


Occurrence of Poisonous Gases in Wells




     (Causes, Safeguards & Remediation)

1.
Background : 

Various natural processes, associated with other reasons, cause production of poisonous gases in wells which result in several deaths in the rural areas. Deaths from asphyxiation due to these poisonous gases is not an uncommon occurrence, to persons descending into wells, and can be seen in almost every part of our in State. It is often seen, specially during high Summer time or at the beginning of the Monsoon season, that a person enter into a well for cleaning purpose or making a bore at the bottom or for maintenance of fuel powered pump inside etc, and he dies. As he seems to be taking a long time to come out of the well, the other one follows him to see what is happening inside. As the other one also does not come out, the others go inside the well to help them but only to find that they all have died inside. Such tragic loss of life, merely due to lack of awareness and knowledge, needs attention to avert recurrence of such incidences in future.
Such incidents can be prevented by basic scientific approach and creating awareness among the target people through illustrations, folk plays, print and electronic media etc. clearly mentioning Do's and Don'ts.
2.  Causes for Noxious Gases in Wells :

There is possibility of presence of noxious and lethal gases like methane, carbon dioxide, hydrogen sulfide, carbon monoxide, chlorine etc. inside the well due to seasonal or circumstantial causes, including anaerobic digestion of organic matters lying in the well, bacterial decomposition of matters, nature of local strata, influence of nearby source of petroleum products, operation of fuel powered pump inside the well for irrigation activities etc. A dried well, deep well or a well which is not used frequently is more susceptible to presence of such gases. Presence of such gases is responsible for poor environment inside the well and also causes death due to asphyxiation or poisoning. 
The prime source of methane could be contributed to anaerobic microbial activity, presence of nearby petroleum sources etc. Whereas, the presence of hydrogen sulfide is contributed to microbial activities and presence of sulfur compounds etc in the local strata. 
Hydrogen sulfide often results from the bacterial breakdown of organic matter in the absence of oxygen, a process commonly known as anaerobic digestion. Hydrogen sulfide gas also occurs naturally in some groundwater. It is formed from decomposing underground deposits of organic matter such as decaying plant material and other organic matter. It is found in deep or shallow wells and also can enter surface water through springs, although it quickly escapes to the atmosphere. Hydrogen sulfide often is present in wells drilled in shale or sandstone, or near coal or peat deposits or oil fields. 
The presence of carbon monoxide is due to operation of petrol or diesel engines powering pump, fitted inside the well, for lifting water for irrigation or other purposes. The carbon dioxide results due to microbial activities and fuel powered engines inside the well. 
The presence of chlorine is observed due to inappropriate application of high strength calcium hypochlorite, sodium hypochlorite, bleaching powder or chlorine water in unscientific way for cleaning and disinfection of well. The observance of few basic guidelines can help in saving many lives. 
Technical information about these gases can be referred in the following pages.
3.
Things to do Before Getting inside a Well :
Raising awareness among the people for safety precautions is of key importance. The following are few immediate measures that one should apply before getting inside a well: 

1.
Lantern or Candle Flame Test :  
There is possible chance of oxygen deficient environment inside a well and therefore it is necessary and important to check for oxygen presence before entering a well. 
This can be done by conventional and very simple lantern or candle flame test. To carry out the test one has to light a candle and send it down the well in a bucket tied with a rope to check the presence of oxygen inside the well. If the candle goes off, it indicates that there is no oxygen in the well and it may contain poisonous gases making the environment unsafe for going inside. If the candle keeps burning, it is a sign that there is oxygen inside the well and one can enter inside with due precautions. While going inside the well, one should make use of safety gears like helmet, boots, gloves, safety belt, ladder and rope to be safe from possible accidents in wells.
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Lowering a candle in Well through a rope
Ideally the test is performed by lowering a burning candle enclosed in a wire gauze cage, like Davy's Safety Lamp or Bunsen Flame, to various depths inside a well and observe whether the candle burns more brightly or is extinguished. The Davy's lamp works on the principle that a flame does not pass through a wire gauze and hence a combustible gas would burn inside the lamp gauze and will not burn the gas in the surrounding environment outside the lamp. 
While observing, if the colour of flame is pale blue, it indicates presence of carbon monoxide whereas if the gas burns with a normal coloured flame (pale yellow), methane may be suspected there. The hydrogen sulfide burns with a blue flame forming SO2. 
Davy's Safety Lamp
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2.
Application of Lime water :

Lower a bucket of lime water in well or pour lime water in well. If it turns milky, due to formation of insoluble calcium carbonate, it indicates the presence of carbon dioxide. Observe the milkiness for some time and if it disappears it shows continuous presence of carbon dioxide. The milkiness disappears due to formation of calcium bicarbonate on continuous exposure to carbon dioxide. It is not advisable to enter inside a well if the presence of carbon dioxide is noticed.


Ca (OH) 2 + CO2              CaCO3 + H2O



2CaCO3 + CO2 + H2O             2CaHCO3

3.
Application of Test strips : 

Determine the acidic or alkaline nature of the gas in a well using pH strip, chemical test strip or a Litmus paper. For this moist the pH strip or Litmus paper and lower down in the well to expose it to inner environment. Change of colour will indicate the nature of the gases present inside. 
*
The moist hydrogen sulfide turns the Litmus paper pink due to its slightly acidic nature.
*
The presence of hydrogen sulfide can also be judged with the help of lead acetate (lead ethanoate) paper. The paper turns grey in the presence of gas due to formation of lead (II) sulfide.

H2S + (CH3COO) 2 Pb            2CH3COOH + PbS
Hydrogen sulfide
   Lead acetate



Lead sulfide
*
The hydrogen sulfide can be tested by using test strips like 481197-20 or 481197-1 (a product of Pure Waters, US) within 1 minutes time. In this test, the strip is dipped in the aqueous sample for 20 seconds with back and forth motion.  After 20 seconds, the strip is removed and compared with the color chart specific for this test.

*
The hydrogen sulfide gas can also be identified by its peculiar pungent and rotten egg odor.
*
The presence of carbon dioxide also turns blue litmus to pink owing to its slight acidic nature. The CO2 is the anhydride of carbonic acid.

CO2 + H2O [image: image3.png]


H2CO3
*
The presence of chlorine can also be determined using Litmus paper. On exposing a damp blue Litmus paper, in the presence of chlorine, will result in turning it to red colour and then it is leached white. The change in colour twice is because of the fact that the non-metallic chlorine is acidic in aqueous solution which turns the Litmus paper red and, as it is a powerful oxidizing agent, it changes the colour to white.
*
The other way to identify the presence of chlorine qualitatively is by dipping one end of glass rod in silver nitrate and expose it inside the well. If a white precipitate is formed at the end of the rod, it shows the presence of chlorine. 

4.
Instant Measures to Restore Air Quality of Well :

If it is observed that the harmful gases are present inside the well, one must take certain basic and simple measures to eliminate the gases before entering into it. The following measures are suggested in this regard :
1.
Use of air blowing device :

On suspecting the presence of gases, one must use the high speed blower attached with polyethylene duct down inside the well to carry fresh air to the bottom and help in escaping the poor quality air out of the well. The air blowing should be done atleast for 30 minutes time. Duration may be extended depending on the site situation.
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Schematics of Safety precautions during Well cleaning
2.  Use of Iron oxide container :

The presence of hydrogen sulfide can be easily detected owing to its pungent and penetrating smell. Blowing air inside the well or pumping the air from well to the ambient environment can create panic due to noxious odour. In such cases where presence of hydrogen sulfide is suspected, the gases from the well can be pumped through a hydrated container of iron oxide. This will help in nullifying the effect of hydrogen sulfide by eliminating sulfur from hydrogen sulfide. The container can later be regenerated by passing the water through it. The following reactions are involved in the process : 
Fe2O3(s) + H2O(l) + 3 H2S(g) → Fe2S3(s) + 4 H2O(l)
2 Fe2S3(s) + 3 O2(g) + 2 H2O(l) → 2 Fe2O3(s) + 2H2O(l) + 6 S(s)

3.
Use of lime :
It is recommended to use reactive lime until there is indication of presence of carbon dioxide. This can easily be done by taking approx. 5 Kg. of lime in a 20 litre bucket and lower it down to a level close to water layer in the well where maximum concentration of CO2 is anticipated. If the lime turns milky and is exhausted, take out the bucket and put again the active lime and repeat the process till the level of CO2 goes negligible.
The carbon dioxide gas is removed through following reaction :
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5.
Measures to Root-out the Causes of Harmful Gases :

In order to overcome the problem of formation of gases it is necessary to pinpoint the root cause and make an attempt to restrict the same. The following precautions must be observed in and around the well area by users, common citizens, municipal authorities, local and district administration for the safeguards of well water quality:

i
Under no circumstances a diesel or petrol powered pump or its associate engine should be lowered into a well for water lifting purpose.

ii
Keep the well clean and properly attended and ventilated. 
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An uncleaned and Unprotected Well
iii
Avoid overuse of sodium hypo chloride, bleaching powder or other disinfectant while cleaning and disinfecting a well to avoid possibility of chlorine presence in the well.

iv
Since the well takes water from the highest water table, they are extremely sensitive to activities taking place in the immediate vicinity, hence following activities should be avoided near well :

*
Application of fertilizers and pesticides and their inappropriate disposal.
*
Disposal of chemicals in the vicinity of well and uphill area.
*
Animals should not be penned or tied within an area of minimum 100 feet from the well.
*
Leach fields and septic tanks should also not be located within 100 feet of the well.
*
Drainage culverts should not pass from the vicinity of well
v.
Use of Well-casings should be ensured which helps prevent contaminants from migrating into the well. Absence of Well casings can pave way to gases to enter the well water.
vi.
The well should have a proper head wall and apron to prevent introduction of outside contaminated water/waste water into the well water. A concrete floor outside the head wall of a well. The apron provides a relatively clean environment around the well, and controls drainage of spilled water away from the well.


Head wall 
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      Apron
vii
Well must be safe and should not pave way for foreign material to enter from outside like plant foliage, silt, drainage water etc.
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Pictures depicting Wells in unsafe conditions




6.
Avoidable sources responsible for production of gases in wells :

The common sources of potential well water contamination and generation of gases may include the following activities in the vicinity of well :
-
Agriculture waste including animal burial areas, animal feedlots, 
-
fertilizers and pesticides storage and use, 
-
manure spreading in the fields, 
-
sewage water, 
-
wastes from medical establishments, 
-
wastes from automobile workshops, 
-
mining drainage, 
-
leach outs from petroleum storage yards, 
-
municipal and other landfills, 

-
faulty septic systems, 
-
storm water drains etc.
Taking care of above activities in the vicinity of well can help a lot in avoiding the problem of harmful gases in wells.
Technical Information on Poisonous Gases 
1.
Hydrogen Sulfide :

Hydrogen sulfide, H2S, is a flammable, colorless gas with a characteristic rotten egg odor. The odor threshold is 0.008 ppm. Sense of smell becomes rapidly fatigued and can NOT be relied upon to warn of the continuous presence of H2S. Boiling point = -60°C. Freezing/Melting point = -86°C. Autoignition temperature = 260°C. It is soluble in water.

Explosive limits: LEL = 4.0%; UEL = 44.0%. Hazard Identification (based on NFPA-704 M Rating System): Health 4, Flammability 4, Reactivity 0. 

Emergency life support required for H2S :

Compressed  oxygen,  forced-oxygen  mask,  soap,  water,  normal saline,  D5W, Ringer's lactate, diazepam, phenytoin, phenobarbital, dopamine, norepinephrine, amyl nitrite, sodium nitrite, pyridoxine, atropine.

Harmful Effects and Symptoms

Signs and symptoms of acute exposure to hydrogen sulfide may include tachycardia (rapid heart rate) or bradycardia (slow heart rate), hypertension (low blood pressure), cyanosis (blue tint to skin and mucous membrane), cardiac palpitations, and cardiac arrhythmias. Dyspnea (shortness of breath), tachypnea (rapid respiratory rate), bronchitis, pulmonary edema, respiratory depression, and respiratory paralysis may occur. 
Neurological effects include giddiness, irritability, drowsiness, weakness, confusion, delirium, amnesia, headache, sweating, and dizziness. Muscle cramping, tremor, excessive salivation, cough, convulsions, and coma may be noted. Nausea, vomiting, and diarrhea are commonly seen. Exposure to hydrogen sulfide gas may result in skin irritation, lacrimation (tearing), inability to detect odors, photophobia (heightened sensitivity to light), and blurred vision.
Short Term Exposure:  
Irritates the eyes, skin, and respiratory tract. May affect the central nervous system. Inhalation can cause pulmonary edema. This can cause death. Levels of 20 ppm may cause headache, loss of appetite and dizziness. 50 ppm may cause muscle fatigue. 
300 ppm may cause muscle cramps, low blood pressure, and unconsciousness after 20 minutes. Levels of 500 ppm can cause immediate loss of consciousness, slowed respiration and death in 30 – 60 minutes. 
At levels of 700 ppm and above respiratory paralysis and death can occur in seconds. Non-fatal cases may recover fully or may experience abnormal reflexes, dizziness, sleep disturbances and low of appetite that last for months or years. Skin: Readily absorbed. May cause irritation, reddening and swelling. Contact with liquid can cause breezing burns. Eyes: Irritation may be felt at levels as low as 0.1 ppm. Levels of 10 ppm and above can cause irritation, pain, tearing, and increased light sensitivity. Liquid may cause freezing burns.

Long Term Exposure:  
Long term exposure to low levels can cause pain and redness of the eyes with blurred vision. Repeated exposure can cause fatigue, loss of appetite, headaches, irritability, poor memory, dizziness, troubled sleeping, and nausea. Can cause irritation of the lungs and bronchitis with cough, phlegm, and/or shortness of breath. Animals studies showed that pigs that ate food containing hydrogen sulfide had diarrhea after a few days and weight loss after about 105 days.
Points of Attack:  Eyes and lungs.

Medical Surveillance:  Lung function tests, blood sulfide level check and chest x-ray are recommended tests depending on the exposure level, i.e. over exposure, potential high exposure or acute exposure. 

First Aid:  If this chemical gets into the eyes, remove any contact lenses at once and irrigate immediately for at least 15 minutes, occasionally lifting upper and lower lids. Seek medical attention immediately. If this chemical has been inhaled, remove from exposure, begin rescue breathing (using universal precautions) if breathing has stopped and CPR if heart action has stopped. Transfer promptly to a medical facility. Medical observation is recommended for 24 – 48 hours after breathing overexposure, as pulmonary edema may be delayed. As first aid for pulmonary edema, a doctor or authorized paramedic may consider administering a corticosteroid spray.

Personal Protective Methods:  Wear protective gloves and clothing to prevent any reasonable probability of skin contact. Neoprene and Polyvinyl Chloride are among the recommended protective materials. Contact lenses should not be worn when working with this chemical. 
Because of poor warning signs, it may cause olfactory paralysis, and some persons are congenitally unable to smell H2S. Workers, therefore, should not enter enclosed spaces without proper precautions. All standard and other safety precautions must be observed when tanks or other confined spaces are to be entered. In areas where the exposure to hydrogen sulfide exceeds the standards, workers should be provided with full-face canister gas masks or preferable supplied air respirators. When liquid H2S is involved, wear clothing to prevent skin freezing. Wear eye protection to prevent any reasonable probability of eye contact. Remove clothing immediately if wet or contaminated to avoid flammability hazard. Employees should wash immediately with soap when skin is wet or contaminated. Provide emergency showers and eyewash.

Respirator Selection:  
NIOSH/OSHA: Up to 100 ppm: PAPRS [any powered, air-purifying respirator with cartridge(s) providing protection against the compound of concern]; or GMFS [any air-purifying, full-facepiece respirator (gas mask) with a chin-style, front- or back-mounted canister providing protection against the compound of concern]; or SA (any supplied-air respirator); or SCBAF (any self-contained breathing apparatus with a full facepiece). 
Emergency or planned entry into unknown concentrations or IDLH conditions: SCBAF:PD,PP (any self-contained breathing apparatus that has a full facepiece and is operated in a pressure-demand or other positive-pressure mode); or SAF:PD,PP:ASCBA (any supplied-air respirator that has a full facepiece and is operated in a pressure-demand or other positive-pressure mode in combination with an auxiliary self-contained breathing apparatus operated in a pressure-demand or other positive pressure mode). 
Escape: GMFS [any air-purifying, full-facepiece respirator (gas mask) with a chin-style, front- or back-mounted canister providing protection against the compound of concern]; or SCBAE (any appropriate escape-type, self-contained breathing apparatus).

2.
Carbon dioxide
CO2 is a colorless, odorless, heavier than air, noncombustible gas. Boiling point = (sublimes). Freezing/Melting point = -78°C (sublimes). Soluble in water.

Short Term Exposure:  Inhalation of high concentrations of this gas may cause headache, shortness of breath, nausea, vomiting, dizziness, hyperventilation and unconciousness. On loss of containment this liquid evaporates very quickly causing supersaturation of the air with serious risk of suffocation when in confined areas. 
Carbon dioxide is a simple asphyxiant. Concentrations of 10% (100,000 ppm) can produce unconsciousness and death from oxygen deficiency. A concentration of 5% may produce shortness of breath and headache. Continuous exposure to 1.5% CO2 may cause changes in some physiological processes. The concentration of Carbon dioxide in the blood affects the rate of breathing.

Long Term Exposure:  Long term exposure at levels between 5,000 and 20,000 ppm of Carbon dioxide can affect the acid-base balance, causing acidosis, and can affect calcium metabolism.

Points of Attack:  Lungs, skin, cardiovascular system.

Medical Surveillance:  Consider evaluation of body calcium and acid-base balance.

Respirator Selection:  
NIOSH/OSHA: 40,000 ppm: SA (any supplied-air respirator); or SCBAF (any self-contained breathing apparatus with a full facepiece). 
Emergency or planned entry into unknown concentrations or IDLH conditions: SCBAF:PD,PP (any self-contained breathing apparatus that has a full facepiece and is operated in a pressure-demand or other positive-pressure mode); or SAF:PD,PP:ASCBA (any supplied-air respirator that has a full facepiece and is operated in a pressure-demand or other positive-pressure mode in combination with an auxiliary, self-contained breathing apparatus operated in a pressure-demand or other positive-pressure mode).
Escape: SCBAE (any appropriate escape-type, self-contained breathing apparatus)
3.
Carbon monoxide
Carbon monoxide, CO, is a flammable, colorless, odorless, tasteless gas, partially soluble in water. Boiling point = -192°C. Freezing/Melting point = -205°C. Autoignition temperature = 605°C. The explosive limits are: LEL = 12.5%; UEL = 74.0%. Soluble in water.
Short Term Exposure:  Carbon monoxide may affect the blood, cardiovascular system and central nervous system. Exposure at high levels may result in a loss of consciousness and death. Carbon monoxide combines with hemoglobin to form carboxyhemoglobin which interferes with the oxygen-carrying capacity of blood, resulting in a state of tissue hypoxia. 
The typical signs and symptoms of acute CO poisoning are headache, dizziness, drowsiness, vomiting, collapse, coma, and death. Initially the victim is pale; late the skin and mucous membranes may be cherry-red in color. Loss of consciousness occurs at about the 50% carboxyhemoglobin level. The amount of carboxyhemoglobin formed is dependent on concentration and duration of CO exposure, ambient temperature, health, and metabolism of the individual. The formation of carboxyhemoglobin is a reversible process. Recovery from acute poisoning usually occurs without sequelae unless tissue hypoxia was severe enough to result in brain cell degeneration. 

Long Term Exposure:  Carbon monoxide may affect the nervous system and the cardiovascular system, causing neurological and cardiac disorders. Suspected to cause reproductive effects such as neurological problems, low birth weight, increased still births, and congenital heart problems. 

Points of Attack:  Central nervous system, lungs, blood, cardiovascular system.

Medical Surveillance:  Carboxyhemoglobin levels are reliable indicators of exposure and hazard. Carboxyhemoglobin should be tested within a few hours following exposure to the gas. EKG. Examination of the nervous system. Persons with heart disease should not be exposed to levels of CO above 35 ppm.

First Aid:  Move victim to fresh air. Call emergency medical care. Apply artificial respiration if victim is not breathing. Do not use mouth-to-mouth method if victim ingested or inhaled the substance; induce artificial respiration with the aid of a pocket mask equipped with a one-way valve or other proper respiratory medical device. Administer oxygen if breathing is difficult. Remove and isolate contaminated clothing and shoes. In case of contact with substance, immediately flush skin or eyes with running water for at least 20 minutes. Keep victim warm and quiet. Keep victim under observation for 24 – 48 hours. 

Personal Protective Methods:  Under certain circumstances where Carbon monoxide levels are not exceedingly high, gas masks with proper canisters can be used for short periods, but are not recommended. In areas with high concentrations, self-contained air apparatus is recommended.

Respirator Selection:  

NIOSH: 350 ppm: SA (any supplied-air respirator). 875 ppm: SA:CF (any supplied-air respirator operated in a continuous-flow mode). 1,500 ppm: GMFS end of service life indicator (ESLI) required. [any air-purifying, full-facepiece respirator (gas mask) with a chin-style, front- or back-mounted canister providing protection against the compound of concern]; or SCBAF (any self-contained breathing apparatus with a full facepiece); or SAF (any supplied-air respirator with a full facepiece). 

Emergency or planned entry into unknown concentrations or IDLH conditions: SCBAF:PD,PP (any self-contained breathing apparatus that has a full facepiece and is operated in a pressure-demand or other positive-pressure mode); or SAF:PD,PP:ASCBA (any supplied-air respirator that has a full facepiece and is operated in a pressure-demand or other positive-pressure mode in combination with an auxiliary, self-contained breathing apparatus operated in a pressure-demand or other positive-pressure mode). 

Escape: GMFS end of service life indicator (ESLI) required. [any air-purifying, full-facepiece respirator (gas mask) with a chin-style, front- or back-mounted canister providing protection against the compound of concern]; or SCBAE (any appropriate escape-type, self-contained breathing apparatus).
4.
Methane 

Methane, CH4, is an odorless, colorless gas. Boiling point = -162°C. Freezing/Melting point = -183°C. Autoignition temperature = 537°C. Explosive limits: LEL = 5.0%; UEL = 15.0%. Insoluble in water.

Short Term Exposure:  High levels can cause suffocation. Symptoms are due to a decrease in the concentration of oxygen available for breathing and include dizziness, difficult breathing, bluish color of the skin and loss of consciousness. 

Long Term Exposure:  No effects reported.

First Aid:  If this chemical gets into the eyes, remove any contact lenses at once and irrigate immediately for at least 15 minutes, occasionally lifting upper and lower lids. Seek medical attention immediately. If this chemical contacts the skin, remove contaminated clothing and wash immediately with soap and water. Seek medical attention immediately. 
If this chemical has been inhaled, remove from exposure, begin rescue breathing (using universal precautions) if breathing has stopped and CPR if heart action has stopped. Transfer promptly to a medical facility. When this chemical has been swallowed, get medical attention. Give large quantities of water and induce vomiting. Do not make an unconscious person vomit. 

Personal Protective Methods:  Wear protective gloves and clothing to prevent any reasonable probability of skin contact. Polyethylene is among the recommended protective materials. Wear gas-proof chemical goggles and face shield unless full facepiece respiratory protection is worn. Employees should wash immediately with soap when skin is wet or contaminated. Provide emergency showers and eyewash. Where exposure to cold equipment, vapors, or liquid may occur, employees should be equipped with special clothing designed to prevent freezing of body tissues.

Respirator Selection:  Exposure to methane is dangerous because it can replace oxygen and lead to suffocation. Only MSHA/NIOSH approved self-contained breathing apparatus with a full facepiece operated in positive pressure mode should be used in oxygen deficient environments. Chemical cartridge respirators should not be used where methane exposure occurs. For high exposures use air supplied respirators.
5.
Chlorine :

Chlorine is a greenish-yellow gas with a pungent, irritating odor. The odor threshold is 0.01 ppm in air. Boiling point = -34.6°C. Freezing/Melting point = -101°C. Soluble in water. It is slightly soluble in water and is soluble in alkalis. It is not flammable, but, it is a strong oxidizer, and contact with other materials may cause fire.
Routes of Entry:  Inhalation, eye and skin contact.

Emergency Life-support Required :

Compressed oxygen, forced-oxygen mask, soap, water, normal saline, D5W, Ringer's lactate, isoproterenol inhaler, sodium bicarbonate.

Harmful Effects and Symptoms

Chlorine reacts with body moisture to form acids. It is itself extremely irritating to skin, eyes, and mucous membranes, and it may cause corrosion of teeth. Prolonged exposure to low concentrations may produce chloracne.

Chlorine in high concentrations acts as an asphyxiant by causing cramps in the muscles of the larynx (choking), swelling of the mucous membranes, nausea, vomiting, anxiety, and syncope. Acute respiratory distress including cough, hemoptysis, chest pain, dyspnea, and cyanosis develop, and later tracheobronchitis, pulmonary edema, and pneumonia may supervene.

1.0 ppm may produce irritation of the nose, mouth and throat, at 1.3 ppm and above, irritation may be more pronounced with coughing and labored breathing; high concentrations may cause throat muscle spasm leading to suffocation and death; delayed effects may include accumulation of fluid in the lungs, bronchitis and pneumonia. Death may occur after a few breaths at 1,000 ppm.

Short Term Exposure:  A lacramator. Chlorine is corrosive to the eyes, skin, and respiratory tract. Eye contact can cause permanent damage. Inhalation of the gas can cause pulmonary edema. This can cause death
Long Term Exposure:  Repeated exposure may permanently damage the lungs, or cause chronic bronchitis. Chlorine may affect the teeth, resulting in erosion, and cause skin rash. A single high exposure may cause similar health effects.

Points of Attack:  Lungs, respiratory system.

Medical Surveillance:  Special emphasis should be given to the skin, eyes, teeth, cardiovascular status in placement and periodic examinations. Chest x-rays should be taken and pulmonary function followed.
First Aid:  If this chemical gets into the eyes, remove any contact lenses at once and irrigate immediately for at least 30 minutes, occasionally lifting upper and lower lids. Seek medical attention immediately. If this chemical contacts the skin, remove contaminated clothing and wash immediately with soap and water. Seek medical attention immediately. 
If this chemical has been inhaled, remove from exposure, begin rescue breathing. Transfer promptly to a medical facility. When this chemical has been swallowed, get medical attention. Give large quantities of water and induce vomiting. Do not make an unconscious person vomit. Medical observation is recommended for 24 – 48 hours after breathing overexposure, as pulmonary edema may be delayed. As first aid for pulmonary edema, a doctor or authorized paramedic may consider administering a corticosteroid spray.

Personal Protective Methods:  Whenever there is likelihood of excessive gas levels, workers should use respiratory protection in the form of full-face gas masks with proper canisters or supplied air respirators. The skin effects of chlorine can generally be controlled by good personal hygiene practices. 
Where very high gas concentrations or liquid chlorine may be present, full protective clothing, gloves and eye protection should be used. Saranex, Butyl Rubber/Neoprene, Viton, Neoprene, Butyl Rubber, and Viton/Neoprene are among the recommended protective materials. 
Respirator Selection:  
NIOSH/OSHA: 5 ppm: CCRS [any chemical cartridge respirator with cartridge(s) providing protection against the compound of concern]; or SA (any supplied-air respirator). 12.5 ppm: SA:CF (any supplied-air respirator operated in a continuous-flow mode); or PAPRS (any powered, air-purifying respirator with cartridge(s) providing protection against the compound of concern); or CCRFS (any chemical cartridge respirator with a full facepiece and cartridge(s) providing protection against the compound of concern); or GMFS (any air-purifying, full-facepiece respirator (gas mask) with a chin-style, front- or back-mounted canister providing protection against the compound of concern); or SCBAF (any self-contained breathing apparatus with a full facepiece); or SAF (any supplied-air respirator with a full facepiece). 
Emergency or planned entry into unknown concentrations or IDLH conditions: SCBAF:PD,PP (any self-contained breathing apparatus that has a full facepiece and is operated in a pressure-demand or other positive-pressure mode); or SAF:PD,PP:ASCBA (any supplied-air respirator that has a full facepiece and is operated in a pressure-demand or other positive-pressure mode in combination with an auxiliary self-contained breathing apparatus operated in a pressure-demand or other positive pressure mode). 
Escape: GMFS (any air-purifying, full-facepiece respirator (gas mask) with a chin-style, front- or back-mounted canister providing protection against the compound of concern); or SCBAE (any appropriate escape-type, self-contained breathing apparatus).

Scientific Tools to Monitor Poisonous Gases 
There are various types of detectors to find out the presence of gases in the ambient environment. The preferred instruments are of electrochemical type and digital type. The range includes personal detection systems, portable monitors and fixed types systems which can be used depending on the need. Instruments can be imported or the same are available indigenously too.
[image: image10.jpg]— ey

Bight visua sam
gtbar

Batrylovoland
ime ngeator

Govotiendy
dowinthe

Intcchangeatie N-AH
oralalne pawer souce



                 [image: image11.jpg]



 [image: image12.jpg]


         [image: image13.jpg]


             [image: image14.jpg]







Pictures of various types of Handy Gas Detectors
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