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Environmental toxicology: Study of harmful effects of  chemical and biological  agents as  
toxicants from pollutants, insecticides, pesticides and fertilizers can affect an organism and 
 its community by reducing its species diversity and abundance.   Such changes in 
 population dynamics affect the ecosystem by reducing its productivity  
and stability. 

Toxins and Toxicants:  Toxins are natural products such as the ones found in poisonous 
mushrooms, or in a snakes' venom. Toxicants are man-made products, artificial products 
introduced into the environment due to human activity; examples are industrial waste 
products and pesticides 
 
BIO DEGRADATION 
Definition: process by which  organic substances are broken down by the environmental 
effects and by the Living organisms. 
 
 Biodegradable products-: Examples;  There are many biodegradable products which are 
decomposed by bacteria, fungi and other microorganisms are many new eco-friendly 
materials and natural and biodegradable products. 1.Biodegradable detergent and soap 
2.Lemon batteries 3.Beeswax  4. Stationary such as pencils, folders and erasers 5.Plant 
pesticides 6. Plant stakes 7. Flower pots 8.Jute curtains 9. Diapers 10Waste bags 11. Cups, 
plates and other utensils 12. Glue and paint 13 Hair care products 14. Cosmetic products 



Principles of Decomposition-: In nature biodegradable products decompose by 
microorganism, fungi, and bacteria. Decomposition is process in which organic substances are 
broken down into simple material or useful material. Decomposition takes place in many 
natural or artificial substances.  
 
Animal decomposition-: There are general five stages by which animals are decomposed;  
Fresh-: This stage is the immediate stage in which first heart stops beating. Subsequently, 
blood is not pumped and finally death is caused. After death the muscular tissues becomes 
incapable and rigid within 5 to 6 hours. Body release heat in atmosphere and become cool 
after death.  
 
Bloat-: microorganism reaction takes place on body. In this stage gases like methane, hydrogen 
sulfide, carbon dioxide, released. Due to the accumulation of gases within the body bloated 
appearance and also liquids and liquefied tissues become frothy. It is also called anaerobic 
stage. In these stage bacteria converts hemoglobin into sulfa hemoglobin. 
 
 Active decay-: Active decay causes greatest mass losses.  
Advanced decay-: this stage is also called inhibitor stages because decomposition of animal 
inhibited in this stage. It is due to the availability of cadaveric material. 
 
 Remains-: This stage is characterized by loss of everything on the body except bones and dry 
skin 



Better industrial processes: To reduce the toxicants let into the environment, the following 
points need to be focused by the industries. 
1. need to comply with regulatory mandates, 
2. the desire to achieve or strengthen competitive advantage, and 
3. the desire to improve corporate stewardship practices and reputation. 
4. Making more efficient use of materials and energy can significantly lower production 
costs in many industries. As the price of scarce input materials rises and the cost of 
hazardous and nonhazardous waste disposal increases, better process metrics allow 
managers to analyze the cost-benefit trade-offs of improving overall materials efficiency. 
5. The development of tools for evaluating environmental metrics, while in an early stage, 
will accelerate as businesses and stakeholders seek greater value from the information 
they already generate. For now, those who report and those who attempt to interpret 
environmental metrics must take great care to distinguish qualitative differences 
underlying quantitative metrics. That is, they must separate what is "big" from what is 
"important.“ 
6. Progress in devising and using industrial environmental performance metrics continues 
to be made. Many companies are in the process of experimenting with and developing 
new metrics.  
7. Better methods for reducing the impact of industrial activities on the environment will 
require better measures by which to gauge performance. 





The Union carbide India limited(UCIL ) factory was built in 1969 to produce the pesticide 
carbaryl (Insecticide commercial name Sevin)using methyl isocyanate (MIC) as an 
intermediate. 
Preparation of Carbaryl from 1- napthaol 



MIC- 



By early December 1984, most of the plant's MIC related safety systems were malfunctioning and many valves and lines 

were in poor condition. In addition, several vent gas scrubbers had been out of service as well as the steam boiler, 

intended to clean the pipes. During the late evening hours of 2 December 1984, water was believed to have entered a 

side pipe and into Tank E610 whilst trying to unclog it, which contained 42 tons of MIC that had been there since late 

October. The introduction of water into the tank subsequently resulted in a runaway exothermic reaction, which was 

accelerated by contaminants, high ambient temperatures and various other factors, such as the presence of iron from 

corroding non-stainless steel pipelines.The pressure in tank E610, although initially nominal at 2 psi at 10:30 p.m., it had 

reached 10 psi by 11 p.m. Two different senior refinery employees assumed the reading was instrumentation 

malfunction. By 11:30 p.m., workers in the MIC area were feeling the effects of minor exposure to MIC gas, and began to 

look for a leak.  

About 30 tonnes of MIC escaped from the tank into the atmosphere in 45 to 60 minutes. This would increase to 40 

tonnes within two hours. The gases were blown in a southeasterly direction over Bhopal. 

Acute Effects:  

1. coughing, severe eye irritation and a feeling of suffocation, burning in the respiratory tract, breathlessness, stomach 

pains and vomiting. 

2.     Thousands of people had died by the following morning. Primary causes of deaths were choking, 

         reflexogenic circulatory collapse and pulmonary oedema. 

3.     The gas cloud, composed mainly of materials denser than air, stayed close to the ground and spread in the 

         southeasterly direction affecting the nearby communities. 

4.   The health care system immediately became overloaded. In the severely affected areas, nearly 70 percent were  

       under-qualified doctors. Medical staff were unprepared for the thousands of casualties. Doctors and hospitals were 

       not aware of proper treatment methods for MIC gas inhalation. 





Chernobyl Accident 1986 
 
The April 1986 disaster at the Chernobyl nuclear power plant in Ukraine was the product of a 
flawed Soviet reactor design coupled with serious mistakes made by the plant operators.  It was 
a direct consequence of Cold War isolation and the resulting lack of any safety culture. 
 
The Chernobyl accident in 1986 was the result of a flawed reactor design that was operated 
with inadequately trained personnel. 
 
The resulting steam explosion and fires released at least 5% of the radioactive reactor core into 
the atmosphere and downwind – some 5200 PBq (I-131 eq). 
 
Two Chernobyl plant workers died on the night of the accident, and a further 28 people died 
within a few weeks as a result of acute radiation poisoning. 
 
The United Nations Scientific Committee on the Effects of Atomic Radiation said that, apart 
from increased thyroid cancers, "there is no evidence of a major public health impact 
attributable to radiation exposure 20 years after the accident.“ 
 
Resettlement of areas from which people were relocated is ongoing. In 2011 Chernobyl was 
officially declared a tourist attraction. 
 



The 1986 Chernobyl accident 
 
On 25 April, prior to a routine shutdown, the reactor crew at Chernobyl 4 began preparing for a test to 
determine how long turbines would spin and supply power to the main circulating pumps following a 
loss of main electrical power supply.  
 
A series of operator actions, including the disabling of automatic shutdown mechanisms, preceded the 
attempted test early on 26 April. By the time that the operator moved to shut down the reactor, the 
reactor was in an extremely unstable condition. A peculiarity of the design of the control rods caused 
a dramatic power surge as they were inserted into the reactor. 
 
The interaction of very hot fuel with the cooling water led to fuel fragmentation along with rapid 
steam production and an increase in pressure. The design characteristics of the reactor were such that 
substantial damage to even three or four fuel assemblies would – and did – result in the destruction of 
the reactor. The overpressure caused the 1000 t cover plate of the reactor to become partially 
detached, rupturing the fuel channels and jamming all the control rods, which by that time were only 
halfway down. Intense steam generation then spread throughout the whole core (fed by water 
dumped into the core due to the rupture of the emergency cooling circuit) causing a steam explosion 
and releasing fission products to the atmosphere.  
 
About two to three seconds later, a second explosion threw out fragments from the fuel channels and 
hot graphite. There is some dispute among experts about the character of this second explosion, but it 
is likely to have been caused by the production of hydrogen from zirconium-steam reactions. 



About 200-300 tonnes of water per hour was injected into the intact half of the reactor using 
the auxiliary feed water pumps but this was stopped after half a day owing to the danger of it 
flowing into and flooding units 1 and 2. From the second to tenth day after the accident, 
some 5000 tonnes of boron, dolomite, sand, clay, and lead were dropped on to the burning 
core by helicopter in an effort to extinguish the blaze and limit the release of radioactive 
particles. 

Immediate impact of the Chernobyl accident  
The accident caused the largest uncontrolled radioactive release into the environment ever recorded for any civilian 
operation, and large quantities of radioactive substances were released into the air for about 10 days. This caused 
serious social and economic disruption for large populations in Belarus, Russia, and Ukraine. Two radionuclides, the 
short-lived iodine-131 and the long-lived caesium-137, were particularly significant for the radiation dose they 
delivered to members of the public. 
 
It is estimated that all of the xenon gas, about half of the iodine and caesium, and at least 5% of the remaining 
radioactive material in the Chernobyl 4 reactor core (which had 192 tonnes of fuel) was released in the accident. 
Most of the released material was deposited close by as dust and debris, but the lighter material was carried by 
wind over Ukraine, Belarus, Russia, and to some extent over Scandinavia and Europe. 
 
The casualties included firefighters who attended the initial fires on the roof of the turbine building. All these were 
put out in a few hours, but radiation doses on the first day caused 28 deaths – six of which were firemen – by the 
end of July 1986. The doses received by the firefighters and power plant workers were high enough to result in 
deterministic effects, in the form of acute radiation syndrome (ARS). These effects occur if a person is exposed to 
more than 700 milligrays (mGy; doses which are large enough to produce deterministic effects are measured in 
grays) within a short time frame (usually minutes), and common ARS symptoms include gastrointestinal problems 
(e.g. nausea, vomiting), headaches, burns and fever. 



The three mile island(a city) Unit 2 reactor, near Middletown, Pa., partially melted down on 
March 28, 1979. This was the most serious accident in U.S. commercial nuclear power plant 
operating history, although its small radioactive releases had no detectable health effects 
on plant workers or the public. Its aftermath brought about sweeping changes involving 
emergency response planning, reactor operator training, human factors engineering, 
radiation protection, and many other areas of nuclear power plant operations. It also 
caused the NRC to tighten and heighten its regulatory oversight. All of these changes 
significantly enhanced U.S. reactor safety. 
A combination of equipment malfunctions, design-related problems and worker errors led 
to TMI-2's partial meltdown and very small off-site releases of radioactivity. 
Summary of Events 
The accident began about 4 a.m. on Wednesday, March 28, 1979, when the plant 
experienced a failure in the secondary, non-nuclear section of the plant (one of two 
reactors on the site). Either a mechanical or electrical failure prevented the main feedwater 
pumps—component from sending water to the steam generators that remove heat from 
the reactor core . This caused the plant's turbine-generator and then the reactor itself to 
automatically shut down. Immediately, the pressure in the primary system (the nuclear 
piping portion of the plant shown in orange) began to increase. In order to control that 
pressure, the pilot-operated relief valve  opened. It was located at the top of the 
pressurizer. The valve should have closed when the pressure fell to proper levels, but it 
became stuck open. Instruments in the control room, however, indicated to the plant staff 
that the valve was closed.  

Three Mile Island Accident 



As a result, the plant staff was unaware that cooling water in the form of steam was pouring 
out of the stuck-open valve. As alarms rang and warning lights flashed, the operators did not 
realize that the plant was experiencing a loss-of-coolant accident. 
 
Other instruments available to plant staff provided inadequate or misleading information. 
During normal operations, the large pressure vessel that held the reactor core was always 
filled to the top with water. So there was no need for a water-level instrument to show 
whether water in the vessel covered the core. As a result, plant staff assumed that as long 
instruments showed that the pressurizer water level was high enough, the core was properly 
covered with water too. That wasn't the case. 
Unaware of the stuck-open relief valve and unable to tell if the core was covered with cooling 
water, the staff took a series of actions that uncovered the core. The stuck valve reduced 
primary system pressure so much that the reactor coolant pumps started to vibrate and were 
turned off. The emergency cooling water being pumped into the primary system threatened 
to fill up the pressurizer completely—an undesirable condition—and they cut back on the 
flow of water. Without the reactor coolant pumps circulating water and with the primary 
system starved of emergency cooling water, the water level in the pressure vessel dropped 
and the core overheated. 
 
Two Significant types of radionuclides released in the atmosphere 
1. Iodine-131 (8 day half-life) 
2. Caesium-137( 30 year half-life) 



Health Effects 
The approximately 2 million people around TMI-2 reactor during the accident are estimated 
to have received an average radiation dose of only about 1 millirem above the usual 
background dose. To put this into context, exposure from a chest X-ray is about 6 millirem and 
the area's natural radioactive background dose is about 100-125 millirem per year for the 
area. The accident's maximum dose to a person at the site boundary would have been less 
than 100 millirem above background. 
 



SEVESO DISASTER 

1,2,4,5-
tetrachlorobenzene  

2,4,5-trichlorophenol 

The chemical-release accident occurred when a batch process was interrupted prior to the 
completion of the final step – removal of ethylene glycol from the reaction mixture 
by distillation 
Cause of the Incident: 
 

TCDD-DIOXINE HIGHLY TOXIC 
SIDE PRODUCT 





Minamata disease was first discovered in Minamata City in Kumamoto prefecture, Japan in 
1956. It was caused by the release of methylmercury in the industrial wastewater (point 
source pollution) from the Chisso Corporation's chemical factory, which continued from 
1932 to 1968. This highly toxic chemical bioaccumulated in shellfish and fish in Minamata 
Bay and the Shiranui Sea, which when eaten by the local populace resulted in mercury 
poisoning. While cat, dog, pig and human deaths continued over more than 30 years, the 
government and company did little to prevent the pollution. 
 
Minemata disease: It is a neurological syndrome caused by severe mercury poisoning. 
Symptoms include ataxia, numbness in the hands and feet, general muscle weakness, 
narrowing of the field of vision and damage to hearing and speech. In extreme 
cases, insanity, paralysis, coma and death follow within weeks of the onset of symptoms. 
A congenital form of the disease can also affect fetuses. 

Minamata disaster 



In February 1959, the mercury distribution in 
Minamata Bay was investigated. The results 
shocked the researchers involved. Large 
quantities of mercury were detected in fish, 
shellfish, and sludge from the bay.  

Minamata disease is a disease of the 
central nervous system, a poisoning caused 
by long-term consumption, in large 
amounts, of fish and shellfish from 
Minamata Bay. The causative agent is 
methylmercury. Methylmercury produced 
in the acetaldehyde acetic acid facility of 
Shin Nihon Chisso's Minamata factory was 
discharged in factory wastewater... 
Minamata disease patients last appeared in 
1960, and the outbreak has ended. This is 
presumed to be because consumption of 
fish and shellfish from Minamata Bay was 
banned in the fall of 1957, and the fact that 
the factory had waste-treatment facilities in 
place from January 1960. 



INDUSTRIAL POLLUTION 
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SUGAR INDUSTRY-MANUFACTURING PROCESS 



Effects of Effluents The immediate oxygen demand of sugar factory effluents causes rapid 
depletion of the dissolved oxygen of receiving streams resulting in anaerobic conditions. This 
results in the release of foul odours and in the production of hydrogen sulfide which 
precipitates iron as black sulfide leading to unsightly appearance. All these effects make the 
water totally unfit for fish and other aquatic life. Also, the dissolved and suspended solids 
deteriorate slowly resulting in bastions ordours.  
 Sugarcane, an agricultural waste consists of tops, leaves (STL) and fresh. STL are 
made up of top immature portion and the green leaves of the sugarcane plant. During the 
growth of the cane plant, as new leaves emerge, the older ones die and dry off. These are 
referred to as dry ash.  
Environemntal Effects of sugar industry pollution 
Being the most polluting industry, effluents discharged by sugar factories, if not treated, 
would inflict a serious damage to the environment. Even though, sugar industrial pollution is 
not toxic and detrimental to environment as such effluents from tanneries, paper mill and 
refineries, but large quantities of wastewater discharged have high pollutional effects on the 
surrounding. The high concentration of suspended solids in the raw effluents cause blockage 
in drains and ditches and also delayed pollutional effects due to slow decomposition of the 
selected matter. Effluents containing high salt concentration and toxic due to acidic and 
alkaline damage aquatic life. In case, if the effluents are directly discharged into a stream or 
river, the loss of aquatic life will be high. The other worst effect is the development of 
obnoxious odour in the contaminated stream. The bad odour, if inhaled by humans and 
animals, is inflicting to serious health effect. The septic condition of contaminated water, seen 
in black colour due to precipitation of iron by hydrogen sulphide, produces hydrogen sulphide 
gas which is bad for the surroundings.  



Methods of Treatment  
The effluent coming out of the sugar mill is screened on a filter (or) DSM screen to separate 
out the factories particles. The oil and grease are separated in an oil separator. Lime is 
added continuously to make up the pH of two effluents to neutralization.  
Culture Preparation: Before treating the effluent water, we should first prepare culture 
should be prepared first for treating the effluent. Culture should be prepared and kept 
ready before 15 days of the commencement of the season. The effluent water mixed with 
cowdung culture is then subjected to anaerobic digestion. The bacterial reaction of 
methane is visible to age. After anaerobic digestion the effluent is subjected to aerators 
digestion. In the aerobic digestion we have too Hg aerators of 10Hp each which aerotes the 
effluents water from the aerators. The treated effluent is pumped to clarified with stires 
where mud settles at the bottom and the clear water overflows. The clear water is used for 
irrigation. 

Chemical Reaction in the Effluent Treatment Plant (ETP) 
Biomethanation is a microbiological process associated in the break down of complete 
organic matters to methane gas, carbon dioxide and water in the absence of oxygen. The 
formation of methane gas has a key role in mehanogensis because it is related directly to 
Cod reduction of the waste water. Theoretically 350 ml of methane gas is generated for 
every gram of COD removed. The biological process of methanogenesis is a three stage 
degradation of complex organic materials. The organic compound present is the sugar 
mill waste first hydrolysed to their monomer glucose and fructose be extra 
cellulasenzymes produced by fermentative bacteria (culture from cowding mixture) 
which further converts the organic matter into volatile acid and methanogenic bacteria 
are 



Types:  



There are four ways to reduce pharmacological pollution: 
 1. Limit drug purchase in bulk quantities 
2. Use drug take back programs 
3. Do not flush unused medicines and pour them down. 
4. Be careful about how you throw medicines in the trash  

SAFE DISPOSAL 



PAPER AND PULP INDUSTRY POLLUTION 

ENVIRONEMENTAL PROBLEMS 

INTRODUCTION 

POLLUTION CONTROL MEASURES 

1. Recycling: An average of 56% can be recyled 
The recycling process includes sorting, dissolving 
Mixing and paper making etc. 
2. By the use of genetically modified trees. For  
Eg. Lignin is the main wood component in pulp 
And that must be removed. 



Pollution control devices 





Nuclear energy originates from the splitting of uranium atoms – a process called fission. 
This generates heat to produce steam, which is used by a turbine generator to generate 
electricity. Because nuclear power plants do not burn fuel, they do not produce greenhouse 
gas emissions 

NUCLEAR POWER PLANT 



Nuclear Waste and radionuclide analysis 

Nuclear Waste Classification: 
1. Solid waste 2. liquid wastes and 3. Gaseous waste 
Classification on the basis of radio-activity 
1. High level wastes, 2. Medium level wastes and 3. low level wastes 














