
The Effective Range of the pH Scale 

It is common that the pH scale is argued to range from 0-14 or perhaps 1-14, but neither is 

correct. The pH range does not have an upper nor lower bound, since as defined above, the 

pH is an indication of concentration of H+. For example, at a pH of zero the hydronium ion 

concentration is one molar, while at pH 14 the hydroxide ion concentration is one molar. 

Typically the concentrations of H+ in water in most solutions fall between a range of 1 M 

(pH=0) and 10-14 M (pH=14). Hence a range of 0 to 14 provides sensible (but not absolute) 

"bookends" for the scale. One can go somewhat below zero and somewhat above 14 in water, 

because the concentrations of hydronium ions or hydroxide ions can exceed one molar. 

Figure 11 depicts the pH scale with common solutions and where they are on the scale. 

Figure 11: 

Solutions and the placement of them on pH scale. Image used with permission (CC-BY-SA 3.0; 

Stephen Lower). 

 
The pH scale was originally introduced by the Danish biochemist S.P.L. Sorensen in 1909 

using the symbol pH. … The letter p is derived from the German word potenz meaning power 

or exponent of, in this case, 10.    
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pH is a measure of the concentration of hydrogen ions in a solution. The more hydrogen 

ions that are present, the more acidic is the solution. The pH scale ranges from zero (very 

acidic) to 14 (very basic).   …   A pH of 7 is neutral, a pH less than 7 is acidic, and a pH 

greater than 7 is basic. For example, the pH of lemon juice is 2 while some antacids have a 

pH of about 10. 

Ocean water is normally slightly basic, with a surface-water pH of about 8.2, but that has 

declined in recent years to about 8.1. A decrease of 0.1 pH units may not seem like much, 

but because the pH scale is logarithmic, each unit on the pH scale represents a tenfold 

change in acidity.   …  For example, water with a pH of 6 is ten times more acidic than 

neutral water with a pH of 7, and 100 times more acidic than water with a pH of 8. So a 

decrease of 0.1 pH units represents a 26 percent increase in the relative acidity of ocean 

water.     
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Acid rain is a popular term for the atmospheric deposition of acidified rain, snow, sleet, hail 

and particulates, as well as acidified fog and cloud water. The increased acidity of these 

depositions, primarily from sulfuric and nitric acids, is generated as a by-product of the 

combustion of fuels,[1] especially in fossil fuel power plants. The heating of homes, 

electricity production, and driving vehicles all rely primarily on fossil fuel energy. When 

fossil fuels are burned, acid-forming nitrogen oxides and sulfur oxides are released to the 

atmosphere. These chemical compounds are transformed in the atmosphere, often traveling 

thousands of kilometers from their original source, and then fall out on land and water 

surfaces as acid rain. As a result, air pollutants from power plants in the states of New 

Jersey or Michigan can impact pristine forests or lakes in undeveloped parts of the states of 

New Hampshire or Maine.[2] 

Acid rain in North America was discovered in 1963 in rain at the Hubbard Brook 

Experimental Forest (HBEF)[3] that was some 100 times more acidic than unpolluted rain. 

Innovations for reducing fossil fuel combustion emissions, such as scrubbers upstream of 

the tall flue gas stacks on power plants and other industrial facilities, catalytic converters on 

automobiles, and use of low-sulfur coal, have been employed to reduce emissions of sulfur 

dioxide (SO2) and nitrogen oxides (NOx). 

***  

In the Adirondacks, a significant positive relationship exists between the pH of lakes and the 

number of fish species present in those lakes. Surveys of 1,469 Adirondack lakes conducted 

in 1984 and 1987 show that 24 percent of lakes in this region do not support fish. 
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https://www.sciencedirect.com/science/article/pii/S1352231016306410     2016 

*** 

Heather Morrison, who co-authored the report, says smelters in Flin Flon and Thompson are 

the second- and third-largest sources of sulphur-dioxide emissions in the country.  CBC 

News · Posted: Mar 23, 2005 2:36 PM CT  
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(PD) Diagram: U.S. Environmental Protection Agency 

The pH tolerance of various aquatic species. The light blue areas indicate the pH levels 

which cannot be tolerated by the various species.[10] 

Surface waters are technically defined as being ‘acidic’ if their acid neutralizing capacity is 

less than 0, which corresponds to having pH values less than about 5.2. 

 

 

 

 

Figure 1. The water molecule, showing positive and negative polarity. 

A small amount of CO2 entering water combines with the water to form carbonic acid: 

  CO2 + H2O <--> H2CO3 

The carbonic acid, in turn, may dissociate:  H2CO3 <-->HCO3- + H+ 
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The 36-day-old clams in the photos are a single species, Mercenaria mercenaria, grown in 

the laboratory under varying levels of carbon dioxide (CO2) in the air. CO2 is absorbed from 

the air by ocean water, acidifying the water and thus reducing the ability of juvenile clams 

to grow their shells. As seen in the photos, where CO2 levels rise progressively from left to 

right, 36-day-old clams (measured in microns) grown under elevated CO2 levels are smaller 

than those grown under lower CO2 levels. The highest CO2 level, about 1500 parts per 

million (ppm; far right), is higher than most projections for the end of this century but could 

occur locally in some estuaries. (Figure source: Talmage and Gobler 2010). 
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