
The Importance of Dihydrogen Monoxide 
This week we will get back to some basic lake science to give you a little 
background on why and how things happen in lakes and why it takes so long to 
improve water quality in a lake. It may sound obvious but what makes aquatic 
ecosystems possible is the unique chemistry and physics of dihydrogen 
monoxide or hydrogen oxide, more commonly known as water. Water has 
some unique qualities that we usually take for granted but which make life as 
we know it, possible. It exists in solid (ice), liquid (water), and gas (water 
vapor) phases at normal ambient temperatures. This basic fact makes possible 
the hydrologic cycle that drives our weather and fills our lakes with water. 

Water molecules are made up of two hydrogen atoms that are positively 
charged and an oxygen atom that is negatively charged. The hydrogen atoms 
are attached to the oxygen at an angle of about 105 degrees, which results in the 
surface charge of the molecule being unevenly distributed. This makes water a 
"polar" molecule that is a very powerful solvent. Known to chemists as the 
"universal solvent," water has the ability to dissolve at least some of almost 
anything. This means that it can easily dissolve things like oxygen, carbon 
dioxide and nutrients necessary for life. It also means water can dissolve 
contaminants from the soil and transport them to the nearest water body. The 
amount and complexity of salt in the oceans is testimony to water's ability to 
dissolve minerals from rocks. 

Water's polarity also results in another property that drives many lake 
processes. Most substances increase in density uniformly as they cool and the 
solid phase of most materials is denser than the liquid phase. With water, the 
density increases as it cools but only until about 4oC (~39oF) when it reaches a 
maximum. At temperatures below that, the water molecules begin to align into 
a hexagonal structure held together by hydrogen bonds that freeze solid at 0oC 
(32oF). As a result, solid ice is lighter than liquid water and floats on top. This 
is the reason that our lakes freeze from the surface down instead of from the 
bottom up. If water were like most substances, with the solid phase denser than 
the liquid, lakes in Maine would freeze solid from the bottom up and there 
would be no refuge of liquid water in a lake for aquatic organisms to winter 
over without freezing solid. 

The fact that water has a maximum density above freezing also results in 
"turnover" of the water in our lakes. In the fall, as air temperatures decrease, the 
warm water at the lake surface also cools. Because the cooler water is denser 
than the water below, it sinks until it reaches the level where it is no longer 



cooler than the surrounding water. This sinking water creates downward 
convective currents that both cool the water column and bring oxygen rich 
water from the surface to deeper depths. As the lake cools, eventually it reaches 
a point where the water is the same temperature (4oC) and density throughout 
and is well oxygenated from top to bottom. Because it is of uniform density, 
there is little resistance to mixing and the lake mixes easily with wind or 
flowing water currents. Cold water can dissolve more oxygen than warm water 
so this is the time of year when oxygen in the water column is maximized. As 
the surface water continues to cool below 4oC, the cooler water is less dense 
than the deeper water and the surface water stops mixing downward and 
eventually freezes, resulting in a protective insulating blanket that allows the 
rest of the lake to remain as liquid water through the winter. 

In the spring, as the ice melts and the water warms, the lake again reaches a 
point where it is the same density throughout and easily mixed. Because of this, 
lakes in temperate regions like Maine turn over twice a year, in spring and fall. 
Limnologists (scientists who study lakes) call these types of lakes "dimictic" 
lakes. This turnover ensures that the entire water column gets well oxygenated 
at least twice a year. In other parts of the world, the temperatures don't get cold 
enough to turn over deep lakes. In these lakes, which limnologists call 
"meromictic," the deep waters become anoxic and there is a permanent "dead 
zone" in which poison gases such as hydrogen sulfide can build up. 
Occasionally an unusual event such as an earthquake will disturb the 
stratification and the lake will belch poison gas such as Lake Nyos in 
Cameroon did in 1986, causing nearly 1,800 deaths. Next time you find 
yourself feeling like our cold Maine winters are a problem, think about what 
the cold is doing to help turn over our lakes and keep them healthy. 


