Chapter 21
Solid and Hazardous Waste

21-1  What are solid waste and hazardous waste, and why are they problems?

A.
Solid waste is unwanted/discarded material that is not liquid/gaseous.

1.
Municipal solid waste (MSW), called garbage or trash, comes mostly from homes and workplaces.
2.
Industrial solid waste is produced indirectly by industries that supply people with goods and services.
B.
Solid waste is a sign of a society’s waste of its resources: aluminum, tires, disposable diapers, e-waste, plastic bottles, edible food, etc.

C.
Hazardous (toxic) waste threatens human health or the environment because it is toxic, chemically active, corrosive or flammable.
D.
Two reasons to be concerned about the amount of waste we generate:

1.
At least 75% of waste is unnecessary and uses up our earth’s precious resources.

2.
Producing the products we use and throw away creates large amounts of air pollution, water pollution, land degradation, and even more waste.
E. 
The affluence of the United States is reflected in the fact that less than 4.6% of the world’s population produces about 30% of the world’s solid waste.  The U.S. leads the world in trash production per person.

1.
About 98.5%of waste generated is industrial waste

2.
Only 1.5% is MSW

a.
55% of MSW is disposed of in a landfill

b.
30% is recycled or composted

c.
15% is burned in incinerators.
21-2  How should we deal with solid waste?
A.
One method to reduce waste and pollution is to implement waste management. This high-waste approach accepts waste production as a result of economic growth.

1.
It attempts to reduce environmental harm.

2.
It transfers the waste from one part of the environment to another.

B.
One method is waste reduction.  This low-waste approach sees solid waste as a potential resource, which should be reused, recycled, or composted.

1.
It discourages waste production in the first place.  It encourages waste reduction and prevention.

2.
Waste reduction saves resources, reduces pollution, helps protect biodiversity, and saves money.

3.
Waste reduction is based on the three Rs:
a.
Reduce, Reuse, Recycle
C.
To cut waste production and promote sustainability, we must reduce consumption and redesign our products.  These are the seven priorities for doing so:
1.
Redesign manufacturing processes and products to use less material and energy.

2.
Redesign manufacturing processes to produce less waste and pollution.

3.
Develop products that are easily repaired, reused, remanufactured, composted, or recycled.

4.
Eliminate or reduce unnecessary packaging.

5.
Fee-per-bag system of waste collection.
6.
Cradle to grave responsibility.
7.  Restructure urban transportation systems.

21-3  Why is reusing and recycling materials so important?

A.
Reusing products helps reduce resource use, waste, and pollution; it also saves money.
1.
Developing countries reuse their products; but there is a health hazard for the poor.

CASE STUDY: Refillable containers lessen waste.  Parts of Canada and 11 U.S. states require deposit fees on all beverage containers.  Some people are now calling for a ban on all beverage containers that cannot be reused.  Reusable cloth shopping bags also reduce waste substantially.  Plastic bags can take a very long time to break down and they now litter the landscape of many locales.  There are governments all over the globe that have banned the use of plastic bags.
B.
Recycling collects waste materials, turns them into useful products, and sells the new products.  Five types of materials can be recycled: paper products, glass, aluminum, steel, and some plastics.  Recycling saves money and creates jobs, more than burning or landfilling wastes.
C.
Recycling is one of two types:
1.
Primary (closed loop) recycling – materials are turned into new products of the same type.

2.
Secondary recycling – materials are converted into different products.
D.
There are two types of waste that can be recycled:
1.
Preconsumer waste, or internal waste, is the waste generated during the manufacturing process.
2.
Postconsumer waste, or external waste, is the waste generated the consumer use of the product.

3.
The majority of waste generated is classified as preconsumer.

E.
Solid waste recycling can be done in a materials-recovery facility (MRF).  Machines shred and separate the mixed waste and sell raw materials to manufacturers.  The wastes are recycled and/or burned to produce energy; but such plants are expensive.  They, also, must process a large input of garbage.

F.
Source Separation recycling relies on households and businesses to separate their trash; these are collected and sold to other dealers.

1.
This produces less air and water pollution.

2.
This method has less startup costs and operating costs.

3.
It saves more energy and provides more jobs than MRFs.

4.
Fee-per-bag waste collection systems charge for the bags of mixed waste that is picked up, but not for the separated, recyclable materials.

G.
Composting biodegradable organic wastes is a great way to mimic nature.  The nutrients are recycled back into the environment to be used again.
CASE STUDY: About 55 % of the world’s industrial tree harvest is used to make paper.  Paper is easy to recycle and uses 64% less energy than making new paper from wood.  The global recycling rate for wastepaper is about 43%.
CASE STUDY: There are many different types of plastics, and many of them end up distributed throughout our environment, particularly our oceans.  Only about 4% of all plastics in the U.S. are recycled.  Plastic recycling is uncommon because plastics are difficult to isolate in different materials, not much individual plastic resin is recoverable per product, and recycled resin is much more expensive than virgin plastic resin.

H.
Factors that hinder reuse and recycling are:

1.
The cost of a product does not include harmful environmental health costs in its life cycle.

2.
Resource-extracting industries receive government tax breaks and subsidies while recycle and reuse industries do not.

3.
Landfill charges are low in the U.S.

4.
The demand/price for recycled materials fluctuates so there is less interest in committing to this method.

21-4  What are the advantages and disadvantages of burning or burying solid waste?

A.
Municipal solid waste is burned in waste-to-energy incinerators, which produces steam for heating or producing electricity.

1.
The ash needs to be disposed of in a landfill and takes up less space, but is more toxic.

2.
To stay economically viable, these incinerators need a large amount of trash each day.

3.
Overall, this encourages waste production and discourages recycling.
B.
The advantages and disadvantages of burning solid waste are given in Figure 21-14.
C.
Most solid waste is buried in landfills, which will leak toxic liquids into the soil and water.

1.
Open dumps in the ground hold garbage; sometimes it is covered with dirt.

2.
Sanitary landfills spread the solid waste out in thin layers, compact it, and cover it daily with clay.

3.
Modern landfills line the bottom with an impermeable liner, which collects leachate; rainwater is contaminated as it percolates through the solid waste.  The leachate is collected, stored in tanks and then sent to a sewage treatment plant.  But all landfills will eventually leak contaminants.
4.
The decomposition of the organic matter in a landfill produces methane.  This methane needs to be collected or explosions and fires may occur.  This methane can be used to make electricity.
D.
The advantages and disadvantages of burying solid waste are given in Figure 21-16.
21-5  How should we deal with hazardous waste?
A.
Hazardous waste is discarded solid or liquid material that is toxic, ignitable, corrosive, or reactive enough to explode or release toxic fumes. 
1.
Toxicity – are harmful or fatal when ingested or absorbed.  Ex. – mercury, lead, asenic
2.
Ignitable – can create fires under certain conditions, are spontaneously combustible, or have a low flash point.  Ex. waste oils and solvents
3.
Corrosive – acids or bases (pH < 2, or > 12.5) capable of corroding metal containers.  
Ex. – battery acid
4.
Reactive – unstable under "normal" conditions and can cause explosions, toxic fumes, gases, or vapors when heated, compressed, or mixed with water. Ex. –  lithium-sulfur batteries and explosives
B.
The largest producers of hazardous wastes are:

1.
Military – munitions (used and unused), explosives, and various chemicals

2.
Chemical industry – chemical production, storage, disposal

3.
Mining – heavy metal contamination

C.
Three levels of priority for dealing with hazardous waste: produce less, convert to less hazardous substances, and put the rest in long-term safe storage.
CORE CASE STUDY:  Electronic waste (e-waste) is the name given for discarded computers, televisions, VCRs, stereos, etc.  E-waste is the fastest growing type of solid waste.  E-waste contains many valuable metals as well as toxic pollutants.  Much of this waste is transferred from the developed world to the developing world, particularly China. Efforts are underway to stop this trade, as well as encourage recycling.

CASE STUDY:  More than 70% of the world’s e-waste ends up in China.  Over 30,000 workers toil in unsafe conditions and are exposed to toxins.  Some computer companies now offer recycling, though only 10–15% of the e-waste in the U.S. is recycled, 80% of which is shipped overseas.
D.
An Integrated Management of Hazardous Waste involves producing less and then recycling, reusing, detoxifying, burnings and buying what is produced

E.
Physical, chemical, and biological methods can be used to remove hazardous wastes or reduce their toxicity.
1.
Physical methods use charcoal or resins to filter out solids or precipitating harmful chemicals from solution.  Especially dangerous chemicals can be stored in glass or ceramic containers.

2.
Chemical methods can use chemical reactions that can convert hazardous chemicals to less harmful or harmless chemicals.  Some of these methods originate in nature, others are created.

3.
One biological method, called bioremediation, uses bacteria and enzymes to help destroy hazardous or toxic substances.  They are converted to harmless compounds in the process.  Another method, called Phytoremediation, uses natural or genetically engineered plants to absorb, filter and remove contaminants from polluted water and soil.

F.
Burial on land is the most widely used method in the United States, but there are other options.
1.
Incineration involves heating certain types of hazardous waste to high temps (up to 2000 °C) in an incinerator can break them down  and convert them to less harmful or harmless chemicals.

2.
A plasma torch is a torch which can decompose liquid or solid hazardous organic material.

3.
Deep-well disposal pumps liquid hazardous waste into dry, porous geologic formations far beneath water sources.  Many scientists believe current regulations for deep-well disposal are inadequate.

4.
Surface impoundments are depressions excavated into the earth, like ponds, pits or lagoons, which are used to store liquid hazardous wastes.  With evaporation, the wastes settle and become more concentrated.  EPA studies found this method inadequate.

5.
In secure hazardous waste landfills, liquid and solid hazardous waste are stored in drums or other containers and buried.  Carefully designed aboveground buildings can be used to store hazardous waste; the waste is contained in the upper floor; on the lower floor, leaks can, then, be easily identified.

G.
All of these methods have disadvantages and advantages and their ability to protect groundwater is probably limited.  Some highly toxic materials cannot be detoxified, destroyed, or safely buried. Reducing their use it the best solution.
E.
The Resource Conservation and Recovery Act (RCRA) is our nation’s primary law governing the disposal of solid and hazardous wastes.

1.
RCRA banned all open dumping of waste, encouraged source reduction and recycling, and promoted the safe disposal of municipal waste and mandated strict controls over the storage, and disposal of hazardous waste.
2.
The EPA categorizes hazardous wastes into specific categories and sets standards for each one, issues permits that allow the production and disposal of a certain amount of wastes in certain ways, and requires permit holders to keep track of their wastes from ”cradle-to-grave”.
F.
The Comprehensive Environmental Response, Compensation, and Liability Act (CERLA), otherwise known as the Superfund program was passed in 1980.
1.
The law identifies hazardous waste sites.
2.
The worst sites go on a National Priorities List (NPL) and are scheduled for total cleanup.

3.
The law provides for clean-up of these sites on a priority basis.
4.
The law was designed to have the polluters pay for the cleanup process.  If the guilty party cannot be identified, the cleanup was paid for out of a “superfund” established by taxing chemical companies.
5.
There are, also, laws that provide for cleaning up brownfields, abandoned sites contaminated with hazardous wastes like factories, gas stations, junkyards, etc.

21-6  How can we make the transition to a more sustainable low-waste society?
A.
Environmental justice means that every person is entitled to protection from environmental hazards regardless of race, gender, age, national origin income, social class, or any other factors.
1.
Studies show that a disproportionate share of polluting facilities are located in minority communities.
2.
Health risks for people living near these facilities are much higher than for the general population.
3.
Opposition to such has grown so that local, grass-root groups have successfully opposed the construction of such facilities.

B.
To transition to a low-waste society, we need to understand that:

1.
Everything is connected.

2.
There is no place to send wastes “away.”

3.
Diluting waste is not the solution to pollution.

4.  
Polluters and producers should pay for the wastes they produce.  

5.  
Different categories of waste should not be mixed.  

6.
The best solution is to prevent waste and pollution.

7.  
We should mimic nature by reusing/recycling the materials that we use.

