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How is pH Important to Living Organisms
HUMAN BLOOD pH:
Most living organisms can only survive within a narrow pH range.  If the pH of their body or their environment fluctuates too much the organism can die.  This is particularly true for human beings.  For example, blood is normally slightly basic, with a pH range of 7.35 to 7.45.  If our body's pH deviates slightly from this range, we will start to feel sick. If our blood pH falls below 6.8 or above 7.8, our body cells will stop functioning and death will occur.

If pH goes below 7.35, you have a condition called acidosis.  Acidosis is caused by an overabundance of acid in the blood or a buildup of carbon dioxide in the blood.  Carbon dioxide can build up in the blood when lung function is poor or breathing is slow.  Symptoms of acidosis include drowsiness, nausea, vomiting, and fatigue. If left untreated, it can progress to coma and death.

When the pH goes above 7.45 you will have a condition called alkalosis.  This can happen when there is an overabundance of bicarbonate in the blood or by a low level of carbon dioxide in the blood.  When a person hyperventilates their breathing becomes more rapid and/or deeper.  As a result, more carbon dioxide is expelled from the body.  Alkalosis can also occur when the body loses too much acid such as when there are prolonged periods of vomiting.  Symptoms include muscle weakness, muscle twitches and fatigue.  It can ultimately progress to paralysis and death if not treated. 

[image: image1.wmf]The body tries to maintain a stable, constant condition which is known as homeostasis.  It has several systems in place to regulate its pH levels:
[image: image2.wmf]Lungs: One mechanism the body uses to control blood pH involves the release of carbon dioxide from the lungs.  Carbon dioxide, which is mildly acidic, is a waste product created by cells as they use oxygen.  As with all waste products, carbon dioxide gets excreted into the blood.  The blood carries carbon dioxide to the lungs, where it is exhaled.  As carbon dioxide accumulates in the blood, the pH of the blood lowers (acidity increases).  The brain regulates the amount of carbon dioxide that is exhaled by controlling the speed and depth of breathing. The amount of carbon dioxide exhaled, and consequently the pH of the blood, increases as breathing becomes faster and deeper. By adjusting the speed and depth of breathing, the brain and lungs are able to regulate the blood pH minute by minute.

Kidneys: The kidneys are also able to affect blood pH by excreting excess acids or bases in the urine.  The kidneys make these adjustments more slowly than the lungs do, usually over several days.
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TOOTH ENAMEL: 

After many decades of improvements in oral health, tooth decay is on the rise again.  Much of the blame can be placed on soda, with sports drinks and other sugary beverages causing their share of trouble, too. This is because soda has gone from an occasional treat to the beverage of choice for many people, replacing healthy drinks like milk and water.  
The problem with drinking soda is the sugar and acid in the beverage which does major damage to the enamel on your teeth.  When you sip soda, the sugar in the drink interacts with bacteria in your mouth and creates an acid.  For 20 minutes- as long as it takes for your mouth to produce enough saliva to wash it away- acid is staging a siege on your teeth, attacking the enamel and eroding it. 

Enamel is a hard white substance that acts as an important barrier to tooth decay.  Weakened enamel thins, darkens, and opens the door wide for tooth decay to set in. Eroded enamel and decay leads to fillings and a greater likelihood that you will need crowns on your teeth.  And unlike beavers and rats, humans do not grow new enamel. All we have is what we're ever going to get. So it's important to treat your enamel well to make sure it lasts. 

While opting for diet soda can reduce some of the dental trouble associated with sugary drinks, it doesn't totally put you in the clear. That's because diet soda still contains the same amount of acid as regular.  The same goes for sports drinks. They actually have five times more acid that soda and some sugar, too. 

The best way to prevent tooth decay is to drink soda only occasionally, as a treat. Drink a can and be done with it; don't sip on a bottle of soda throughout the day. When you're finished with the soda, rinse your mouth with water or even brush your teeth, if possible. This will halt the acid's attack on your tooth enamel more quickly. 
STOMACH ACID & HEARTBURN:

A healthy stomach has an acidity level of about 2 which is approximately one million times more acidic than pure water.   The main acid that stomachs use to digest and dissolve food is hydrochloric acid (HCl).  This acid is strong enough to dissolve zinc metal.  Fortunately for us, the cells in the stomach lining renew themselves so quickly that the stomach acids do not have enough time to dissolve or eat through the stomach lining.

In patients with heartburn or acid reflux, the pH of the stomach does not change from its usual state.  Instead, there is a problem with the muscle that keeps acid from washing up from the stomach into the esophagus.  The esophagus normally has a higher pH than the stomach (indicating a lower amount of acid).  When reflux occurs, the pH of the esophagus drops as the stomach contents enter it.  This sudden change in pH is the cause of the irritation and injury to the esophagus, and can lead to heartburn, regurgitation, and chest 
pain.   Persistent acid reflux can lead to scarring of the esophagus and it is important to try to prevent it from occurring in the first place.
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As a means of preventing heartburn, restricting your diet is very important, since approx-imately 90-95% of sufferers can link their symptoms to specific foods.  Sufferers should choose the kinds of foods and drinks which have little risk of causing acid reflux, while some kinds of foods or drinks should be avoided all together as they are major heartburn triggers.  Specifically, it has been shown that fatty foods and caffeinated beverages can cause the symptoms of heartburn.  Fruit or juice, pretzels, coffee, tea, onions, peppermint, chocolate, soda, or highly spiced foods are to be avoided, especially shortly before bedtime (since acid has an easier time traveling back up the esophagus when you are lying down). 
Should you have heartburn, it can be treated with medications that act to neutralize the acid in the stomach.  For example, Tums, Alka-Seltzer, and baking soda are all basic solutions.  When they are mixed with the acid in the stomach, some of the acid is neutralized.  Less acid in the stomach means that stomach fluid has a higher pH.  Then, when reflux occurs, the stomach contents washing up into the esophagus are less irritating because they contain much less acid.
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PLANTS:
Human beings are not the only organisms that rely on fairly stable pH ranges.  Plants also require narrow pH ranges for survival.  Farmers must test the pH of their soil to be sure it is within the proper range for the crops they are trying to grow.  For example, roses require a pH range of 5.8 to 6.2.  Pine trees also require an acidic pH (4-6) whereas lettuce requires a basic pH of 8-9.  
The pH of soil is very important because soil carries in it nutrients such as Nitrogen (N), Potassium (K), and Phosphorus (P) that plants need to grow, thrive, and fight off diseases. 

If the pH of the soil solution is increased above 5.5, Nitrogen (in the form of nitrate) is made available to plants.  Phosphorus, on the other hand, is available to plants when soil pH is between 6.0 and 7.0. 

Certain bacteria help plants obtain N by converting atmospheric Nitrogen into a form of N that plants can use.   These bacteria live in root nodules of legumes (like alfalfa and soybeans) and function best when the pH of the plant they live in is growing in soil within an acceptable pH range.  For instance, alfalfa grows best in soils having a pH of 6.2 - 7.8, while soybean grows best in soils with a pH between 6.0 and 7.0.  Peanuts grow best in soils that have a pH of 5.3 to 6.6. 

[image: image6.png]


If the soil is too acidic plants cannot utilize N, P, K and other nutrients they need.  In acidic soils, plants are more likely to take up toxic metals and some plants eventually die of toxicity (poisoning). 

Herbicides, pesticides, fungicides and other chemicals are used on and around plants to fight off plant diseases and get rid of bugs that feed on plants and kill plants. Knowing whether the soil pH is acidic or basic is important because if the soil is too acidic the applied pesticides, herbicides, and fungicides will not be absorbed (held in the soil) and they will end up in garden water and rain water runoff, where they eventually become pollutants in our streams, rivers, lakes, and ground water. 

Lime, a strong base, is often added to soil that is too acidic to neutralize it and bring the soil pH closer to 7.  If the soil is too basic, peat moss (pH = 3) is added to neutralize the soil.
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Normal rain is slightly acidic with a pH around 5.5.  It is slightly acidic because naturally present carbon dioxide from the Earth's atmosphere dissolves in the rain drops to form carbonic acid.  Any rain that has a pH level below 5.5 is considered “acid rain”.  

WHAT IS ACID RAIN? 

Acid rain is a human-related phenomenon.  Since our industries are so fond of burning fossil fuels (coal and oil) they tend to release a lot of sulfur into the air.  (Volcanoes are a natural source of sulfur gases.)  This sulfur combines with the oxygen already present in the air to form sulfur dioxide (SO2).  Also, since we like to drive big fancy cars rather than ride bikes or walk, we cause the formation of nitrogen oxides (NO or NO2 or NO3, etc) in air from burning gasoline.  Most of these acid gases are then blown into the sky where they mix with the clouds and cause rain (or snow, sleet, fog, mist or hail) to become more acidic.  We can reduce the acidity of acid rain if we reduce our energy consumption.  We can do things like turning off lights when we aren’t using them, switching to fluorescent bulbs rather than high wattage incandescent bulbs, and turning down the heat (or air conditioning) if we won’t be home.  Carpooling, reducing the amount of time idling the car, and getting regular engine tune-ups every 6 months also help.

A PROBLEM ALL OVER THE WORLD 

Air pollution can be carried over long distances.  When acid gases are released, they go high up in the sky, and then they are pushed by strong winds towards other countries.  The pollution produced in Britain ends up mostly in Scandinavia - countries in northern Europe including Sweden, Norway and Denmark.  In the USA, the winds blow the air pollution to certain areas in Canada.

Sometimes, the environment can naturally adapt to acid rain. For example, in locations where there is a large amount of lime occurring naturally in the soil, the soil will have no problem with acid rain. The lime, which is a base, will neutralize the acid in the rain, thus minimizing their effects. 

However, in locations where there is not a way to naturally compensate for the acid rain, the acids can cause a lot of harm to things that we care about and enjoy. 
HOW BAD IS ACID RAIN? 
TREES AND PLANTS 

Trees are an extremely important natural resource. They provide timber, regulate local climate, and are home to wildlife.  Acid rain can make trees lose their leaves or needles- they 
turn brown and fall off.  Trees can also suffer from stunted growth; and have damaged bark and leaves, which makes them vulnerable to weather, disease, and insects.  All of this happens 
partly because of direct contact between trees and acid rain, but it also happens when trees absorb soil that has come into contact with acid rain. The soil poisons the tree with toxic substances that the rain has deposited into it.
Acid rain also depletes supplies of important nutrients (e.g. calcium and magnesium) from soils. The loss of these nutrients is known to reduce the health and growth of trees

Prolonged exposure to acid rain causes forest soils to lose valuable nutrients.  It also increases the concentration of aluminum in the soil, which interferes with the uptake of nutrients by the trees.  Lack of nutrients causes trees to grow more slowly or to stop growing altogether.  
LAKES AND WATER LIFE 

Acid rain has a terrible effect on water life.  Even if the acid rain does not fall directly into the lake, it may enter from rivers and streams.  Some fish and plants may end up dying, because they cannot survive the acidic environment. 
Lakes that have been acidified cannot support the same variety of life as healthy lakes.  A lake polluted by acid rain will support only the hardiest species.  As a lake becomes more acidic, crayfish and clam populations are the first to disappear, then various types of fish.  

Fish tend to disappear gradually from waterways as their environment slowly becomes intolerable.  Some kinds of fish such as smallmouth bass, walleye, brook trout and salmon, are more sensitive to acidity than others and tend to disappear first.  Even those species that appear to be surviving may be suffering from acid stress in a number of different ways. One of the first signs of acid stress is the failure of females to spawn. Sometimes, even if the female is successful in spawning the hatchlings or fry are unable to survive in the highly acidic waters. This explains why some acidic lakes only have older fish in them. A good catch of adult fish in such a lake could mislead an angler into thinking that all is well.
Other effects of acidified lakes on fish include: decreased growth, inability to regulate their own body chemistry, reduced egg deposition, deformities in young fish and increased susceptibility to naturally occurring diseases.

As fish stocks dwindle, so do populations of loons and other water birds that feed on them.  Also, birds can die from eating "toxic" fish and insects.  

Some life forms actually benefit from the increased acidity.  Lake-bottom plants and mosses, for instance, thrive in acid lakes. So do blackfly larvae.

Thousands of crystal clear lakes in Scandinavia are virtually devoid of life. They have received so much acid rain for so many years, because of the winds pushing the acid gases from Great Britain, that virtually nothing can survive. You can recognize a lake dead from acid 
rain by its clean and crystal clear water.  They look clean because there is very little living in them anymore. 
Not all lakes that are exposed to acid rain become acidified. In areas where there is plenty of limestone rock, lakes are better able to neutralize acid. In areas where rock is mostly granite, the lakes cannot neutralize acid. 

BUILDINGS 

Acid rain can also ruin buildings because the acid eats into metal and stone. It also damages stained glass and plastics. Some types of building materials are softer than others, and it is the softer ones which are most affected by acid rain. Sandstone and limestone are examples of stone which are fairly soft and are damaged easily. Granite is an example of a harder stone that can resist the effects of acid rain. 

In many places in the world, ancient and famous buildings and monuments are affected by acid rain. For example, the Statue of Liberty in New York, USA, has had to be restored because of acid rain damage. Buildings are naturally eroded by rain, wind, frost and the sun, but when acidic gases are present, it speeds up the erosion.

HUMAN HEALTH 

Sulfur dioxide can react with water vapor and other chemicals in the air to form very fine particles of sulfate. These airborne particles form a key component of urban smog and are now recognized as a significant health hazard. 

When we breathe in air pollution, these very fine particulates can easily enter our body, where they can lodge deep within the lungs, causing inflammation and damage to tissues, and over time, even cancer. Many can find it difficult to breathe, especially asthma patients. Asthma, along with dry coughs, headaches, and throat irritations can be caused by the sulfur dioxides and nitrogen oxides from acid rain. 
Acid rain can be absorbed by both plants (through soil and/or direct contact) and animals (from things they eat and/or direct contact). When humans eat these plants or animals, the toxins inside of their meals can affect them. Brain damage, kidney problems, and Alzheimer's disease has been linked to people eating "toxic" animals/plants.
Did you know?�Farmers and gardeners used to taste their soil to determine its pH. If it had a sweet taste or smell, it was alkaline (basic). A sour taste meant it was acidic. 





Why hydrangeas change color�Contrary to popular opinion, the color of hydrangea flowers is not directly affected by soil pH. Rather, the key factor is the availability of aluminum.  Acidic conditions convert the aluminum compounds normally present in the soil into a form that the shrub can absorb, resulting in a blue flower.  In alkaline soil, the aluminum remains tied up in insoluble compounds that the shrub can’t use. The result? Pink flowers.





Did you know?�Sunlight helps to form acid rain.  Since there is usually more sunlight in the summer months, acid rain tends to be more acidic in the summer.








