Environmental Science

Stuff you need to know

· Environmental science is an interdisciplinary field that evaluates the scope and impact of human activities on Earth.  Environmental scientists employ fundamental ideas and information from biology, chemistry, demography, ecology, economics, engineering, ethics, geology, geography, politics, resource management, and sociology to understand the inner workings of the Earth and how humans affect those inner workings 

· Major environmental problems include biodiversity depletion, air pollution, water pollution, waste production, and issues regarding food supply.  To solve these problems, environmental scientists employ various tools, whether physical or conceptual, to examine, evaluate, and interpret local and global environmental issues. 

The Scientific Method 

· The Scientific Method is the most essential tool or process that differentiates environmental science and environmental studies.  The steps involved in the scientific method are as follows: 

·         Ask a question or identify a problem

·         Collect data by experimentation, that is, making observations and measurements

·         Come up with a possible explanation or hypothesis, an educated guess

·         Test the hypothesis by developing a model, a concrete representation or simulation of a system or situation under study.  A model can be conceptual, graphic, physical, mathematical or mental.

·        

· When a hypothesis does not fail a series of tests and become accepted by many scientists, that full-proof hypothesis becomes a theory.  A theory is an idea, model, or principle that explains many previously unrelated facts.  Numerous evidences often support a scientific theory.

· Well-tested and accepted patterns in the data collected from experiment also become scientific laws, which describe what happens in nature.  Theories, on the other hand, are popular accepted explanations of data and laws. 

· In environmental science, one will learn about the first and second law of energy or thermodynamics.  Another widely known law is the law of conservation of matter, which states that matter can neither be created nor destroyed.

·  Among popular scientific theories, John Dalton’s atomic theory of matter and Einstein’s relativity theory come to mind.

·         Scientists test a hypothesis through a controlled experiment:

· Setting up a control group, which has no changes, and an experimental group, wherein a variable is changed in a known manner.

·  Both groups must have similar or same components and experience the same conditions except for one factor, which is being varied in a known manner.

· In new medicine or drug testing, one group may be given a placebo, a harmless pill similar in appearance to the real pill but is made of starch, while the other group is given the new drug.  This controlled experiment is called a double-blind experiment. 

·         Environmental processes, however, are much more challenging to monitor because they have many variables interacting in complex manners that are not highly understood.  Thus, controlled experiments in environmental science can be very difficult if not impossible to execute.

·         Scientists can disprove an idea but they can never prove an idea to be absolutely true.

·  

How scientists think and collect data 

· Scientists can arrive at conclusions through inductive reasoning, a process in which scientists use specific observations and facts to reach a generalization or hypothesis.  The question generally asked here is “What do these specific items have in common?”  Basically, inductive reasoning goes from specific items to a general conclusion and thus involves a degree of uncertainty, particularly if measurements were involved. 

·         Scientists also employed deductive reasoning, a process in which scientists use to determine which observations or experiments are essential to test a hypothesis.  Deductive reasoning, in reverse to inductive reasoning, proceeds from generalities to specifics.

·         Inductive and deductive reasoning are not fool proof.  Conclusion reached from either reasoning may be true of false.

·         Since humans and measuring devices are not ideal or perfect, scientific measurements have some degree of uncertainty.  Thus, scientists patiently and methodically insist on

·  A standard procedure for their observations and measurements

·  A calibration of all measuring devices

·  Reproducibility by repeating measurements and employing statistics to arrive at an average measurement that is considered to be within statistically acceptable limits 

·         Uncertainty of a measurement can be quantified by looking at the measurement’s accuracy and precision.  Accuracy is how close a measurement is to the accepted or correct value.  Precision is how reproducible or how close measurements in a set are to one another.

·         A set of measurements can be precise but not necessarily accurate.

·         Since scientists have biases, their results should be

·   evaluated externally by other research teams or analysts.

·  published in a prominent scientific journals so that other scientists can correct or enhance new ideas, concepts, data, and results. 

Energy Units 

·         An essential component of environmental science is the study of how humans generate and use energy resources.  Several popular units of energy are Calories, Joules, BTUs, and Kilowatts-hours.

·         A calorie (cal) is defined to be the energy required to raise one gram of water by one degree Celsius. One calorie is equivalent to 4.184 Joules.  Joule (J) is the preferred energy unit in various science fields all around the world.  Nutritionists often deal with food calories (Cal).  One food calorie or one Cal is actually 1,000 cal or 1 kcal. 

·            

·   A British Thermal Unit (BTU) is the energy required to raise one pound (lb) of water by one degree Fahrenheit.  BTUs are often used to describe the heating or cooling capacity or capability of a piece of equipment or a machine, for example, air conditioners and water heaters.

·    A kilowatts-hour (kWh) is the preferred energy unit used in the utility industry.  Monthly electric bills in the U.S. often cite each household’s charge based on its consumption of electrical power in kWh.  1 kWh = 3,400 BTUs. 

· Units of Measurements 

·         To measure acidity of water or soil, scientists use pH, a logarithmic measurement or scale of the concentration of H+ or H3O+ in a solution.  Generally, aqueous solution can be acidic, neutral or basic, depending on their pH values

·  

· pH values 
Type of aqueous solution

[ H3O+]

· Less than 
7
Acidic

greater than 10-7 M

· 7 


Neutral


is 10-7 M

· More than 7   Basic or Alkaline
Less than 10-7 M

· The brackets surrounding the chemical formula symbolize “the total concentration” of that chemical formula. Thus, [ H3O+] implies the total concentration of  H3O+. The unit M stands for molarity, which is the mole of a solute (in this case, H3O+) per liter of solution.  

· By quantitative definition, pH = - log [H3O+] = the negative of the log of the concentration or molarity of H3O+ in solution. Beginning environmental students are not expected to know how to calculate the molarity of a solution, but they should be familiar with the use of molarity and pH in aqueous solution. 

·         The news media commonly describes or reports the amount of environmental pollutants, however low in concentration, in units of parts per million (ppm) or parts per billion (ppb).  These units are often defined in mass ratio.  For example, 625 ppm of phosphate in water means that there are 

·         625 g of phosphate in 1 million gram of water    OR

·         625 x 10-6 g or 6.25 x 10-4 g or 0.000625 g of phosphate in 1 g of water  OR

·         625 mg of phosphate in 1,000 g of water or 625 mg of phosphate in 1 L of water 

· (Note: density of water = 1 g cm-3  = 1 kg L-1).

· Using ppm and ppb is also convenient when the chemical composition of the contaminant is unknown or when the contaminant occurs as a solid or liquid. 

·         Levels of air pollutants and greenhouse gases are often given in ppmv or ppbv, which is derived from volume ratio. For example, between 1960 and 1997, carbon dioxide levels have increased from 316 to 360 parts per million or ppmv or ppm.  Where gases are concerned, the volume ratio is understood and “v” is not necessarily included as part of the abbreviated unit.

·         Often, units of concentrations such as ppm or ppb can be used to manipulate an individual’s impression of the contamination level of a pollutant.  Therefore, while knowledge of a pollutant’s amount or concentration is essential, one must also examine the toxicity of that pollutant.

Factor-label Method or Dimensional Analysis 

·         Environmental scientists are expected to know how to convert one energy unit to another.  Unit conversions are often accomplished by factor-label method or dimensional analysis, using conversion factors, which are fraction-like expression with one unit in the numerator and another unit in the denominator.  For example, convert 15 cal to J.

· 15 cal (4.184 J/1 cal) = 62.76 J 

· In the above example, (4.184 J/1 cal) is the conversion factor required to convert cal to J.  If we were to convert from J to cal, then the conversion factor would be the reciprocal, that is, (1 cal/4.184 J). 

·         Under careful mathematical examination, multiplying a unit by an appropriate conversion factor is equivalent to multiplying by 1.  To illustrate this point, let us observe and algebraically manipulate the calorie-joule relationship:

· 4.184 J = 1 cal

· 
Divide both sides of the equation by 1 cal, we are left with

· 

4.184J/1 cal = 1

Scientific Notation and Significant Figures 

·         Often when scientists work with large or small numbers, they would express them in scientific notation.  For example.

·         1 million = 1,000,000 = 1 x 106.
·         0.00000000285 = 2.85 x 10-9.
· Significant figures are important in measuring and collecting data.   How accurate a measurement is depends on how accurate the measuring device and the experimentalist are.
·         There are several rules that scientists use to determine the number of significant figures or digits a number has.  The rules to remember are.

·         All non-zero numbers are significant.

·         Zeroes to the right of a non-zero number, which sits on the right of a decimal point, are significant.  See case (a) below.

·         Zeroes to the right of a non-zero number are NOT significant if there is no decimal point to the right of the zeroes.  When an experimentalist or researcher indicate a decimal point, that researcher has measured the number out to that degree of accuracy.  Differentiate between case (b) and (c) below.

· Zeroes to the right of a decimal point are significant if the number is greater than 1 .  See case (d) below. 

·         Zeroes to the left of a non-zero number, , which sits on the right of a decimal point are NOT significant (see case (e) below) UNLESS

·         The zeroes are between two non-zero numbers.  See case (f) below.

·  

·         As illustrated above in example (h) and (i), counting numbers have infinite significant figures and are not expressed in scientific notation.

·         Please note that a number does not lose its significant figures or digits when it is appropriately expressed in scientific notation.  Before the multiplication sign and the power of 10, the precursor should be greater than 1 and less than 10.  In example (e) cited above, the precursor must be appropriately expressed as 7.448 followed by (x 10-3).  While the following expressions are mathematically equivalent,

· 74.48 x 10-4       or        0.7448 x 10-2
· they are not appropriately expressed in scientific notation that requires 1 < precursor < 10. 

Models


· As previously mentioned, most environmental science models can be conceptual, physical, mathematical, and graphical. 

·         Conceptual models describe general relationships or interactions among the components of a system or organization.  Most often, conceptual models are flow charts.

· Physical models are smaller or scale models of large systems, for instance, model airplanes and architectural models of buildings and landscapes. 

·         Mathematical models have one or several mathematical equations that describe the patterns or behaviors of a system under study.  Mathematical models help us to perceive reality in quantified variables and to predict outcomes.  For example, climate models have boundary conditions, which are a set of equations that describes how certain variables (precipitation, solar radiation, air pollutants, cloudiness, etc.) flow in and out of various parts of earth’s entire surface.

·         Graphical models illustrate numerical and non-numerical data in meaningful visual patterns.  For example, the world’s map shows the relative proportion of nations and the geographical landmarks (mountains, lakes, rivers, oceans, etc.) surrounding them.

Interpretation of Charts, Graphs, Maps and Tables 

· Environmental science students are often expected to interpret data provided by charts, graphs, maps and tables.  They must be able to recognize whether a dependent parameter is constant, increasing or decreasing linearly or exponentially when another independent parameter is varied. 

· While graphs can be scattered, pie, column, bar, and line charts, one must pay close attention to the legends and labels of the graph under analysis. 

·  Some popular environmental science graphs are :

·  Earth’s mean surface temperature over the year, 

·  Oxygen sag curve and biological oxygen demand curve in downstream pollution

·  Soil composition triangle, with percentage of sand, silt and clay that make up the soil

· Age structure diagrams, to be discussed below, used in study of population dynamics 

·         Students should also be extremely proficient in world geography, knowing the name, location and resources of

·  All continents and oceans

· Major mountains, rivers, lakes, and aquifers

·  Essential ecosystems and islands where biodiversity thrives or where rare, endangered or threatened species inhabits

Leading developed nations and notable developing nations 

Age Structure Diagrams


·         An excellent example of a graphical model used in population dynamics is the age structure diagram, which illustrates the proportion of the human male and female population at each age level.

·         The shape of an age structure diagram can aid demographers in predicting a population growth rate to be slow or rapid, linear or exponential, and positive, zero, or negative.

· How age structure diagram can be employed to make population and economic projections will be discussed extensively in a later chapter. 

· Rule of 70


·         A quick way to approximate the time (in any time unit or interval) required to double a population size or a resource (food, water, land, energy, money) is called the Rule of 70:

· Doubling time = (70/percent growth rate)

·         For example, determine the number of years required to double the population of an insect if its growth rate is 3.5% per 3 months.

· 70/3.5 = 20 time intervals or units.

· Since each time interval is 3 month, there would be a total of 60 months or 5 years to double the insect population.

·  

· Feedback Loops, Synergy, and Chaos 

·         In an environmental system, an original change may lead to another change that either deflate or reinforce the original change.

· A positive feedback loop is a situation in which a change occurs in a specific direction that causes a system to change further in that same direction.  The runaway greenhouse effect is an excellent example: carbon dioxide absorbs heat, causing bodies of water to evaporate and release more carbon dioxide, which absorbs more heat to cause more production of carbon dioxide. 

· A negative feedback loop, on the other hand, is how one change may lead to a reduction of that change.  For example, if more pollutant emissions are controlled effectively, less pollutants will be available to irritate humans and in the long run pollution emissions control will be reduced. 

·         Synergy or synergetic interaction occurs when the combined result of two or more processes is much greater than the sum of their separate results.

·         When a system’s behavior is unpredictable and follows no patterns, we say that the system is under chaos.  Chaos 

·         are often seen in population fluctuations of many animals and plants.

·         may be extremely sensitive to small perturbations

·          

·  

· A unique chaotic effect is called the butterfly effect: when a minute change grows quickly into an extremely large unpredictable change.

Essential Environmental Chemistry 

·         To understand the foundations of environmental science, one must understand the foundations of chemistry.  One must know

·         the difference between an element and a compound

·         that elements and compounds may form mixtures

·         that all matter, whether solid, liquid or gas, is built from 120 known elements from the Periodic Table

·         the difference between an atom (Na), ion (Na+ or Cl-), and molecule (H2O).

·         that ions can be monatomic (Na+) or polyatomic (H3O+)

·         that ions can be cations, positively charged ions such as Ca2+ or anions, negatively charged ions such as PO43-.

·         that the building blocks of atom involved protons and neutrons in the nuclear, surrounded by electrons or electron clouds orbiting the nucleus at various distances with discrete energy.  The gain or loss of electron(s) converts an atom to an ion.

· that the identity of each element is based on its specific number of protons or atomic number.  The number of protons and neutrons in the nucleus add up to the atomic mass. Isotopes are two or more elements with the same atomic number but different atomic masses (different numbers of neutrons).  For example, naturally occurring uranium can be U-235 or U-238, with the latter being more abundant in nature.

·         that there are three prevalent types of bonding: ionic, covalent, and metallic.  

·         that ionic bonding generally occurs between a metal cation and a nonmetal anion.  Common ionic compounds are NaCl or table salt and CaCO3 or limestone.  Most minerals are generally ionic.

·         that covalent bonding generally occurs between two nonmetals. Common covalent compounds are hydrocarbons, chlorinated hydrocarbons such as DDT and PCBs, chlorofluorocarbons or CFCs, simple carbohydrates or sugars, complex carbohydrates, proteins, nucleic acids, and other volatile organic chemicals.

·         that metallic bonding generally occurs among metal atoms.  Common metallic compounds are aluminum (Al), gold (Au), lead (Pb), mercury (Hg), silver (Ag), and tin (Sn).

·         that organic compounds contain carbon atoms and generally hydrogen, nitrogen, oxygen, sulfur, phosphorus, chlorine, and fluorine.  Many covalent compounds are organic compounds.

·         that all other compounds are inorganic compounds, which are mostly ionic compounds, metallic compounds, and minerals.  Some simple covalent compounds such as CO, CO2, NO, N2O , H2O, SO2, NH3, H2SO4, HNO3 are also classified as inorganic compounds.

·  

