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Case Studies:Industrial Disasters, Environmental damage and
 effects
 Presentation by:
 Dr. Gazala Habib
 Department of Civil Engineering
 IIT Delhi
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Bhopal Gas Leak (1984)
 • World’s worst ever industrial accident.• Night of December 2-3, 1984.• Union Carbide (now Dow Chemical)
 pesticide plant, Bhopal, India• Toxic gases (Methyl Isocyanate,
 C2H3NO used in production ofcarbamate pesticides) leaked.
 • The deadly fumes drifted into thesleeping city and people woke withburning eyes and lungs.
 • Thousands died within days.• In the years after, pollutants seeping
 out of the plant site into groundwaterhave caused cancer, growthretardation and dizziness.
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What happened in Bhopal tragedy?
 • Night of Dec 3rd, 1984.
 • Water was sent in the pipes to clean up Union Carbide plant in Bhopal.
 • Water had to be kept in isolation from METHYL ISO CYANIDE but weren’t.
 • The safety norms were not adequate and water reached tank 610, set off a reaction anddeadly gas METHYL ISO CYANATE leaked out of vent gas scrubber tower and reachedoutside.
 • Around 15,274 people were killed on the spot and > 5.73 lakh victims maimed.
 • The gas when reached outside was too late for people to respond and evacuate.
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Some Less known facts: Bhopal Gas Tragedy
 • In 1999, reports found that the mercury levels when the gas leak took place were between 20,000 to 6 million ppm.
 • The Government recorded 5,295 deaths while activists claim that 25,000 people have died from the aftermath in thefollowing years.
 • The next generation of children are born with conditions like brain damage, twisted limbs and musculoskeletaldisorders.
 • The cooling system of tanks were non-operational, tower of neutralization of gases when there’s over pressure wasnon-functional, the tower needed to burn gases in the event of over pressure was non-operational when the gas leaktook place.
 • >2000 animals were dead from the effect of the gas and were disposed of all together in the nearby river.
 • In 2009, CSE made a report stating that the found samples from around the site contained chlorinated benzenecompounds and organochlorine pesticides which were 561 times higher than the national standard.
 • 1,029,517 cases were registered and decided. Cases awarded were 5,74,304 while 4,55,213 were rejected. Totalcompensation awarded was US $250 million.
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Chernobyl Nuclear Accident (1986)
 • The biggest radiation contamination ever.
 • April 26, 1986.
 • Chernobyl nuclear power plant’s core went into meltdown.
 • 31 people killed and releasing 100 times more radiation thanthe atom bombs dropped on Japan.
 • Even more radioactivity remains trapped within the plant.
 • From 1992 to 2002 in Belarus, Russia and Ukraine more than4000 cases of thyroid cancer were diagnosed among childrenand adolescents, mainly due to contaminated milk.
 • The 19-mile exclusion zone around the plant remainsuninhabitable.
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Fukushima nuclear disaster (2011)• Fukushima plant suffered major damage from the magnitude 9.0
 earthquake and tsunami that hit Japan on March 11, 2011.
 • The piping facility in the building, the facilities for the externalpower supply and backup power were destroyed.
 • The next day, the leakage of radioactive materials had been foundin front of the main gate of the nuclear power plant.
 • The steam was filled in the building by the core melt downcaused by the dysfunction of the cooling system.
 • Lots of radioactive materials were scattered in the environmentthorough “vent” to reduce the internal pressure and thehydroponic explosions of the nuclear reactors.
 • On April 12th, 2011, Nuclear and Industrial Safety Agency raisedthe rate of the accident from level 5 to the level 7, the same levelas Chernobyl.
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Case Study: Erin Brockovich• Who is she?
 • A legal researcher in California whose story was portrayed by JuliaRoberts in the May 2000 movie Erin Brockovich which fetched Julia 5 BigAwards including best actress at Academy Awards
 • What did she do?
 • Hinkley is located in the Mojave Desert, near the town of Barstow,California, about 150 miles from Las Vegas.
 • Brockovich claimed that Pacific Gas & Electric Company (PG&E) Californiawas allowing Cr6+ to leach into the groundwater supply in Hinkley,California, causing many residents to become ill.
 • In 1996, as a result of a lawsuit, the utility company paid the largest toxictort injury settlement in U.S. history: $333 million in damages to morethan 600 Hinkley, California residents
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What did PG & E do?• Hinkley compressor station was built in 1952 as a part of a natural-
 gas pipeline connecting to the San Francisco Bay Area.
 • Between 1952 and 1966, PG&E used Cr6+ in a cooling tower system to fight corrosion.
 • Wastewater was discharged to unlined ponds at the site, & some percolated into the groundwater.
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Unfolding of the case: Hinkley vs. PG&E
 • On December 7, 1987 officials from the company advised the State of California they had detected levels of Cr6+, a highly toxic and fatal cancer-causing chemical in a groundwater monitoring well north of the compressor station's waste water ponds.
 • The levels were ten times greater than the maximum amount allowed by law.
 • PG&E started to buy every piece of property in the community thought to be affected by the pollution.
 • PG&E had 75% of those houses and buildings destroyed (VANDALIZED !!!!)
 • PG&E told the citizens of Hinkley that they had been using chromium in their drinking water making it seem as if it had actually been beneficial, but failed to mention the dangerous type of chromium it had dumped in the environment, also making it seem like the detection was a new development.
 • People and animals who lived in the area had been breathing, ingesting, and absorbing dangerous toxins into their bodies for decades.
 • PG&E didn't line the ponds until 1972.
 • The company sent 750,000 additional gallons of Cr6+ wastewater every month to the ponds for another six years.
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• Once the toxic material was in the unlined ponds, there was nothing to stop it from migrating to the wellsthat supplied nearby homes, farms and ranches.
 • Erin Brockovich and her boss made the decision to represent these people. When 77 initial plaintiffs filedtheir lawsuit against PG&E in 1993, it was the direct result of a monstrous effort by this dedicated legalteam.
 • As lawyers for both sides fought, the case grew, eventually 648 plaintiffs (the plaintiff is the person or groupwho is accusing another person or group of some wrongdoing) joined the lawsuit.
 • By September 19, 1994 the parties reached an agreement to arbitrate/mediate.
 • At the end of the two year long arbitration trial, the plaintiffs reached a global settlement with PG&E which:
 • Compensated all the named plaintiffs in the amount of $333 million (of which the lawsuit company got $133.6 million & Erin got $ 2 million as bonus !!!!)
 • Required PG&E to clean up the environment & stop using Cr6+
 Unfolding of the case: Hinkley vs. PG&E
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Gulf of Mexico Oil Spill
 • April 20, 2010.
 • The Deepwater Horizon offshore oil rig in theGulf of Mexico exploded, killing 11 workersand leading to the worst oil spill andenvironmental catastrophe in US history.
 • A ruptured underwater pipe spewed almost 5million barrels of oil into the Gulf over threemonths, threatening hundreds of miles ofbeaches, wetlands, and estuaries.
 • Thousands of animals, including turtles, crabs,fish, and birds fell victim, and the local fishingand tourism industries suffered badly.
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Spoils of War• Any war or military exercise releases a lot of
 chemical/biological wastes into the environment.
 • Agent Orange was used by the U.S. military as adefoliant(A chemical sprayed or dusted on plants to cause the leaves to fall off) during the Vietnam Warherbicidal warfare program, Operation Ranch Hand,during 1961 to 1971, Agent Orange is blamed fornightmarish birth defects.
 • Military pollution ranges from leftover landmines thatkill and maim (wound or injure (a person or animal) sothat part of the body is permanently damaged)thousands of unwary civilians to contaminated nuclearweapons testing sites.
 • Most recently, American and British ammunition using‘depleted uranium’ has been blamed for increased ratesof cancer and birth defects in Iraq.
 A5-year-old Vietnamese disabled victim of Agent Orange [2,3,7,8-
 tetrachlorodibenzo-p-dioxin (TCDD)], Nguyen Minh Vu, rests in his cot in a Ho Chi Minh City hospital.

Page 14
                        

Leaded gasoline
 • Lead from exhaust fumes attacksthe heart, kidneys and nervoussystem and is particularlydamaging to children’s brains. Itcontaminates soil, urban dustand crops.
 • Just nine countries—includingAfghanistan, Iraq, and NorthKorea—still use leaded gasoline.
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The Ozone Hole
 • The ozone layer shields the Earthfrom the Sun’s harmful ultraviolet(Shortwave UVC, 100-280 nmwavelength) radiation.
 • Large holes in the layer overAntarctica.
 • Chlorofluorocarbons (CFCs) damageozone layer.
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Toxic pesticides
 • DDT helped combat typhus and malaria,but accumulated in the environment.
 • In 1962, scientist Rachel Carson’s book‘Silent Spring’ showed that the pesticidewas decimating bird populations.
 • Can be found in mammal's milk.
 • The use of DDT in many nations wassubsequently banned.
 • DDT is currently approved only in specialcases for control of insect-borne diseaseslike malaria.
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Indoor Air Pollution
 • Over half the world’s population relieson dung, wood, coal or crop waste tocook and heat their homes.
 • Without proper ventilation they areexposing themselves to soot or dustparticles that can cause deadlyrespiratory diseases.
 • Every year, indoor air pollution isresponsible for the deaths of 1.6 millionpeople, (WHO, 2015).
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The Pacific Garbage Patch
 • The Pacific Garbage Patch is a semi-permanent floating island of plastictrash, circulated by the currents of theNorth Pacific Gyre, which oftendeposits junk on island beaches.
 • Larger items like fishing nets canentangle and drown sea animals andchoke seabirds, while smaller itemseventually dissolve and so pollute themarine food chain.
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Sukinda Valley, India
 • The Sukinda Valley in Orissa state, Indiacontains 97% of India’s chromite oredeposits—used mainly to make chromeplating and stainless steel.
 • Mining processes leave toxic chromiumhexavalent in surface and drinking water,the soil, and the air.
 • Residents suffer from gastrointestinalbleeding, tuberculosis, and asthma.Infertility and birth defects are common.
 • The Orissa Voluntary Health Associationreported that 85% of deaths in miningareas and nearby villages occurred due tochromite-mine-related diseases.
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