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INTRODUCTION

     It is known that the most important acidifying substances that one deposited from the atmosphere are weak solutions of sulfuric and nitric acids.  

     These solutions usually arrive in the form of acidic precipitation, dry deposition, and sometimes action particulates, all which can contribute substantial acidifying potential to ecosystems.  It is this acidifying process that has been connected to incontrovertible evidence of damage to fresh water ecosystems, i.e.: lakes, streams, and rivers.

     This paper will examine some of the chemical characteristics of acidic precipitation and dry deposition and their effects on terrestrial and aquatic ecosystems.

Deposition of Acidifying Substances From the Atmosphere 

     There  are two main pathways by which acidifying substances are deposited from the atmosphere to aquatic and terrestrial ecosystems 1) wet deposition (rain, snow, fog).  2) dry deposition of particulates.

     First it would be prudent to discuss the chemistry of precipitation.  Acidic precipitation is defined as having a pH less that 5.65.  This, the acidity that is produced by carbonic acid that occurs when atmospheric CO2 is in contact with pure water.

Atmospheric moisture is not however merely distilled water in a pH equilibrium with CO2. Because their is neutralizing influences, primarily soil derived cations such as Ca and Mg.  These ions occur naturally in trace amounts in precipitation.

     The most abundant cations in precipitation are H+, NH4+, Ca2+ ,Mg2+, and Na+, while the most abundant anions are SO2, CL-, and Na+.  The quantity of H+ in solution is directly related to the difference in concentration of the sum of all anions and the sum of all cations other than H.




H+ = SO42- + NO3- + CL- - Na+  - NH4+- Ca2+ - Mg2+
     The above equation has been used to calculate the pH of precipitation samples that were collected and analyzed prior to 1955, which made the pH values suspect.

     A long term study of precipitation data was conducted in a Hubbard Brook, in New Hampshire, which concluded that most of the acidity in the precipitation is in the form of Sulfuric and Nitric acids.

     These results were expected when a trajectory analysis of air masses during 69 precipitation events showed that the largest concentrations of Hydrogen Ion, Sulfate, and Nitrate were associated with storms that passed over large metropolitan area such as New York and Boston.  These storms accounted of 2/3 of the wet deposition of H, while storms from the Northwest had small concentrations of H+, NO3-, and SO42-.

     The chemistry of precipitation differs greatly on both regional and local scales.  This reflects the patterns of emission of SO2 and NOx, their degree of oxidation to sulfate and nitrate, and prevailing direction traveled by air masses containing these pollutants.

     Acid neutralizing dusts in the atmosphere also influence precipitation chemistry.  A good example is in areas of agriculture where dusts are swept into the atmosphere by winds blowing over bare fields.  A study was done between (82-83) where the average volume weighted concentrations of chemical constituents were collected on four locations Maritime, Continental, and Prairie sites in Canada.

                                                            An Abridged Table  (Freedman, 100)        Maritime                          Industrial                            Remote                            Prairie   
  Kejimkujik, N.S.             Dolset, Ont.                     ELA, Ont.                Lethbridge,  Ala.

cations   
H+             25.1                       73.6                        18.6                          1.0

Ca                4.3                      10.1                         12.0                      112.8

Mg               2.9                        2.4                           2.4                        25.5

anions

So42-            27.5                     58.3                          27.1                        43.5

NO3-             9.7                      35.5                         16.4                        20.8

  pH              4.6                      4.1                           4.7                          6.0

Data in (ueq/L)

       The data for doiset are reprresentative of a region where precipitation is quite acidic, dorset had large concentrations of H+, SO4, and NO3, showing the acidity was mainly from sulfuric and nitric acids. These large concentrations are largely anthropogenic.  From sources such as power plants, metal smelters, and automobiles.  

     The ELA site located in a remote area that is not effected by long range transported air masses that are contaminated by anthropogenic emissions.  Therefore one can see the smaller concentrations of nitrate and sulfate.

     The Kejimkujik Nova Scotia site is also fairly remote from sources of emission, It does receive some air masses from the emissions source areas of the northeastern U.S., but due to the remoteness of the area the acidic constituents have been mostly rained out, therefore the precipitation is only moderately acidic~4.6.

     The fourth site, Lethbridge, Ala. is on a prairie landscape.  The pH is 6.0 because of the Ca2+ from the calcureous durs and Mg2+ these cations are usually soil derived and have a neutralizing influence.  One can see that the concentrations of calcium and magnesium are almost ten times larger at Lethbridge than at the other sites.  The data above shows that calcareous dusts in the atmosphere strongly influence the chemistry of precipitation on both local and regional scales.

     Areas of the world that are currently battling the problem of acidic deposition are Eastern North America and Northwestern Europe.  However it is known to be a problem in other places where emissions of SO2 and NOx  gases are substantial.

     A characteristic of acidic precipitation is “that it does not generally decrease in intensity with increasing distance from large, point source emitters of acid anion precursors.” (Freedman 102)  These precursors are usually power plants or smelters that vent SO2 from tall smoke stacks.  This fact helps to prove the idea that acidic precipitation is a regional characteristic.  “As a result, the long range transport of air pollutants appears to have a larger influence then local sources on the chemistry of precipitation.

     The second major source of acidification is Dry deposition, which is a continued process between precipitation events.  “These processes can result in substantial inputs of certain atmospheric constituents, including some that can generate acidity when they undergo chemical transformations.” (Freedman 103)

     Dry deposited SO2 and NOx are oxidized to sulfate and nitrate respectfully both are electrochemically balanced by an equivalent hydrogen ion, thereby generating acidity.  Ammonium undergoes a similar chemical transformation where it is oxidized to nitrate plus 2 equivalent units of hydrogen ion.

     The dry deposition of these 2 cations are generally the largest in region with large concentrations of gases NOx and SO2.

     The process of dry deposition to ecosystems has not been adequately studied and therefore estimation of dry fluxes is difficult.  Studies have found that the dry deposition of NOx and SO2 are important and that dry deposition dominates in areas of high pollution close to sources of emission.

Chemical Changes Within the Watershed

     The chemistry of precipitation is shaped greatly by the interactions the precipitation has within the watershed.  A few affects that will be looked at are: 1) canopy effects 2) chemical changes in soil 3) soil acidity and 4) surface water chemistry.

     Canopy effects are changes in the acidity of precipitation that falls onto the canopy’s large forests.  Most of the incoming water penetrates through the canopy and reaches the forest floor.  Small decreases in acidity are shown to happen to the throughfall water.  This can be attributed to leaching of ions, particularly Ca2+, Mg2+ and K+.  The small decreases in acidity are probably caused by ion exchange reactions taking place on the leaves and bark of the vegetation surfaces, with H+ largely exchanging for the cations.

     This canopy effect has shown to result in a “consumption of 66% of the precipitation input of hydrogen ion” (Freedman 107) in certain tree stands.

     When precipitation  reaches the soil, important chemical changes take place as the water percolates downward.  As it moves it interacts with minerals, organic matter, microbes, and plant roots.  Some examples are 1) the take up and release of ions by plants 2) ion-exchange capability 3) solubility of minerals and 4) formation of secondary minerals.

     All these various chemical changes can contribute to soil acidification, especially the leaching of basic cations such as calcium and magnesium.  Another potential of acidic deposition is to enhance the leaching of toxic Al3+ and H+ to surface waters.

     Studies have shown that acidic leaching solutions can have a number of effects on soil chemistry.

           1) Increased rates of leaching of calcium, magnesium, and potassium, resulting in a  

                decreased base saturation of the cation-exchange capacity                                   

           2) Increased concentrations of toxic, cation forms of metals such as Al, Fe, Pb, Ni,

                etc...    

           3) Acidification of the soil. 

           4) Saturation of sulfate absorption capacity

                                                                              (Freedman, 108)

The acidity of soil is influenced by a wide variety of physical/biological chemical transformations and exchanges.  Two chemical processes that are important in soil acidity are the nitrogen and sulfur cycles.

     The nitrogen cycle involves an uptake and/or release and a chemical transformation of nitrogen which has a wide array of consequences on soil acidity.  For example, if there is a direct deposition of ammonium ion to the soil, then plant uptake of NH4+, with a H+ release will have an acidifying effect.  With less acidic soils 75.5 pH, most of the nitrogen occurs as NO3-, which is mainly produced by microbial oxidation of NH4+.  Overall this reaction generates two H+ for every NO3- produced.  When this nitrate is taken up a OH- is given off, a net effect on soil acidity is zero.

     The sulfur cycle like the nitrogen cycle can also influence soil acidity.  Much of the sulfur found in the soil is S2.  Through microbial processes the organic sulfur can be oxidized to sulfides, elemental sulfur and thiosulfates.  This oxidation is accompanied by a release of H+, but when the SO42- is taken up, then an OH- is released back, conserving the soil neutrality.

     In all the sulfur cycle has a smaller effect on soil acidity than the nitrogen cycle.  However, when anaerobic soil becomes aerobic, such as when draining a wetland area the sulfur cycle dominates.  The chemoautotrophic oxidation of reduced forms of sulfur, especially sulfites can cause a pH<3 which can be present for as long as 10 years.

     Changes in water chemistry that happen when precipitation interacts with forests result in decreased concentrations of certain chemicals and increased concentration in others.  These net effects occurring on land are reflected in the chemistry of surface waters such as streams, rivers, and lakes.

     Widespread acidification of weakly buffered surface waters has been attributed to the deposition of acidifying substances from the atmosphere.  In a Environmental Protection Agency study which sampled over 10,000 lakes over 1,100 were identified as acidic mostly in the eastern United States.  75 % of the lakes were acidified due to atmospheric deposition.  In another EPA study on streams over 40% of the acidic streams, were acidified by dry deposition.

     Surface waters are vulnerable to acidification tend to have the same physical and chemical characteristics.  One characteristic is that some waters tend to have a small alkalinity or acid neutralizing capacity.  Usually it is absorbed until a buffering capacity is exceeded, after which there is a rapid pH decrease until another buffering system comes into play.  In a sense the acidification of surface waters by atmospheric deposition of acidifying substances can be viewed as a large lake titration’s of alkalinity.

     Even distilled water contains bicarbonate as a result of H2CO3 equilibrium with CO2.  At a pH of 5.6, 18% of the total inorganic carbon is present as H2CO3.  The rest occurs as free CO2.

      pH                              Free CO2                     H2CO3                    CO32 -
        4                                   99.6                            .4                        1.3x10

        5                                   96.6                          3.8                        1.2x10

        6                                   72.5                        27.5                         .0009

        7                                   20.8                        79.2                         .026

        8                                     2.5                        97.2                         .32

        9                                       .3                       96.6                        3.1

       10                                      .002                   75.7                       24.3

                                                                                                                 (Freedman, 124)

% of inorganic carbon occurring as CO2, HCO3, and CO32- in water at various pH levels.

     The concentration of bicarbonate in natural surface  waters is influenced by other factors, when the surface water comes into contact with mineral  carbonates in the soil, large quantities of bicarbonate alkalinity are generated, and the acid-neutralizing capacity is large.  e.g.. CaCO3+H2O+CO2    Ca2++2HCO3-

     Soils that do not have an appreciable quantity of carbonate minerals, have small alkalinity generating capacity.  Therefore any chemical reactions that generate alkalinity become relatively important.  Some vulnerable watersheds with minimal alkalinity are eastern Canada and Scandinavia, the Adirondacts and other Mountain chains of Eastern North America.  These places are vulnerable because they are on thin soils of glacial gneiss.  These soils also have small sulfate-absorption by large sulfate inputs via atmospheric deposition.  This produces H+ and Al3+ which can quickly acidify surface waters.

Biological Effects of Acidification

     Acidic deposition can affect vegetation in several direct ways:

             1) The integrity of the leaf cuticle could be damaged.

             2) The could be interference with the functioning of the stomata guard cells.

             3) Acute injury could be caused to folic cells.

             4) Hidden-injury metabolic effects could result from changes in the rate of

                 photosynthesis, respiration, or some other metabolic function.

             5) The chemistry or quantity of root or foliar exudates could be altered.

             6) There could be interference with plant reproduction.

                                                                                                     (Freedman, 126)

     Acidic depostion can affect vegetation in several indirect ways:

              1) The rates of leaching of substances from foliage could be increased.

              2) Metabolic disruptions of plants could affect their symbolic associations with 

                  nitrogen fixing microorganism.

              3) Vulnerability to parasites, pathogens, and insect damage maybe indirectly 

                   affected by damage to the protective cuticle.

   4) Root damage could be indirectly caused by increased concentrations of     

                   available metals in soil as a result of acidification.

               5) There could be synergistic interactions with other environmental stesssors 

                    such as gaseous air pollutants and drought.

                                                                                    (Freedman 126)


Probably the most important victims of acidification are certain populations of fish.      A good example is the salmon, which is of commercial importance.  Some extirpations of the salmon population have been reported in the Northern hemisphere where acidification of surface water has been reported.  Some dramatic effects on fishing, and the fish community such as dramatic fish kills and lost fish populations in whole lakes have paralleled this acidification of lakes in Eastern U. S. and Canada.  A cause of the disappearance of fish in acidified lakes has been attributed to the failure of certain fish to reproduce rather than the death of adult fish.

Reclamation of Acidified Waterbodies  

Reclamation of acidified waterbodies by limnologists has been studied as a potential method for the neutralization of acidified clearwaters by the addition of bases usually limestone (CaCO3) or Lime [Ca(OH)2]. This process is analagous to titrations to raise the pH of lakes.


The effects of this base addition on lake water pH is largely reflected by the size of the drainage basins of the lakes, and usually the effects of neutralization is relatively short lived.  However the practice needs more study and the fertilization of acidic lakes may be an effective management practice for many acidified waterbodeis in the future.

Abatement of Emisisons of Acidifying Substances and Their Precursors


It should be pointed out that the addition of bases to lakes is a method that treated the symptoms of acidification and not the causes.  In the future, reductions in the anthropogenic emissions of acid-forming gases will be the future solutions to the widespread environmental problem of acidification.


Questions do remain however on the methods for the reduction of SO2 and Nox

emissions, and these methods must take economic costs into consideration.  Since air pollution is generally a by-product of profitable economic activity, care must be taken as so not to restrain the economy.  In the future,  reduction of emissions will have to be accomplished in the face of emerging political and economic challenges.
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