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Preface to the Fifth Edition

Every branch of science, every profession, and every engineering process has its own language for communication. Environmental engineering is no different. To work even at the edge of the major environmental aspects of this challenging field, you must acquire a fundamental but wide-ranging vocabulary and understanding of the components that make it up. As Voltaire said, “If you wish to converse with me, define your terms.” In this text, I define (and in many instances explain—fully explain) the terms or “tools” (concepts and ideas) used by environmental engineering professionals, environmental science professionals, safety/industrial hygiene practitioners/engineers, and non-science professionals—assisting each in the application of their skills by increasing their understanding.

It is important to point out that environmental engineering is not a single topic, but rather a complex, colorful, and diversified range of interrelated subjects including all of the basic sciences, computer science, government, engineering, energy, renewable energy, hydraulic fracking, wastewater injection to limit land subsidence, security, disease, industrial hygiene, injury identification prevention and control, and much more. The practicing environmental engineer, specialist, technician, or student of environmental engineering should know these topics—without them it is difficult (if not impossible) to practice in any of the environmental fields.

This completely revamped edition of an industry best seller is both a dictionary and an encyclopedia. I settled on this 2-in-1 presentation format because of personal experience in the real world of environmental compliance; simply, in the real world the practicing professional, teacher, student, and general reader must refer to both types of presentations—dictionary (a wordbook) and encyclopedia (a compendium of information)—to find the meaning and/or knowledge needed. With this in mind, and as mentioned, the major environmental topic areas addressed in this new edition include energy, ecosystems, transportation and alteration of chemicals in the environment, renewable energy, biological hazards, environmental impact states, geology and geography, weather, climate change, energy and pollution, food protection, foodborne disease, Hazard Analysis/Critical Control Point Inspection, Process Safety Management, Risk Management Programs, food technology, insect control, rodent control, emerging diseases, pesticides, indoor environment, housing indoor air quality, hospitals, MRSA, nursing homes and retirement homes, recreational environment, occupational environment, solid and hazardous waste management, private and public water supplies and treatment, private and public wastewater treatment and disposal, water pollution control, emergency preparedness, environmental law, environmental and occupational safety and health programs, OSHA compliance standards, hydraulic fracturing, aquifer recharge to limit land subsidence and recharge groundwater supplies, and renewable energy have been included in addition to homeland security related to environmental terrorism and mitigation procedures.

Although it is impossible to include all environmental engineering terms in this work, my intention is to present as inclusive list as possible. The terms and definitions/explanations are drawn from varied, specialized, and technical environmental fields and a variety of appropriate background areas but are related enough to be accessible to interested professionals in many different technical areas, students, and other specialties, as well as general readers.

The purpose of The Environmental Engineering Dictionary, fifth edition, is to greatly enhance the quantity of high-quality definitions and explanations to fill the need created by the rapidly expanding field of environmental engineering, technology, and science for professionals in environmental health, environmental control, environmental engineering, occupational safety and health, medicine, law, planning, loss prevention, security management, terrorism, homeland security, news organizations, energy, renewable energy, industry, teachers, and students.

Readers should find this totally updated fifth edition of the Environmental Engineering Dictionary a valuable wordbook and reference to the always evolving environmental fields.

 

Frank R. Spellman

Norfolk, Virginia


A

A Abbreviation for ampere, amp (Coulombs/second); electron flow in electrical circuit; the unit of measurement of current. 

A Horizon In soils, the properties that reflect the influence of accumulating organic matter or eluviation alone or in combination.

Abandoned In mining, this term describes an excavation that is deserted and in which no further mining is intended. 

Abandoned Well A well whose use has been permanently discontinued or which is in a state of such disrepair that it cannot be used for its intended purpose. 

Abandonment Pressure The lowest gas pressure before a gas well must be abandoned.

Abasia The inability to walk because of a lack of motor coordination.

Abate To do away with; to put an end to; demolish; to nullify or make void; a reduction in severity or degree.

Abatement Reducing the degree or intensity of, or eliminating, pollution.

Abatement Cost The cost of reducing emissions from some established reference level.

Abatement Debris Waste from remediation activities.

Abatement Dose In exposure assessment, the amount of a substance that penetrates an exposed organism’s absorption barriers (e.g., skin, lung tissue, gastrointestinal tract) through physical or biological processes. The term is synonymous with internal dose. 

Abatement Period The amount of time given an employer to correct a hazardous condition that has been cited.

Abattoir A slaughterhouse for animals intended for human consumption such as cattle, sheep, and pigs. 

Aberration In physics, an apparent displacement in the position of a celestial object, due to the time it takes for light from the object to reach an earthbound observer and to the orbital motion of the earth during that time.

Abient Tendency to move away from stimuli.

Abiogenic Not resulting from the activities of living organisms.

Abiotic The nonliving part of the physical environment (for example, light, temperature, and soil structure). 

Abiotic Factors The physical and non-living chemical factors such as, light, water, temperature, minerals, and climate that influence living organisms.

Abney level and clinometers The Abney level is a hand instrument used in surveying which consists of a fixed sighting tube, a movable spirit level that is connected to a point arm, and a protractor scale. The instrument is used for taking levels up steep slopes and as a clinometer. 

Abrasive Drilling In oil and gas mining, a rotary method of drilling in which abrasive material under pressure rotates while being pressed against the rock.

Absolute Entropy The entropy of a substance existing at a temperature of absolute zero (0 kelvin); any pure substance can be assumed to have an entropy of zero at this point. 

Absolute Expansion The true expansion of liquid with a change in temperature, allowing for the expansion of the container holding the liquid in calculating this measurement.

Absolute Humidity A statement of humidity, usually expressed in grams per cubic meter, that describe the mass of water vapor present in relation to the unit volume of space that it occupies.

Absolute Permeability In regards to fluids, a measurement of the ability of the fluid, such as oil, gas, or water, to flow through a rock formation when the formation is at complete saturation.

Absolute Pressure Total pressure in a system, including both the pressure of a substance and the pressure of the atmosphere (about 14.7 psi, at sea level).

Absolute Risk In epidemiology, absolute risk is the decrease in risk of a given activity or treatment in relation to a control activity or treatment. An estimate of health risk by determining the rate of occurrence of a disease in the study population.

Absolute Temperature Scale A temperature scale whose zero point corresponds to absolute zero, such as the kelvin or Rankine scale.

Absolute Zero The zero point on a temperature scale of ideal gases where all molecular motion is assumed to stop, denoted by K on the Kelvin scale (or 0◦R on the Rankine scale), -273◦C on the Celsius scale, or -459◦F on the Fahrenheit scale. 

Absorb To take up or receive matter through the process of absorption.

Absorbance The ability of a medium to absorb radiation, which depends on temperature and wavelength; expressed as the ratio of transmitted energy to incident energy.

Absorbed Dose The energy imparted by ionizing radiation per unit mass of irradiated material. The units of absorbed dose are the rad and the gray (Gy).

Absorbent The ability of attracting and absorbing substances.

Absorber In a photovoltaic device, the material that readily absorbs photons to generate charge carriers (free electrons or holes).

Absorptance The ratio between the solar radiation absorbed by a surface and the total amount of solar radiation that strikes it.

Absorption 1. The taking up of one substance by another, such as a liquid by a solid or a gas by a liquid. 2. The physical integration of a liquid into the pore spaces of a solid, such as water being absorbed into a sponge.

Absorption Barrier The body’s skin, lung tissue, or gastrointestinal tract where differential diffusion of substances across a boundary occurs.

Absorption Cycle In refrigeration, a process during which the primary fluid (refrigerant) and the secondary fluid (absorbent) mix after the refrigerant leaves the evaporator.

Absorption Field An area through which septic tank effluent discharges through leaching or seepage into the surround ground by means of a series of perforated pipes laid in shallow trenches backfilled with gravel.

Absorption Material In acoustics, any material that absorbs small amounts of sound energy.

Absorption Units Devices or units designed to transfer the contaminant from a gas phase to a liquid phase.

Acariasis A disease caused by mites.

Acaricide (aka miticide) Pesticide used to destroy mites on domestic animals, crops, and humans. 

Acarid A mite member of the order Acarina that may be pavrasitivc and cause disease.

Acaroids A pesticide used to destroy mites; also known as matricide.

Acceleration When an object’s velocity increases, we say it accelerates. Acceleration shows the change in velocity in a unit time, or

Acceleration = Δv/Δt

Because velocity is measured in meters per second (m/s) and time is measured in seconds (s), acceleration is measured in (m/s)/s, m/s2, which can be both positive and negative and always varying; it is rarely constant. 

Accelerations determine the final velocity of an object. To determine an object’s final velocity (v), given that it started at some initial velocity (vo) and experienced acceleration (a) over a period of time (t), use the equation derived from the definition of acceleration

v = vo + at

Example

Problem:

A truck starts at rest (with an initial velocity vo = 0) and it accelerates for 5 s at an acceleration rate of 12 m/s2, then what will be the final velocity?

Solution:

v = vo + at

v = 0 m/s + (12 m/s2) x (5 s)

or

v = 60 m/s

It is important to note that a change in direction also constitutes acceleration. Remember, our definition of velocity is a speed in a given direction. Thus, a change in direction is a change in velocity, and any change in velocity is acceleration. Moreover, whenever we step on the brakes to slow our cars we are experiencing another kind of acceleration called deceleration—a negative acceleration, or slowing down. 

The Acceleration of Gravity

Downward on Earth a free-falling object has an acceleration of 9.8 m/s/s. The acceleration of gravity at the surface of Earth is often referred to as 1g. Any object that is falling to the surface of Earth owing to the acceleration of gravity is in free fall. When the velocity and time for a free-falling object being dropped from a position of rest is tabulated, it displays the following pattern. 

Table A-1
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The general acceleration equation is:

x = xo + vot + ½ at2 

where

x = position of object

vo = initial velocity (original speed)

t = time elapsed

a = constant acceleration

Example 

Problem:

A water balloon is dropped from a 5-story building. How long will it take to hit the street below? Ignoring air friction, the only acceleration involved is the acceleration of gravity (g), and the height of the building is 20 m.

Solution:

In the acceleration equation, we use x = 20 m (when the galloon hits the street), xo = 0 m (we take the balloon’s starting point at the top of the 5-story building to be zero), vo = O m/s (the balloon starts from rest), and g = 9.8 m/s2 (only gravity is acting on the balloon). Inserting these values into the equation and solving for t, we determine that 

x = xo + vo t + ½ at2 

or

20 m = 0 m + 0 m/s(t) + 1/2 (9.8 m/s)t2

or

40/9.8 s2 = t2

t = 2.0 s

 

Accelerator A device that employs electrostatic or electromagnetic fields to impart kinetic energy to molecular, atomic or sub-atomic particles.

Accelerograph (aka accelerometer) An instrument that records the acceleration of the ground during an earthquake.

Accelerometer An instrument used to measure and record acceleration in a given direction, as n an aircraft or a spacecraft.

Acceptable Air Quality Air containing no known contaminants at harmful concentrations as determined by specialists with which is substantial majority of the people exposed do not express dissatisfaction.

Acceptable Quality Level (AQL) Maximum percentage of regulated product that, for sampling inspection, can be considered as a process average.

Acceptor A molecule, or part of a molecule’s structure that accepts an electron pair from a donor. 2. In photovoltaic materials, a dopant material, such as boron, having fewer outer shell electrons than required in an otherwise balanced crystal structure, providing a hole that can accept a free electron.

Acceptor Molecule Molecule that accepts a phosphate.

Access The process of interacting with a system. (verb or a noun) Users access a system (v). A user gains computer access (n).

Access Control 1. Ensures that resources are only granted to those users who are entitled to them. 2. Log-on systems protect data on networked workstations and stand alone machines, as well as laptops. Larger networks and companies should determine what needs protection, and the level of data protection needed. 

Access Management Access Maintenance of access information that consists of four tasks: account administration, maintenance, monitoring, and revocation. 

Access Time In a computer, the time interval between the instant that data are called from storage or a request so store data, and the instant that delivery is complete or the storage is started.

Accident This term is often misunderstood and is often mistakenly used interchangeably with injury. The meanings of the two terms are different, of course. Let’s look at the confusion caused by the different definitions supplied to the term accident. The dictionary defines an accident as “a happening or event that is not expected, foreseen or intended.” Defined another way: “an accident is an event or condition occurring by chance or arising from an unknown or remote cause.” The legal definition is: “an unexpected happening causing loss or injury which is not due to any fault or misconduct on the part of the person injured, yet entitles some kind of legal relief.” 

Are you confused? Stand by. This definition will help clear your heads. 

“With rare exception, an accident is defined, explicitly or implicitly, by the unexpected occurrence of physical or chemical change to an animate or inanimate structure. It is important to note that the term covers only damage of certain types. Thus, if a person is injured by inadvertently ingesting poison, an accident is said to have taken place; but if the same individual is injured by inadvertently ingesting poliovirus, the result is but rarely considered accidental. This illustrates a curious inconsistency in the approach to accidents as opposed to other sources of morbidity, one, which continues to delay progress in the field. In addition, although accidents are defined by the unexpected occurrence of damage, it is the unexpectedness, rather than the production and prevention of that damage per se, that has been emphasized by much of accident research. The approach is not justified by present knowledge and is in sharp contrast to the approach to the causation and prevention of other forms of damage, such as those produced by infectious organisms, where little, if any, attention is paid to the unexpectedness of the insults involved, and only their physical and biological nature is emphasized—with notable success.”

Haddon et al (1964), p.28.

Now you should have a better feel for what an accident really is; however, another definition, perhaps one more applicable to our needs is provided by safety experts—the authors of the ASSE Dictionary of Safety Terms, 1989. Let’s see how they define accident. 

“An accident is an unplanned and sometimes injurious or damaging event which interrupts the normal progress of an activity and is invariably preceded by an unsafe act or unsafe condition thereof. An accident may be seen as resulting from a failure to identify a hazard or from some inadequacy in an existing system of hazard controls. Based on applications in casualty insurance, an event that is definite in point of time and place but unexpected as to either its occurrence or its results” (p. 1).

In this text we use ASSE’s definition of accident. And again, because it is so important, an accident (based on the ASSE definition) is:

“An unplanned and sometimes injurious or damaging event which interrupts the normal progress of an activity and is invariably preceded by an unsafe act or unsafe condition thereof. An accident may be seen as resulting from a failure to identify a hazard or from some inadequacy in an existing system of hazard controls. Based on applications in casualty insurance, an event that is definite in point of time and place but unexpected as to either its occurrence or its results.”

Accident Analysis A comprehensive, detailed review of the data and information compiled from an accident investigation. An accident analysis should be used to determine causal factors only, and not to point the finger of blame at any one. Once the causal factors have been determined, corrective measures should be prescribed to prevent recurrence.

Accident Investigation Simply put, accident investigation is a vital part of any effective safety and health program. The key word we emphasize is “effective.” Anyone can devise a safety program that he or she might assume fits the bill as an effective “safety program”—but that does not necessarily mean that the program is really effective. One thing is certain: If company safety policy does not insist upon investigation of all accidents (and even so-called near misses), then the company’s safety policy is not effective.

Why is it so important to investigate accidents? The simple answer is we must investigate accidents to reduce the likelihood of their being repeated. Note that we are talking about all types of accidents, near misses and other minor occurrences included. If not corrected, those “minor mishaps” and “near misses” may result in much more serious accidents the next time around. We have all heard “If we do not learn from the past (our mistakes), we are doomed to repeat it (them). Why would any logical person want to take a chance on repeating a near miss or minor accident that could generate quite a different result next time around? 

To reduce the likelihood of accidents being repeated, their causes must be identified, so that remedial actions can be taken to ensure they do not happen again. The accident investigation process also helps investigators and safety engineers compile facts to be used as legal or liability evidence in the event of claims or lawsuits for losses or injuries. The new safety professional soon discovers that if one of his company’s workers is seriously injured (or worse) while on the job, the likelihood of litigation emanating from the worker or the family is quite good. For this reason (and others), many insurance companies require complete compilation of such facts. 

Most texts make the point that whenever an accident investigation is conducted, the purpose of the investigation is not to place blame or find fault. We disagree with this view. When an accident occurs, someone is certainly at fault. To determine the proper corrective action to be taken requires that blame for an accident be fixed. This is not to say that the safety engineer who investigates an accident must be a Gestapo agent. Heavy-handed tactics are not required and definitely not recommended. Instead, the safety engineer should remember the words of Sergeant Joe Friday (of television’s Dragnet fame) who said: “Just the facts, ma’am.” A good safety investigation is impersonal, and completely fact-oriented.

The safety engineer is not a disciplinarian. As Willie Hammer (1989) points out: “Whether disciplinary action should be taken if blame is fixed on an individual is beyond the duties of safety engineers (professionals). They are obligated to find out who was or may have been responsible for the accident; whether it was a worker, supervisor, manager, or other party” (p. 273). We share Mr. Hammer’s view on this topic; if the facts collected point the finger of blame at some individual, this should be reported. Higher authority should handle the disposition of the incident. Just the facts . . . recommendations for punishment or disciplinary action, and/or personal opinions are beyond the purview of safety engineering—­and the safety professional.

Accident Investigation Process We recommend a proactive approach to accident prevention. We are certain that preventing accidents is much better than having to react to them—and their consequences. We also understand that accidents happen. Even the best-managed safety program will not erase the potential for some accidents to occur. They will happen.

The accident investigation process begins, of course, with an accidental occurrence. The accident may be nothing more than a slight injury to a worker, or minor damage to company or non-company property. On the other hand, the accident may be major—even catastrophic. The accident investigation process should begin as soon after the occurrence as possible, because the investigator must gather facts from fresh evidence. Looking for evidence at the scene of an accident that has been tampered with or cleaned up makes the investigator’s job much more difficult. Another problem with waiting too long to look at the accident is that witnesses who have just witnessed an accident (with the incident still fresh in their minds) are much more likely to relate what they saw more accurately to the investigator.

You must be aware of another problem—the reluctance or refusal of workers, witnesses, and/or supervisors to report accidents. Frequently workers have reasons they may not want to go on record about an accident. Company policy must insist that all accidents be reported. 

All accidents? It depends. For example, many companies require that any personal injury resulting in the need for more than minor first aid at the work site, or that results in lost work time must be reported immediately (or as soon as possible) to the work center supervisor. This is important for two reasons: (1) to ensure that an injured worker receives proper medical attention and (2) to ensure that the incident is properly recorded in the OSHA 300 log.

Does this mean that when a worker receives a minor bruise or scratch while working at the job site, he or she should not report the accident? Again, it depends—on company policy, and the type of work being done. For example, in a wastewater treatment plant, a minor scratch received while repairing a treatment process machine where the worker is exposed to raw wastewater may be more than just a minor occurrence. A worker who is scratched, then exposed to the wastestream may not recognize the injury as a major event then (and thus will not report it), but three days later, when any pathogens contained in the wastewater have entered the body and had a chance to “do their work,” a simple scratch may turn into a serious event—possibly life-threatening, if not properly treated.

After an accident is reported, the work center supervisor normally accomplishes the first investigation. In fact, many companies use an accident investigation form called a “Supervisor’s” or “Employer’s First Report of Accident.” This is a good practice, because the supervisor not only possesses the most knowledge about his or her employees, but also knows the equipment and work practices in his or her area. In companies employing a full-time safety engineer, company policy may or may not require that the supervisor wait until the safety engineer arrives to conduct the investigation as a team. Experience shows us that allowing the supervisor to investigate first is better. The supervisor is usually right on the scene or nearby when the incident occurs, and waiting for the safety engineer to show up on scene may require too long a delay. Remember that the idea is to investigate as soon as possible. The exception might be, of course, incidents involving a fatality or multiple fatalities. In such cases, the safety engineer should be called immediately (along with OSHA) to investigate. But for minor occurrences, the supervisor should have the first look, the safety engineer should read his or her report, and if deemed pertinent, should perform a follow-up investigation. This follow-up investigation is not intended to check out the supervisor’s ability to conduct investigations but rather to determine causal factors and mitigation procedures. The safety engineer is the company’s safety expert, and his or her job is to recommend steps (remedial actions) to ensure that like incidents do not occur again. Experience has also demonstrated that an immediate first look (conducted by the supervisor) works well to gather the majority of facts—then the follow-up investigation (conducted by the safety engineer) works well to “fine tune” the investigation to the point where items overlooked by one set of eyes might be picked up by another set.

Whatever type of form and/or protocol the supervisor uses to make his or her first report of accident, the supervisor’s main mission must be to determine the what, where, when, how, and possibly the why. To answer these questions, the supervisor must gather facts. Normal practice involves using five methods to gather accident information:

• Interviewing the victim, 

• interviewing accident witnesses, 

• investigation of the accident scene, including taking photographs when possible, 

• re-enactment of the accident, and 

• reconstruction of accident. 

Findings must be recorded on the Supervisor’s or Employer’s First Report of Accident or similar form.

Accident Prevention The act of averting a circumstance that could cause loss or injury to a person.

Accident Site The location of an unexpected occurrence, failure or loss, either at a plant or along a transportation route, resulting in a release of hazardous materials.

Accidental Myiasis Presence of a non-parasitic fly within a host.

Accidental Spills The unintended release of chemicals and hazardous compounds or materials into the environment.

Acclimation Temperature The ambient temperature that an organism has become accustomed to by a period of constant exposure to this condition over time.

Acclimatization (aka Acclimation) The physiological and behavioral adaptations or adjustments of an organism to changes in its environment.

Accommodation In optics, the ability of the eye to quickly and easily readjust to other focal points after viewing a VDT so as to be able to focus on other objects, particularly objects at a distance.

Accretion The addition of air particles to hydrate drops, such as snow, rain, or sleet, by coagulation as he drops fall through the sky.

Accumulated Dose A total dose resulting from repeated exposure to a toxic substance or radiation. 

Accumulated Dose Equivalent An estimated lifetime maximum permissible dose of radiation (5 rems/yr) for persons working with radioactive materials or x-rays.

Accuracy The closeness of an individual measurement or of the average of a number of measurements to the true value. Deviation from the true value is a measure of bias in the individual measurement or averaged value.

AC/DC Alternating current/direct current.

Acequia These are gravity-driven waterways, similar in concept to a flume. Most are forms of irrigation in the development of agriculture in the American Southwest. The proliferation of cotton, pecans and green chile as major agricultural staples owe their progress to the acequia system.

Acetaldehyde CH3CHO, a colorless liquid or gas with a pungent, fruity odor. It is used in the production of intermediates during the synthesis of acetic acid, acetic anhydride, and aldol compounds. It is an eye, nose, and throat irritant and is hazardous to the respiratory system, skin, and kidneys and is toxic by inhalation and ingestion.

Acetate A salt or ester of acetic acid.

Acetic A substance having the sour properties of vinegar or acetic acid. 

Acetic Acid (CH3COOH) A colorless liquid organic acid with a vinegar-like odor.

Acetylene C2H2, an odorless, colorless gas obtained from limestone and coal; its combustion in pure oxygen produces the highest achievable flame temperature, over 3300◦C. 

ACFM Actual cubic feet per minute of gas flowing at existing temperature and pressure.

ACH, AC/H (air changes per hour) The number of times air is replaced in an hour.

Acid Any substance that releases hydrogen ions (H+) when it is mixed into water.

Acid Aerosol Acidic liquid or solid particles small enough to become airborne. High concentrations can irritate the lungs and have been associated with respiratory diseases like asthma.

Acid-Based Describes batteries that use an acid such as sulfuric acid as the major component of the electrolyte. 

Acid Deposition The environmental deposit of acidic or acidifying compounds (with a pH of less than 5.6) from the atmosphere by rain or other precipitation that has an excessive concentration of sulfuric or nitric acids, as a result of chemical pollution of the atmosphere from such sources as automobile exhausts and the industrial burning of coal or oil. 

Acid Gas A term for any of the acidic constituents of natural gas, such as hydrogen sulfide or carbon dioxide.

Acid Hydrolysis A chemical process in which acid is used to convert cellulose or starch to sugar.

Acid Job Acid is poured or pumped down a well to dissolve limestone and increase fluid flow.

Acid Mine Drainage The dissolving and transporting of sulfuric acid and toxic metal compounds from abandoned underground coal mines to nearby streams and rivers when surface water flows through the mines.

Acid Neutralizing Capacity Measure of ability of a base (e.g., water or soil) to resist changes in pH.

Acid Precipitation Rain, snow, or fog that contains higher than normal levels of sulfuric or nitric acid, which may damage forests, aquatic ecosystems, and cultural landmarks.

Acid Rain Any form of precipitation made more acidic from falling though air pollutants (primarily sulfur dioxide) and dissolving them.

Acid Surge A period of short, intense acid deposition in lakes and streams as a result of the release (by rainfall or spring snowmelt) of acids stored in soil or snow.

Acidic The condition of water or soil that contains a sufficient amount of acid substances to lower the pH below 7.0.

Acidic Solution A solution that contains significant numbers of (H+) ions.

Acidosis An abnormal increase in the acidity of the body’s fluids, caused either by accumulation of acids or by depletion of bicarbonates. 

ACWF America’s Clean Water Foundation.

Acoustic Trauma A single incident which produces an abrupt hearing loss. Welding sparks (to the eardrum), blows to the head, and blast noise are examples of events capable of providing acoustic trauma. 

Acoustics In general, the experimental and theoretical science of sound and its transmission; in particular, that branch of the science that has to do with the phenomena of sound in a particular space such as a room or theater. Safety engineering is concerned with the technical control of sound, and involves architecture and construction, studying control of vibration, soundproofing, and the elimination of noise—to engineer out the noise hazard.

Acre-foot The volume of water covering one acre to a depth of one foot; used to describe a quantity of storage in a reservoir, lake, and so on. 

Acrid Unpleasantly sharp, pungent, or bitter to the taste or smell.

Actinide A classification for any of the heavy radioactive metallic elements having atomic numbers in the range from 90 (thorium) to 103 (lawrencium).

Actinides in the Environment Refers to the sources, environmental behavior and effects of radioactive actinides in the environment.

Action Level Term used by OSHA and NIOSH (National Institute for Occupational Safety and Health—a federal agency that conducts research on safety and health concerns) and defined in the Code of Federal Regulations (CFR), Title 40, Protection of Environment. Under OSHA, “action level” is the level of toxicant that requires medical surveillance, usually 50% of the PEL (Personal Exposure Level). Note that OSHA also uses the action level in other ways besides setting the level of “toxicant.” For example, in its hearing conservation standard, 29 CFR 1910.95, OSHA defines the action level as an 8-hour time-weighted average (TWA) of 85 decibels measured on the A-scale, slow response, or equivalently, a dose of 50% (see Chapter 27 for more information on hearing conservation). Under CFR 40 §763.121, action level means an airborne concentration of asbestos of 0.1 fiber per cubic centimeter (f/cc) of air calculated as an 8-hour time-weighted average.

Action Potential Describes the sequence of electrical changes occurring when a nerve cell membrane is exposed to a stimulus that exceeds its threshold. 

Activated Carbon A highly porous form of carbon, typically from wood, lignite, coal, or coconut shell; widely used as a filtration medium (e.g., to remove taste and odor from water).

Activated Sludge In wastewater treatment, the activated sludge unit process follows primary settling. The basic components of an activated sludge sewage treatment system include an aeration tank and a secondary basin, settling basin, or clarifier. Primary effluent is mixed with settled solids recycled from the secondary clarifier and is then introduced into the aeration tank. Compressed air is injected continuously into the mixture through porous diffusers located at the bottom of the tank, usually along one side.

Wastewater is fed continuously into an aerated tank, where the microorganisms metabolize and biologically flocculate the organics. Microorganisms (activated sludge) are settled from the aerated mixed liquor under quiescent conditions in the final clarifier and are returned to the aeration tank. Left uncontrolled, the number of organisms would eventually become too great; therefore, some must periodically be removed (wasted). A portion of the concentrated solids from the bottom of the settling tank must be removed from the process (waste activated sludge or WAS). Clear supernatant from the final settling tank is the plant effluent.

Activated Sludge Terminology

To better understand the activated sludge process, you must understand the terms associated with the process. 

• Adsorption—taking in or reception of one substance into the body of another by molecular or chemical actions and distribution throughout the absorber.

• Activated—to speed up reaction. When applied to sludge, it means that many aerobic bacteria and other microorganisms are in the sludge particles.

• Activated sludge—a floc or solid formed by the microorganisms. It includes organisms, accumulated food materials, and waste products from the aerobic decomposition process.

• Activated sludge process—a biological wastewater treatment process in which a mixture or influent and activated sludge is agitated and aerated. The activated sludge is subsequently separated from the treated mixed liquor by sedimentation and is returned to the process as needed. The treated wastewater overflows the weir of the settling tank in which separation from the sludge takes place.

• Adsorption—the adherence of dissolved, colloidal, or finely divided solids to the surface of solid bodies when they are brought into contact.

• Aeration—mixing air and a liquid by one of the following methods: spraying the liquid in the air; diffusing air into the liquid; or agitating the liquid to promote surface adsorption of air.

• Aerobic—a condition in which “free” or dissolved oxygen is present in the aquatic environment. Aerobic organisms must be in the presence of dissolved oxygen to be active.

• Bacteria—single-cell plants that play a vital role in stabilization of organic waste.

• Biochemical oxygen demand (BOD)—a measure of the amount of food available to the microorganisms in a particular waste. It is measured by the amount of dissolved oxygen used up during a specific time period (usually five days, expressed as BOD5).

• Biodegradable—from “degrade” (to wear away or break down chemically) and “bio” (by living organisms). Put it all together, and you have a “substance, usually organic, which can be decomposed by biological action.”

• Bulking—a problem in activated sludge plants that results in poor settleability of sludge particles.

• Coning—a condition that may be established in a sludge hopper during sludge withdrawal, when part of the sludge moves toward the outlet while the remainder tends to stay in place. Development of a cone or channel of moving liquids surrounded by relatively stationary sludge.

• Decomposition—generally, in waste treatment, decomposition refers to the changing of waste matter into simpler, more stable forms that will not harm the receiving stream.

• Diffuser—a porous plate or tube through which air is forced and divided into tiny bubbles for distribution in liquids. Commonly made of carborundum, aluminum, or silica sand.

• Diffused air aeration—a diffused air activated sludge plant takes air, compresses it, then discharges the air below the water surface to the aerator through some type of air diffusion device.

• Dissolved oxygen—atmospheric oxygen dissolved in water or wastewater, usually abbreviated as DO.

Note: The typical required DO for a well-operated activated sludge plant is between 2.0 and 2.5 mg/l.

• Facultative—facultative bacteria can use either molecular (dissolved) oxygen or oxygen obtained from food materials. In other words, facultative bacteria can live under aerobic or anaerobic conditions.

• Filamentous bacteria—organisms that grow in thread or filamentous form.

• Food-to-microorganisms ratio—a process control calculation used to evaluate the amount of food (BOD or COD) available per pound of mixed liquor volatile suspended solids. This may be written as F/M ration.
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• Fungi—multicellular aerobic organisms.

• Gould sludge age—a process control calculation used to evaluate the amount of influent suspended solids available per pound of mixed liquor suspended solids.

• Mean cell residence time (MCRT)—the average length of time mixed liquor suspended solids particle remains in the activated sludge process. This is usually written as MCRT and may also be referred to as sludge retention rate (STR).
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• Mixed liquor—the contribution of return activated sludge and wastewater (either influent or primary effluent) that flows into the aeration tank. 

• Mixed liquor suspended solids (MLSS)—the suspended solids concentration of the mixed liquor. Many references use this concentration to represent the amount of organisms in the liquor. Many references use this concentration to represent the amount of organisms in the activated sludge process. This is usually written MLSS.

• Mixed liquor volatile suspended solids (MLVSS)—the organic matter in the mixed liquor suspended solids. This can also be used to represent the amount of organisms in the process. This is normally written as MLVSS.

• Nematodes—microscopic worms that may appear in biological waste treatment systems. 

• Nutrients—substances required to support plant organisms. Major nutrients are carbon, hydrogen, oxygen, sulfur, nitrogen, and phosphorus.

• Protozoa—single-cell animals that are easily observed under the microscope at a magnification of 100x. Bacteria and algae are prime sources of food for advanced forms of protozoa.

• Return activated sludge—the solids returned from the settling tank to the head of the aeration tank. This is normally written as RAS.

• Rising sludge—rising sludge occurs in the secondary clarifiers or activated sludge plant when the sludge settles to the bottom of the clarifier, is compacted, and then rises to the surface in relatively short time.

• Rotifiers—multicellular animals with flexible bodies and cilia near their mouths used to attract food. Bacteria and algae are their major source of food.

• Secondary treatment—a wastewater treatment process used to convert dissolved or suspended materials into a form that can be removed.

• Settleability—a process control test used to evaluate the settling characteristics of the activated sludge. Readings taken at 30 to 60 minutes are used to calculate the settled sludge volume (SSV) and the sludge volume index (SVI).

• Settled sludge volume—the volume of ml/l (or percent) occupied by an activated sludge sample after 30 or 60 minutes of settling. Normally written as SSV with a subscript to indicate the time of the reading used for calculation (SSV30 or SSV60).

• Shock load—the arrival at a plant of a waste toxic to organisms, in sufficient quantity or strength to cause operating problems, such as odor or sloughing off of the growth of slime on the trickling filter media. Organic overloads also can cause a shock load.

• Sludge volume index—a process control calculation used to evaluate the settling quality of the activated sludge. Requires the SSV30 and mixed liquor suspended solids test results to calculate.
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• Solids—material in the solid state

 Dissolved—solids present in solution. Solids that will pass through a glass fiber filter.

 Fixed—also known as the inorganic solids. The solids that are left after a sample is ignited at 550° Celsius (centigrade) for 15 minutes.

 Floatable solids—solids that will float to the surface of still water, sewage, or other liquid. Usually composed of grease particles, oils, light plastic material, etc. Also called scum.

 Non-settleable—finely divided suspended solids that will not sink to the bottom in still water, sewage, or other liquid in a reasonable period, usually two hours. Non-settleable solids are also known as colloidal solids.

 Suspended—the solids that will not pass through a glass fiber filter.

 Total—the solids in water, sewage, or other liquids; it includes the suspended solids and dissolved solids.

 Volatile—the organic solids. Measured as the solids that are lost on ignition of the dry solids at 550°C.

• Waste activated sludge—the solids being removed from the activated sludge process. This is normally written as WAS.

Activation The creation of a radioactive element from a stable one by the absorption of neutrons or protons, occurring when a particle interacts with an atomic nucleus, making the nucleus into an unstable state and causing it to become radioactive.

Activation Energy The energy needed to initiate a chemical reaction.

Activation Entropy The entropic contribution to the free energy barrier that an atom in a metastable position must surmount in order to participate in a thermally activated process. 

Activator A chemical added to a pesticide to increase its activity.

Active Capacity A reservoir’s capacity normally usable for storage and regulation of inflows to meet operating requirements for power and other uses.

Active Content Program code embedded in the contents of a web page that, when accessed by a web browser, automatically downloads and executes on the user’s workstation. 

Active Ingredient In any pesticide product, the component that kills, or otherwise controls, target pests. Pesticides are regulated primarily on the basis of active ingredients.

Active Material A material that reacts chemically to produce electric energy when a battery discharges, and which is restored to its original state during the charge. 

Active Transport An energy-expending mechanism by which a cell moves a chemical across the cell membrane from a point of lower concentration to a point of higher concentration, against the diffusion gradient. 

Activity The rate of disintegration (transformation) or decay of radioactive material. The units of activity are the curie (Ci) and the Becquerel (Bq).

Activity Monitors System monitor designed to prevent virus infection by monitoring for malicious activity on a system, and blocking that activity when possible. 

Activity Plans Written procedures in a school’s asbestos-management plan that detail the steps a Local Education Agency (LEA) will follow I performing ht initial and additional cleaning, operation and maintenance-program tasks; periodic surveillance; and reinspection required by the Asbestos Hazard Emergency Response Act (AHERA).

Acuity Acuteness of vision or perception. 

Acute Health effects that show up a short length of time after exposure. An acute exposure runs a comparatively short course and its effects are easier to reverse than those of a chronic exposure.

Acute Effect An adverse effect on any living organism which result sin severe symptoms that develop rapidly; symptoms often subside after the exposure stops.

Acute Exposure A short interval of usually heavy exposure to radiation or a toxic substance. 

Acute Exposure Guideline Level (AEGL) Guideline intended to describe the risk to humans resulting from once-in-a-lifetime, or rare, exposure to airborne chemicals. Acute exposures are defined as single, non-repetitive exposures for not more than 8 hours.

There are three AEGL values:

AEGL-1: discomfort, non-disabling

AEGL-2: Irreversible or other serious, long-lasting effects or impaired ability to escape. 

AEGL-3: Life-threatening effects or death.

Acute Toxicity The discernible adverse effects induced in an organism with a short period of time (days) of exposure to an agent.

Adaptation Changes in an organism’s physiological structure or function or habits that allow it to survive in new surroundings.

Add-on-Control Device An air pollution control device such as carbon absorber or incinerator that reduces the pollution in an exhaust gas. The control device usually does not affect the process being ­controlled and thus is “add-on” technology, as opposed to a scheme to control pollution through altering the basic process itself.

Additive Effect A biologic response to exposure to multiple substances that equals the sum of response of all the individual substances added together 

Adelman’s Rule Valuing oil reserves based on current prices and extraction costs.

Adequately Wet Asbestos containing material that is sufficiently mixed or penetrated with liquid to prevent the release of particulates.

Adhesion Static attractive force at the contacting surface between two bodies of different substances in contact with each other. 

Adiabatic 1. Means without loss or gain of heat. 2. When air rises, air pressure decreases and expands adiabatically in the atmosphere; since the air can neither gain nor lose heat its temperature falls as it expands to fill a larger volume. 

Adiabatic Lapse Rate The temperature profile or lapse rate, used as a basis for comparison for actual temperature profiles (from ground level) and hence for predictions of stack gas dispersion characteristics.

Administered Dose In exposure assessment, the amount of a substance given to a test subject (human or animal) to determine dose-response relationships. Since exposure to chemicals is usually inadvertent, this quantity is often called potential dose.

Administrative Controls Administrative controls attempt to limit the worker’s exposure to the hazard. Normally accomplished by arranging work schedules and related duration of exposures so that employees are minimally exposed to health hazards, another procedure transfers workers who have reached their upper permissible limits of exposure to an environment where no additional exposure will be experienced. Both control procedures are often used to limit worker exposure to air contaminants or noise. For example, a worker who is required to work in an extremely high noise area where engineering controls are not possible would be rotated from the high noise area to a quiet area when the daily permissible noise exposure is reached.

Reducing exposures by limiting the duration of exposure (basically by modifying the work schedule) must be carefully managed (most managers soon find that attempting to properly manage this procedure takes a considerable amount of time, effort and “imagination”). When practiced, reducing worker exposure is based on limiting the amount of time a worker is exposed, ensuring that OSHA Permissible Exposure Limits (PELs) are not exceeded.

Let’s pause right here and talk about Permissible Exposure Limits (PELs) and Threshold Limit Values (TLVs). You should know what they are and what significance they play in the safety engineer’s daily activities. Let’s begin with TLVs.

Threshold Limit Values (TLVs) are published by the American Conference of Governmental Industrial Hygienists (ACGIH) (an organization made up of physicians, toxicologists, chemists, epidemiologists, and industrial hygienists) in its Threshold Limit Values for Chemical Substances and Physical Agents in the Work Environment. These values are useful in assessing the risk of a worker exposed to a hazardous chemical vapor; concentrations in the workplace can often be maintained below these levels with proper controls. The substances listed by ACGIH are evaluated annually, limits are revised as needed, and new substances are added to the list as information becomes available. The values are established from the experience of many groups in industry, academia and medicine, and from laboratory research. 

The chemical substance exposure limits listed under both ACGIH and OSHA are based strictly on airborne concentrations of chemical substances in terms of milligrams per cubic meter (mg/m3), parts per million (ppm), and fibers per cubic centimeters (fibers/cm3). Allowable limits are based on three different time periods of average exposure: (1) 8-hour work shifts known as TWA (time weighted average), (2) short terms of 15 minutes or STEL (short-term exposure limit), and (3) instantaneous exposure of “C” (ceiling). Unlike OSHA’s PELs, TLVs are recommended levels only, and do not have the force of regulation to back them up.

OSHA has promulgated limits for personnel exposure in workplace air for approximately 400 chemicals listed in Tables Z1, Z2, and Z3 in Part 1910.1000 of the Federal Occupational Safety and Health Standard. These limits are defined as permissible exposure limits (PEL), and like TLVs are based on 8-hour time weighted averages (or ceiling limits when preceded by a “C”). Keeping within the limits in the Z Tables is the only requirement specified by OSHA for these chemicals. The significance of OSHA’s PELs is that they have the force of regulatory law behind them to back them up—compliance with OSHA’s PELs is the law.

Evaluation of personnel exposure to physical and chemical stresses in the industrial workplace requires the use of the guidelines provided by TLVs and the regulatory guidelines of PELs. For the safety engineer to carry out the goals of recognizing, measuring and effecting controls (of any type) of workplace stresses, such limits are a necessity, and have become the ultimate guidelines in the science of safety engineering. A word of caution is advised, however. These values are set only as guides for best practice, and are not to be considered absolute values. What are we saying here? These values provide reasonable assurance that occupational disease will not occur, if exposures are kept below these levels. On the other hand, occupational disease is likely to develop in some people—if the recommended levels are exceeded on a consistent basis.

Let’s get back to administrative controls.

We stated that one option available to the safety engineer in controlling workplace hazards is the use of an administrative control that involves modifying workers’ work schedules to limit the time of their exposure so that the PEL/TLV is not exceeded. We also said (or at least implied) that this procedure is a manager’s nightmare to implement and manage. Practicing safety engineers don’t particularly like it, either; they feel that such a strategy merely spreads the exposure out, and does nothing to control the source. Experience has shown that in many instances this statement is correct. Nevertheless work schedule modification is commonly used for exposures to such stressors as noise and lead.

Another method of reducing worker exposure to hazards is by ensuring good housekeeping practices. Housekeeping practices? Absolutely. Think about it. If dust and spilled chemicals are allowed to accumulate in the work area, workers will be exposed to these substances. This is of particular importance for flammable and toxic materials. Ensuring that housekeeping practices do not allow toxic or hazardous materials to disperse into the air is also an important concern. 

Administrative controls can also reach beyond the workplace. For example, if workers abate asbestos eight hours a day, they should always wear approved tyvek protective suits and other required personal protective equipment (PPE) on the job. After the work assignment is completed, these workers must decontaminate following standard protocol. The last thing these workers should be allowed to do is to wear their personal clothing for such work to avoid decontamination procedures, then take their contaminated clothing with them when they leave for home. The idea is to leave any contaminated clothing at work (safely stored or properly disposed of).

Implementation of standardized materials handling or transferring procedures are other administrative controls often used to protect workers. In handling chemicals, any transfer operations taken should be closed-system, or should have adequate exhaust systems to prevent worker exposure or contamination of the workplace air. This practice should also include the use of spill trays to collect overfill spills or leaking materials between transfer points.

Programs that involve visual inspection and automatic sensor devices (leak detection programs) allow not only for quick detection, but also for quick repair and minimal exposure. When automatic system sensors and alarms are deployed as administrative controls, tying the alarm system into an automatic shutdown system (close a valve, open a circuit, etc.), allows the sensor to detect a leak, sound the alarm, and initiate corrective action (for example, immediate shutdown of the system).

Finally, two other administrative control practices that go hand-in-hand are training and personal hygiene. For workers to best protect themselves from workplace hazards (to reduce the risk of injury or illness), they must be made aware of the hazards. OSHA puts great emphasis on the worker-training requirement. This emphasis is well placed. No worker can be expected to know the entire workplace, process, or equipment hazards, unless he or she has been properly trained on the hazards. Chapter 40 covers training and OSHA’s requirements in this vital area.

An important part of the training process is worker awareness. Legally (and morally) workers have the right to know what they are working with, what they are exposed to while on the job. They must be made aware of the hazards. They must also be trained on what actions to take when they are exposed to specific hazards. Personal hygiene practices are an important part of worker protection. The safety engineer must ensure that appropriate cleaning agents and facilities such as emergency eyewashes, showers, and changing rooms are available and conveniently located for worker use.

Administrative Order A legal document signed by EPA directing an individual, business, or other entity to take corrective action or refrain from an activity. It describes the violations and actions to be taken, and can be enforced in court. Such orders my be issued, for example, as a result of an administrative complaint whereby the respondent is ordered to pay a penalty for violations of a statute. 

Administrative Order On Consent A legal agreement signed by EPA and an individual, business, or other entity through which the violator agrees to pay for correction of violations, take the required corrective or cleanup actions, or refrain from an activity. It describes the actions o be taken, may be subject to a comment period, applies to civil actions, and can be enforced in court.

Administrative Procedures Act A law that spells out procedures and requirements related to the promulgation of regulations.

Administrative Record All documents which EPA considered or relied on in electing the response action at Superfund site, culminating in the record of decision for remedial action or, an action memorandum for removal actions.

Admittance The reciprocal of impedance, it is the measure of how readily an alternating current flows through a circuit. 

Adsorption 1. The taking up of a gas or liquid at the surface of another substance, usually a solid (e.g., activated charcoal adsorbs gases). 2. Electrochemical attraction of positively or negatively charged molecules onto solids with an opposite charge.

Adsorption Site Density The concentration of sorptive surface available from the mineral and organic contents of soils. An increase in adsorption sites indicates an increase in the ability of the soils to immobilize hydrocarbon compounds in the soil matrix.

Adulterants Chemical impurities or substance that by law do not belong in a food, or pesticide.

Adulterated 1. Any pesticide whose strength or purity falls below the quality stated on its label. 2. A food, feed, or product that contains illegal pesticide residues.

Advance Reproduction In forest science, young seedlings and saplings that have naturally established under an overstory canopy.

Advanced Wastewater Treatment (1) Any treatment that follows primary and secondary wastewater treatment is considered advanced treatment. (2) Advanced wastewater treatment is defined as the method(s) and/or process (es) that remove more contaminants (suspended and dissolved substances) from wastewater than are taken out by conventional biological treatment. Put another way, advanced wastewater treatment is the application of a process or system that follows secondary treatment or that includes phosphorus removal or nitrification in conventional secondary treatment.

Advanced wastewater treatment is used to augment conventional secondary treatment because secondary treatment typically removes only between 85 and 95% of the biochemical oxygen demand (BOD) and total suspended solids (TSS) in raw sanitary sewage. Generally, this leaves 30 mg/l or less of BOD and TSS in the secondary effluent. To meet stringent water-quality standards, this level of BOD and TSS in secondary effluent may not prevent violation of water-quality standards—the plant may not make permit. Thus, advanced wastewater treatment is often used to remove additional pollutants from treated wastewater.

In addition to meeting or exceeding the requirements of water-quality standards, treatment facilities use advanced wastewater treatment for other reasons as well. For example, sometimes, conventional secondary wastewater treatment is not sufficient to protect the aquatic environment. In a stream, for example, when periodic flow events occur, the stream may not provide the amount of dilution of effluent needed to maintain the necessary dissolved oxygen (DO) levels for aquatic organism survival.

Secondary treatment has other limitations. It does not significantly reduce the effluent concentration of nitrogen and phosphorus (important plant nutrients) in sewage. An over-abundance of these nutrients can over-stimulate plant and algae growth such that they create water quality problems. For example, if discharged into lakes, these nutrients contribute to algal blooms and accelerated eutrophication (lake aging). Also, the nitrogen in the sewage effluent may be present mostly in the form of ammonia compounds. If in high enough concentration, ammonia compounds are toxic to aquatic organisms. Yet another problem with these compounds is that they exert a nitrogenous oxygen demand in the receiving water, as they convert to nitrates. This process is called nitrification.

Note: The term tertiary treatment is commonly used as a synonym for advanced wastewater treatment. However, these two terms do not have precisely the same meaning. Tertiary suggests a third step that is applied after primary and secondary treatment.

Advanced wastewater treatment can remove more than 99% of the pollutants from raw sewage and can produce an effluent of almost potable (drinking) water quality. However, obviously, advanced treatment is not cost-free. The cost of advanced treatment, for operation and maintenance as well as for retrofit of present conventional processes, is very high (sometimes doubling the cost of secondary treatment). Therefore, a plan to install advanced treatment technology calls for careful study—the benefit-to-cost ratio is not always big enough to justify the additional expense.

Even considering the expense, application of some form of advanced treatment is not uncommon. These treatment processes can be physical, chemical, or biological. The specific process used is based upon the purpose of the treatment and the quality of the effluent desired. 

Chemical Treatment

The purpose of chemical treatment is to remove

• BOD

• Total suspended solids (TSS)

• Phosphorus

• Heavy metals

• Other substances that can be chemically converted to a settleable solid

Chemical treatment is often accomplished as an “add-on” to existing treatment systems or by means of separate facilities specifically designed for chemical addition. In each case, the basic process necessary to achieve the desired results remains the same:

• Chemicals are thoroughly mixed with the wastewater.

• The chemical reactions that occur from solids (coagulation).

• The solids are mixed to increase particle size (flocculation).

• Settling and/or filtration (separation) then remove the solids.

The specific chemical used depends on the pollutant to be removed and the characteristics of the wastewater. Chemicals may include the following:

• lime

• alum (aluminum sulfate)

• aluminum salts

• ferric or ferrous salts

• polymers

• bioadditives

Microscreening

Microscreening (also called microstraining) is an advanced treatment process used to reduce suspended solids. The microscreens are composed of specially woven steel wire fabric mounted around the perimeter of a large revolving drum. The steel wire cloth acts as a fine screen, with openings as small as 20 micrometers (or millionths of a meter)—small enough to remove microscopic organisms and debris.

The rotating drum is partially submerged in the secondary effluent, which must flow into the drum then outward through the microscreen. As the drum rotates, captured solids are carried to the top where a high-velocity water spray flushes them into a hopper or backwash tray mounted on the hollow axle of the drum. Backwash solids are recycled to plant influent for treatment. These units have found greatest application in treatment of industrial waters and final polishing filtration of wastewater effluents. Expected performance for suspended solids removal is 95 to 99%, but the typical suspended-solids removal achieved with these units is about 55%. The normal range is from 10 to 80%.

According to Metcalf & Eddy (2003), the functional design of the microscreen unit involves the following considerations: (1) The characterization of the suspended solids with respect to the concentration and degree of flocculation; (2) the selection of unit design parameter values that will not only ensure capacity to meet maximum hydraulic loadings with critical solids characteristics, but also provide desired design performance over the expected range of hydraulic and solids loadings; (3) the provision of backwash and cleaning facilities to maintain the capacity of the screen.

Filtration

The purpose of filtration processes used in advanced treatment is to remove suspended solids. The specific operations associated with a filtration system are dependent on the equipment used. A general description of the process follows.

Wastewater flows to a filter (gravity or pressurized). The filter contains single, dual, or multimedia. Wastewater flows through the media, which removes solids. The solids remain in the filter. Backwashing the filter as needed removes trapped solids. Backwash solids are returned to the plant for treatment. Processes typically remove 95 to 99% of the suspended matter.

Biological Nitrification

Biological nitrification is the first basic step of biological nitrification-denitrification.

In nitrification, the secondary effluent is introduced into another aeration tank, trickling filter, or biodisc. Because most of the carbonaceous BOD has already been removed, the microorganisms that drive in this advanced step are the nitrifying bacteria Nitrosomonas and Nitrobacter. In nitrification, the ammonia nitrogen is converted to nitrate nitrogen, producing a nitrified effluent. At this point, the nitrogen has not actually been removed, only converted to a form that is not toxic to aquatic life and that does not cause an additional oxygen demand.

The nitrification process can be limited (performance affected) by alkalinity (requires 7.3 parts alkalinity to 1.0 part ammonia nitrogen); pH; dissolved oxygen availability; toxicity (ammonia or other toxic materials); and process mean cell residence time (sludge retention time). As a general rule, biological nitrification is more effective and achieves higher levels of removal during the warmer times of the year.

Biological Denitrification

Biological denitrification removes nitrogen from the wastewater. When bacteria come in contact with a nitrified element in the absence of oxygen, they reduce the nitrates to nitrogen gas, which escapes the wastewater. The denitrification process can be done in either an anoxic activated sludge system (suspended growth) or in a column system (fixed growth). The denitrification process can remove up to 85% or more of nitrogen.

After effective biological treatment, little oxygen demanding material is left in the wastewater when it reaches the denitrification process.

The denitrification reaction will only occur if an oxygen demand source exists when no dissolved oxygen is present in the wastewater. An oxygen demand source is usually added to reduce the nitrates quickly. The most common demand source added is soluble BOD or methanol. Approximately 3 mg/l of methanol is added for ever 1 mg/l of nitrate-nitrogen.

Suspended growth denitrification reactors are mixed mechanically, but only enough to keep the biomass from settling without adding unwanted oxygen.

Submerged filters of different types of media may also be used to provide denitrification. A fine media downflow filter is sometimes used to provide both denitrification and effluent filtration. A fluidized sand bed where wastewater flows upward through a media of sand or activated carbon at a rate to fluidize the bed may also be used. denitrification bacteria grow on the media.

Carbon Adsorption

The main purpose of carbon adsorption used in advanced treatment processes is the removal of refractory organic compounds (non-BOD5) and soluble organic material that are difficult to eliminate by biological or physical/chemical treatment.

In the carbon adsorption process, wastewater passes through a container filled either with carbon powder or carbon slurry. Organics adsorb onto the carbon (i.e., organic molecules are attracted to the activated carbon surface and are held there) with sufficient contact time.

A carbon system usually has several columns or basins used as contactors. Most contact chambers are either open concrete gravity-type systems or steel pressure containers applicable to either upflow or downflow operation.

With use, carbon loses its adsorptive capacity. The carbon must then be regenerated or replaced with fresh carbon. As head loss develops in carbon contactors, they are backwashed with clean effluent in much the same way the effluent filters are backwashed. Carbon used for adsorption may be in a granular form or in a powdered form.

Note: Powdered carbon is too fine for use in columns and is usually added to the wastewater, then later removed by coagulation and settling.

Land Application

The application of secondary effluent onto a land surface can provide an effective alternative to the expensive and complicated advanced treatment methods discussed previously and the biological nutrient removal (BNR) system discussed later. A high-quality polished effluent (i.e., effluent with high levels of TSS, BOD, phosphorus, and nitrogen compounds as well as refractory organics are reduced) can be obtained by the natural processes that occur as the effluent flows over the vegetated ground surface and percolates through the soil.

Limitations are involved with land application of wastewater effluent. For example, the process needs large land areas. Soil type and climate are also critical factors in controlling the design and feasibility of a land treatment process.

Three basic types or modes of land application or treatment are commonly used Irrigation (slow rate), overland flow, and infiltration-percolation (rapid rate). The basic objectives of these types of land applications and the conditions under which they can function vary.

In irrigation (also called slow rate), wastewater is sprayed or applied (usually by ridge-and-furrow surface spreading or by sprinkler systems) to the surface of the land. Wastewater enters the soil. Crops growing on the irrigation area utilize available nutrients. Soil organisms stabilize organic content of the flow. Water returns to hydrologic (water) cycle through evaporation or by entering the surface water or groundwater.

The irrigation land application method provides the best results (compared with the other two types of land application systems) with respect to advanced treatment levels of pollutant removal. Not only are suspended solids and BOD significantly reduced by filtration of the wastewater, but also biological oxidation of the organics in the top few inches of soil occurs. Nitrogen is removed primarily by crop uptake, and phosphorus is removed by adsorption within the soil.

Irrigation expected performance levels are

• BOD5—98%

• Suspended solids—98%

• Nitrogen—85%

• Phosphorus—95%

• Metals—95%

The overland flow mode of land application used for water purification is accomplished by physical, chemical, and biological processes as the wastewater flows in a thin film down the relatively impermeable surface. In the process, wastewater sprayed over sloped terraces flows slowly over the surface. Soil and vegetation remove suspended solids, nutrients, and organics. A small portion of the wastewater evaporates. The remainder flows to collection channels. Collected effluent is discharged to surface waters.

Overflow flow expected performance levels are

• BOD5—92%

• Suspended solids—92%

• Nitrogen—70-90%

• Phosphorus—40-80%

• Metals—50%

In the infiltration-percolation (rapid rate) land application process, wastewater is sprayed/pumped to spreading basins (a.k.a. recharge basins or large ponds). Some wastewater evaporates. The remainder percolates/infiltrates into soil. Solids are removed by filtration. Water recharges the groundwater system. Most of the effluent percolates to the groundwater; very little of it is absorbed by vegetation. The filtering and adsorption action of the soil removes most of the BOD, TSS, and phosphorous from the effluent; however, nitrogen removal is relatively poor. 

Infiltration-percolation expected performance levels are

• BOD5—85–99%

• Suspended solids—98%

• Nitrogen—0–50%

• Phosphorus—60–95%

• Metals—50–95%

Biological Nutrient Removal (BNR)

Recent experience has shown that biological nutrient removal (BNR) systems are reliable and effective in removing nitrogen and phosphorus. The process is based upon the principle that, under specific conditions, microorganisms will remove more phosphorus and nitrogen than is required for biological activity; thus, treatment can be accomplished without the use of chemicals. Not having to use and therefore having to purchase chemicals to remove nitrogen and phosphorus potentially has numerous cost-benefit implications. In addition, because chemicals are not required to be used, chemical waste products are not produced, reducing the need to handle and dispose of waste. Several patented processes are available for this purpose. Performance depends on the biological activity and the process employed.

Enhanced Biological Nutrient Removal (EBNR)

Recently, the trend in removing phosphorus from wastewater in secondary treatment processes has evolved into innovative enhanced biological nutrient removal (EBNR) technologies. EPA (2007) points out that an ENBR treatment process promotes the production of phosphorus accumulating organisms which utilize more phosphorus in their metabolic processes than a conventional secondary biological treatment process. The average total phosphorus concentrations in raw domestic wastewater is usually between 6 to 8 mg/L and the total phosphorus concentration in municipal wastewater after conventional secondary treatment is routinely reduced to 3 or 4 mg/L. Whereas, EBNR incorporated into the secondary treatment system can often reduce total phosphorus concentrations to 0.3 mg/L and less. Facilities using EBNR significantly reduced the amount of phosphorus to be removed through the subsequent chemical addition and tertiary filtration process. This improved the efficiency of the tertiary process and significantly reduced the costs of chemicals used to remove phosphorus. Facilities using EBNR reported that their chemical dosing was cut in half after EBNR was installed to remove phosphorus (EPA 2007). 

EPA (2007) also reports that the treatment provided by these WWTPs also removes other pollutants which commonly affect water quality to very low levels. Biochemical oxygen demand (BOD) and total suspended solids are routinely less than 2 mg/L and fecal coliform bacterial less than 10 fcu/100 mL. Turbidity of the final effluent is very low which allows for effective disinfection using ultraviolet light, rather than chlorination. Recent studies report finding that WWTPs using EBNR also significantly reduce the amount of pharmaceuticals and health care products from municipal wastewater, as compared to the removal accomplished by conventional secondary treatment. EBNR Treatment Technologies include:

• 5 mgd capacity plant

  Advanced Phosphorus Treatment Technology: BNR, filtration 

  Treatment process description (liquid side only): involves screening and grinding; primary clarification; biological nutrient removal (BNR) in the contact basins; secondary clarification; filtration through single pass Dynasand filters (four cells with 4 filters per each cell); UV disinfection.

• 1.5 mgd capacity plant

  Advanced Phosphorus Treatment Technology: BNR, chemical addition, tertiary settlers and filtration

  Treatment process description (liquid side only): accomplished by screening and grit removal in the headworks; activated sludge biological treatment; biological aerated filter (IDI “BioFor” for nitrification); chemical coagulation using alum; flocculation and clarification using tube settler (IDI “Densadeg”); filtration (Single Stage Parkson “Dynasand” filters); disinfection and dechlorination. The Dynasand filter reject rate is reported to be about 15 to 20%. The Dynasand filters are configured in four, two-cell units for a total of 8 filters beds which are each 8 feet deep. Influent concentrations of total phosphorus are typically measured at about 6 mg/L (very typical value for untreated domestic wastewater. The aeration basins are operated with an anoxic zone to provide for biological removal of phosphorus. About sixty percent of the influent phosphorus is removed through the biological treatment process. About sixty percent of the influent phosphorus was reported to be removed through the biological treatment process. 

  Sodium sulfate is added to maintain alkalinity through the treatment process for phosphorus removal. Approximately 100 to 120 mg/L sodium sulfate is applied to the wastewater just upstream of where alum is added. Alum is used to precipitate phosphorus. The alum dose at the upstream f where alum is added. Alum is used to precipitate phosphorus. The alum dose is typically 135 mg/L and is used with 0.5 to 1.0 mg/L cationic polymer. 

Note: A Dynasand filter is a continuous backwash, upflow, deep bed, granular media filter. 

• 3 mgd capacity plant

  Advanced Phosphorus Treatment Technology: BNR, Chemical Addition, tertiary settlers and filtration

  Treatment process description (liquid side only): treatment consists of screening and grit removal; biological nutrient removal; chemical coagulation and flocculation using polymer and alum; clarification via tube settlers; filtration though mixed media bed filters; disinfection with chlorine and dechlorination (using sodium bisulfate). 

• 2.6 mgd capacity plant

  Advanced Phosphorus Treatment Technology: BNR, chemical addition, tertiary settlers and filtration

  Treatment process description (liquid side only): treatment includes screening and grit removal; aeration basins; secondary clarification; chemical coagulation and flocculation using with alum and polymer; tertiary clarification (rectangular convention with including plate settlers); mixed media bed filters (5 feet deep); and disinfection (the filtration process removes enough fecal coliform so that conventional disinfection is not normally required. The average alum dose is 70 mg/L in the wastewater and varies from 50 to 180 m/L. A greater dose of alum is applied during the winter period. The polymer dose concentration to be about 0.1 mg/L.

• 2 mgd capacity plant

  AdvaEnced Phosphorus Treatment Technology: BNR, chemical
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