for better 
management of industrial solid waste, assessment of nature of waste generated is also essential. 
Industries are required to collect and dispose of their waste at specific disposal sites and such collection, 
treatment and disposal is required to be monitored by the concerned State Pollution Control Board (SPCB) or 
Pollution Control Committee (PCC) in Union Territory. The following problems are generally encountered in 
cities and towns while dealing with industrial solid waste [32]: 

• There are no specific disposal sites where industries can dispose their waste; 
• Mostly, industries generating solid waste in city and town limits are of small scale nature and even do 
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not seek consents of SPCBs/PCCs ; 
• Industries are located in non-conforming areas and as a result they cause water and air pollution 

problems besides disposing solid waste. 
• Industrial estates located in city limits do not have adequate facilities so that industries can organise 

their collection, treatment and disposal of liquid and solid waste; 
• There is no regular interaction between urban local bodies and SPCBs/PCCs to deal such issues 

relating to treatment and disposal of waste and issuance of licenses in non-conforming areas. 

6.1. Industrial Waste Disposal  

Industrial waste, whilst presenting the same disposal problems as domestic waste, also contains hazardous 
waste, thereby exacerbating the difficulties of disposal. Fortunately, the types of industrial waste generated in 
a municipal area of a developing country are such that there are not usually large quantities of particularly 
hazardous waste for disposal. In the past there has been little control over the disposal of industrial waste; 
indeed, it has only been during the last decade that even developed countries have brought in legislation to 
curb the uncontrolled and environmentally unacceptable practices that were widespread. Without such 
legislation disposal is almost always by uncontrolled landfill at sites which often pose a threat of water pollution 
due to leachates [32]. 
Any industrial waste that remains after application of all reuse and recycle opportunities will need to be 
disposed of in an environmentally sound manner. The contractor may also be responsible for the operation of 
the disposal area as would be the case in an integrated solid waste management contract. If this is the case, 
close coordination will be required between the contractor’s industrial waste collection personnel and landfill 
operations staff. Key coordination considerations include the following: 

• Some forms of industrial waste will require special procedures for placement at the disposal area to 
prevent environmental or health related impacts. This may include industrial waste forms with high 
liquid content, dry waste forms that may cause excessive airborne dust, etc. 

• Some forms of industrial solid waste may be used for beneficial purposes at disposal sites such as 
daily cover use to isolate other waste forms. Foundry waste may be a good example of waste that can 
be used for this purpose. 

• The success of implementing hazardous and non-hazardous solid waste segregation at each industry 
will determine if additional precautions should be taken at the disposal location in receiving industrial 
waste. 

• Certain industrial waste forms that may cause odor or attract vectors (rodents, insects, birds, etc.) 
should be covered as soon as possible after receipt at the disposal area. 

Depending upon the characteristics of the waste, different types of disposal methods can be used for 
hazardous and non-hazardous industrial waste. The most predominant and widely practised methods for 
waste disposal are: (a) Landfill, (b) Incineration and (c) Composting. 
For thousands of years, man has disposed the waste products in a variety of ways, the disposal method might 
reflect convenience, expedience, expense, or best available technology. There were no major ecological or 
health hazards associated with these practices until the last century. Explosive increase in the amount of 
chemical waste produced and the indiscriminate dumping of hazardous industrial waste in the last few 
decades has created health and ecological crisis in many areas of the world. In many instances, leachate from 
the waste dumped by one generation haunts the later generation in the form of ground water and subsoil water 
contamination. The recent discovery of volatile organic chemicals from landfills and industrial disposal ponds is 
disturbing because many of these chemicals are known or suspected carcinogens and are not removed easily 
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by natural geochemical processes. The risk of the contamination of groundwater supplies due to leachates 
from landfills depends on several factors; toxicity and volume of the contaminant generated at each site, the 
nature of the geologic medium underlying the site, and the hydrologic conditions dominant in the area. In the 
past, the least expensive and most widely used waste management option for both municipal and industrial 
waste has been the sanitary landfill, where waste are compacted and covered with earth. In any geographic 
area other than arid zones, the fill is subjected to percolating rainwater or snowmelt which eventually flows out 
from the bottom of the landfill site and moves into the local groundwater system. Leachate is a liquid that is 
formed as infiltrating water migrates through the waste material extracting water-soluble compounds and 
particulate matter. The mass of leachate is directly related to precipitation, assuming the waste lies above the 
water table. Much of the annual precipitation, including snowmelt is removed by surface run off and 
evaporation; it is only the remainder that is available to form leachate. Since the landfill covers to a large 
extent and controls leachate generation, it is exceedingly important that the cover be properly designed, 
maintained and monitored in order to minimise leachate production. Fortunately, many substances are 
removed from the leachate as it filters through the unsaturated zones, but leachate may pollute groundwater 
and even streams. These leachates, can contain large amount of inorganic and organic contaminants. At 
some sites, the leachate is collected and treated. But even in the best engineered sites, some leachate 
escapes into the groundwater system because no permanent engineering solution has been found to isolate 
the leachate completely from the groundwater. 
It is now recognised that the interaction between leachate and soil are actually very complex and depend both 
on the nature of soil and on the leachate. When leachate percolates through solid waste that is undergoing 
decomposition, both biological materials and chemical constituents are picked up. Recent research in the 
United Kingdom (U.K) has, however, shown that chemical and biological phenomena in landfill such as 
microbiological process; neutralisation; precipitation and complexion; oxidation and reduction; volatilisation; 
adsorption reduce the quantity and quality of polluting leachate from landfill site and achieve some degree of 
onsite treatment or immobilisation. In spite of all these, the leachate often pose severe disposal problem at a 
landfill site. Two of the most economic but efficacious purification methods are spraying over grassland or 
percolation through an aerobic bed of sand or gravel. 
In general, it has been found that the quantity of leachate is a direct function of the amount of external water 
entering the landfill. In fact, if a landfill is constructed properly, the production of measurable quantities of 
leachate can be eliminated. When sewage sludge is to be added to the solid waste to increase the amount of 
methane produced, leachate control facilities must be provided. In some cases leachate treatment facilities 
may also be required. The pollution of static water ditches, rivers or the sea can occur when a sanitary landfill 
adjoins a body of water. The normal source of the leachate causing this pollution is rain falling on the surface 
of the fill, percolating through it, and passing over an impermeable base to water at a lower level. The quantity 
of leachate can be substantially increased when upland water drains across the site of the landfill, but the 
worst case is when a stream crosses the site. The solutions to these problems lie in appropriate site 
engineering such as [32]: 

• diversion or culverting of all water courses which flow across the site, 
• diversion of upland water by means of drainage ditches along appropriate contours, 
• containment of leachate arising from precipitation by the construction of an impermeable barrier where 

necessary, such as a clay embankment adjoining a river, 
• grading the final level of the site so that part of precipitation is drained across surface, thereby 

reducing percolation below the level needed to produce a leachate. 

Works of this nature will obviously add to the cost of a sanitary landfill project. However, when capital 
expenditure is spread over the life of the project, the cost/ton of waste disposed might be less than for any 
alternative method of disposal. Furthermore, some of these forms of expenditure, such as culverts or river 
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walls, represent capital assets of continuing value when the reclaimed land is handed over for its final use, 
perhaps for agriculture or recreation. Incineration of hazardous industrial waste has been advocated in 
developed countries. Guidelines for safe incineration of hazardous chemical waste have been drawn up by 
United States Environmental Protection Agency. Incineration of hazardous waste is a process requiring 
sophisticated expensive incinerators and a high degree of technological expertise for satisfactory operation. 
The capital cost of incinerator is high, especially if it is intended for hazardous waste and gas scrubbing 
equipment is required. Some waste such as oils and organic solvents can be readily treated by incineration. If 
financial constraints come in the way of purchasing sophisticated incinerators then the utilisation of open pit 
incinerator under careful technical supervision can be considered as an option. 

6.2. Monitoring 

Monitoring and laboratory examination is important in many fields, but more so in the field of hazardous waste 
management. In monitoring we collect a sample and from its analysis we infer about the universe (i.e. full 
batch). Monitoring will tell the operating agency about the dividing line between hazardous and nonhazardous 
waste, about the treatability of the hazardous waste, about incompatibility of different waste, about the 
performance efficiency of hazardous waste treatment and disposal facility, about the impact, about the quality 
of the recovered material, and about the post-closure effects if any. Monitoring gives a final signal if something 
is going wrong in the facility of operating agency, giving an opportunity of rectification. Monitoring becomes 
handy in investigation of complaints and during the time of any accidental leakages or spills. The operating 
agency, therefore, should have an excellent set up of materials and methods. 
Monitoring should commence one year before the facility is brought in existence by the operating agency, 
should continue while the facility is in use, to know the migration kinetics and contemporary concentrations, to 
take a decision as to whether it is a time to abandon a particular site, and till five year after it is abandoned to 
see that the “ghost” does not reappear as mere ‘cradle to grave’ is not sufficient precaution, it should be 
“cradle to grave to ghost”. In consultation with the SPCBs, the operating agency will have to draw samples of 
air, water groundwater, leachate waters, soils, ash, solid waste and aesthetics. The periodicity and station 
selection be done carefully and the following locations might prove appropriate:- 

• Air: upwind, downwind, three stations at 120m around the facility, distance depending on stack height 
and location of any particular sensitive feature. This is for ambient. Samples be selected in stack, 
vents and ducts. 

• Surface waters : upstream and downstream in the stream adjoining local nullah, upstream in the 
rivulet, on both the banks, upper stream and benthal deposits, and add as per sanitary survey. 

• Groundwater : From wells specially dug one upgradient and at least three on down gradient, and deep 
enough. 

• Soil : Surrounding soil at ground level be sampled in a circular grid. 
• Vegetative cover : Whether mal-effect is occurred and if yes, in what direction. 
• Biological indicator : by planting sensitive plants in all directions and at different distances and to note 

periodically as to what is the health status of each plant, providing the operating agency with 
information as to what further precautions are required to be taken. 

6.3. Record Keeping 

The operating agency should remember that no job is complete unless paper work is complete. The record 
keeping and reporting is especially important when dealing with hazardous waste. The operating agency 
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should maintain the minimum record as is required by the hazardous waste rules, but should additionally keep 
other records like health statistics, insurance, cost analysis and whatever may be required by other 
departments. The statutory authorities sometimes demand only an annual figure. However, to arrive at, the 
operating agency has to have a daily record. 
The operating agency should also maintain a record about the inspection visits of the SPCB officials and other 
inspectors, if any and the instructions given by them on the spot. This should be followed by the compliance 
letter of the instructions in a reasonable time and acknowledgement obtained. The operating agency shall 
maintain his own record of treatability studies and characterisation of raw or recovered waste with various 
parameters. Record of training too be maintained. The operating agency should keep it in mind that if he takes 
care of record daily, the record will take his care in case of an emergency. 
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PART III – END-OF-LIFE TIRES 

 

1. INTRODUCTION-DEFINITIONS 

Solid waste management is one of the major environmental concerns worldwide. For the last 30 years many 
studies have been conducted in order to assess the feasibility of using industrial by-products and waste 
materials in civil engineering applications. The motive for such studies has been and still is the high cost, the 
continuous reduction and negative environmental impact of supplying natural aggregates, the legislation, 
which bans the disposal of waste in landfills and recycling in general, which is demanded, in terms of 
sustainable development.  
Tires, which are included in the European Catalogue of waste as non-dangerous waste consist of synthetic 
and natural rubber, sulphur and sulphur compounds, silica, phenolic resin, oil (aromatic, napthenic, paraffinic-, 
fabric-polyester, nylon-, petroleum waxes, pigments-zinc oxide, titanium dioxide-, carbon black, fatty acids, 
inert materials and steel wires [35] It should be noted that all the components are 100% recyclable.  
 
 

Table III-1: Materials composition of car and truck tires [46] 
Material Car tire Truck tire 

Rubber/elastomers 47% 45% 
Carbon black 21,5% 22% 

Metal 16,5% 25% 
Textile 5,5% - 

Zink oxide 1% 2% 
Suphur 1% 1% 

Additives 7,5% 5% 
 
 

Table III-2: Elements inside tires [36] 
 Car tire Truck tire 

Element % wt % wt 
Carbon(C) 89.48 89.65 

Hydrogen (Η) 7.61 7.5 
Nitrogen (Ν) 0.27 0.25 
Sulphur (S) 1.88 2.09 
Oxygen(Ο) <0.01 <0.01 
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Chloride(Cl) 0.07 0.06 
Ash 3.9 5.5 

2. TIRES DISPOSAL PROBLEM  

Worldwide, the amounts of tires are often uncontrollably deposited, even because of the noticeable rapid 
depletion of available sites for waste disposal, causing great environmental problems.  

 
Figure III-1: Stockpiles and uncontrollable deposit of EOL Tires. 

 
Water accumulation inside tires provides ideal temperature and moisture conditions for the spreading of 
mosquitoes, mice, rats and vermin. At the same time the quantity of oxygen that exists in the interior of the 
tires is enough to cause fire in appropriate conditions because of its inflammable components with the 
resulting negative impact on the atmosphere and on human’s health [37]. Within the last ten years, the State of 
California has seen two of its largest tire stockpiles- located in Tracy and Westley- catch fire. Especially in 
Westley, at the west side of Stainislaus County, approximately 7 millions of scrap tires were involved in the 
fire, which was caused by a lightning storm [38]. These fires have raised concerns about the need to eliminate 
the existing stockpiles and to develop additional end uses for tires. 

3. TREATMENT OF EOL TIRES  

Rubber from EOL Tires (passenger cars, buses, trucks, bicycles) often after being shredded into smaller 
pieces can be reused in Civil Engineering applications in different shapes and sizes. Two main methods are 
used to grind tires to a required size: the first one is related to ambient size reduction using mechanical 
processes at or above room temperature and the second one is related to cryogenic size reduction by the use 
of liquid nitrogen or commercial agents to reduce it to a desired size [39]. 
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Figure III-2: Shredding of EOL Tires 

 
 

       
Figure III-3: Final product-rubber- of a Greek shredding plant-Karambas SA [46].  

3.1. Ambient Scrap Tire Processing  

In this ambient grinding plant layout (Figure 5), the tires are first processed into chips of 2” (50 mm) in size in a 
preliminary shredder (A). The tire chips then enter a granulator (B). In this processing step the chips are 
reduced to a size of smaller than 3/8” (10 mm), while liberating most of the steel and fiber from the rubber 
granules. After exiting the granulator, steel is removed magnetically and the fiber fraction is removed by a 
combination of shaking screens and wind sifters (C). 
While there is some demand for 3/8” rubber granules, most applications call for finer mesh material, mostly in 
the range of 10 to 30 mesh. For this reason, most ambient grinding plants have a number of consecutive 
grinding steps (D). The machines most commonly used for fine grinding in ambient plants are: 
· Secondary granulators 
· High speed rotary mills 
· Extruders or screw presses 
· Cracker mills 
Ambient grinding can be operated safely and economically if the bulk of the rubber output needs to be 
relatively coarse material, i.e., down to approximately 20 mesh material.  
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Figure III-4: Schematic of an Ambient Scrap Tire Processing Plant [46]. 

 

3.2. Cryogenic Tire Recycling  

This process is called “cryogenic” because whole tires or tire chips are cooled down to a temperature of below 
–80oC (-112 F). Below this “glass transition temperature”, rubber becomes nearly as brittle and glass and size 
reduction can be accomplished by crushing and breaking. This type of size reduction requires less energy and 
fewer pieces of machinery when compared to ambient size reduction. Another advantage of the cryogenic 
process is that steel and fiber liberation, is much easier, leading to a cleaner end product. The drawback, of 
course, is the cost for liquid nitrogen (LN2). 
Preliminary treatment of scrap tires (debeading, pre-shredding) is pretty much the same as in ambient plants. 
In the cryogenic process (Figure 6), the 2” (50 mm) tire chips are cooled in a continuously operating freezing 
tunnel (B) to below –120°C and then dropped into a high RPM hammer mill (C). 
In the hammer mill, chips are shattered into a wide range of particle sizes, while, at the same time, liberating 
fiber and steel. Because the rubber granules may still be very cold upon exiting the hammer mill, the material 
is dried (E) before classification into different particle sizes (F). Generally speaking, cryogenic scrap tire 
processing is more economical if clean, fine mesh rubber powder is required [46]. 
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Figure III-5: Schematic of a Cryogenic Scrap Tire Processing Plant [46]. 
 

Table III-3: Comparison between Ambient and Cryogenic Ground Rubber [40]. 

 
Table III-4: Comparison between Ambient and Cryogenic Ground Rubber [51]. 

 
 
In Greece, at the moment there are 9 factories of treatment of EOL tires and 31 in Italy. By reducing the 
particle size of worn tires, a separation of steel wires and textile fibres can be achieved as well as a further 
treatment of them so that commercial particle sizes can be created.  

3.3. Alternative applications of EOL Tires 
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Scrap tires are shredded for use in various applications, with the actual size, which ranges from >300mm to 
<500μm, a function of the intended use [46]. An amount of them is reused as treads, another is reclaimed for 
other forms of reuse of recycling or they can be used in cement kilns as an alternative fuel-due to its high 
calorific value as seen in Figure 7, or in the production of electricity despite the fact that the incineration of 
tires, which is an undesirable option, can not be achieved without pollution and contribution to climate change 
[41].  

 
Figure III-6: Calorific value of alternatives fuels [42]. 

 
Moreover, the Hellenic browncoal (lignite) is of even lower quality, with a heat value of around 13 GJt–1 [43]. 
In addition to these general non civil engineering applications, several studies have been carried out in order 
to examine the feasible addition of these waste in cement and asphalt products as well as in geotechnical 
works, where tires take the place of conventional construction materials such as fills or aggregates [46]. 
Recent trends in Europe and worldwide face tires as coatings, as a means for preventing soils from sliding, for 
sea embankment, as a means for inhibit erosion near sea, as artificial reefs in marine environment, for 
temporary and heavy load roads, as off coast breakwaters, in retaining walls, as sound barriers, in drainage 
culvert bed, for riverbank and coastal stabilization, as bridge abutment fill, in tram rail beds, for thermal 
insulation, as well as for insulation to limit frost penetration beneath roads, as porous bitumen additive as a 
means of absorbing seismic waves as well as for slope stabilization. 

     
Figure III-7: Use of EOL tires as secondary fuel in cement kilns 
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The addition of rubber in a wide range of applications in Civil Engineering is based upon the unique 
characteristics of tire particles such as the lightweight, good (sound and heating) insulation properties, their 
high ability to transmit water, their long term durability as well as the high compressibility. In general, scrap 
tires and other waste can be used successfully in road construction as long as they meet engineering 
standards and are cost effective. In all end uses, scrap tires must compete against locally available materials 
in performance and costs. The ideal recycled material for use in road construction and maintenance projects 
yields economic or engineering advantages and environmental benefits. 
 
Finally, reuse of tire rubber in the applications mentioned above can lead to the achievement of an 
environmental goal, which is the protection of the environment by recycling this kind of solid waste. At the 
same time the use of big volume of waste tire substituting natural aggregates (sand, gravel etc) represents a 
great advantage from the point of view of sustainability in construction while the tire mountain would cease to 
exist. 

4. TIRE RUBBER IN ASPHALT MIXTURES 

4.1. History of rubberized asphalt 

The use of recycled rubber in asphalt pavements started 170 years ago, with an experiment involving natural 
rubber with bitumen in the 1840s, attempting to capture the flexible nature of rubber in a longer lasting paving 
surface [44]. The early bitumen-rubber formulae provided little or no benefit, the result being a modified asphalt 
pavement that cost more and had a shorter service life than conventional asphalt. However, more widespread 
successful formulation of rubberized asphalt was first developed in the late 1960s and began to be used 
widely in the early 1990s. By 2000, rubberized asphalt was used in 40 states. 
MacDonald was inspired by the problem he had when the roof of his mobile trailer cracked. He used bitumen 
as a quick patching material but after frequent moves and long exposure to the sunlight, the bitumen would 
oxidize and became brittle. The roof crack “reflected” through to the surface of each successive bitumen patch. 
He thought he could solve the cracking problem if he incorporated rubber in his next round of patching. 
Moreover, while devising methods to repair potholes on the streets of Phoenix and Arizona, MacDonald 
experimented with adding ground tire rubber to hot liquid bitumen. He found that after thoroughly mixing crumb 
rubber with bitumen and allowing it to react for periods of forty-five minutes to an hour, new material properties 
were obtained. During blending, the bitumen was absorbed by the rubber particles, which swelled in size at 
higher temperatures allowing for greater concentrations of rubberised binder (bitumen) contents in pavement 
mixtures, suitable for pothole repair. The patches worked so well that the city eventually tried using rubberised 
bitumen as the binder for chip seals (known as Surface Dressing in the UK) [45]. 
Rubberized asphalt mixture consists of asphalt, aggregates and tire rubber granules. Rubber aggregates can 
be used either as bitumen modifiers or as substitutes for natural aggregates. Typical tire rubber particles are 
showed in Figures 10 and 11.  
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Figure III-8: Different processes and technologies in application of rubber in bituminous mixtures [51]. 

 

 
Figure III-9: Tire rubber granules of size <2mm (stereoscope x25) [46]. 

 

 
Figure III-10: Tire rubber granule of size <2mm (SEM) [53]. 

4.2. Rubberised asphalt products 

Asphalt rubber is used as a binder in various types of asphalt pavement construction including surface 
treatments and hot mixes (HMA). It is also used in crack sealants. For hot mixes, asphalt rubber has been 
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found to be most effective and is most commonly used in gap-graded and open-graded mixes, particularly for 
surface courses and for thin overlays that are 30 to 60 mm thick. It may be used in new construction or to 
rehabilitate an existing pavement Terminal blends have been used in dense- and gap-graded mixes. The most 
common spray application is a chip seal, also called a stress absorbing membrane (SAM). Chip seals are 
primarily used for maintenance and pavement preservation. Asphalt rubber chip seals may also be overlaid 
with hot mix, making them inter-layers, typically called SAMI-R. SAMIs are used primarily for pavement 
rehabilitation. 
Use of asphalt rubber in hot mixes is typically limited to gap and open gradations because these are most 
effective with respect to performance and cost. Use of high viscosity (field blend) asphalt rubber binder is not 
recommended in dense-graded mixtures because there is insufficient void space to accommodate enough of 
the high viscosity asphalt rubber binder to significantly improve performance of the resulting pavement. 
However dense gradations are well suited for use with terminal blend (no agitation) binders such as CalTrans 
MB, and should provide similar structural capacity to conventional dense-graded HMA mixes. 
Gap and open-graded Rubberised Asphalt Concrete (RAC) mixes are most often used as overlays for 
maintenance and/or rehabilitation of existing asphalt concrete and Portland cement concrete pavements. RAC 
is also used as surface (wearing) courses for new pavement construction, most often in areas where traffic 
noise is a consideration. Structural design is performed as for conventional dense-graded HMA pavements. 
Thickness reductions for resistance to reflective cracking may be applied when gap-graded asphalt rubber 
surface courses are substituted for dense-graded HMA for use as an overlay of structurally adequate 
pavement [47]. 

4.3. Production of asphalt mixtures with tire rubber- general processes  

There are mainly two ways of producing asphalt mixtures with tire rubber. In the first one, called the “wet 
process”, rubber particles are mixed with bitumen at elevated temperature prior to mixing with the hot 
aggregates, while in the second one, which is the “dry process”, rubber particles replace a small portion of the 
mineral aggregate in the asphalt mix before the addition of the bitumen.  
 

        
 

Figure III-11. (left) Production of rubberized asphalt mixture by the wet process, (right) Production of 
rubberized asphalt mixture by the dry process 

 
Explanation of numbers of Figure 12a,b 
 

1 Whole tires  5 Aggregate’s heating     
2 Powder of EOL tires  6 Mixing bitumen with aggregates   
3 Bitumen’s heating     7 Storage of mixtures 
4 Aggregates  8 Loading and transportation to the site 
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According to ASTM D6114, the rubber, for both cases, should contain no visible non-ferrous metal particles 
and no more than 0.01 percent ferrous metal by weight of CRM, and should be free flowing and non-foaming. 
For use in rubberised asphalt, the fibre content should not be greater than 0.5 percent by weight of rubber; 
however this level is further restricted to 0.1 percent if used in spray application [51]. 

4.4. Properties of modified with tire rubber asphalt mixtures 

Many studies have been conducted, examining asphalt mixtures, made with both the wet and the dry 
processes. Tire rubber has been used in asphalt mixtures providing rubberized asphalt with better 
performance towards skid resistance, thermal and mechanical cracking, durability (resistance to cracking and 
aging- due to the included carbon black, which is a potent antioxidant with a strong effect against aging-), 
versatility, resistance to rutting, improved tensile strength, toughness, longer pavement life (~20-30% more 
life), reduced surface maintenance costs during summer and winter compared to conventional mixtures, 
increased friction, elasticity and softening point, decreased brittle point, as well as resistance to the radiation of 
the sun [45]. All of the properties above are improved depending on many parameters such as how rubberized 
asphalt mixture was made (wet or dry process) and paved, to which country it was placed, on the weather 
conditions during paving (cold or warm) etc.  
Moreover, wearing layers based on rubber modified bitumen have better grip with the tires (shorter braking 
resistance), while modified asphalt mixtures provide more durable roads and airport bituminous surfaces 
compared to traditional asphalt (www.asfaltgumowy.pl/en/historia.html). They also reduce traffic noise up to 
10dbA, show better performance in high temperatures, can be used in a variety of climate conditions, they are 
more flexible in smaller and under zero temperatures, while the width of an asphalt layer can be reduced from 
50mm to 38mm . Furthermore, Rubberized Asphalt Concrete is cost effective, saving as much as $22000 per 
lane mile over conventional asphalt projects [48]. This market for EOL tires can consume large quantities of 
scrap tires in a positive manner.  
Also known as drainage asphalt, porous asphalt mix has a very high void content which allows rainwater to 
drain off at the surface, reducing splash and spray. Tires maintain contact with the paved surface under any 
conditions, avoiding aqua-planning at high speeds on wet roads. It also reduces rolling noise within and 
outside of the vehicle as well as light reflections [49]. 
Modified with tire rubber asphalt mixtures, which are used in coverage is particularly are recommended in 
places where the traffic intensity is the highest and where there is trouble with proper surface maintenance, 
especially: 
 

 Road surfaces with traffic congestion 
 Junctions and access roads 
 To cover old destroyed and cracked concrete pavements 
 To cover old cube stone surface 
 Surfaces of the runways and landing paths at airports 
 Layer pavement in areas that are exposed to large deformations, for instance mining damage. 

 
Equipment for feeding and blending may differ among rubberised bitumen types and manufacturers, but the 
processes are all similar. Temperature is always critical to controlling the production of rubberised bitumen, 
and right equipment such as temperature gauges or thermometers should be readily visible. 
Rubberised asphalt mixtures must be properly selected, designed, produced and laid in place to provide the 
desired improvements in pavement performance, given that pavement structure and drainage are also 
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adequate. Moreover, it is believed that tire rubber can be used in asphalt mixtures after examining enough 
appropriate projects to limit the risk of failure and the associated costs of remediation. 
This report specifically presents a literature review and other relevant information related to the use of waste 
tire rubber in asphalt mixtures made by both the wet and the dry processes, for consideration of the potential 
implementation of the technology in Greece, and especially in the Region of Lamia (Sterea Ellada), where a 
pilot application will take place in July 2011. 
 

5. WET PROCESS (addition of rubber particles in bitumen) 

5.1. Preface 

During the 1960’s, McDonald developed an asphalt rubber binder, which has been used in a surface treatment 
commonly known as a stress-absorbing membrane (SAM). This new was assigned because the binder 
provides elasticity that absorbs the stresses developed from movement of underlying cracks and helps prevent 
reflection cracks in the new surface. Asphalt rubber is claimed to be resistant to cracking and to provide an 
effective seal to prevent water damage to underlying layers and aging of the binder. This material has been 
used widely in many states of the US like Arizona, Phoenix, where it helped retard primary reflection cracking 
after 15 years [50]. 
The wet method has been successfully applied in many countries, especially the USA while a typical technical 
process is the following: 
“A mobile mixing unit is installed in the hot mix plant and ~20% of crumb rubber (<2mm size) is added to the 
bitumen and agitated for a period of time (1 to 2 hours) at 190/200oC, so that rubber reacts with bitumen, 
providing the “modified or rubberized asphalt”. From this moment on the modified binder can be pumped into 
the pipe system of the hot mix plant and mixed with the aggregates. In the USA 90% of the binders modified 
with crumb rubber are produced this way and the resulting hot mix fulfills perfectly the required 
specifications”,[51]. 
For European circumstances this method has some disadvantages, which create certain reluctance in 
contractors and administrations to use the rubber in asphalt modifications: 

1. A hot mix plant of a normal size has a production per hour of 100/150tons. As the percentage of 
modified binder uses to be around 5,5%, the minimum production of the mobile mixing unit for crumb 
rubber has to be 9tons per hour. The long reaction time, also called “digestion time”, reduces however 
the production per hour, a fact leading to the necessity of installing several big sized tanks, which use 
to disturb the normal work of the plant and occupies space which often is not available. 

2. The addition of rubber to the bitumen produces a strong increase of the viscosity, which demands 
higher binder percentage, ranged from 5,5-7,5% or even 9%. In some cases, such as in open graded 
materials this high binder percentage is required, however it is not always desirable so it only leads to 
an increase of cost. 

3. Temperature used in the production process of the hot mix is around 160oC or more. To maintain this 
high temperature, the production tank for the modification must work with an own independent burner, 
which has to maintain for each charge the mentioned temperature during 1 to 2 hours 

4. The hot mix produced by this method is usually used in road’s surface courses and the material needs 
a special gradation, standard guides as prescribed by the different administrations cannot be used. 

 
In Europe, rubberised asphalt has been used since 1981 in Belgium, the asphalt rubber hot mix called 
“Drainasphalt”, as well as in the neighbouring countries France, Austria, Netherlands, Italy and Germany, and 
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more intensively since 1999 in Portugal and Spain.  
 
Details are presented in the case studies section of this report. Taiwan was reported to have adopted the 
Arizona Department of Transportation gap-graded and open-graded rubberised asphalt mixtures for flexible 
pavement rehabilitation [52]. There were concerns about moisture damage on asphalt surfacing in Taiwan 
since it has a relatively moderate climate i.e. generally high temperatures, no frost but with significant summer 
rain. The rubberised asphalt mixture, having air voids around 4%, contained 1% Portland cement as mineral 
filler. The overall material cost was reported to be 30% higher than that of conventional asphalt concrete. After 
42 to 46 months, the rubberised asphalts were reported to have been performing well with insignificant fretting 
for the gap graded and some binder richness (bleeding) for the open graded mixture. However, future plans for 
use of these materials were reported to be subject to political decisions. It has been reported that rubberised 
asphalt has been trialled in Beijing and for use in new and maintenance work as part of the preparation for the 
2008 Olympics in China. The material has also been used in EcoPark Project in Hong Kong. 

5.2. Production of rubberized asphalt  

Wet process, which consists of two types-terminal blend and wet process high viscosity-, can be used to 
produce rubberized asphalt, with superior properties compared to the conventional one. In this process, finely 
ground tire rubber is mixed with the bitumen at 15-20%wt of it, prior to the mixing with the aggregates (ASTM 
D8-88).  
 
This modification of the bitumen is attributed to physical and compositional changes in an interaction process, 
where rubber particles swell in the bitumen by absorbing a percentage of the lighter fraction of it, to form a 
viscous gel with an increase in the viscosity of the rubberized binder.  
 
Moreover, this method involves less risk as the interaction between crumb rubber and bitumen can be 
controlled during the digestion process. The major objectives of a research of Labib et al, 1993 were to 
achieve proper dispersion of crumb rubber particulates into asphalt and to make crumb rubber compatible 
modified asphalt with improved, both in high and low temperature, properties which can lead to reduced 
cracking, rutting, and ravelling tendencies of the CRMA pavement. The approach of the study was to join the 
crumb rubber and asphalt molecules with small bifunctional molecules called compatibilizers. 
 
The crumb rubber compatible asphalt was prepared from 400 g asphalt heated at 163oC in a 600 ml beaker, 
followed by the addition of the compatibilizer having the epoxy ring with a glycidyl back bone (0.006-0.023 
milimoles compatibilizer per g asphalt) to the asphalt with continuous stirring for 15-20 minutes. The crumb 
rubber (6-15%) was then dispersed into the hot asphalt compatibilizer mixture with continuous stirring and 
heating for 3 hours. 
 
The use of a compatibilizer can enhance the solubility of crumb rubber into asphalt and improve the 
rheological properties of crumb rubber modified asphalt. Modified compatible asphalt is advantageous over the 
virgin and its control by having a wider useful temperature range. The use of modified compatible asphalt has 
the potential to prevent asphaltic pavement from raveling and may increase the use of scrap tires. The amount 
of compatibilizer used in asphalt is dependent on the source of asphalt. 
 
In California, the wet process is the most common method used to produce rubberized asphalt concrete. It can 
be noticed that the only additional equipment, which is required, is a special blending unit to mix the bitumen 
with the rubber particles. Paving can be done when ambient temperatures are at or above 13oC and the road 
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is dry. At this temperature, the hot mix should be near the upper temperature in the range above. When the 
ambient temperature is at or above 18oC, there is more discretion with the hot mix temperature.  
 
In either case, however, it is essential that good paving practices and techniques are used, and that the hot 
bitumen with rubberized bitumen binder is rolled immediately upon its laying and not allowed to cool off before 
being worked.  
 
Asphalt Rubber Friction Course (ARFC) is generally used as the final wearing surface for both concrete and 
Hot Mix Asphalt (HMA) pavements. For concrete pavements, the joints are cleaned and resealed with Asphalt 
Rubber (AR). Spalled areas are cleaned and filled with HMA to level the surface. 
 
ARFC is placed 12.5 mm thick and is used to improve smoothness, reduce cracking, provide adequate skid 
resistance, and reduce noise. On some badly cracked pavements a gap-graded Rubber Asphalt Concrete 
(ARAC), generally 37.5 mm to 50 mm thick, is placed to address cracking. An ARFC may be placed depending 
upon the traffic volume and type of highway. In reviewing numerous pavement designs over the last 15 years, 
rubberised bitumen pavement sections are typically thinner than those constructed with HMA. The average 
HMA pavement section is typically 100 to 125 mm in thickness, whereas the rubberised bitumen pavement 
sections are generally 37-62mm in thickness. Thus the rubberised bitumen pavement will be on the order of 
half or less than half the thickness of the HMA pavements without rubberised bitumen, (Figure 12). 
 

 
Figure III-12: Pavement with rubberised asphalt. 

 
In the chip seal or slurry applications, rubberised bitumen needs to be maintained at between 191oC and 
218oC, to ensure a viscosity thin enough for spraying. An ambient and surface temperature of at least 18oC is 
recommended so that the applied material doesn’t set too quickly. 
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5.3. Specifications  

There are a number of existing specifications for rubberised bitumen; these include ASTM D6114-97 (2002), 
SABITA Manual 19 (1997), Caltrans’ Asphalt Rubber User Guide (2003), and VicRoads and APRG Report No. 
19 (2001), Guidelines from Spain (WRAP.org). 
 
ASTM D6114 specifies three different types of rubberised bitumen: Type I, Type II and Type III; Table 6 refers. 
Each type of rubberised bitumen typically uses different grades of base bitumen: 

 Type I binders typically include stiffer base bitumen and are generally recommended for hot climates, 
such as: AC-20, AR-8000 and PG64-16. 

 Type II binders typically include base bitumen softer than Type I and are generally recommended for 
moderate climates, such as: AC-10, AR-4000 and PG58-22. 

 Type III binders typically include the softest grade base bitumen and are generally recommended for 
cold climates, such as: AC-5, AR-2000 and PG52-28. 

The South African Bitumen and Tar Association (SABITA) has produced technical guidelines for specification 
and design of rubberised asphalt wearing course (Manual 19), allowing the use of 18 to 24 percent rubber by 
mass of the total binder blend. Oil extender, having more than 50 percent aromatic/unsaturated hydrocarbon 
and less than 25% saturates content, is specified to be added at a rate of up to 3 percent by mass of the 
blend. The rubber particles are specified to have the grading: 100 percent passing the 1.18mm, 50 – 70 
percent passing the 0.6mm and 0 – 5 percent passing the 0.075mm sieve sizes, respectively.  
The guidelines specify monitoring the blending process and recording the reaction time of the blend. The 
reaction time is defined as “half the time required to add the entire rubber crumb to the bitumen, plus the 
period between the end of adding crumb and the time when there has been sufficient reaction between the 
bitumen and the rubber to ensure that the binder properties meet the specified requirements”. To prevent 
sticking of rubber particles, an addition of calcium carbonate or talc up to 4% by mass of rubber is permitted.  

 
 

Table III-5: Summary of ASTM Specification D6114 for Rubberised Bitumen 

 
 
 
The blending contractors are not allowed to deviate from the stated percentage of rubber by more than 1 
percent and from the stated reaction time temperature by more than 10oC.The blend when sampled within five 
minutes after completion of blending should meet the specification reproduced in Table 7. Storing the blend at 
elevated temperature for more than 72 hours is not allowed; the typical hot storage (160 – 180oC) allowance is 
between 3 to 5 hours. It is understood however that, at the time of writing this report, this specification is being 
reviewed. 
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Table III-6: Bitumen-rubber specification [53]. 

P 
 

Table III-7: Bitumen-rubber specifications. 
Characteristics Specification Unit BMAVC-1 BMAVC-2 BMAVC-3 

Penetration, 25ºC EN 1426 0,1mm 15-30 35-50 55-70 

Softening point EN 1427 ºC ≥ 75 ≥ 70 ≥ 70 

Fraass point EN 12593 ºC ≤ -4 ≤ -8 ≤ -15 

5ºC … ≥ 2 ≥ 3 Tensile force 
(5cm/min) 10º C 

ΕΝ 13589 
ΕΝ 13703 

J/cm² 

≥ 2 … … 

Consistency  
(Float test 60ºC) 

NLT 183 S ≥ 3000 

135ºC  ≤ 7500 ≤ 5000 Dynamic 
viscosity 170ºC 

EN 13302 mPa.s 

≥ 2000 ≥ 1200 ≥ 800 

Elastic 
recovery 

25ºC EN 13398 % ≥ 10 ≥ 20 ≥ 30 

Difference 
Ring & 
Ball 

ºC ≤ 5 Storage 
stability (*) 

Difference  

EN 13399 

0,1mm ≤ 20 

Flash point v/a            EN ISO 2592 ºC ≥ 235 

Determination of resistance to hardening under the effect of heat and air EN 12607-1 

Mass change EN 12607-1 % ≤ 0,8 ≤ 0,8 ≤ 1,0 

Retain penetration EN 1426 %p.o. ≥ 60 

Softening point’s change EN 1427 ºC Min -4 max +10  Min-5  
max +12 
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Table III-8: High viscosity Bitumen-rubber specifications (BMAVC). 
Characteristics Specification Unit BMAVC-1 BMAVC-2 BMAVC-3 

Bitumen 

Penetration, 25ºC Penetration, 
25ºC 

0,1mm 15-30 35-50 55-70 

Softening point Softening 
point 

ºC ≥ 75 ≥ 70 ≥ 70 

Fraass point Fraass point ºC ≤ -4 ≤ -8 ≤ -15 

5oC … ≥ 2 ≥ 3 Tensile force 
(5cm/min) 10oC 

ΕΝ 13589 
ΕΝ 13703 

J/cm² 

≥ 2 … … 

Consistency 
(Float test 60ºC) 

NLT 183 S ≥ 3000 

135ºC  ≤ 7500 ≤ 5000 Dynamic 
viscosity 170ºC 

EN 13302 mPa.s 

≥ 2000 ≥ 1200 ≥ 800 

Elastic 
recovery 

25ºC EN 13398 % ≥ 10 ≥ 20 ≥ 30 

Difference 
Ring & Ball 

ºC ≤ 5 Storage 
stability (*) 

Difference 
penetration 

EN 13399 

0,1mm ≤ 20 

Flash point v/a            EN ISO 
2592         

ºC ≥ 235 

 Determination of resistance to hardening under the effect of heat and air EN 12607-1 

Mass change EN 12607-1 % ≤ 0,8 ≤ 0,8 ≤ 1,0 

Retain penetration EN 1426 %p.o. ≥ 60 

Softening point’s change EN 1427 ºC Min -4 max +10  Min-5  
max +12 

5.4. Properties of rubberized asphalt 

In the wet process, finely ground crumb rubber is blended with bitumen at an elevated temperature (170 to 
200oC) generally in the presence of an oil extender. The interaction of bitumen-rubber in the wet process is 
known to be affected by the blending temperature, the duration of blending, the type and amount of 
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mechanical blending energy, the size and texture of the rubber particles, and the aromatic component of the 
bitumen. The absorption of aromatic oils from the bitumen into the rubber’s polymer chains causes the 
polymer to swell and soften. The type and amount of aromatic oil in the bitumen also plays a major role in 
determining the compatibility of bitumen-rubber blends. Bitumen modified with 15 percent rubber can increase 
the high temperature viscosity of the blend by a factor of 10 or more. The rate of reaction can be increased by 
enlarging the surface area of the rubber particles, i.e. by reducing the size of the rubber. There is also an 
undesirable side effect, i.e. rubber particles will require an increase in the binder content, which may lead to 
potential problems of flushing or bleeding, increase the paving material’s cost, and may cause tracking. The 
other problem was found to be the storage stability of the rubberised bituminous binder. It was reported that 
"the rubberised binder must be used within hours of its production". However, the problem may be overcome 
by addition of a catalyst into the mixture. Hence, cost-effectiveness should also be considered together with 
the benefits that are being obtained by the use of the modifier. 
South Africa and Australia started introducing bitumen-rubber as a binder for asphalt and for seals from the 
early 1980s and mid 1970s respectively. In South Africa, both wet and dry processes were reported to have 
been used successfully. Two states in Australia (New South Wales and Victoria) adopted the wet process for 
limited application of rubberised asphalt, mainly as a crack resisting layer, but otherwise its usage has been 
predominantly for sprayed seal applications. 
In the case of wet process, the properties of rubberized asphalt depend on various parameters mentioned 
above. Preliminary production trials of these modified asphalt mixtures showed that when laid, there has been 
noticed a weak bonding between the components of the mixture, which had as a result loose rubber particles 
and distributed aggregates on the surface of the pavement. According to Laboratory tests, rubber particles 
retain larger proportion of the bitumen compared to the one of aggregates, suggesting an interaction between 
bitumen and rubber. Studies on dense graded rubberized asphalt mixtures, produced with this method, 
containing 3%-5% crumb rubber by total aggregate weight showed that such mixtures are more vulnerable to 
moisture damage compared to conventional ones while their stiffness reduced 30-75% depending on the 
crumb rubber content.  
However, when fine rubber particles (<1mm size) are added to asphalt mixtures, as in many states like Florida, 
Colorado and Kansas, they produce mixtures with improved characteristics in terms of stiffness, resistance to 
permanent deformation and rut, while particles of such gradation are more effective than coarser ones as far 
as rutting resistance is concerned. Despite of that, resistance to rut should be examined for various sizes and 
proportions of rubber in such mixtures. 
 
Recent studies came up to the conclusion that during mixing and transportation, rubber reacts with bitumen, 
changing the properties of it, the shape and rigidity of the rubber and as a result the performance of the 
asphalt mixture.  
Studies on the effect of moisture on mechanical properties of rubberized asphalt mixtures showed that 
stiffness is reduced by the incorporation of rubber particles (2-8mm), and it is found to decrease in function to 
the percentage of rubber. This reduction was attributed to the voids created by rubber particles in the mixture 
and as a result more water penetrated in the matrix during saturation giving a weaker structure. Scientists who 
studied rubberized asphalt mixtures in order to determine the optimum conditions for tire rubber in them under 
different parameters such as tire rubber and aggregate gradation, mixing and compaction temperature, tire 
rubber and binder ratio and mixing time as well. They concluded that for specific conditions, rubberized asphalt 
mixture perform better. 
Reports on Dense Bituminous Macadam (DBM) mixes with crumb rubber showed improved characteristics in 
terms of Marshall Stability and indirect tensile strength at various temperatures under soaked and unsoaked 
conditions. Both of these properties increased as tire rubber percentage increased. Especially for unsoaked 
conditions, indirect tensile strength was higher compared to those of soaked ones, while it decreased as 
temperature increased. Additionally, in high temperature tensile strength was almost the same for both plain 
and rubberized Dense Bituminous Macadam mixture. Thus such mixtures are expected to have longer life 
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than the conventional D.B.M.  
A method for modifying bitumen with waste rubber powder, including a first step of mixing rubber powder with 
an aromatic oil in proportions of 98-60% and 2-40 % respectively, and a second step of mixing the rubber 
powder from the first step with bitumen in proportions of 3-30 % and 97-70 % respectively, at a temperature of 
140-200°C and for a time of 5-40 minutes has been examined. The method is advantageous mainly in that the 
bitumen can be modified in a shorter time than with known methods, and in that the specifications of the 
modified bitumen can be controlled in such a way that it becomes commercially useful, thereby contributing to 
the solution of the environmental problem of too many tyres.  
Moreover Wang and Zeng, 2006 examined the behaviour of two blends of rubber-modified asphalt _“Type C,” 
a 20% blend, and “Type E,” a 10% blend under varying temperature and confining pressure conditions. It was 
found that, rubber-modified asphalt had a significantly higher shear modulus under varying temperature (−10, 
0, 22, 30, and 37°C) and pressure conditions (0, 138, 276, and 552 kPa) than a traditional asphalt concrete 
blend as rubber content increases, leading to higher stiffness. Having a higher stiffness would be attractive in 
terms of high-speed rail foundations, as a stiffer material would reduce the magnitude of the track deflections 
and the amplitude of the induced ground vibration. A stiffer foundation would also help reduce long-term rutting 
of the pavement. This is particularly significant for railway applications where the contact surface between the 
train wheels and the rail structure is especially stiff. Additionally, the rubber-modified asphalt blends more 
readily maintain their stiffness over larger strains than the conventional asphalt blend; this is a decided 
advantage of a rubber-modified asphalt blend over a conventional blend in terms of long-term durability over 
repeated usage. The shear modulus of the asphalt blends was highly dependent upon the temperature of the 
material. When the material is cooled, it gains stiffness; as it is heated, it softens. The shear moduli of the 
asphalt samples tested had magnitudes that fluctuate up to approximately 300,000 kPa depending upon the 
temperature of the material. This is a significant differential that could affect the design and performance of a 
high-speed railway foundation if not taken into account.  
The damping ratio of all the asphalt samples was highly dependent upon the temperature of the material as 
well. In situations of higher temperature, the damping ratio is significantly increased for all samples. 
Additionally, the increase in the shear stiffness as the temperature decreases is accompanied by a drop in the 
damping ratio; these two characteristics may effectively “cancel each other out” in terms of how effectively the 
material can in practice be used for vibration attenuation. Furthermore, it appears that as the confining 
pressure increases, the stiffness of the material decreases slightly. Rubber-modified asphalt concrete is not a 
material with constant constitutive properties—rather, as seasons and temperatures change, the material will 
react differently to the same loading situations. Currently, the main advantage of using a rubber-modified 
asphalt blend appears to be in its ability to maintain significantly higher shear stiffness over a larger range of 
strains. Further research in taking field measurements is needed, especially in quantifying the exact nature of 
the temperature and loading under which the asphalt would be exposed. Once these environmental conditions 
are set, the effects of changing rubber content can be more definitively defined. 
Tire rubber inclusions can modify a conventional hot mix asphalt in terms of flexural fatigue life, since mixtures 
with rubber treated with different processes (cryogenic or ambient) show greater fatigue life than the one of 
conventional mixtures regardless the void content, which may vary from one mixture to another for the same 
category of bitumen. 
During the interaction with asphalt binder, the Crumb Rubber Modifier (CRM) particles absorb a portion of the 
oils in asphalt binder and the particles swell; therefore increasing the viscosity and stiffness of the CRM binder. 
Still, the performance properties of CRM binders in hot mix asphalt (HMA) pavement are considered to be 
unclear due to the various interaction effects of CRM with asphalt binders, depending on the CRM percentage, 
source and size. Lee et al., 2008 conducted a laboratory investigation on the properties of CRM binders as a 
function of CRM processing method (cryogenic or ambient) and percentages (5, 10, 15 and 20%). A total of 
twenty-four CRM binders were produced and artificially aged through an accelerated aging process (PAV 
aging for 20 h at 100oC). CRMs and binders were mixed in the laboratory at 177oC for 30 min by an open 
blade mixer at a blending speed of 700 rpm.  
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Selected Superpave binder tests were conducted using rotational viscometer, DSR, and BBR to evaluate the 
viscosity and rutting properties at high temperature and the cracking properties at intermediate and low 
temperatures. According to results, higher CRM percentages for CRM binders seemed to lead to a higher 
viscosity, a better rutting resistance and a less chance for low temperature cracking while the ambient CRM 
was found to be more effective on producing the CRM binders that are more viscous and less susceptible to 
rutting and cracking. 
Study of a pilot project in Taiwan, on two test sections, the one with gap-graded design and the other with 
open-graded design and the incorporation of ground tire rubber showed that these mixtures can have equal or 
even better field density and smoothness than the conventional mixes. These mixtures still perform quite well 
based on field measurements and visual observations. 
Another test project was conducted in Florida and evaluated after 10 years. Results showed that the wet 
process addition of crumb rubber improved crack resistance of surface mixtures, while another test project 
made with the dry process gave inferior results in terms of more cracked areas. 
Projects in the late 1980s showed that asphalt rubber in dense-graded mixtures helped reduce the asphalt 
layer thickness by 20–50% without compromising its performance.  
The thickness reduction was confirmed by accelerated load testing (ALT) at University of California Berkeley 
and South Africa [54]. Another benefit of using asphalt rubber is to prolong the pavement life. 
A project in Brazil having 15% rubber in the HMA overlay binder found that cracking was developed 5–6 times 
slower than in conventional asphalt; also the asphalt rubber mixture outperformed in terms of surface 
deflection, interface strain and rut depth. Similarly, binder of 15% rubber (size of 0.2/0.4/0.6 mm) was used in 
dense-graded asphalt in Japan. The mixture exhibited improved performance in dynamic stability, 48 h 
residual stability, flexural strength and strain value; and asphalt containing 0.2/0.4 mm-sized rubber showed 
the best laboratory results. 
Pavement performance has been routinely monitored by ADOT’s pavement management system since 1972. 
Over that time a general trend of cracking, rutting, ride, maintenance cost, and skid resistance have been 
observed. Figure 14 shows a comparison of the average percent cracking for conventional overlay/inlay 
projects and those projects built with an ARFC.  
 

 
Figure III-13: Statewide cracking performance with and without rubberised bitumen [51]. 

 
Projects also revealed problems from the use of asphalt rubber in road surface. Bleeding and loss of coarse 
aggregates were observed on a Virginia SAM (stress absorbing membrane) trial section containing 20% crumb 
rubber in the binder, and the SAM did not hinder reflective cracking as expected. A chip seal (or surface 
dressing) project in Iowa showed that the asphalt rubber compromised the friction performance. A project in 
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Texas indicated that OGFC represented the best application for asphalt rubber in terms of cost, resistance to 
cracking and raveling. NCPE suggested that asphalt rubber should not be used in polymer modified bitumen 
(PMB), because the PMB-rubber interaction compromised the rheological properties of the aged binder and as 
a result, the durability of asphalt mixtures. 
Use of rubberized asphalt as a pavement material was pioneered by the city of Phoenix, Arizona on several 
area freeways in the 1960s because of its high durability. Since then it has garnered interest since it has the 
ability to reduce road noise. Studies showed a noticeable reduction in traffic noise levels, which ranged 
between 2-10dB related to the country and the application”.  
Other countries, where rubberized asphalt mixtures have been used showing smaller or equal traffic noise 
reduction level are Canada (1991), England (1998), France (1984), Germany (1980), Austria (1988) and the 
Netherlands (1988) etc.  
As a result, many states of the USA (Arizona, Florida, California, Texas etc) and around the world continue to 
use such mixtures. 
 

 
Table III-9: Countries Used/Using Rubberized Asphalt and Resulting Noise Reduction [55]. 

 City Year Noise Reduction 

Belgium 1981 8-10 dB (65-85%) 

Canada 1991 Reduce of noise 

England 1998 NA 

France 1984 2-3dB/3-5dB (50-75%) 

Germany 1980 3dB (50%) 

Austria 1988 3+ dB 

Netherlands 1988 2.5dB 
 

 
Table III-10: Results of noise reduction of conventional and modified with tire rubber in the county of 

Sacramento [55]. 
 Street Pavement 

type 
 Duration after laying  Noise reduction 

dB  
Alta Arden 

Expressway 
Modified 
asphalt 

1 month 
16 months 

6 years 

-6 dB 
-5 dB 
-5 dB 

Antelope Road Modified 
asphalt 

6 month 
5 year 

-4 dB 
-3 dB 

Bond Road Conventional 
asphalt 

1 month 
4 years 

- 2 dB 
0 dB 
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Table III-11: States Using Rubberized Asphalt and Resulting Noise Reduction [55]. 

 

5.5. Cost and Benefits 

The question remains whether such modified with tire rubber mixtures are cost-effective since the initial cost is 
considerably more than that of surface treatments using conventional binders. Generally, initial cost of 
modified with rubber asphalt may be increased, while the cost of the final material increases as size of rubber 
decreases. 
 
In general, the cost of rubberized asphalt is almost twice the cost of the conventional one. This leads to an 
increase of RAC (Rubberised Asphalt Concrete) per mile 30-40% compared to the one of conventional.  
 
However, after many studies it had been noticed that the cost was smaller, given the fact that rubberized 
asphalt layers were thicker than the conventional ones. 
 
An example is given below: 
For a surface layer of conventional asphalt concrete (Conventional AC) 10,16cm it is needed: 
 

 Cost per km/lane with conventional layer (AC):  

1,584 tn x $55.00/ ton     = $87,120 

Pavement construction     = $ 9,000 

            Total        $96,120 

 Cost per km/lane with 5.08cm of rubberized asphalt concrete (RAC):  

754 tn x $65.00/ton         = $49,010 

Pavement construction       = + 9,000 

            Total           $58,010 

Note: Weight of RAC is 5% lower than the conventional’s (AC) one. 
Cost benefit per km/ circulation lane: $96,120 - $58,010 = $38,110 
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Moreover, a surface layer of 5.08cm thickness contains 1308 of EOL Tires per km. That means that for a road 
section of 4 pales more than 5230 EOL Tires will be used providing a safer, less noisy and with longer life 
road.  
 
Another example comes from the USA, on the Interstate 19 project, where only a 25 mm (one inch) Asphalt 
Rubber Friction Course (ARFC) was placed at a cost of about $2.45 per square meter. The comparable repair 
strategy is to grind the concrete, that costs about $5.00 per square meter, thus the AR mix was actually less 
expensive to construct. The ARFC continues to provide a smooth riding, virtually crack free, good skid 
resistant, quiet and virtually maintenance free surface for a period as long as eighteen years.  
The price of AR binder reduced significantly after 1992, when the patents on AR binder ended and the price of 
the material dropped from about $450 per ton to about $250 per ton [56]. At present, seven companies supply 
AR in Arizona. ADOT monitors the price of all the products it buys and has used rubberised bitumen only when 
its usage appeared to be well suited to the problem and cost effective. Table 11 shows the cost of AR HMA 
mixes compared to dense-graded HMA made with neat bitumen binders. Rubberised bitumen is more 
expensive and that has often been sighted as a major disadvantage. However, AR does compete with other 
dense mixes and has proven to be cost effective to such a degree that ADOT has constructed over 33,333 
lane-km (20.000 lane-miles) of AR mixes since 1988.  
 

Table III-12: Total Cost (Dollars Per m2 Per 25 mm thickness)  

 
 
Experience reported by Arizona DOT suggests that the price of rubberised bitumen alone could be twice as 
high as that of unmodified bitumen, but the actual cost varies depending upon the mixture design. In Arizona, 
the production cost of a gap graded rubberised asphalt is typically: 

 25 to 75 percent more expensive than a typical conventional asphalt; and 
 80 to 160 percent more expensive than typical open graded asphalt. 

However, these higher material production costs do not necessarily reflect the total construction cost. For 
example, the use of rubberised asphalt overlay in Arizona I-40 Flagstaff project was reported to cost about $10 
per square metre including the cost of the cracked and seating, whilst the adjacent reconstruction project was 
built at a cost of about $25 per square metre for the paving alone, or $45 per square metre if other cost was 
included. Consequently, rubberised asphalt pavements have been reported to offer a whole life cost effective 
solution due to the extended service life and good riding quality (which results in fuel efficiency), resulting in 
lower maintenance cost and even a “virtually maintenance free surface for fifteen years” [57]. This is illustrated 
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in Figure 15.  
FHWA confirmed that the production of crumb rubber modified asphalt is normally 50–100% more expensive 
than producing conventional. Practice by individual State DOT revealed a range of cost increase: 21% in 
Colorado (Harmelink, 1999), 50–100% in Virginia, 25–75% for gap-graded and 80–160% for open-graded in 
Arizona, $10–$15/tonne in Oregon, $16/tonne in California, to name but a few. However, life cycle cost  

 
Figure III-14: Maintenance cost comparison in Arizona. 

 
analysis (LCCA) was recommended by all practitioners for assessing the cost effectiveness of the use of 
asphalt rubber, taking an analysis period of 30–40 years including the maintenance and user cost. LCCA was 
conducted at ASU and OSU using the World Bank’s Highway Development and Management model (HDM-4) 
and the FHWA’s LCCA method), respectively. According to their results, the use of asphalt rubber was ‘cost 
effective’. Meanwhile, they recognised that this is not always the case, and the results depend on many input 
variables which need to be studied on an individual basis [46].In general, use of modified asphalt and asphalt 
mixtures can lead to a decrease of the huge stockpiles of EOL Tires, which would be deposited often 
uncontrollably with severe impacts on the environment. So, use of EOL Tires has many benefits, 
environmental, social and economical. 

5.6. Environmental concerns 

Fume emissions have been studied extensively in a number of asphalt-rubber projects since 1993 and in all 
cases been determined to be below the National Institute for Occupational Safety and Health (NIOSH) 
recommended exposure limits. Table 13 is part of a study conducted for the Michigan Department of natural 
Resources in 1993 comparing conventional HMA and Asphalt-Rubber Hot Mix. In this study control mix 2 
contained 100% virgin aggregates and asphalt cement with a penetration of 200-250, equivalent to an AC-2.5. 
The rubber mix 1 (RBR1) also contained virgin aggregates and asphalt rubber binder manufactured using the 
“wet” process. 
The findings of this study were significant to the asphalt-rubber industry in that many of the conventional mix 
materials had higher, but still acceptable, emissions in certain categories than those with rubber. In general, 
rubber does not contribute significantly to any increase in undesirable compounds, while the base asphalt and 
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burner fuels will cause greater changes in emissions than rubber. 
Rubber crumb is reported that it does not include unusual chemicals that present any new health risks. It 
consists mostly of various types of rubber and other hydro-carbons, carbon black, oils, and inert fillers. Most of 
the chemical compounds in rubber crumbs are also present in paving grade bitumen, although the proportions 
are likely to differ. The Bay Area emission tests showed that measured emission rates of particulate and toxic 
compounds were consistently lower than the EPA AP-42 emission factors for conventional hot mix asphalt 
plants (Table III-14). 
 
Table III-13: Continuous Emissions Measurements and Method 18 Results (Units m/m3) -Evaluation of 
Exhaust Gas Emissions and Worker Exposure from Asphalt Rubber Binders in Hot Mix Asphalt Mixtures [58]. 

 
 

Table III-14: Particulate Emissions [39]. 

 
*determined from a baghouse filter controlling a drum mix asphalt plant production operation 
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6. DRY PROCESS (addition of rubber particles in aggregates) 

6.1. Preface 

Rubber modified asphalt hot mixtures, produced by the dry process, were first used in Sweden in the late 
1960’s in order to improve asphalt pavement skid resistance and durability. This process was patented with 
the name Rubit, while in the USA it was patented with the name PlusRide. In this system, mixtures are 
prepared by the addition of 1-3%, by weight of total mix, rubber particles as replacement of equal amounts of 
aggregates in gap-graded aggregate and then mixed with hot asphalt cement. These mixtures required 1.5-2% 
more asphalt than a conventional mix. Another system, which uses the dry process, is the generic one. This 
system was developed in the late 1980’s to early 1990’s and it uses rubber up to 3% by weight of fine and 
coarse particles to a dense-graded aggregate mixture. Experimental pavement sections have been placed in 
Florida, New York, Oregon and Ontario [59]. Usually the amount of crumb rubber as well as the size of rubber 
is smaller than the ones in the PlusRide system. Generic is a two-component system in which the fine rubber 
particles act with asphalt while the coarse perform as elastic aggregate in the mixture.  
As well as utilisation of rubber tire waste, the dry process was also found to provide other benefits such as 
increased flexibility, increased fatigue life, resistance to studded tyre abrasion, reduced noise and crack 
reflection control. This process does not require special equipment, but it does require more labor working and 
it has been far less popular method because of the increased costs of having to use special graded aggregate 
to incorporate the reclaimed tire rubber, of constructions difficulties as well as of the poor reproducibility and 
premature failure of this method’s asphalt road surfacing [60]. Moreover, difficulties were also encountered due 
to the increased optimum binder content, i.e. to about 7.5 to 9.5 percent. This caused the modified mixtures to 
be more susceptible to mixture preparation, e.g. a tendency to produce smoke was reported during the mixing 
process due to the very high mixing temperature (the lowest mixing temperature is 163oC), and rutting and 
pickup problems were reported to occur more easily during compaction, than in conventional mixtures.  
As far as cost issues are concerned, economic analyses has revealed that the dry process is more economical 
than the wet one. At the present time, the cost of the rubberized material produced by the generic ("dry") 
system is minimum among all the technologies available. Additionally, this involves asphalt mixing process 
very much similar to that used for conventional materials. Therefore, this system appears to have the best 
outlook for its widespread commercial applications [61]. 
Finally, this process has the potential to consume larger quantities of rubber from EOL tires, which is 
environmentally beneficial. 

6.2. Properties of rubberized asphalt mixtures 

The most important factor as far as production or rubberized asphalt is concerned is temperature [62]. 
Indicative ranges are showed below: 

1. Asphalt binder’s temperature                     >170 οC 
2. Aggregates’ temperature                        < 160 οC 
3. Minimum mixture temperature                   >140 οC 
4. Environmental Temperature                     >20-25οC 
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Figures III-15: Application of modified with tire rubber asphalt mixture 

 

 
Figure III-16: Modified with tire rubber road 

 
Rubber in rubberized asphalt mixtures made by the dry process increases elasticity of the mixture; it can 
enhance the bonding between binder and aggregates by resulting in an increase in fatigue life and in 
resistance to rutting while it can lead to a reduction of thermal and reflecting cracking of these mixtures [63]. In 
this process, the interaction between rubber particles and bitumen can not be easily controlled since it starts 
as soon as aggregates are mixed with bitumen and do not last for a long period of time. When these mixtures 
are constructed correctly, such pavement is better for icy road conditions [64]. 
Moreover, modified with tire rubber asphalt performs well under high temperatures, can be applied under a 
range of temperatures, is more flexible at low and under zero temperatures, while the thickness of the 
bituminous layer can be 38mm compared to the 50mm of a conventional one.  
Tire rubber, when used in the form of powder can act as filler which covers voids, so better compaction can be 
achieved leading to better mechanical performance. Moreover, as tire rubber repels water, it can be used in 
pavements in order to reduce water absorption.  
For rubberized asphalt mixtures, resistance to permanent deformation was found to decrease compared to the 
control ones, in terms of strain rate, because of the moisture conditioning while the presence of rubber in the 
mixtures resulted in an increase in fatigue performance before moisture conditioning. Therefore, rubberized 
asphalt mixtures perform better mechanical characteristics than the control ones in their unaged state, while 



 
ACP-EU Cooperation Programme in Higher Education (EDULINK) 

A programme of the ACP Group of States, with the financial assistance of the European Union.  
 

Page 71 of 93 71

this performance is getting worst under moisture conditions [65]. 
When rubber in the form of powder (<2mm) is added to asphalt mixtures, it improves the compactness and 
mechanical strength of them as rubber powder acts as filler which fills the existing voids within the granular 
skeleton.  
Studies, on crumb rubber asphalt mixtures, showed that addition of 10-15% by weight of the bitumen, rubber 
caused a reduction in penetration and softening point, while viscosity increased with crumb rubber content and 
decreased as temperature was elevated [66]. 
Laboratory study of rubberized dense asphalt mixtures showed that modified with rubber mixture had lower 
Marshall Stability value than the control mixture, while the flow increased with the rubber content. These 
mixtures did not meet the requirements of the Brazilian Standards. Rubberized asphalt mixtures presented 
smaller values of resilient modulus as well as tensile strength compared to conventional ones, while gradation 
of rubber found to have small influence on tensile strength values. Moreover the reduction in resilient modulus 
was higher as the size and content of rubber increased. At the same study, mixtures with fine rubber particles 
(0.15-1.18mm size) up to 2% by weight of the total mix showed very good performance in terms of rutting 
resistance. 
Asphalt properties of particular interest in the dry process include resilient modulus and noise reduction. 
Where there was a 10–20% increase of binder content as required, the resilient modulus of the rubberized 
asphalt was reduced implying an increase of layer thickness, compared with conventional mixtures [67]. Some 
other laboratory results showed a reduced permanent deformation. 
Acoustic analysis and field measurement confirmed that rubberized asphalt paving is effective in reducing 
traffic noise from light-duty vehicles. Leaching test indicated that rubber in sand-based root zones (typically 
seen in sports and recreation fields) reduced by more than half the nitrate concentration of leachate into 
ground water, by replacing traditional gravel of comparable size in the drainage layer [68]. 
The design method for conventional mixtures can be used to design rubberized asphalt containing 1–3% of 
ground rubber particles. A target air void of 2–4% is the primary design factor. The time and temperature at 
which the bitumen reacts with rubber particles need to be controlled with care, to retain the physical shape and 
rigidity required for the dry process. A project in Turkey found that when Marshall Stability, flow, VMA (voids in 
the mineral aggregate), unit weight and VFA (voids filled with asphalt) all were taken into consideration, the 
optimum technical parameters were: 0.95mm for tire rubber gradation, 10% for tire rubber ratio, 5.5% for 
binder ratio, 155◦C for mixing temperature, 15 min for mixing time and 135◦C for compaction temperature [69]. 
A study conducted in Greece, in rubber modified asphalt mixtures by the dry process, did not meet the 
requirements of Hellenic Standards in rubber amount higher than 1% by weight of the aggregates [70].  

6.3. Microstructure of asphalt mixtures 

Conventional and rubberized mixtures, produced with the dry process, have been examined by the use of a 
stereoscope (Leica Wild M10) - Figures 18-19- in the Laboratory of Building Materials of the Department of 
Civil Engineering at Aristotle University of Thessaloniki. As far as microstructure is concerned, it was found to 
be solid, while rubber particles cooperated well with aggregates with satisfactory interface.      
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Figure III-17: Conventional asphalt mixture 

 
Figure III-18: Modified with tire rubber asphalt mixture 
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PART IV – WEEE 

1. INTRODUCTION-DEFINITIONS 

Waste from electrical and electronic equipment (WEEE) is one of the most complex waste streams requiring 
management. This is due to the fact that electrical and electronic equipment (EEE) covers a wide variety of 
products ranging from mechanical devices such as hair dryers to highly integrated systems such as computers 
and mobile phones [71]. 
Electrical and electronic waste gives rise to environmental concern if it is disposed of untreated. This is 
because some of the waste contains substances, such as heavy metals, which can cause problems in landfill 
sites and incinerators. Another concern is the loss of potentially valuable resources if waste equipment is 
disposed of in landfill sites when some materials and components could be recycled and re-used [72]. 
There are two main types of electrical and electronic waste recyclers: i) large shredder operators who 
mechanically process electrical and electronic equipment (mainly large household appliances) together with 
other metal-rich items, such as cars; and ii) smaller specialist recyclers who are geared up specifically to 
process high value electrical and electronic waste - many of these refurbish equipment and/or dismantle item 
manually to recover materials and components. Most handle IT equipment and some specialise in other 
categories, such as lighting, or in processing a mix of equipments. Additionally, there are also charities and 
other non-profit organisations which refurbish equipment - mainly IT and large household appliances - for re-
use [82]. 
 

Table IV-1: Default material composition of individual WEEE product groups (weight %) [82,73]. 

 

2. WEEE MANAGEMENT 

Waste Management of EEE which is defined as the sum of activities of collection, transport, temporary 
storage, reuse and treatment (recycling and recovery of energy) of WEEE or/and their components and their 
subassemblies (including their consumables) so that after their reuse or treatment, they are streamed back 
into the market. 
Electrical and electronic devices contain a high and valuable proportion of metals. Beside the ferrous metals; 
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e.g. about 60% of white commodities; the average data for the copper content in WEEE is about 10% overall 
[VIII]. Calculated with a price of 1600 US$/t only in Germany with 1.915 Mio tonnes of scraps this belongs to 
more than 300 Mio US$ per year. Of course this is only a theoretical calculation because one has to collect all 
these scraps and has to win back all this copper in a pure way. Further the recycling and smelting costs are 
not included to produce such a valuable 1600US$- ton copper. But the economic potential of processing 
electronic scraps with a focus on the non-ferrous metals seems obvious [74]. 
In order to achieve sustainable WEEE management an alternative management system must be organised 
locally or regionally.  

3. WEEE STREAM DETERMINATION 

WEEE category 1 includes “large household appliances”. The list is not exhaustive but shows examples of the 
type of products included in the broader category of large household appliances such as:  

o large cooling appliances  
o refrigerators Freezers  
o other large appliances used for refrigeration, conservation and storage of food  
o washing machines  
o clothes dryers  
o dish washing machines  
o cooking  
o electric stoves  
o electric hot plates  
o microwaves  
o other large appliances used for cooking and other processing of food  
o electric heating appliances  
o electric radiators  
o other large appliances for heating rooms, beds, seating furniture  
o electric fans  
o air conditioner appliances  
o other fanning, exhaust ventilation and conditioning equipment 

WEEE category 2 includes “small household appliances”. The list is not exhaustive but does show examples 
of the type of products included in the broader category of small household appliances, such as: 

o vacuum cleaners  
o carpet sweepers  
o other appliances for cleaning  
o appliances used for sewing, knitting, weaving and other processing for textiles  
o irons and other appliances for ironing, mangling and other care of clothing  
o toasters  
o fryers  
o grinders, coffee machines and equipment for opening or sealing containers or packages  
o electric knives  
o appliances for hair-cutting, hair drying, tooth brushing, shaving, massage and other body care 

appliances  
o clocks, watches and equipment for the purpose of measuring, indicating or registering timescales  

During the organisation of an alternative management system the exact waste categories (or products) which 
will be collected, recycled/treated are determined for all participants to know.  
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4. WEEE COLLECTION 

4.1. Regional WEEE collection  

The collection of WEEE is performed from various sources including: 
o Collection from retail shops, as the shops have the one to one take back responsibility for old 

equipment, 
o Collection of old equipment from offices, 
o Seasonal campaigns with the local authorities for the collection of WEEE from households. 

Flexible means of collection of WEEE from private households by: 
o modified kerb side collection of bulky waste by local councils, 
o the new Civic Amenity Sites and 
o taking back WEEE by retailers (when selling a new product). 

Most of the systems utilise a network of Green Points for the selection of various streams of waste. Some 
pictures of such points from other European countries are shown in Figure IV-1. In this case the consumer has 
three possibilities: 

o Brings the WEEE to a public waste yard, 
o Brings the WEEE to the distributor if buying a new item, 
o Brings the WEEE to a “charity structure” in order to be repaired and sold again. 

 
Figure IV-1: Green points for the selection of WEEE streams. 

4.2. Insular areas WEEE collection 

Problems currently faced regarding WEEE management in Greek islands are the following: 
o A number of particularities and difficulties are related with the collection and transport of WEEE, 
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o Transport cost is much higher as compared to WEEE management in mainland Greece, 
o There are incomplete connections of shipping companies to and from a number of islands, 
o A problem may appear for the collection and transfer of WEEE in peak touristic seasons especially in 

islands with particularly increased numbers of tourists, 
o It is not practically easy to operate WEEE storage facilities in all islands, 
o In a number of cases municipalities do not collaborate with the system or the collection quantities are 

very low. 
However, in such cases the system collaborates with private companies for the collection of solid waste. 
In order to further improve the organization of the system it was suggested that autonomic units for the 
collection, sorting and depollution on site are created. The proposed units are expected to serve the following 
operations: 

o Collection of WEEE at their place of production, 
o Transfer of WEEE at the units,  
o Reception, weighting and discharge of mixed WEEE, 
o Sorting of WEEE in the ten defined categories according to legislation, 
o Disassembly - Depollution of WEEE, 
o Packing of sorted materials, 
o Transfer of the sorted materials (packs) to steel factories or car shredders for mechanical treatment 

and recovery of materials, 
o Management of waste that result from the cleaning (depollution) process, 
o Utilisation of possible materials that result from the procedure, 
o Transfer of the remaining materials (those which cannot be utilised) in landfills, 
o Specific categories of WEEE (eg. fridges) will be sent in relevant facilities for their treatment. 

5. WEEE TREATMENT  

Once collected the WEEE (either delivered by individual citizens to eco-points or transferred by private 
companies collaborating with the system), they are separated into categories according to their kind and are 
processed accordingly in which all material connections are undone.  
The treatment of WEEE must avoid the dispersion of pollutants/contaminants into the recycled material or the 
waste stream or otherwise harm the suitability of the material for recycling or recovery and the achievement of 
the targets. As a consequence, hazardous or other polluting substances, for example capacitors containing 
PCBs, may need to be removed early on in the treatment process particularly if fine shredding processes are 
to be used later in the process. ATFs should have in place procedures for checking WEEE against information 
supplied by producers (in accordance with Article 11 of the WEEE Directive). Where this information indicates 
that equipment contains dangerous substances that would make it hazardous waste under the EWC, and the 
components containing the dangerous substances are removed, the (shredded) equipment may be considered 
to be non-hazardous. 
Fluids are typically found in heating and cooling appliances, such as fridges and freezers (coolant circuit) and 
oil-filled radiators. The WEEE Directive requires the removal of all fluids from WEEE. Fluids must be safely 
removed prior to crushing or shredding operations. However, care needs to be taken that the techniques used 
do not endanger the health and safety of the operator. 
Removal may be by manual or mechanical means. The items can be broadly split into two groups; those that 
should be removed as a whole, and those that can be removed as materials i.e. in fragments or equivalent. 
Items should be safely removed as a whole where the material items concerned are hazardous and to do 
otherwise would lead to manifest pollution of the waste stream. Items may be removed as materials where the 
benefits gained by their removal as a whole in health and safety or environmental terms would be 
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disproportionate to the costs involved. The items that should be safely removed as a whole are: 
o Capacitors containing polychlorinated biphenyls (PCBs) 
o Mercury containing components 
o Toner cartridges 
o Asbestos 
o Components containing refractory ceramic fibres 
o Components containing radioactive substances 
o Gas discharge lamps 
o Cathode ray tubes 
o Electrolyte capacitors containing substances of concern 
o Batteries that can be removed prior to treatment and internal hazardous batteries 

Also the materials that can be removed as materials are: 
o Plastic containing brominated flame retardants 
o CFCs, HCFCs, HFCs and HCs 
o External electric cables 
o Circuit boards 
o Liquid Crystal Displays 
o Batteries other than those mentioned in the list in paragraph 42 
o The fluorescent coating in cathode ray tubes. 

Often a first magnetic separation is already done and the non-ferrous metal content mixed with plastics are the 
dominating masses in these interesting fractions. With eddy current technology one may separate the valuable 
nonferrous metals. But this technique contains some difficulties for example the susceptibility of the mixture of 
normal metals which become influenced by the magnets and may destroy the machine (especially devices 
without an eccentric magnet drum). Furthermore a high product quality requires a small range of grain sizes 
and forms which can be reached by classification, but in a consequence one needs eddy current separation 
devices for each of these grain sizes or the throughput becomes reduced. However an eddy current 
separation produces a saleable product fraction and a wastefraction which has to be landfilled or further 
processed. Automatic picking devices enable a multiplicity of separation options and offer a wide range of 
application-possibilities within the processing of shredded electrical and electronic devices. Furthermore the 
combination of different separation features like metal character, size, colour, shape and conductivity of the 
material may rise up recycling quotas. The necessity of modern separation methods is given due to the 
multiplicity of materials in an appliance. Newer design strategies aim to achieve weight and size reduction of 
mobile phones for example. Therefore small complex components are developed which were not suitable for 
conventional recycling methods. Also the kind of connections of components changed from screws or rivets to 
lighter adhesive joints. The next figure IV-2 shows the composition of a mobile phone which has a total weight 
of about 90 grams without batteries [75]. 
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Figure IV-2: Composition of a mobile phone [76]. 

6. STORAGE AREA 

Storage for disassembled parts 
Treatment sites must provide appropriate storage for disassembled spare parts from WEEE. Some spare parts 
(e.g. motors and compressors) will contain oil and/or other fluids. Such parts must be appropriately segregated 
and stored in containers that are secured such that oil and other fluids cannot escape from them. These 
containers must be stored on an area with an impermeable surface and a sealed drainage system. 
Storage for other components and residues 
Other components and residues arising from the treatment of WEEE will need to be contained following their 
removal for disposal or recovery. Where they contain hazardous substances they should be stored on 
impermeable surfaces and in appropriate containers or bays with weatherproof covering. Containers should be 
clearly labelled to identify their contents and must be secure so that liquids, including rainwater, cannot enter 
them. Components should be segregated having regard to their eventual destinations and the compatibility of 
the component types. All batteries should be handled and stored having regard to the potential fire risk 
associated with them [77]. 
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Figure IV-3: WEEE storage. 

7. SAFETY ISSUES 

7.1. Facilities 

They provide that establishments and undertakings carrying out treatment operations must apply the following 
technical requirements: 
 
For storage areas: 

o Impermeable surfaces for appropriate areas with appropriate spillage collection facilities, and where 
appropriate, decanters and degreasers 

o Weatherproof covering for appropriate areas. 
 
For treatment areas: 

o Impermeable surfaces for appropriate areas with appropriate spillage collection facilities and, where 
appropriate, decanters and degreasers. 

o Appropriate storage for dissembled spare parts. 
o Appropriate containers for storage of batteries, capacitors containing PCBs or PCTS, and other 

hazardous waste such as radioactive waste. 
o Equipment for the treatment of water, including rainwater. 
o (Suitable) balances for measuring the weight of treated waste. 

 
It is very important for the facility to have spill kits to deal with spillages of oils, fuel and acids should be 
provided and used as appropriate. 
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7.2. Personnel 

Safe systems of work should be devised to ensure, so far as is reasonably practicable, the health and safety of 
workers. Dutyholders should ensure that control of risk is achieved by implementing controls that prevent 
exposure and where not reasonably practicable then successive measures lower down the hierarchy of control 
should be used. Only where exposure cannot adequately be achieved by elimination and control of exposure 
should personal protective equipment be used.  
Processing WEEE material has the potential to expose workers to the risks from exposure to harmful 
substances, fire & explosion, cuts and lacerations, musculo-skeletal injury etc. Risk assessments should 
therefore consider the full range of hazards. 
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PART V- CONSTRUCTION & DEMOLITION WASTE 

1. INTRODUCTION-DEFINITIONS 

It was known that most Construction and Demolition Waste (CDW) had traditionally been landfilled, frequently 
in the same landfills as were used to dispose of municipal solid waste (MSW). Furthermore, it became clear 
that the volume of CDW, most of which is inert, was roughly equal to that of MSW. Given the increasing 
scarcity of landfill space, and the increasing costs of improved environmental protection involved in modern 
landfill engineering and management, it was obvious that action to re-use or recycle CDW would reduce the 
proportion going to landfill, thereby relieving the pressures on MSW disposal as well as respecting the 
hierarchy of waste management practices. 
Construction and demolition (CD) materials consist of the debris generated during the construction, 
renovation, and demolition of buildings, roads, and bridges. Roughly equal percentages of building-related 
waste are estimated to come from the residential and commercial building sectors. The ‘umbrella’ term CDW 
can cover a very wide range of materials. The most obvious categories are: 

o waste arising from the total or partial demolition of buildings and/or civil infrastructure; 
o waste arising from the construction of buildings and/or civil infrastructure; 
o soil, rocks and vegetation arising from land levelling, civil works and/or general foundations; 
o road planings and associated materials arising from road maintenance activities. 

C&D materials often contain bulky, heavy materials that include:  
o concrete,  
o wood (from buildings),  
o asphalt (from roads and roofing shingles),  
o gypsum (the main component of drywall),  
o metals,  
o bricks,  
o glass,  
o plastics,  
o salvaged building components (doors, windows, and plumbing fixtures), and  
o trees, stumps, earth, and rock from clearing sites.  

 
Table V-1: CDW which arise from a range of different origins or site types. 

Demolish and clear sites Sites with structures or infrastructure to be demolished, but on 
which no new construction is planned in the short term. 

‘Demolish, clear and build’ sites Sites with structures or infrastructure to be demolished prior to the 
erection of new ones. 

‘Renovation’ sites Sites where the interior fittings (and possibly some structural 
elements as well) are to be removed and replaced. 

‘Greenfield’ building sites Undeveloped sites on which new structures or infrastructure are 
to be erected. 

‘Road build’ sites Sites where a new road (or similar) is to be constructed on a 
green field or rubble free base. 

‘Road refurbishment’ sites Sites where an existing road (or similar) is to be resurfaced or 
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substantially rebuilt. 
 

Reducing and recycling C&D materials conserves landfill space, reduces the environmental impact of 
producing new materials, creates jobs, and can reduce overall building project expenses through avoided 
purchase/disposal costs. 
The composition of C&D materials varies significantly, depending on the type of project from which it is being 
generated. For example, materials from older buildings is likely to contain plaster and lead piping, while new 
construction materials may contain significant amounts of drywall, laminates, and plastics. Due to large size of 
existing building stock and continual efforts to keep it up-to-date, C&D generated by renovation is estimated to 
constitute over 40% of the total stream. For building materials, EPA estimates the overall percentage of debris 
in C&D materials falls within the following ranges. 
 

Table V-2: Building related C&D debris generation: estimated percentages by material [78]. 
 

Material Estimated building related C&D 
debris generated annually (%) 

Concrete and mixed rubble 40-50% 
Wood 20-30% 
Drywall 5-15% 
Asphalt roofing 1-10% 
Metals 1-5% 
Bricks 1-5% 
Plastics 1-5% 

2. ENVIRONMENTAL IMPACTS DERIVED FROM CDW 

Quite apart from depleting the stock of natural resources, the quarrying and processing of primary aggregates 
involves the generation of obvious environmental and amenity impacts, most of them limited to the local area 
surrounding the quarry. Transporting the aggregates to their final point of use generates a separate and more 
widely dispersed set of impacts common to those associated with bulk transport in general. Depots and bulk 
storage facilities (at railheads, for example) have their own associated impacts. 
Considering first the impacts from quarrying, the scale and detail of the impacts depends to some extent on 
the product being quarried. Digging sand is a much quieter, less dusty activity than blasting and crushing hard 
rock, and marine dredging at a carefully selected location has the potential to cause substantially fewer 
problems than land-based quarrying. The main environmental impacts from terrestrial quarries are likely to 
include [79]: 

o noise and dust; 
o some air pollution (from blasting, but more generally from the use of internal combustion engines); 
o vibration (from blasting, which can in turn open up fissures in the underlying rock, changing drainage 

patterns and allowing pollution to reach groundwater); 
o potential for pollution of surface and groundwater by fuels and lubricants used in plant and machinery; 
o visual and aesthetic impacts; 
o changes in land form (associated with both visual impacts and changes in surface water drainage); 
o changes to natural habitats and possible destruction of historical artefacts. 

Some of these impacts are primarily environmental, but others depend on the presence of people, and can 
more correctly be termed amenity impacts. Quarries in remote areas cause fewer and less severe amenity 
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impacts than those in urban or suburban settings. By contrast, remote quarries rely on transport links to deliver 
their aggregates to the final user. Transporting aggregates, whether by road or rail, generates further impacts 
in the form of noise, vibration, dust and air pollution, and contributes to the visual and severance impacts 
associated with existing infrastructure. It also uses up non-renewable energy resources. Delivery by boat or 
barge is generally less damaging, but is obviously limited in its application. 
Changing from quarrying to CDW recycling may avoid some of the above impacts, but it could introduce 
others. Moreover, because both CDW arisings and potential locations for their re-use after processing are 
likely to occur in more urban settings, any impacts may well have the potential to affect more people. It should 
be stressed that these additional impacts do not include those associated with demolition itself, because the 
demolition process will occur whether or not the resultant waste materials are recycled. 
Annex 7 comprises a more detailed table of some potentially hazardous materials that may be encountered as 
a result of construction and demolition activities, including the refurbishment of existing buildings. It identifies 
those components which are potentially hazardous, the properties that make them potentially hazardous, and 
some of the options most likely to be considered for their treatment and/or disposal. 

 
Table V-3: Types of Hazardousness in CDW. 

 Waste streams Examples 

1 
Some CDW streams are hazardous 
because the materials originally used 
contained a high proportion of materials 
which were themselves hazardous. 

Examples include asbestos, lead, tars, paint and 
preservative residues, adhesives, bonding agents and 
sealants and certain plastics. 

2 
Some materials become hazardous as a 
direct result of the environment in which 
they have existed for many years. 

An example would be a factory where surface reactions 
between the originally non-hazardous building materials 
and chemicals carried in air (or water) pollution 
associated with the processes in or near the factory 
resulted in parts of the building’s fabric becoming 
hazardous, and requiring special handling or treatment. 

3 
Some CDW streams become hazardous if 
hazardous materials are left in them and/or 
subsequently get mixed with them. 

The classic example concerns lead-based paint tins 
thrown onto a pile of bricks and concrete, making the 
whole pile hazardous waste. 

 
 

Some specific hazardous and potentially hazardous items that may be encountered on demolition sites are 
listed below. These include some (the first three and the last) which also occur on the construction materials 
list provided above: 

o asbestos-based materials; 
o treated timber; 
o mineral fibres (insulation); 
o electrical equipment containing toxic components; 
o CFC-based refrigerants; 
o CFC-based fire fighting systems; 
o radionuclides; 
o biohazards; 
o empty or part empty gas bottles (from cutting, welding etc). 
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3. RECOVER OF MATERIALS 

There is a clear relationship between the possible destinations to which CDW may be sent and the final fate of 
the waste materials concerned. It is possible to define a range of possible destinations/uses to which they may 
go once they have been collected on-site. These will include one or more of the following: 
Re-use options 

o re-use on-site for the original intended purpose; 
o re-use off-site for the original intended purpose; 

Recycling options 
o on-site processing to recover high value saleable materials; 
o off-site processing to recover high value saleable materials; 
o recycling on-site for a low-value purpose (including non-essential land raising); 
o recycling off-site for a low-value purpose (including non-essential land raising); 

Incineration options 
o off-site incineration with energy recovery; 
o off-site incineration without energy recovery; 

Landfilling options 
o off-site landfilling of segregated waste materials; 
o off-site landfilling of unsegregated waste. 

4. CDW MANAGEMENT: RECYCLING/RECOVERING 

Before CDW recycling can be expected to reach significant levels there appear to be four conditions which 
must be met, as follows: 

o landfills must be well managed, and ‘fly tipping’ of waste must be uncommon and subject to sanctions; 
o the holder of the CDW must face a significant financial cost for landfilling waste, with hazardous or 

mixed waste facing significantly higher costs (to avoid contamination and to discourage mixing); 
o the opportunity must exist for the main bulky inert fraction of the CDW to be treated (crushed and 

sorted) prior to re-use or recycling; 
o there must be at least a tacit acceptance (by users, specifiers and other similarly interested ‘actors’) 

that suitably prepared CDW-derived aggregates may be used to displace primary aggregates. Positive 
action to draw up technical standards is not essential, but CDW-derived aggregates should not be 
discriminated against on the basis of their origins alone. 

4.1. Collection 

Some materials may be inert or relatively non-hazardous in situ, but could become hazardous depending on 
the disposal method. For example some treated or coated timber can give rise to toxic fumes if incinerated. 
Untreated wood, while eminently suitable for incineration if it cannot be re-used or recycled, should be 
removed from the inert fraction if at all possible, because its presence in a crushed aggregate material will 
detract from the value of that aggregate. The same applies to many plastic and textile waste which can be 
found on most demolition sites. 
The main justification for sorting inert materials from the stream which will be crushed is economic. Metals 
have a well-established resale value, and in some areas and at some times materials such as bricks and tiles 
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are in considerable demand. This is most likely to occur in urban areas with an established historical 
architectural and buildings materials style. 
Although the recycling of some products shares many overlapping theoretical considerations with more 
mainstream CDW re-use and recycling, the context within which it occurs, the processes used, and the very 
particular nature of the bituminous surfacing used on most roads, are so specific and individual that road 
recycling should be considered separately from other CDW recycling and from new construction using 
recycled materials. The two principal techniques are known as in situ and ex situ recycling.  

4.2. In situ recycling 

In situ recycling of roads generally involves the remediation of worn carriageways by the reprocessing of the 
existing road construction materials and the incorporation of a binder material. The activity flow in a 
constrauction site if insitu recycling is decided is presented in figure V-1. This requires several passes of 
specialised machinery (Figure V-2).  

 
Figure V-1: Activity Flow on Construction Sites 

 
The technique has been used extensively in the Scandinavian countries. A 50km stretch of the main highway 
between Zaragoza and Lérida (in Spain) was renovated in this way as a trial. In some other Member States 
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(such as the UK) its use has generally been restricted to minor urban and rural roads. The process normally 
follows the following sequence: 

o the existing road construction materials (including the wearing course, base course and sub-base) are 
broken out and mixed by one pass of a rotary pulveriser; 

o a binder is mixed into the pulverised material with a further pass of the machine (where cementitious 
binders are used, water is also added); 

o the resultant mix is graded (levelled) as necessary and compacted using conventional equipment; 
o the surface is sealed with bitumen and grit as preparation for the laying of a new wearing course. 

Before the process begins, core samples are taken from the existing road pavement to enable the depth of 
treatment and type and percentage of binder to be determined. Following the first pass of the rotary pulveriser, 
material often has be removed in order to allow a new wearing course to be put into place without adversely 
affecting the final level of the road surface. The binders used in the process are generally cement, mixes of 
cement and lime, fly ash or foamed bitumen. 
The advantages of the process compared to traditional methods are as follows: 

o the existing road material is reclaimed, thus reducing the demand for brought-in (normally primary) 
aggregate; 

o fewer lorry movements are required; 
o the process is quicker, thereby reducing disruption to traffic; 
o costs are usually lower than for traditional construction methods. 

The disadvantages of the process are: 
o services (gas, water, telephones etc) close to the surface can be disrupted; 
o manhole covers have to be lowered and sealed prior to the process, and then raised again. 

 

 

Figure V-2: Cross Section of a ‘Jaw’ Crusher Mounted on a Mobile Chassis with Associated Equipment 

4.3. Ex situ recycling 

Ex situ recycling involves the excavation and removal of existing road construction materials to a stockpile, 
from where it is processed by grading and mixing with appropriate binders prior to being re-compacted to form 
the new road. The ex situ approach allows greater control over material quality than in situ recycling and more 
engineering control during the construction operation. It more easily provides a consistent construction 
material which experience has shown to be suitable for heavily trafficked road surfaces. Ex situ recycling has 
the following characteristics: 

o the recycling plant is easily transported and can be established on the chosen site in a few hours; 
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o the plant itself is comparatively smokeless, odourless and quiet; 
o the location for the recycling plant can be chosen to reduce environmental impacts and to enable them 

to be mitigated; 
o environmental impacts at the reconstruction site itself can be reduced to a minimum; 
o a wide range of materials can be processed including road planings, crushed concrete and masonry; 
o the materials can be crushed and screened to fit a predetermined grading ‘envelope’, before being 

mixed with a binder; 
o all materials are processed in a controllable environment, resulting in the production of a quality 

controlled product; 
o graded materials can be stockpiled until they are needed; 
o bound materials, if correctly stored, can be used for up to four weeks after production; 
o the excavation of the road and its replacement can be undertaken using conventional plant and 

equipment; 
o secondary aggregates (such as fly ash) can be incorporated into the new road, further reducing the 

need for primary aggregates. 

5. ECONOMICS OF THE RE-USE AND RECYCLING OF CONSTRUCTION AND 
DEMOLITION WASTE 

There is a wide range of possible technical solutions which can be applied to CDW recycling, from simple 
mobile crushers for the inert fraction of CDW right through to fully integrated fixed CDW recycling centres 
capable of dealing with the full range of CDW streams. None of these technical solutions are ‘right’ or ‘wrong’, 
though some may be inappropriate to the circumstances they face and the mix of waste requiring to be 
processed. Figure V-3: should help to illustrate this point. 
 

 
Figure V-3: Matching Recycling Techniques to Circumstances. 
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Table V-4: key characteristics which typify countries and regions with corresponding ‘Level’ technology. 

‘Level 1’ technology 
 

Level 2 Level 3 

landfill prices are low, and 
penalties for infractions are 
uncommon and (when 
imposed) generally low; 

Business has generally been driven by 
considerations 
of resource efficiency: that is to say it 
has been promoted as a way of: 
- reducing the need to 
quarry so much primary aggregate 
material 
- reducing the need for landfill 
space rather than as a way of meeting 
a regulatory ban on landfilling of mixed 
CDW. 

CDW management has always 
been viewed primarily as a waste 
management issue; 

primary aggregate materials 
are cheap; 

Material that cannot be economically 
re-used or recycled may still be 
landfilled, and often is. 

economic instruments (such as 
higher waste disposal charges) 
have followed more traditional 
command and control regulation 

as a consequence very few 
crushers are available to 
produce CDW-derived 
aggregates (as opposed to 
uncrushed engineering fill). 

  

 
In practice, where landfill gate prices are low, the gate prices charged by recyclers to the holders of CDW tend 
to be very similar (but seldom if ever higher). Where landfill gate prices are higher, this link has generally been 
broken, either by competition or by regulation. Although there appears to be a link between the levels of landfill 
costs and the extent of CDW recycling when the various Member States are compared, the statistical 
correlation does not appear to be very strong. This suggests that (as one would expect) other differences 
between Member States are significant. So long as the link between recycling centre and landfill gate prices 
persists, and in Member States where there is a landfill tax, holders of waste (in this case owners of buildings 
which are to be demolished) therefore pay what amounts to a levy to the recycling centre at the same level as 
the landfill tax. The big difference is that whereas the landfill tax goes to the Government, the full value of the 
higher recycling centre gate charge is ‘captured’ by the operator of the centre. Ultimately the users of new 
buildings built on demolition sites (i.e. the wider community) pay this higher price in return for a more 
expensive treatment process (or higher profits to the operator of the recycling centre). 

 
Table V-5: Relationships between disposal, processing and recycling of CDW. 

Disposal of 
CDW 

Value of 
Recycled 
Product 

Outcome 

Low 
Processing costs must be low enough to compete with landfill if any 
recycling is to occur. Transport costs are very important. (For inert 
CDW, this is typified by ‘Level 1’ technology). Cheap and 

legal Higher than 
disposal costs 

Processing costs can rise above those of ‘Level 1’ technology. 
Competition among processors becomes more important as a way of 
containing costs for holders of waste. 
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Disposal of 
CDW 

Value of 
Recycled 
Product 

Outcome 

Expensive 
but legal Low 

Processing costs (but not the prices received for recycled products) 
can rise above those of ‘Level 1’ technology, and 
these rises can be passed on to holders of waste (i.e. owners of 
buildings), thereby allowing more sophisticated recycling. Competition 
between demolition contractors and between processors becomes 
more important as a way of containing demolition and recycling costs. 

Illegal Not important 

Since prices for recycled materials are largely governed by 
non-recycled alternatives, competition between processors is 
essential to keep gate prices for recyclable products low. Any 
temptation to award processors monopolistic concessions will 
probably lead to cost-plus charging and generally higher gate prices. 
Only competition between processors or sophisticated and well 
informed regulation will keep costs to holders of waste down. 

6. CONCLUDING REMARKS 

Specifications have historically been the key mechanism used to manage the risks associated with the 
performance of materials used in construction contracts. The construction industry is traditionally 
‘conservative’ in nature, and has a tendency only to use specifications that have been tried and tested over 
considerable periods of time. The majority of these specifications are ‘recipe’ based rather than ‘performance’ 
based. We recommend that, independent of any initiatives which may be taken by the EU or national 
governments, designers and specifiers should be encouraged to use performance based specifications, 
placing the emphasis on the identification of the properties and qualities required of materials appropriate to 
the intended use.  
However, as is also pointed out, specifications are not strictly necessary to good design. In practice several 
alternative mechanisms are available, and may be used to manage material performance risks provided they 
are acceptable to all parties to the contract. There is no reason why the present absence of national and 
international standards should stand in the way of the increased use of CDW-derived aggregates, or any other 
potentially re-usable or recyclable CDW. 
The construction industry should therefore be encouraged to use alternative methods of managing material 
performance risks, including contract- or sector-specific specifications, or by the external verification of quality 
certification of CDW-derived materials. It should not be necessary to wait for nationally or internationally 
agreed specifications.  
Construction site managers should seek to implement best practices as regards the provision of efficient 
storage facilities, good stock control, proper training of the labour force and efficient control of sub-contractors. 
This should help to reduce damage and reduce over ordering. Having an internal accounting systems which 
enables undamaged surplus materials to be returned to the supplier or transferred to another site would also 
help to reduce the surprisingly large volume of good quality construction materials which goes to landfill as 
mixed waste. While we do not consider that a VA is a suitable mechanism to achieve this in many cases, we 
do recommend that the relevant professional bodies should give thought to how best a code of conduct might 
be more widely applied.  
Developers play a key role in deciding how quickly the sites in their portfolio are cleared and redeveloped, and 
this in turn strongly influences the extent to which selective demolition is practical. A sector-wide VA to 
encourage selective demolition on large sites could provide a worthwhile stimulus to greater recycling, 
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particularly if backed up by the threat of regulation if ignored, and we recommend that the relevant industry 
bodies give this serious consideration. 

ACRONYMS  

CDW Construction and Demolition Waste 
EIA Environmental Impact Assessment 
ELT End-Of-Life Tires 
HCGW Healthcare General Waste 
HCW HealthCare Waste 
HW Hazardous Waste 
MSW Municipal Solid Waste 
MW Medical Waste 
WEEE Waste of Electric and Electronic Equipment 
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