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Study Guide for the Kentucky Registered Sanitarian Test
Environmental Engineering 5 Edition Edited by Salvato, Nemerow and Agardy

Chapter 1 Control of Communicable and Certain Non-Infectious Diseases

There is an abundance of information in this chapter that will be critical to your overall
understanding of what the test will entail. Other chapters will not have such an in-depth review,
because all of the information relates to other subject matter in the chaptersthat are
recommended in this study guide, both in the Salvato text and the Marriott text.

Definitions Pg. 1-12
Of the eleven pages of definitions, be familiar with the following terms that are most related to
Environmental Health

Antigen

Carrier

Communicable Disease

Disinfection

Endemic

Epidemic

Epidemiology

Host

Incubation period

Infectious disease

LD so

NOEL

Pathogen

Personal Hygiene

Prospective study

Reservoir (of infectious agents)

Retrospective Study

Sanitize

Sterilization

Transmission of Infectious Agents
a. Direct transmission
b. Indirect transmission

(1) Vehicleborne
(2) Vector borne

(i) Mechanica
(i) Biologica
c. Airborne

Infant mortality rate
Morbidity rate
Mortality rate



Disease Control Pg. 18, 23- totop of 32
Review information related to the following:

Core health problemsin developing countries
Closely review Figure 1-1 on page 24 relating to Spread of Communicable Disease
a Source
(1) agent factors
(2) examplesof chemical, physical, and biological agent factors
(3) how to control the source

b. Mode of Transmission
(1) environmental factors
(2) how to control the modes of transmission

C. Host susceptibility
(1) animasand humans
(2) dose
(3) virulence
(4) environmenta pollutants
(5) personal behavior
(6) how to control host susceptibility

Typical Epidemic Control pg. 28-32
a Genera Precautions During Outbreaks
b. General Sanitation

Respiratory Disease pg. 32-34
a Koch's Postul ates
b. Brief review of Table 1-6 Respiratory Diseases
C. Control Measures

Water and Foodborne Diseases pg. 34-38

a Mode of transmission
b. General health effects
C. Conditions under which pathogens survive and die
*Note: Thisinformation will be provided in the Marriott text also.
d. Generally know the dose necessary to cause illnesses such as Salmonella and

Vibrio cholera compared to Campylobacter and Cryptosporidium.

Figure 1-2 Chart of Water and Foodborne Diseases pg. 40-48

Be familiar with the agent, reservoir, symptoms, incubation times, and preventive measures of
the following waterborne and food borne diseases:

Botulism

Staphylococcus food poisoning

Clostridium perfringins

Bacillus cereus (emetic and diarrheal types)
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Salmonellosis

Typhoid fever

Cholera

Campylobacter enteritis

Vibrio parahaemolyticus

Diarrhea enteropathogenic (Traveler’ s diarrhea)
Yersiniosis

Listeriosis

Vibrio vulnificus

Listeriosis

SITRTToQ ™

Study Guide Note: ALL DIEASES NOTED ABOVE ARE CAUSED BY BACTERIA, ALSO
THESE DISEASES ARE DISCUSSED IN SIMILAR FASHION IN THE ESSNETIALS OF
FOOD SANITATION BY MARRIOTT

Also, review the following waterborne/foodborne diseases caused by viruses and protozoa:

a HepatitisA

b. Viral gastroenteritis caused primarily by the Norwalk virus
C. Giardiasis

d. Cryptospordiosis

e Trichinosis

Study Guide Note: KEEP IN MIND THAT ALL OF THE DISEASES ARE INCLUDED IN
THE CONTEXT OF SPECIFIC SECTIONS OF SALVATO AND MARRIOTT
TEXTBOOKS, HOWEVER THIS CHART MAY PROVIDE YOU WITH THE BEST
APPROACH WHEN STUDYING FOR THE EXAM ONCE THE CHAPTERS HAVE BEEN
READ THUOROUGHLY.

Historical Waterborne Disease Background pg. 55to top of 57

Know common illnesses in Europe and the United States in the mid 1800s
Specific knowledge of the three classic al waterborne diseases of the time
Dr. John Snow

Robert Koch

General Knowledge of Waterborne Disease and Foodbor ne Disease Outbreaks and Control
M easur es. Read pg. to the top of 66.

Review Figure 1-3 Food Sanitation Temperature Chart pg. 66-

Temperature to kill Trichinellaspiralis

Frozen food storage temperature

Recommended temperature for holding milk
Temperature range required for rapid bacterial growth
HTST pasteurization temperatures (actually 161 °F)
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f. Batch and UHT pasteurization temperatures
0. Good dish sanitization temperatures

Other temperature parameters not illustrated include some specific temperature control
requirements on page 68-72 in this chapter and page 1048 and 1049 in Chapter 8 on Food
Protection.

Study Guide Note: THERE WILL BE MULTIPLE QUESTIONS RELATED TOTHIS
VERY IMPORTANT CONTROL MEASURE. THEREFORE, THISISA VERY
IMPORTANT AREA TO REVIEW PRIOR TO TAKING THE EXAM

Carefully read and have knowledge of the definition of potentially hazardous foods according to
the 2001 Food Code on page 73. It includes important information regarding the environment
required for bacteriato survive and multiple in the list of exclusions

I nsect borne Diseases and Zoonoses pg. 78-95

a. Generd information
b. Insect borne Diseases: Know reservoir, vector and control measure for the following
which are organized in Table 1-13
(1) Bubonic plague
(2) Tularemia
(3 Rocky Mountain Spotted Fever
(4) Scabies
(5) Lyme Disease
(6) Dengue Fever
(7) Filariasis
(8) Madaria
(9 Yéelow fever

Also, know the following as discussed on pg. 84
West Nile Virus

Originated from the Middle East

Spread by the Culex mosquito

Flavivirus that causes encephalitis

Cannot be transmitted person to person

C. Zoonoses. pg. 84-94
(1) Tickborne diseases
(2) Rodentborne diseases
(3) Rabies
(i) agent and rabid animals that transmit
(ii) control measures
(4) Anthrax, also known as woolsorter’ s disease from sheep, but also
cattle, swine, and horses



Study Guide for the Kentucky Registered Sanitarian Test
Environmental Engineering 5" Edition Edited by Salvato, Nemerow and Agardy

Chapter 3 Water Supply

Introduction pg. 255- to top of 259
a. Definition of a public water system
b. The number of public water suppliesinthe U.S. and people they serve
c. Global concernsregarding a safe and adequate supply of fresh water
d. Groundwater pollution concerns
e. Pollution effectsin groundwater as opposed to surface water

Water Quantity and Quality pg. 265 to top of pgs. 268 and 271-317
a. Have abasic understanding of the Water cycle
b. Geological determinants of water quantity and quality
(1) Igneousrocks
(2) Sedimentary rocks
(3) Metamorphic rocks
(4) Karst areas
(5) Porosity and Permeability
c. MCLsand MCLGs
e. Nationa Primary Drinking Water Standards: Know the MCL for the
following as listed in Table 3-4
(1) Fluoride
(2) Nitrate
(3) Total coliform rule

f.  Secondary Drinking Water Regulations. Know recommended level for the
following aslisted in Table 3-5
(1) pH
(2) Hardness
(2) Iron

g. Coliform Testing Methodology and other tests pg. 289 (bottom) to pg. 297
(1) Fecal coliformand Total coliform tests
(2) Incubation temperature requirements
(3) MTF technique
(4) MF technique
(5) PA Test and MUG Test

Study Guide Note: A POWER POINT PRESENTATION Will BE PROVIDED ON A CD
DISC INCLUDED WITH THE STUDY GUIDE WITH AN OVERVIEW OF COLIFORM
TESTING. POSSIBLY, THREE TO FOUR QUESTIONSWILL BE DERIVED FROM THIS
INFORMATION.



h. Know general information the health effects related to high levels of lead and
nitrate in drinking water and control measures. Pg. 314-317.

Water Supply Provided by Groundwater pg. 338-373

About one-half of the U.S population is served by groundwater for drinking and domestic
purposes. Agriculture isamajor user of groundwater asisindustry. The 1980 Census recorded
that 33 million people are served by individua well-water systems. Others that do not have
access to public water supplies may utilize a cistern, apond or have their water delivered by
water tank trucks. However the majority utilize the water-well to gain access to a potentially
plentiful supply of groundwater. It is estimated that there is 20 to 30 times more water stored
underground than in all the surface water streams and |akes combined. Gaining access to
groundwater is easy. Protecting and devel oping source may be more difficult.

Have knowledge of the depth, diameter, possibility of contamination, quality and quantity of
water in each of the following:

Types of wells:
a. Dugwel
b. Bored well
c. Driven or jetted well
d. Drilled well

Spring:
a. Development
b. Protection
c. Infiltration Gallery

Cistern:
a. Water source
b. Quality and Quantity issues with cistern use
c. How much chlorineisto be used

Study Guide Note: THERE WILL BE A SUPPLEMENTAL CHAPTER IN THE APPENDI X
WITH EXAMPLES OF POSSIBLE CALCULATIONS THAT MAY BE ON THE EXAM.
ONE OF THESE ISTO CALCULATE HOW MUCH CHLORINE ISREQUIRED TO
PROPERLY DISINFECT A CISTERN WITH KNOWN DIMENSIONS AND DEPTH OF
WATER.

Well-Water Supplies- Know About These Special Problemsand How to Treat Each:

Hard Water

Turbidity

Iron and manganese
Corrosion

Taste and Odor Problems
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Study Guide for the Kentucky Registered Sanitarian Test

Environmental Engineering 5 Edition Edited by Salvato, Nemerow and Agardy
Pipeline Publication on Wastewater Treatment and Supplemental Handout

Chapter 4 Wastewater Treatment and Disposal

Thereis genera information regarding wastewater treatment in this chapter, but the sections on
on-site wastewater treatment systems will be critical when studying for the test. In fact, the text
does not give the detail necessary for your understanding the basics of on-site treatment of
wastewater. Therefore, supplemental materials are also provided and outlined in this section of
the study guide.

Common Enteric Pathogensfound in Wastewater Pg. 535-537
Know how long they survive

Conditions necessary to survive

What level of removal of pathogens do steps in wastewater attain

Definitions Pg. 539-544
Of the four pages of definitions, be familiar with the following terms that are most commonly
known to Registered Sanitarians

Aerobic bacteria
Anaerobic bacteria
Biochemical oxygen demand (BOD)
Chemical oxygen demand (COD)
Dissolved oxygen (DO)
Excreta
NPDES
Non-point pollution
Sewer
-Combined
-Sanitary

Stream Pollution and Recovery
BOD Test
a.  Understand why the test is used and how BOD is derived, what conditions can be
expected in a stream that has alow BOD as opposed to a high BOD
b. Beableto calculate BODs Problem and BOD L oading Problem (See calculations
supplement
c. Acceptable levels

COD Test
a.  How it comparesto the BOD test
b. Whenisit used



DO Test
a. Acceptablelevels
b. For what purposesisthe test utilized
c. What do low and high levelsindicate and what are he effects

Eutrophication Pg. 549- 552
a. Explainthe process
b. What kinds of water go through this stage
Cc. Review Table4-2
d. What nutrients are associated with Eutrophication

Small Wastewater Disposal Systems Pg. 552- 600
Number of systemsin the U.S.

The most common type system

Wastewater Characteristics

a. What isBlack Water Examples

b. What isGray Water Examples

c. What isin Wastewater

General Soil Characteristics

a. For reference purposes, soil isusualy divided into gravel, sand, silt and clay

b. Read of how each of these are identified

c.  Which ones are suitable and not suitable for small on-site wastewater systems

d. Know about Soil Structure, Restrictive Horizons, Landscape Position, Slope, Soil
Texture, Soil Drainage, Soil Depth, as discussed in the text.

e. Also, besureto carefully study the Soil/Site Evaluation Supplement attached. 1t will
provide a good overview of the subject and will provide answersto more than six
guestionson the R.S. Exam

Note:. THERE WILL BE NO QUESTIONS ON PEROCLATION TESTS PAGE

562-566. ----SINCE THIS TEST ISNOT REQUIRED IN KENTUCKY AND
EXPERIENCING DECREASED EMPHASISIN OTHER STATES

Absorption Fields, also known as trenches, leach fields
a How they work
b Where can they be located and installed
C. Distances from wells, property lines, water service lines
d. The basic construction
e. The Biomat at the bottom of the trench
f. Size depends on number of bedrooms

Septic Tank

Its purpose

Sizing a septic tank to fit proper applications and sites
Recommended tank size

Detention time and implications if not properly attained
Review Figure 4-8 and 4-9
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Suggested septic tank dimensions for the more common size tanks
How often should septic tanks be cleaned and who should do it
Materials septic tanks are constructed of

Read of the use of septic tank cleaners and additives

Why do septic tank systems generally fail

o oa

Sewage Works Design: Large Systems. Page 697 to Middle of Pg. 706 plus page 651-665
and 675-678
Wastewater Treatment Unit Processes

a Primary Treatment (Physical Treatment by Gravity)
1. Screening Racks
2. Grit Chamber
3. Comminutors
4. Primary Sedimentation
b. Secondary Treatment (Biological Treatment) Options
1. Trickling Filter
2. Activated Sludge
3. Land Treatment
4. Stabilization Ponds (Lagoons)
C. Advanced (Tertiary) Treatment
1. Denitrification
2. Phosphorous Removal and other Examples

Figure 4-2 on page 699 is important to review, plus the schematic below may help. Know the
sequence of the unit processes and a little about what is being accomplished at each step.

Advanced
Treatment

Praliminary Primary
Treatment

N
| v oo

5'Uﬂﬂ0‘ Toatmont Land Apglcahion
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Chapter 5 Solid Waste M anagement

This chapter will provide genera information regarding solid and hazardous waste. It will be
important to know the types of wastes generated, which types of wastes are on the decline and
which ones are steady or increasing, the various waste management options, and the federal
agencies and legidlation regarding waste management.

Definitions: Page 756-759
| nfectious waste
Hazardous waste

Sanitary Landfill

Solid waste

Integrated Waste Management (IWM)
Four basic options as identified by EPA
The IWM Hierarchy
a. Source Reductions
1. What isthe focus?
2. Examples
3. Cost internalization
b. Recycling
1. Perception
2. Problems associated with recycling
c. Combustion
1. Advantages
2. Major constraints
d. Landfilling
1. Advantages over other options
2. Aspects of amodern landfill Page 820-829
Sources, characteristics, quantities of residential & municipal solid waste. See Table 5-2

Commercial and Household Hazar dous Waste
Contamination Aspects
Quantities Typically Generated
Typical examples of these kinds of hazardous waste
Medical Wastes

a. Federal Regulations

b. Examples of medical waste

c. Typesof Wastes that are Exempted



Solid Waste Collection

Costsinvolved as an overall percentage of costs and direct costs of hauling

Collection frequency

Personnel Requirements and Health Issues

Finaly, carefully read of the issues compost and constraints to its use beginning on pg. 806.

Hazardous Waste Page 872-885
Four characteristics of hazardous waste
Kinds of waste not regulated under RCRA
Legidation:

RCRA 1976

RCRA 1984 Amendments

CERCLA

TSCA
Who are the major generators of hazardous waste?
Hazardous Waste M anagement

The ultimate goa

The options
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Chapter 8 Food Protection Page 1045, middle of 1048 to 1050 (very important section)
Top section of 1052, Middle of 1058-1059, 1063-1064, 1068-middle of 1070, 1074-1075, 1084,
1097

Although the majority of questions on the Registered Sanitarian Exam related to food protection
are taken from and review in the Marriott Text study guide, this chapter in Salvato includes
important information not specifically discussed in that text. Please read and review the pages
noted above. These pages will discuss the following subjects important to test preparation.

Food Handling and Temperature Control

Know minimum cooking temperature requirements eggs, fish, beef, poultry, pork, leftovers,
stuffing...

Know hot holding temperature requirements

Serving prepared foods (temperature requirements)

Turkey thawing in refrigerator information

Cooling of bulk foods

Food Handler Examination and Responsibilities
Read this section carefully

Food Additives
The effects of Sulfites and Nitrites on food and health effects

Foodbor ne Pathogenic Or ganisms
Review information in this section with emphasis on C. botulinum

lce
Potential for contamination
Bacterial Standards

Dry Food Storage
Recommendations for storage environmental conditions
Space requirements

Milk Quality

USDA Criteria

FSIS Inspections

Mastitis

Pasteurization

Temperature during storage, after milking.....
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Chapter 9 Recreational Areas
Information of swimming pools and other water recreation activities
Read page 1187 to middle of 1213, 1218 to middle of 1242

Health Considerations

Diseases potentially transmitted due to improperly operated pools, beaches, spas, hot tubs
Skin infections

Upper respiratory associated diseases

Incidence of outbreaks as reported by CDC

Source of these outbreaks

Particular problems with bathing beaches, hot tubs, spas and whirlpools

Regulations and Standards

Bathing beach water quality standards

Coliform levelsin pools

Enterococci’ s role in determining incidence of gastroenteritis

Swimming Pool Water Quality
Proper pH, akalinity, and clarity
Review Table 9-1

Sample Collection
At a pool
At the beach

Accident Prevention and Life Saving
Incidence of swimming pool injuries
Swimming pool drownings
Type of pool most implicated
Age groups most effected
Pool related Accidents
Major types of injuries
Primary Causes
Preventive methods
Placement of diving boards
Number of trained guards recommended by Red Cross

Pool Design

Pool area and depth

Source of fresh water

Recirculation system (Note the Six Points under this heading and be sure to read the footnote
regarding turnover rates)

Disinfection (Review only points 1, 2, and 3 under this heading)



Filtration
Overflow gutters and skimmers

Swimming Pool Operation

Water Quality

Routine tests performed

Disinfection; what are the options

Acceptable levels of pH, chlorine, bromine, calcium hardness in pool water

Control of pH

The effects of improper pH levels

Normal and recommended levels

What may cause a sudden increase or decrease in pH
How to increase pH to normal levels

How to lower pH to normal levels

Controlling Alkalinity

The effects of improper levels
Recommended levels

How to increase akalinity to normal levels
How to lower alkalinity to normal levels

Iron and M anganese
Problems caused by increased levels
Quick test to determine presence of excessive levels

Algae
What |eads to algae problems
How to control algae
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Chapter 10 Residential and Institutional Environment

Plumbing: Read Page 1340 to the Middle of 1364
By being able to define the following terms, the information conveyed for test purposes will be
met:

Air gap

Back siphonage

Cross connection

Vacuum breaker

Indoor Air Pollution Read page 1350-1361
Biological contaminants

Sources

Examples of Respiratory diseases caused by indoor air biologics
Thermal and Moisture Requirements

Recommended temperature levels

Recommended humidity levels

Problems associated with high humidity levels

Ventilation  Read page 1361-1364
Acceptable minimum supply of fresh air per occupant
Standards for schools
Respiratory IlIness Control
NIOSH Suggestions

Institutional Sanitation  Read page 1369-1384
Definitions:

Institution

Nosocomial infection

Hospitalsand Nursing Homes

Incidence of hospital acquired infections
Examples of such infections

Reasons why hospital acquired infections occur
Preventive measures and recommendations

Hospital Related Waste

Types of wastes

% of waste that is considered infectious waste
Proper handling of infectious waste
Regulations and regulatory agencies involved
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Chapter 11 Environmental Emergencies and Emergency Preparedness
Read Pages 1393-1416. Also read and review the Beck Supplement to Salvato which is
attached as an addendum to the study guide

I ntroduction:
Historical perspective of emergency planning
OSHA Involvement Early On
Hazard Communication Standard
Common name
Purpose
MSDS Sheets
Know the primary purpose(s) of the following:
EPCRA
SARA
HAZWOPER
What is the key to successful emergency preparedness

Emergency Operations Centers (EOC)

In an industrial setting

Proper location in an industrial or community
Who should be admitted

How should EOC be utilized

Power supply concerns and precautions
Sirens

PPE

Emergency Action Levels

Be able to identify/match descriptions of each action level and what each represents

Know the criteria and involvement for each Biosafety level (Found on pages 50 through 58 in
the Beck Supplement to Salvato (Found in back of study guide)
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Chapter 1 Sanitation and the Food | ndustry

Reading Assignment: Page 1-11

Thereis general information regarding the complexity of the food industry, the agencies that
monitor and enforce their activities and data regarding the size and complexity of the problems
associated with Food Sanitation

Definitions

Sanitation

HACCP

Laws

Regulations
Substantive
Advisory

Adulterated Foods

Carefully Read and Have Knowledge of the Causes and Foods I mplicated of Sample
Foodborne Outbreaks on Page 5 and 6 Involving:

Salmonella enteriditis
E-coli 0157:H7
Listeria Monocytogenese

FDA Regulations

Have knowledge of:

I nterstate Commerce

Misbranded and Adulterated Foods
U.S. Marshall’s Assistance

USDA

Have knowledge of:

Federal Meat Inspection Act

Poultry Products Inspection Act

Egg Products Inspection Act

FSIS

Pathogen Reduction: HACCP Final Rule
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Chapter 2 The Relationship of Biosecurity to Sanitation
Reading Assignment: Page 16-24

This chapter reviews the importance of protecting our food supply from natural and intentional
microbial, chemical, and physical contamination. Also, discussion of the Homeland Security Act
and concerns we might have in thistime of terroristic activity.

Key Issuesto Study:
Knowledge and History of Bioterrorism in food processing and food preparation areas.

Possible Agents that may be used in terrorist attacks
Hemorrhagic fever virus
Ricin
Botulinum toxin

Food Industry’ s Focus. Referencetothe3P's
Personnel
Property
Product

Bioterrorism Protection Measures
FDA Interim Final Rules
Bioterrorism Act

Collaboration Between Biosecurity and Pest Management
Registration of Food and Animal Feed Facilities
Biosecurity Act Requirements
Define facilities
Exemptions
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Chapter 3 The Relationship of Microorganismsto Sanitation

Reading Assignment: Page 25 to the middle of Page 55 and Salvato as noted

Thereis an in-depth review of the effects of microorganisms on food causing spoilage, illness
and in some cases being used positively to process certain foods, how contaminated foods can
cause illness when ingested and how microorganisms grow and die.

Definitions

Microorganism
Foodborneillness
Food Infection
Food Intoxication
Pathogen
Bacteriostats and Bacterocides
D Value
Aerobic and Anaerobic bacteria (These are also defined in Salvato Chapter Reviews)
Biofilm
Foodborne IlIness Outbreak

Micr oor ganisms Common to Food
Most common to food are Bacteria and Fungi

Mold: (Multicellular)
Conditions under which they grow
Beneficial Molds and Molds that can cause illness
How to Control Molds

Yeast: (Unicellular) Larger than Bacteria
Generation of Y easts
Conditions under which yeasts grow
How to Control Y east

Viruses. (Not really a microorganism, but a single molecule of DNA or RNA inaprotein
wrapper.)

Unlike the others, they cannot reproduce outside a living host and die much quicker in the

environment

Employees are carriers

How are they transmitted to foods

What foods are more likely to contain viruses

Hepatitis A isthe most common viral foodborne illness



Bacteria (Unicellular)

Know morphology of bacteria

Read about spore forming bacteria

Bacterial Growth: What occurs during each of the following stages
Lag phase growth
Log phase growth
Stationary phases
Accelerated death phase

Factors Affecting Microbial Growth (Especially related to bacteria)
To begin, this new edition of Marriott has confused the issue to temperature control by using

Celsiusinstead of Fahrenheit. Therefore, | will convert temperature parameters used in the
section from page 30-34 for you here:

14 °c=572 °F 20°C = 68 °F 40°C= 104 °F 45°C= 113 °F
155°C = 60 °F 3% = 374°F 4°C = 39.2°F
Factors

Temperature: The Food Code States that microbes grow best in the danger zone which is 41 °F
to 140 °F. The perfect growth temperature for most bacteriais 98.6 °F which is human body
temperature.

To avoid the danger zone, regulations require foods to be stored below 41 °F in a refrigerator
until ready for preparation and be cooked to an internal temperature of 140 °F as soon as
possible. There are exceptions to these rules discussed in Salvato Page 1049.

The minimum internal cooking temperature:

-For eggs, fish and beef is 145 °F

-For Poultry, Pork, and leftovers including stuffing is 165 °F

-Frozen meat and poultry should be thawed in arefrigerator at 40 °F *

-Prepared foods, especially protein types, should be served immediately, kept temporarily
at atemperature of less than 40 °F or on awarming (steam) table maintaining a
temperature of 140 °F or above until served

* Note Table 8-1 on Turkey Thawing Time According to Size

Also, note the classification of Microbes According to Temperature
Thermophiles
Mesophiles
Psychrotrophs
Know examples of each and temperaturesin each classification



Oxygen Requirements. Some microorganisms require free oxygen and some thrive in non-
oxygen environments, while others can survive in either. Know examples of each

Relative Humidity: Know how much humidity is necessary and how are microorganisms affected
by RH. What problems can high humidity lead to and know it association to Water Activity Ay

pH: Yeasts can grow in an acidic environment, molds can grow in awide pH range, while
bacteria prefer aneutral pH of 7, but there are potentially hazardous foods that can survive and
proliferate at ph levels of 4.6 and above.

Nutrient Requirements. Most microorganisms need external sources of nitrogen, carbohydrates,
protein, or lipids. They get all of these from foods we call potentially hazardous foods such as;
milk and milk products, eggs, poultry, meat, pork, seafood, shellfish.....but also other foods we
aswell.

Foodborne llIness
Page 35-52 is an important section on foodborne illness. Table 3-3 (Page 39-41) should be very
helpful when reviewing for the test, but specific information is included within these pages that

will aso generate numerous test questions.

http://vm.cfsan.fda.gov/~mow/intro.html is a website that discusses all foodborne illnesses.

Suggestion: Make 3 by 5 cards on each of these foodborne illnesses noting foods implicated,
signs of symptoms of illness, incubation time, prevalence and what populations are most
affected. Also, note anecdotal information such as the foodborne illness caused by Yersinia
enterocolitica mimics appendicitis. Also, it isone of the few foodborne ilinesses that is
psychrotrophic.

Apply these study parameters to the following foodborne ilinesses found in the readings from
page 35-52.

Bacillus cereus Listeriosis

Botulism Salmonellosis
Campylobacteriosis Shigellosis

Clostridium perfingins Staphylococcal Intoxication
E-coli 0157:H7 Yersiniosis

Also, know some general info. of Trichinosis, Enterotoxigenic e-coli, and Vibrio spp.
Microbial Destruction Page 53-55

This basic information has already been presented or will be included in other sections.
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Chapter 4 The Relationship of Allergensto Sanitation

Reading Assignment: Page 70-75

Thisisashort chapter addressing a problem of growing importance in the food processing
industry. Industry sees this as an urgent problem that must be addressed and the public warned.
Data included as the prevalence states that 30,000 emergency room visitsand 200 deaths are
attributed to food allergens each year with 2 to 3% of adults being affected and 4 to 8% of our
children.

What Y ou Should Know

How isindustry addressing this problem?

What are the Eight Foods that most likely contain allergens?

What agencies are involved in addressing the problem and what are they doing?
What are allergens?

What is the natural human response that leads to areaction?

What kinds of symptoms follow?

What are the causes of Allergen contamination?
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Chapter 5 Food Contamination Sour ces

Reading Assignment: Page 76-78

Primarily, this chapter is an overview of information that is presented in previous chapters and
chapter yet to be reviewed. Pertinent information to review in this chapter includes:

Page 76- Cold Storage: Refrigeration isthe most viable method of reducing the effects
of contamination. Cooling rates are affected by container size with Clostridium
perfringins (the cafeteria germ) used as an example.

Page 77- Chain of Infection which illustrates the events or factors that lead to an
infection. Here is an example for Salmonellosis caused by undercooked chicken

Agent: Salmonella enteriditis

Reservoir: Intestinal Tract of Warm Blooded Animals

Portal of exit: Feces

Mode of Transmission: The undercooked poultry

Portal of Entry: Ingesting (eating the undercooked food)

Host Susceptibility: Those most susceptible to Salmonellosis are the
elderly, the very young and those already immuno-compromised.

If the host is not susceptible or if the chicken had been cooked properly,
I1Iness does not occur. Break any link in the chain and illness is prevented.

Causative
ageni

Mode of

transmisson

Page 78- Review Figure 5-2
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Principles of Food Sanitation, 5 Edition by Paul Marriott and Robert Gravani, 2006

Chapter 6 Personal Hygiene and Sanitary Food Handling

Reading Assignment: Page 83-98

Humans are the most common source of food contamination. Hair, perspiration, dirty clothing,
excessive jewelry, purses, coats, finger nail polish, long fingernails harboring bacteria, working
around food while suffering from a communicable disease are just afew ways that humans
contaminate foods with pathogenic bacteria.

Definitions
Hygiene
Personal hygiene
Carrier

Pathogens that food service workerstend to be carriersof include:
Staphlycoccus aureus
Salmonella
Shigella
Hepatitis A- May be acarrier for up to 5 years after becoming well.

The Importance of Handwashing
Proper handwashing procedure
How long should it take to wash hands properly
Mechanical handwashing- How effectiveisit?
Alcohol hand rubs, gels, or rinse sanitizers- How effective isit?
Use of gloves- The controversy

Employee Personal Hygiene Risks
Employee responsibilities
What to look for during an employment interview to predict hygienic behavior



Study Guide for the Kentucky Registered Sanitarian Test
Principles of Food Sanitation, 5 Edition by Paul Marriott and Robert Gravani, 2006

Chapter 7 TheRole of HACCP in Sanitation

Reading Assignment: Page 99-114

HACCP is a preventive approach to hygiene and safety. It has nothing to do with food quality,
only those aspects related to potential health concerns. The keysto HACCP are prevention and
documentation. A team determines how and where food safety hazards exists and set forth to
address these critical control points.

Definitions
HACCP
Hazard
CCP

History of HACCP

Its Origin

What agencies and company were first involved in its implementation?
What was the reason for it earliest implementation?

Poultry and Seafood were the first industries to implement HACCP

The Focus of HACCP

Proper Temperature Controls

Particularly, improper cooling of hot foods

How HACCP differs from traditional inspectional programsin attaining sanitation goals
The benefits of HACCP

The first mgjor pathogen targeted by HACCP

HACCP Principles- General Review Only



Study Guide for the Kentucky Registered Sanitarian Test
Principles of Food Sanitation, 5 Edition by Paul Marriott and Robert Gravani, 2006

Chapter 10 Sanitizers

Reading Assignment: Page 165-179 Up to Peroxy Acid Sanitizers

Thisis an in-depth review of the efficacy and properties of various sanitizers being used in food
processing and the food service industry. Table 10-2 gives an excellent overview of the more
common sanitizing options and when one is best used over another. Each sanitizing option hasits
own advantages and disadvantages. It would serve one well to be aware of these variances.

Definitions
Disinfectant
Sanitizer
Sterilize

Sanitizing Methods:
Thermal (Heat) Sanitizing
Steam
Hot Water

UV Radiation

Chemical Sanitizing: Efficacy is affected by the following physical factors
Temperature **
Exposure Time **
Concentrations **
pH * %
Equipment cleanliness
Water hardness **
Microbia population

Relate these physical factors (especially those noted **) to each of the following chemical
sanitizers:

Chlorine

lodine (Especialy Idophors)

Quaternary Ammonia

Acid Sanitizers

Also, be aware of which sanitizers work best in hard water, which ones work best in destroying
viruses, bacteria, yeasts, which ones are corrosive, etc.



Study Guide for the Kentucky Registered Sanitarian Test
Principles of Food Sanitation, 5 Edition by Paul Marriott and Robert Gravani, 2006

Chapter 13 Pest Control

Reading Assignment: Page235-255

This chapter discusses many of the pests that contaminate our food supply, potentially causing
disease. In addition, these pests are very destructive costing the food industry billions of dollars
annually. Although various control measures are discussed for each pest, keep in mind that good
housekeeping is the first and best line of defense against these pests.

Cockroaches

The most common pest in the food industry worldwide

Potentially carry about 50 pathogens such as cholera, salmonella, and shigella
Spread these pathogens through contact with food

Prefer foods high in carbohydrates

| dentifying the species of cockroach present aidsin their control

Species of Cockroaches: For each, know their comparative sizes, how many roaches they
produce per egg capsule and how often, and where they are found

German cockroach

American cockroach

Oriental cockroach

Control Measures:
Effective Sanitation
Lighting in storage rooms and building exterior
Filling cracksin floors and walls with caulking
Eliminate small spaces between equipment
Use of pesticides as alast resort
Diazanon- used as aresidual sprayed in cracks and crevices
Dursban- effective against roaches that devel oped resistance to other pesticides
Pheromone traps
IGRs (Insect growth regulators)

Flies

The most common seasonal insect in food service and food processing plants

Although there are numerous species of flies, the one species that presents a public health
concern in the housefly (Musca domestica)

Pathogens carried by Housefly are numerous and include typhoid, staph, salmonella, dysentery.
They feed on animal and human waste

Life cycle of the Housefly

Know how they contaminate food

Control measures



Rodents

Both rats and mice are difficult to control because of their highly developed sense of smell,
hearing and touch. Bait shynessis always a problem because they tend not to go near anything
new in their surroundings, rats more so than mice.

Rats
Can enter through an opening the size of a quarter
Are good climbers, swimmers, and jump well
Are dangerous and destructive, potentially carrying every conceivable pathogen known and
causing more than 10 billion dollars of damage to the food industry annually
Produce an average of 20 offspring per year
Species of Rats

Norway Rat (Rattus norvegicus)- the most abundant and largest

Brown, 18-25 cm long, blunt nose and thick body

Roof Rat (Rattus rattus)- found in south and along west coast. Nests are elevated
Black or Gray, 16.5-20 cm long
Mice
Can enter through an opening the size of a nickel
Are good swimmers, excellent sense of balance
Also potentially carry numerous pathogens
Produce an average of 30-35 offspring annually
Mice do not need a source of water to survive, metabolize their own from food
Enter food facilities generally in crates and cartons

How to Control Rodents:

Prevention of entry- know the various options noted in text
Elimination of shelter and food sources

Poisons, Gassing, Trapping, Ultrasonic devices

Note: Most of the information in the following chapters has
been covered in previousreadings, so focus on the following;

CHAPTER 16 DAIRY PROCESSING PLANT SANITATION
Read only “Role of Pathogens’ in thischapter. Pg. 284-to top of 286

CHAPTER 21 FOODSERVICE SANITATION
Read only 371 to top of 373
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h a l Small Community Wastewater Issues Explained to the Public

Septic Systems—A Practical Alternative for Small Communities

he septic system, once
thought of as a tem-
porary treatment for
domestic wastewater

innovative designs for septic sys
terns allow them to be placed in
areas with shallow soils or other

Please note that this issue of
Pipeline is an update fo the
Soring, 1995 issuve, Vol. 6, No. 2.

until public sewerage could be
abtained, is making great strides
and holding strong in the indus-
try today. With nearly one out of
every four homes and one out of
every three new housing starts in
the LL5. relying on some form of
septic system to treat and dispose
of household wastewater, the
concept of septic systems heing a
temporary treatment is no longer
applicable,

When properly designed,
installed, and maintained, septic
systems can be the most cost
effective and efficient method of
wastewater freatment and have a
minimum life expectancy of 20
to 30 years,

Because septic systems treat and
dispose of household wastewater
ansite, they are often more eco-
nomical than centralized sewer
systems in rural areas where lot
sizes are larger and houses are
spaced widely apart.

By using natural processes to
treat the wastewater onsite, usu-
ally in o homeowner's backyard,
septic systems don't require the
installation of miles of sewer
lines, making them less disnp-
tive to the environment.

The traditicnal septic system is
simple in design, which makes it
generally less expensive to install
and maintain, Today, many

site-related conditions previously
considered to be unsuitable.

In spite of these facts, septic
systems suffer from an image
problem.

Septic systems have been in use
since the turn of the century.
Their use became widespread
after World War 11 when the sub-
urban housing boom outgrew the
rate of sewer construction.

Al that time, the biggest assump-
tion was that they would ulti-
mately be replaced by central
sewers, Throughout the 1960s,
the concept of septic tank sys-
tems being an undependable,
old-fashioned, or temporary solu-
tion until a conventional sewer
system could be built continued.

Part of the blame for the poor
reputation of seplic systems can
be traced to the popularity of
conventional sewer systems in
the 1960s and early 1970s, when
more government funding was
available to install and maintain
large, complex systems. These
systems were planned for and
designed to provide service over
the plant’s life expectancy of 20
years or more, which fronically is
the same life expectancy of a
conventional septic system.

Many communities weren't
informed about possible alterna-
tives and, therefore, didn't con
sider more cost-effective or

appropriate decentralized tech-
nologies, like septic systems. And
engineers, local offidals, and
community residents sometimes
were easily impressed by more
high-tech solutions to problems.

Pollution of local groundwater,
lakes, and streams due to septic
system foilures is also responsible
for their unpopularity in some
communities. However, most of
thess failures can be allributed Lo
old systems with poor design,
maintenance, and installation, or

Advantages

« Simple and effective wastewater treatment

« Less disruptive to the environment to
install and maintain

= | gss expensive to operate than centralized

treatment facilities
* Provide wastewater treatment in areas

where it would not be available otherwise

* When functioning properly, can help
replenish groundwater

Disadvantages

= Must be pumped routinely, usually once

every three to five years

« Water use must he monitored to not
overload the system

» Must use care not to dispose of chemicals
or other toxic substances through your

drains and toilets. (See Page 3.)

)




inadequate site evaluations
before installation.

In the past, a lack of adequate
regulations for septic system
design, construction, and instal-
lation also contributed o septic
system failures, With proper
management and homeowner
education programs, most prob-
lems with seplic systems can be
ovoided,

As the population increases with
urban sprawl, the need lor prop-
erly managed, maintained and
operated septic systems is para-
mount. The total volume of
waste disposed of through seplic
systems is over one trillion gal-
lons per year, according to a
study conducted by the U.S,
Environmental Protection
Agency's Office of Technology
Assessment, and virtually all of
that waste is discharged directly
to the subsurface, which affects
groundwater quality.

This issue of Pipeline presents some
basic information about septic
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Septic Systems

tank systems, how they work, and
where homeowners and commu-
nity leaders can find further infor-
mation and assistance,

Seplic System Components
Septic systems are wastewater
treatment systems that collect,
treat, and dispose of wastewater
generated by homes or business-
85, The wastewater is treated
onsite, rather than collected and
transported to a centralized com-
munity wastewaler treatment
plant. (See Figure 1.)

There are several variations of the
basic septic system design in use
today. While many systems are
individually designed or adapted
for a spedfic site, most work
using the same basic principles.

A septic system consists of two
main parts; a septic tank and a
soil absorption system (SAS), also
known as a drainfield, leachfiald,
or disposal field. The entire sys-
tem is connected by pipes, and a
sewer pipe connects the home or
business to the septic system.

The Septic Tank

I'he main function of the septic
tank is to collect household
wastewater, which includes water
from the toilet, commonly
referred to as blackwater, and
water from the bathtub, showers,
sinks, and laundry, which is
known collectively as graywater.
However, some states incude
kitchen sink waste as blockwater.
The septic tank treats the waste-
water naturally by holding it in
the tank long enough for solids
and liquids to separate.

Treatment begins when the
houschold wastewater flows from
the home to the septic tank
through the sewer pipe. A baffle
{an internal flap) or tee (a T
shaped pipe) at the inlet slows
the flow of wastewaler going into
the tank and directs it downward
toward the middle of the tank.
The wastewater is then retained
for a day or more in the tank to
allow the solids in the wastewater
to separate from the liguids.

Inside the tank, solids lighter
than water—such as greases, oils,

~
and sometimes, other solid mate-

rials like toilet paper—float to the
top forming a layer of scum.
Solids heavier than water settle
at the bottom of the tank form-
ing a layer of sludge. This leaves
a middle layer of partially clari-
fied wastewater, (See Figure 1a,)

An outlet baffle in the septic tank
is positioned to allow only the
partially treated liquid waste in
the middle layer to flow out of
the tank for further treatment,

The layers of scum and sludge
remain in the septic tank where
bacteria found naturally in the
wastewater work to break the
solids down. This process takes
place anaerobically (without the
presence of oxygen), and gases
produced from the decaying
solids are vented back through
the sewer line and released, usu-
ally through a plumbing vent
located on the roof of the house.
The sludge and scum that cannot
be broken down is retained in the
tank until the tank is eventually
pumped.

After the wastewater is allowed to
settle and separate in the septic
tank, the partially treated liquid
from the middle layer flows
through the outlet balfle or tee to
the SAS.

Septic tanks are usually made of
precast concrete, fiberglass, or
plastic, and come in a variety of
shapes and sizes. In order for sep-
tic tanks to work propetly, they
must be watertight and resistant to
corrosion, For this reason, metal
tanks are not recommended.

Most septic lanks are single-com-
partment tanks, Some people
prefer tanks with two or more
compartments because they feel
settling ability may be enhanced.
Multi-compartment tanks use the
same process to treat the waste-
water as single-compartment
tanks. Some states recommend or
require lwo or more comparl-
ments for septic tanks that hold
1,000 gallons or more, or two or
more septic tanks used in series,
one after the other, to provide
additional treatment.

"
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To keep your septic tank and soil

ahsorption system operating properly
follow these general guidelines:

Do not flush or dispase of in the drain:

+ Cloggers like diapers, cat litter, cigarette
filters, coffee grinds, grease, condoms,
femining hygiene produce, dental floss,

prescription or over-the-county
medications. or scrap foods.

= Killers such as household chemicals,

gasoline, oil, pesticides, antifreeze, paint,

and paint thinners.

Septic tank filters, screen- or bas-
ket-like devices that trap and
retain solids, are another way to
enhance treatment inside septic
tanks. (See figure 1b.) A relatively
new lechnology, septic tank filters
are included with some newer
septic tank designs, or can be
retrofitted to work with older
designs. Homeowners should
check with their local health
departments to see if septic tank
filters are required or recom-
mended.

Septic tanks are usually rectan-
gular, oval, or round. The overall
shape of the septic tank has little
o do with its performance, but
tank size is a very important fac-
tor. Septic tanks must be large
enough to accommodate the
needs of the household.

The size of a septic tank is usual-
ly determined by the number of
bedrooms (not bathrooms) in a
home. One way to estimate the
size of a septic tank necessary for
an average household would be
to multiply 150 gallons per bed-
room per day, and then multiply
this number by two to allow for
two days retention time in the

tank, Using this formula, a three-
bedroom house would use 450
gallons of water per day, and
would require at least a 900-gal-
lon septic tank for two days
retention. Standard septic tank
sizes include 750, 1,000, 1,200,
and 1,500 gallons.

While there are several formulas
available for estimating seplic
tank size, it is most important for
homeowners to know the specific
regulations for septic tank size
and design in their state or area.

Soll Absorption System

In a conventional seplic system,
the wastewater flows by gravity
from the septic tank to the SAS or
to a distribution device, which
helps to uniformly distribute the
wastewater How in the drainfield.

The s0il absorption field provides
the final step in the wastewater
treatment process. The size of a
SAS iz usually based upon the
size of the house and percolation
rate of the soil.

A standard field is a series of
trenches or a bed lined with grav-
el or coarse sand and buried one
to three feet below the ground
surface. Perforated pipes or drain
tiles run through the trenches to
distribute the wastewater, (See
Figure 14.)

The drainfield treats the waste-
water by allowing it to slowly
trickle from the pipes out into the
gravel and down through the
soil. The gravel and soil in a
drainfield act as biological filters.

As the wastewater percolates
imoves through the soil) to the
groundwater below, the filtration
process and organisms in the soil
work logether Lo remove Loxics,

Septic Systems

Taxic gases, including methane and hydrogen sulfide, are produced
by the natural treatment processes in septic tanks. These pgases
can kill in minutas.

Extreme care should be taken when inspecting your tank,

aven when just looking in. Never enter a seplic tank or
try to inspect the tank alons. Most communities have
licansed septic contractors who can inspect your systam
periodically. For guidelines on how to safely and properly
inspect your system, call your local permitting authority.

bacterin, viruses, and other pollu-
tants from the wastewater, Soil
particles, particularly day, chem-
ically attract and hold sewage
nutrients, metals, and disease
carrying organisms. This process
can effectively treat the waste-
waler o an acceptable level that
will not contaminate the ground-
water. Therefore, it is very impor-
tant that adequate separation
exists between the bottom of the
trench/bed and a limiting layer,
such as groundwater or bedrock.

Certain toxics, such as paints,
paint thinners, pesticides, waste
oils, and other hozardous chemi-
cals, cannot be treated by the
drainfield and should never be
disposed of through a seplic sys-
tem. Some of the chemicals also
kill the bacteria found in the sep-
tic tank, temporarily disrupting
the natural treatment process
that oceurs in the seplic tank.

A thorough site evaluation
should be conducted at the
beginning of the planning stage.
Septic system failures are often
caused by poorly conducted eval-
uations or results of evaluations
that did not occur at the begin-
ning of the planning process.

Site Evaluation Is Essential

In a typical site evaluation, a
sanitarian, engineer, or other
wastewater professional exam-
ines the soils, landscape features,
and past surveys of the potential
site. He or she makes special note
of the location of nearby wells,
other septic systems, the slope of
the land, depth to the groundwa-
ter source and to impermeable
layers (such as bedrock), natural
drainage patterns, and the
boundaries of the lot.

An important feature of the site
evaluation is a thorough study of
the soil. Marking the position of
the absorption field, the sanitari-
an digs an observation pit to
examine the soil layers for tex-
ture, structure, and color patterns
that will give clues about the
soil's permeability and potential
for seasonal water saturation,

r
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y
Sometimes the sanilarian will permitting authorities to find out priate for a convenlional drain-
conduct a percolation, or "perc,” what method is used in your field, workable alternatives can
test to measure how quickly the areq, be designed using the data col-

water moves through the soil. In lected in the evaluation.
some slates, other methods of
testing soil permeability are used,

Check with state and/or local

A good site evaluation defines
the limitations of a site. If the soil Poorly sited onsite systems may
or other conditions are inappro- fail, causing inadequately treated
wastewater to pond on the
ground surface or o contaminale

s
F b ____* the groundwater.
If you are planning to construct
i | = " o o | an onsite system, be sure Lo con-
i 90 AR A D O R UL LT tact your local permitting agency
(often the local health depart.
ment) for more information on
Mashels e site evaluation and permit
From Howse [B] — Disoarsal Trastmand requirements for your area.
..- . T - .
| EMoenl E *_ Filuent Filn
iniet Tow " Liricast)

Figure 12 Cross-section of a single

compartrment sepiic fank.
Roof Plumbing Vent

_ Stack

Figure 1b

Jc tank
effluent fitter.

L

’h{' Typical residential septic system,
e
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views of distribution box.

Distribution Systems for
Drainfields

Conventional septic systems
require the use of a distribution
system to ensure that the flow of
wastewater coming from the sep-
tic tank is evenly distributed to
the different parts of the drain-
field. Uneven distribution can
overload areas of the drainfield,
causing it to fail.

Following are descriptions of some
of the mast commaon distribution
system components and methods.

Distribution Box

A distribution box is a tank-like
box with as many outlets as there
are pipes or lines in the drain-
field. {See Figure 1c.) The effluent,
or partially treated wastewater,
from the septic tank flows into the
brox and through the different
outlets to the drainfield. Becouse
the outlets in the box are level
with each other, and because this
system relies on gravity to work
effectively, it is important that the
distribution box be level, If the
distribution box is not exactly
level, the Qow to the drainfield
will be uneven.

Advantages of this distribution
method indude equal distribution,
easy inspection (the top of the box
opens), and the option of capping
outlets to give certain drainfield
trenches a chance to rest.

Drop Box

A drop box is also a very simple
tank-like box designed for effluent
distribution. A series of drop
boxes can be used for dis-

~ tributing wastewater to
drainfields on sloped sites
using only gravity.

Inside the drop box, the
pipe inlet is higher than
the outlet, allowing the
wastewater to flow down-
ward to the drainfield
trenches. A series of drop
boxes can be arranged
on the sloped site so that
after the highest trench is

Figure 1d :

Cross-section of pipe and gravel french

Septic Systems .

Landscaping Septic Systems
Planting is recommended for the soll
absorption field as opposed to plastics,
bark, or gravel. The vegetation helps
with oxygen exchange and avaporation
Drought resistant plants, native to your
arza. should be considered.

Cara should be taken to choose plants
with non-invasive root systems to
avaid Infiltrating the drainfield area,
passibly damaging or breaking pipes.
For this reason, trees and largs shrubs
are not racommended. Any vegetation
chosen should provide coverage for the
drainfigld all vear long.

(Grasses are the most recommendad
type of vegetation because of their high
evapo-transpiration rate. Meadow
grasses mixed with wildflowears may
also be a good choice bacause they
don't have to be mowed regularly.
Fertilizers and pasticides may be used
with caution. Be sure to read the manu-
facturer'’s directions for these products

Some possible ground covers far sun
include: bugleweed (ajuga), carpat
heathers (calluga), cotongaster, ground
ivy (glechoma), kinnickinick (arc-
tostaphylos), periwinkle (vinca), and
soapword (saponaria).

Possible shaded area covers are:
bunchberry (cormus), chameleon
(houtuynnia), fams, mosses, sweet
woodrulf (gallium), wild ginger
(asarum), and wintergreen (gaulthena).

These are just a small sample of plants
that can be used. Contact your local
Cooperative Extension Office for more
information.

saturated with wastewater, the
flow continues on to the next
drop box and trench below. Drop
box outlets con also be capped to
control the direction of flow and
to give the saturated upper
trenches a rest. (See Figure.)

Siphons and Pumps

Some septic systems, because of
site conditions, soil conditions, or
design, cannot rely on gravity
alone to effidently distribute the
flow of effluent from the septic
tank to the drainfield. Siphons or

85
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Septic Systems

tion systems, and they require
regular maintenance. (See Figure
4.)

Some sites and drainfield designs
require the use of electric pumps
because the drainfield is higher
than the septic tank, making it
impossible to rely on gravity for
distribution.

Alternating Fields

The life of a septic system can be
significantly extended by having
two drainfields and alternating
their use, (See Figure 5.) When
drainfields were first installed, it
was initially believed that they
had a limited life. The standard
thought was that the field would
eventually clog up completely,

e _——
LT
Pbss.lb]'e drop box configuration.

pumps are sometimes used as a
method of distribution with these
systems.

Siphons are often used when sep-
tic tank effluent must be evenly
distributed over a large areq; for
example, with drainfields using
more than 500 teet of pipe. They
are also used when the droinfield
iz downhill from the tonk.The
effluent flows from the siphon to
the drainfield in pressurized
doses, making uniform distribu-
tion easier to achieve. The efflu-
ent from the septic tank flows
into a dosing tank, then through
the siphon to the drainfield.
Siphons work using only air,

willer pressure and gravity — no
outside power source (s necessary.
{See Figured,)

Siphons are a relatively low-cost
technology that can improve the
performance of the drain-
field, but because they
require approximately five
teet of elevation difference
between the septic tank
outlet and the drainfield,
they are unsuitable for
many sites and septic sys-
tem designs. They also
require more maintenance
than some other methods
of distribution.

Electric pumps are also
used to deliver controlled
amounlts or doses of efflu-
ent to the drainfield.

rendering itsell useless.

Although the septic tank
removed solids and floatables
with the effluent passing to the
SAS, the soil in the droinfield
works as a filter to physically
strain out waste, as well as a bio-
logical reactor. The soil particles
serve as an attachment point for

Dosing can improve
the performance of
any drainfield by
guuruntﬂling maore
uniform distribution,
but it is especially
advantageous for
drainfields with shal-
low or poor soil condi-
tions, However, elec-
ric pumps are more
expensive lo operale
than other distribu-
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Septic Systems

Figure 6

ot 5 g

bacteria where they feed on the
wasle in the effluent as it passes.
When the bacteria feed, they
grow and multiply, eventually
forming a biological mat in the
soil.

The current practice of alternat-
ing drainficlds helps the long-
lerm acceplance rate of a field so
that the bacterial growth rate is
balonced by the bacterial die-off
rate. It allows one field to rest,
while the other is being used. So
in theory, the system never com-
pletely clogs.

Many factors, such as soil perme-
ability, the amount of oxygen
present, the hydraulic and bio-
logical loading rates, and the
growth and death curves of the
bacteria, make the practice of
alternaling drainfields a difficult
science,

Although utilizing two drain-
fields does require a larger space,
the two systems may be inter-
laced to reduce the amount of
space needed. (See Figure 6.)

Water Conservation

Using water wisely can improve
the operation of a septic system,
greatly reducing the risk of fail-
ure, Using more water than the
soil can absorb is the most com-
mon reason for septic system fail-
ure, The more a family con-
serves, the less water will enter
the septic tank.

I'he average indoor water use in
a typical single-family home is

nearly 70 gallons per person per
day. Toilets alone account for 25
to 30 percent of household water

L

use. A leaky toilet can waste as
much as 200 gallons per day.

High-efficiency toilets can also
improve the function of a septic
tank significantly, reducing the
amount of water flushed from 3.
5- to 5-gallons per flush to 1.6
gallons of water or less per flush.

Septic System Cost

The cost of installing and main-
taining a septic system varies
greatly depending on its location
and design. In most areas in the
LS., conventional septic systems
cost from $2,500 to §7,500 to
install. While certain site condi-
tions or alternative drainfield
designs can make installation
more expensive, thisis a general
range for standard septic tank
and soil absorption systems.
Alternative seplic systems requir-
ing pumps or specially construct-
ed drainfields can be consider-
ably more expensive,

In order to accurately estimate
what a septic system will cost,
homeowners should contact their
local permitting agency for more
information aboult the costs of
septic systems in their area.

As a general rule of thumb, sep-
Lic systems are most cost-effective
in communities where houses are
spaced widely apart, and where
connection to a sewer system is
not an option. When the cost of
operation and maintenance of a
centralized treatment plant is
factored in, residents in small
rural communilies may pay
many times more per household
for a centralized sewer system

Interlacing drainfields.

than residents in more densely
populated areas. In certain com-
munities, a centralized sewer sys-
tem would be so expensive to
install and maintain that costs
per household could exceed prop-
erty values.

In order to find the most cost-
effective wastewater system for
their homes, small community
residents should discuss available
options with local health depart-
ment officials, neighbors, and
community leaders.

When Conventional Septic
Systems Are Used

Originally, septic systems were
thought to be stop-gap measures
to last until a neighborhood was
sewered, It is now realized that
some areas will never be connect-
ed to sewers, and that septic sys-
tems are perfectly capable of
treating residential sewage.
Indeed, in many cases, septic sys-
tems are the preferred solulion
for wastewater treatment,

Typically, in areas of low-housing
density, septic systems work well.
Onsite systems are more econom-
ical than running sewers between
scattered houses. Large lot sizes
allow the builder to find suitable
soil and reduce the loading of
effluent on the soil, improving
treatment. It conserves water
locally by treating the waste-
walter on site and returning it to
the soil, rather than exporting it
to a large treatment plant and
discharging it to the surface
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HAZARDOUS WASTE
OPERATIONS AND

EMERGENCY RESPONSE

Dennts Fleetwood

Private Industry Consultant on Hurardous Wasre

GENERAL

U Dctober 17, 1986 the President signed into law the “Superfund Amendments
ind Reauthorization Act of 1986 (SARA)," which directed the Secretary of Labor
I issue an interim final rule to provide protection for workers engaged in operations
thit include hazardous waste site cleanup, emergency response lo hazardous sub-
stance incidents, and operations in permitted or interim status hazardous waste facil-
ines.! Both the interim final rule and the final rule were adopted by the Occupational
Safety and Health Agency (OSHA}, which has given life to a program known as

"HAZWOPER™ or hazardous waste operations. The program hinges on key com-
ponents which include:

Safety and health program

Site characierization

Site control

Personal protection

Training

Monitoring

Handling drums and containers
* Decontamination

* Emergency response at uncontrolled hazardous waste sites
* Mew technology

Operations at trealment, storage, and disposal (TSD) Faeilities

Federal Regisrer. 51, 344 (December 19, 1085),
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* Sanitation of temporary field workplaces

* Emergency response to hazardous substance releases
* Medical surveillance

SCOPE

The HAZWOPER requirements apply (o operations whigh ieclude clean-up.activi-
lies requived by a governmental body . Corrective aclions involying clean-up opera-
tiens under RCRA; voluntary clean-ups at uncontrolled hazardous waste sies; oper-
ations involving hazardous wastes a reaiment, storage. and disposal (TSD) facili-
ties: and emergency respanse operations for releases of hzardous substances * The
health and safety requirements set forth in this program were intended 1o provide a
safe working environment in special circumstances; however, these requirements do
not supersede more stringent OSHA requirements which may overlap in some areas
of warker protection;

SAFETY AND HEALTH PROGRAM

Employers are required to develop and implement a written safety and health pro-
gram for their employees involved in hazardous wasie operations. The program
must be designed to identify, evaluate, and control safety and health hazards and
provide for emergency response for hazardous waste operations.’

The written safety and health program must incorporate the following:

* Orgamizational structore

* Comprehensive work plan

* Site-specific health and safety plan

* Salety and health training program

= Medical surveillance program

* Standard operating procedures for safety and health

Any necessary interface between general program and site specific activities®

SITE CHARACTERIZATION

Hazardous waste sites must be characienzed prior to gensral sile eniry to deter-
mine the hazards present al the site, and monitoring of hazards must be continued

WS Depantmeni of Labor, Occupational Safety and Health Adminsiauon, 10 CER e
“Huzardaus Wasle Operations and Emergency Response.” Federol Regirrer,

'S, Departiient of Labor, Oceepaiional Safety and Health Administration, 20 CFR 79000200 “Saleiy
and Healih Program,” Federol Regoer

ULS, Departinem ef Laber, Decupational Safety and Healih Adminisanon. 29 CFR TR0 20 Sulmy
and Health Program, General ™ Federal Reiner ]



Monitnring a3

duning site operations. The site characterization information is used for deter-
mining the level of personal protective equipment required for those who work at
the site, The initinl site characterization is conducted with direct reading instru-
ments, which can ldentify combusiible atmospheres. oxygen deficiency, and
toxic substances. If at any time during the site operations the monitaring equip-

ment shaws a change in the hozard conditions, the level of personal protection
musi be reevaluaied,

SITE CONTROL

Site control measures must be developed before clean-up work beging. The gite con-
tol program ‘shall, as o minimum, include: 4 Site map, site work zones, the use of a
buddy svstem, site communieations including alerting means Tor emergencies, the

standard operating procedures or safe work practices, and identification of the near-
est medical assistance.’

TRAINING

Those who work on hazardous waste sites are required to receive @ minimum 40
hewrs of training and an additional 3 days of on-site field experience under a trained
supervisor. Those who work at the site only occasionally and are not likely to be
exposed 1o hazasds above permissible exposure limits are requared (o receive 24
hours of instruction and | day of feld experience prior o working at the hazardous
waste site. Those workers involved in waste operations at TSD facilities are required
to receive 24 hours of instruction before working in hazardous waste opemtions.

Site supervisors must have an additonal 8 hovrs of instruction before working
on hazardous waste siles in @ supervisory capacity. All workers are required to
underge an &-hour refresher training annually.

MONITORING

Air monitoring shall be performed {n onder 10 ensure proper selection of engineer-
inz controls, work practices, and persanal protective squipment 5o that employees
are nat exposed to levels that exceed permissible exposure limits or published expe-
sure levels for hazardons substances” This monitoring should be directed by a per-
son knowledgeable aboul industrial hygiens practices.

44 Havgardous Waste Operations and Emergency Respoonse

MEDICAL SURVEILLANCE

Employers must provide n medical surveillance program for workers al hazardous
waste sites. The program shall include medieal examinations innally, annually
tunless the physician determines longer, up to bienmally), when o worker develaps
signs or symptoms of exposure, and at lermination or reassignment

The employer is required 10 pay for the medical examination.

INFORMATIONAL PROGRAMS

Employers are required to develop and implement a program, whicl) is part of the
employer's safety and health program, to inform employees, contractors, and sub-
contractors actually engaged in hazardous waste operations of the nature, level, and

degree of exposure likely as a result of participation in such hazardous waste oper-
ations,

HANDLING DRUMS AND CONTAINERS

Hazardous and contaminated substances which are found on hazardous wastie
sites must be placed in proper shipping containers prior io being shipped off site
for disposal. Precautions must be taken on site to minimize exposure of workers
to hazardous or radioactive materials when containers are being removed, sam-
pled, or otherwise handled. Containers used in the site clean-up operations must
be marked and labeled in accordance with OSHA and U5, Environmental
Protection Agency (BPA) regulations, and they must be labeled in accordance

with U.5. Department of Transportation (DOT) regulations prior to shipment ofl
site.

DECONTAMINATION

Standard operating procedures shall be developed to minimize employee conbacl
wilh hazardous substances or egquipment that has comtacted hazardous substances
Personal protective equipment, decontamination solvents, and other eguipmeni
ghiall be decontamineted or disposed of properly 1f equipment or clothing 15 sent in
off-site facilities for cleaning, the hazards associated wilh the equipment musl be
communicated o the of f-site Tacility
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EMERGENCY RESPONSE AT UNCONTROLLED
HAZARDOUS WASTE 5ITES

Employers shall develop and implement an emergency response plan o handle

emergencies. The elements of the emergency plan will contain, as a minimum, the
following:

+ Preameygency plianming
* Personnel mles, lines of authority, and communication
» Bmergency recognition and prevention

+ Site gecurity and control

* Evacuation routes and procedures

Decontamination procedures thal are not covered by the site safety and health
plan

= Emergency medical treatment and first aid

+ Emergency alerting and response procedures
* Critique of response and follow-up

* PPE and emergency cquipment!

SANITATION OF TEMPORARY FIELD WORKPLACES

Potable drinking water and toilets must be provided for workers at hazardous waste
sties. Both potable and nonpoteble (if on-site) water containers must be labeled

accordingly, Alsa, showers must be provided if the clean-up operations will require
mare than & months to complete.

NEW TECHNOLOCY PROGRAMS

Employers must develop programs (o introduce new technology in its procedures to
protect the safery and health of hazardous waste weorkers. ™

OPERATIONS AT TSD FACILITIES

Permitted and interim status (reatment, storage, and disposal facilities must mect
safery and health standards similar (o those required for clean-up operations al
unconirolled hazardous waste sites, The required duration of inital training for

4 Hazardous Waste Operations and Emergency Respanse

workers at TSD's is 24 hours rather than the 40 hours required for workers ul uncon-
trolled huzardous waste sites.

EMERGENCY RESPONSE TO HAZARDOUS SUBSTANCE RELEASES

Employees whose job it is to handle emcrgency response activities are also covered
by the HAZWOPER program. The requirements for this program are similar 1o
‘hose of the uncontrolled hazardous waste site worker, although the training require-
ments are wilored more to specific catagones of workers. Training for specialized
smployees is categorized into first responder awareness level, first responder oper-
wions level, hazardous materials technician, hazardous materials specialist, and on
icene incident comimander,



THE INSTITUTIONAL
ENVIRONMENT: BIOSAFETY

Daryl E. Rowe

Uimeversiry of Geargia

The practice of biosafety is largely accomplished within the institulional environ-
ment, particularly at research universities;, medical schoolsthospitals, government
laboratories, and specific industrinl laboratories. The term biosafety is a combi-
natian of hiohazard and safety and refers to those practices used 1o reduce risks
associated with biohazardous agents and is focused on personnel working in
research, health eare, or industrial environments. A biohazard according lo the
American Heritage Dictionary is "'a material of biological composition, especial-
Iy if infective in nature, that constitutes a threat to man or his environment” '
Occupational exposures to infectious agents would fall within the concerns of
biosafety whereas community exposures would traditionally remain in public
healthfenvironmental health, Biosafety and environmental health are both
involved in risk nssessment and risk management; the differences are the |ocation
of practice and the constituencies served. There is overlapping of course because
ihe same agents and types of hazards may cause disease in either the workplace
of the commiunity. For example, Salmanella sp. may couse gastrointestinal discase
when consumed with food (foodborne disease) and likewise when consumed by
mouth pipetting cultures in the laboratory. Knowledge of the principles of epi-
demiology, disease transmission patierns, risk assessment, management, dizsinfec-
fian and sterilization (and sanitization), disease prevention, acrobinlogy, and envi-
ronmental contenl 15 primary to both the biosafewy officer and the environmental
health practitioner

Nosoeomial infections lead 1o implementation of infection control {aseptic
techniques and samitation) in hospitals and other health care institutions due to
cancern for the patients/clients. These administrative policies and practices were
emphasized or relaxed based on technical knowledge, the availability of effective
antibiotics, accreditation standurds, federal, state, and local regulations, and

Mk bienn Herifipe Dictinniry, The, 20d College Edition, The Houghton Mifflin Company, Baston,
Madwacnssens, 1984
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expressed concern of the professional community. Personnel working in the area
of infection conirol has grown over the vears and now bave a lewst two profes-
sional societies devoled 1o mfection control and epdemiology, Inoeddition, (he
American Biological Safety Association. a muliidisciplinary professional organiza-
tion, was founded in 1984 for the purpose of fostering and promoting biclogical
safety s a seientific profession. This formal development followed nearly 30 years
{since the lite 19505} of mestings idemtified as the “Annwal Biological Safety
Conlerence.”

Concern with safety of peesonnel followed the occurrence of loboratory acquired
infections which reutinely followed the discovery of agents that eaused varieus dis-
eases. In the early 19705, with the advent of recombinam DA (rDNAG 1echnolo.
gy, concern for safety (biosafety) was expressed by a committee of seientists’ Thiy
coneern was followed by a conference to discuss the issves {Alisomar Conferanue)
and later to the MIH developing a guideline for research involving recombinant
DMA. The most current version of the Mationsl [nstitutes of Health (NIH) Guideline
conlinues to guide research with recombinamt TRA in the laboratory setting and
regulations adopted by 1.5, Department of Agriculture (USDAYAnimal and Plant
Health Inspection Service (APHIS) and existing fegulations of the Envirenmental
Prolection Agency (EPA) control the release of genetically enginesred materials to
the environment, Other federal agencies will look at the safety of genetically engi-
neered fonds, human or animal drogs and vaccines, and other consumer producis.

REGULATIONS

A variety of federal and state laws and regulations have been promulgated to cover
biohazards. Mational Institutes of Health (NIH) developed guidehnes for recomb.
nant DA research as a result of the Alsomar conference. The first NTH Guideline
was issued June 23, 1976 and the first tevision published in the Federal Register
of July 28, 1978. Those guidelines established standards by which research involy-
ing the new recombinant DA technology could be conducted including biolagi-
cal and physical containment strategies and protocol reviews ol both the instito.
tional and federal (M1H) levels, and identified ihe roles and responsibilities of vai-
ious players. The latest NIH Guideline was published in the May 7, 1986 Fedes al
Register. Since the original Guideline was. published in 1976, it has been periodi-
eally revised and updated. The 1986 Guideline emphasizes agmn thal they are
intended 10 help Institutional Biosafety Commitiees (IBCT), the Biological Safery
Officers, and the Principal Investigators determine the safeguards o implement
with projects invalving recombinant DMA techniques. The Guidelines will never
be complete nor final and therefore it is the responsitility of the institution snd
thoze sssociated with it to adhere 1o the intent of the Guidelines as well as the
specifics. This statement could probably be made for all environmental health reg-
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ulution and guidance. The guldelines provide guidance by identifying the respon-
uhilities oF the Institgtion, the [BC, the Biosafety Officer, the Principal
Lnvestigdior, amd the NTH. Additionally, those types of experiments that require
appoovals from the Recombinant DMA Advisory Committee (RAC) and the NIH
pril the IBC are identified.

The USDASAPHIS published final rules in the Junc 16, 1987 Federal Regisrer
covering the “Introduction of Organisms and Products Altered or Produced Through
Genetic Engineering Which are Plant Pests or Which there is Reason to Belicve are
Plant Pests.” Enforcement of these regulations initially relied on a series of reviews,
permits, und inspections conducted by APHIS. In the March 31, 1993 Federal
fevomer, USDASAPHIS published updated regulations under the same title as the
147 regulations. The spdated version allows for notification of the USDA rather
than obtaining @ permit for inuoduction of selected plant species including: corn
(Zew marys L), cotton (Gossypien hirswtum L), potato (Sefanwm tuberosum L),
stwbenn (Glyeine mas (L] Merr), lobaceo (Nicofiana tabecum L), and lomato
(Lycopersicon esculentun L), The USDA uses performance standards for intro-
ductions under the notification procedure. This procedure is intended 10 reduce the
rezularory burden based on experience gained from more regulated field trials,
Close cooperation with the Institutional Biosafety Committees and Biosafety offi-
cers and the APHIS compliances officers was eaperienced by many institulions,
Currently more active participation of the TBCs is sought by the regulatory agency.

Dccupatipnal Safety and Health Act (O5HA) Bloodbome Pathogen regulations
were published in the December 6, 1991 Federal Register following considerable
discussion and input from & vanety of constiwencies. The purpose of this regulation
i to eliminate or minimize occupational exposure w Hepatitis B (HBV), Human
livmunodeficiency Virus (HIV), and other bloodborne pathogens. The regulations
became effective March 6, 1992 The scope of this regulation is limited 1o patho-
genic microorganisms that are present in human blood and may cause disense in
hmans as a resull of an occupational exposure. Control measures are based on
“universal precautions” under which all human blood and certain other human body
Miids aie considered to be infectious and are handled accordingly, Work practices,
salety (eontainment) equipment, and facility design identified or biosafety levels 2
and 3 arc appropriate lor handling most characterized bloodborne pathogens, The
development and maintenance of an expesure control plan is another requirement of
the QSHA regulations on bloodborne pathogens. This particular requirement really
initates the risk management program for each affectad institution,

The Medical Waste Tracking Act of 1988 was:-signed into law on Movember |,
1B, This act required the 1.5 EPA to establish a twa year demonstration program
for tracking medieal waste in selected siates: In the March 24, 1989 Federal
Register the Environmental Protection Agency published an imterim Fnal rule and
reyuest for comments for the “Siandards for the Tracking and Management of
hledical Waste.” This rule specified the procedures and criteria under which states

could pention in or opt ol of the-demonstration program. 1t also listed the wastes
identified by EPA ns medical wastes for the Medical Waste Tracking Act. As n
result of thie federal iniative many stmes developed regulations for bio.
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medicalfinfectious/medical wasies Georgin's biomedi _
$ ical waste regul
of the broader solid waste management gulubions ore

other states, One effect of biomedical whg

handling these wastes and the development of technology for teeatment and dispos
al. Anather tﬂect h.:l; been the inereased difficulty in landfill disposal of even ptpu
r.r!y treated b!umndmal wastes and sigmificantly greater cosi 10 the institulacng hnS-
diing biomedical wastes with questionable improvements in the pubilic healil
E_!e:causerr:gulnlluns are periodically updated or revised, it is nol the intent rl-r 1hi
section to discuss them in detail. Rather the reader should become familiar wigh |]|:

Federal Regisn fed i
At !frﬁ_ er for federal laws and regulations, and appropriate state publications

! jran
regulations ag wees [hose developed by

te regulations has been increased sufely in

IMPLEMENTING BIOSAFETY PR OGRAMS

rmqt_lirm_i_iﬂ':iu'-iins route of exit and eniry, made of transmission, infectious dose
wnuluh:!_ut-_r of wemment or vaccine, Based on these and other charactenstics, 1gm1sl
are classified according 1o Biosafety Levels | thraugh 4 where | is the least h:?l.nrdnus

I. Biosalety level | agents are identified
te cause disease in healthy adult humans an
oratory personnel and the environment,

1'_'. Biosafety I=1w=| 2 agents are of moderate potential hazard 1o personnel and the
environment and include many of the food and waterbomne disease agents such as
Salmonella (except typhi), Shigella, and Campylobacter,

3. Biosafety level 3 agents are those indigeno i
SEMIOUE Of potentially lethal disease ey sy

_ a5 o result of exposure by inhalaten
Tuberculosis and the Hantavirug are examples of agents in binsafery level 3,
4 Biozalety

) : level 4 pgants are dangerous and exotic agenis which
vidual risk of infection and life-threatening disense a5 a resull of azp

as well characterized ngents not known
d are of minimal potential hazard 1o lah.

pose a high indi-
5ol exposures
The nexi characteristic is the CORCENnira

it tion of agent being used or hundled. Th
growth of large quantities of infectious agenls requires special equipmeni un:

r:chniques. Th:_quanttly of materials is of concern in rDNA projects as well and
lhc Nf? Guidelines in Appendix K specifies containment far large-scale [preater
:1 ;h: L) uszs, The use of large quantities or the concentralion of infectious
ENLS may require personnel o increase the biosafery level i
sl ¥ level in order to conduct the
In addition to the characteristics of (he agenl. the activity 1o be conducted with
the agent musi be considered in ihe sszessment. Those activities that muy X i
personnel :m aerosols such as centrifuganion, grinding. and blending receive partic-
ulor atrtention and may result in an Increased contmmment level. Containmeant is
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unother key giement in the impiementation of hiosafety programs and refers 1o those
methods for safely managing infectious agents in the laboratory environment. The
purpnse of conminment i5 10 reduce or eliminate exposure of laboratory personnel,
uther persons in the facility, and the outside environment to potentially hazardous
agents being handled in the laboratory or clinical setting. Contminment is comprised
ol three elements: (1) laboratory practices and mehnigues; (2) safety equipment
commuonly identified as primacy barriers, and (3) Tacihity design or secondary barri-
ers. Safety practices for the four biosafety levels have been identifiei by the Centers
lor Dhsease Control (COC) and ihe MIH offices of hiosafery. These practices are
specified for both laboravory and antmal facilities and would require some adjust-
menl for other types of work activities

BIOSAFETY LEVEL 1 CRITERIA FOR
LABORATORIES AND ANIMAL FACILITIES

Al biosafety level | (BSL-1) and all subsequent biosafety levels the following stan-
darel practices are identified:

I Access (o the laboratory or ammal facility s restricted or limited at the dis-
cretion of the laboratory or facility director. The main purpose of restricting access
i5 10 reduce poiential exposure by controlling the numbers of people in the labora-
toryffacility and restricting persons with presxisting conditions such os pregnancy
ot increased susceptibility

4. Personnel are 1o wash their hands after handling viable materials and animals,
atter removing gloves, and before leaving the laboratory, Such hygiene is important
in reducing cxposure due (o contact and ingestion. Gloves are incomplete in their
profection and may lead persoanel into a false sense of security,

1 Another prohibition aimed at reducing exposure to biological end chemical
agenis in the lnboratory, speeific and appropriate for most work places, is refraining
from eating, drinking, smoking, applying cosmetics, and handling contmet lens,
Those Individuals wearing comact lens should alse wear eye protection in the form
of silety gogeles.

4. Mechanical pipetting devices provide nccuracy and safety in ransferring hoz-
ardous agenis and have largely replaced mouth pipetting. However, it is shll necessary
to include & prohibition on mouth pipeting since this practice is used periodically

5. The production of azrosols conmining hazardous agents has been reported ag
the most important exposure ina number of studies.™ Work practices emphasize the
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minimization of spills, splashes, and produciion of agrosols Containment devices

such as the biologieal safety cabinet (BSCH are routinely

uged o reduce exposure
from aerosols,

6. ANl cultures, stocks, and other regulated wastes are decomuminaied by an
approved method {i.e., autoclaving) before disposal. Siress has always been pluced
on the proper handling and disposal of infectious wastes from both hospitals and
research laboratories. Autoclaving and incineration were methods of chonce amd
were readily available. However, as environmental health concerns with air polly-
linn reduced the number of incinerators, including pathological incinerators, other
aptions for disposal became necessary, Additionally, the finding of needles and
syringes nnd other biomedical wasies on beaches anc in vacant lots during 1987 ang
1988 generated much negative publicity and increased the pressure for regulations
and a search for new technologies. -

1. Effective insect and rodent control programs are implemented. The attempt o
contrel the release of biochazardows agents js laudeble but it must be remembered

that thes= materials may also be carried from the Inboratory o workplace on shoas,
clothing, and ather inanimate and animate objecis.

8. Waork surfaces arc routinely decontaminated with an effective disinfecian

(basic sterile technique would identify thar proper disinfection of work surlaces is

completed both prior to and following the work to be accomplished. OF course, sur-
faces are to be cleaned and disinfected following any spill of viable materials.

Mo special practices are identified by CDC and NIH® for binsafety level |. Basic
laboratory protective clothing {laboratory coats, aprons, zowns, ete.) should be

worn 1o protect street clothing and gloves should be used when personnel has bro-
ken skin or a rash on the hands.

BIOSAFETY LEVEL 2 SPECIAL PRACTICES AND EQUIPNMENT

Biosafety level 2 (BSL-2) initiates basic containment practices that are important
for the microbiological research or clinical laboratory. The containment practices
relies heavily on sterile technigue thal students learn in elementary bacleriology
courses as well as the other standard practices dentified for BSLA1 Special prac-
tices include: (1} Appropriate traming on the potential hazards and appreapriaie
frmirizations o lests for agents used or present in the laboratory for ail laborat-
ty personnel. (2) Baseline serum samples may be desirable (3) The laborawory o
institution will have prepared a biosafers manual and such manuals are used in
ramning personnel, An institution may adapt a binsafety manual and additionally
have individual laboratories develop standard operating procedures [SOPs) 5p|:n:iﬁL
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Figure 5=1 Example af deor signs used at the University of Gaorgia

for the conditions and agents present. This practice works well _in that 1t lll'-'ﬂl'ﬂ?s
luboratory personnel in reviewing the risks and dci':lupu_!g solutions that they will
implement {4) Warning signs to inform persons entering lhie laboratory of the
potential hazards are placed on the laboratory door when infectious agents are used
Thiese door signs are unigue for each mstitution bul all should have the universal
biohazard symbol displayed and identily the infectious ﬂgtnIFSJ o ks o storage,
hovw 10 contact responsible liboratory pergonnel, and any special requirements (i.e.,
special immunizations) for entering the laboratory {su. Fizure 5-13 (5) A high
degres of precantion is taken with sharp items including n:cd_h:s anl 51'3&115!5.
sealpels, pastsur pipsues, and microscope slides. (6) Greater care i3 H-ﬂ.x'ch i ttﬂ;v
tminating work surtaces and equipment, including amimal cages which .‘_ﬁhul?lrlr e
iuelaved prior 1o cleaning and washing; handling, storage, and processing infec.
fisns wastes. And, (7) all spills and accidents involving expasure to 1I'I|h'!Et1FJ'I.I5 inate-
rals are reported mmediately 1o the laboratory direcior n‘ll‘lﬂ. the institutional
tinsafety officer. Reporting procedures for accidents vary according to the require-
nenis :1-1 each |||$11[u_-|r11m and outside regulntory agencies. The primary purpose of
reporting is 1o identify the fagts surrounding the aceidental exposure and search lor
,'-.!"-t:|1r|-'-.-c measures, nol o find Gault with individuals |m'nl'.'1:.d

At BSL-2 salety equipment and Facilities piay an ncrensingly important role
Chass 1 binlogieal safety cabinets may be required particularly when 1-'11'h=r-'1.|mr:~f pim-
ceddures |I.|'\|L“ the pmr_:ru:ini for ereating aernsols of infectious maoterials The
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researcher may desire to vse the biological safety eabinet 1o provide a o
renment in which to work with sensitive materials. Al this
tions arise. What are biological satety eabinets and how

fuine hoods and clean benches? Important differences exist
in order 1o assure the safety of

ated personnel and contractors.

lean enwvy-
poini a couple ol ques-
are they different from
and must be undersiood
the users. other laboratory occupants, and ol axsogy

FUME HOODS

Fume hoods are part aof the local exhaus system that is dedicated and desizned 1o
protect personnel and the laboratory from hazardous chemicals by capturing air-
borne material in a Mow of air {generally 90 to 123 linear lcet per minuled al (e
work surface and exhausting it through ducts to the air above the building’s roof.
Usually the air stream is not fillered or treated, although with certain
filters may be inserted. Point source air pollution controls
urban areas. Fume hoods do not provide
with infectious agents because

redioisolopes,
may be required in some
product protection and should not be used

of filtration. The only routine performance 1est for
fume hoods is a check of the air velocity at the face of the hood. Smoke tests

the release of artificial smoke within the hood 10 determine the structural
of the dugt or air turbulence within the hood

mvolve
Integrity

CLEAN BENCHES

A elean bench is a cabinet designed to move raom gir through a high-efficiency par-
ticulate air filter (HEPA) and direct the filtered aiy in an unidirectional manner over
a work surface. Because this airflow is commuonly directed toward the uger. clean
benches provide product protection only and are not 1o be uied with biohazardous
agents or unknowns. A clean bench should be considered only when there is no pns-
sible risk to personnel from direct airborne exposure. Air flow velocity and Filies

integrity lesting are the performance tests usually accomplished on clean benches

BIOLOGICAL SAFETY CABINETS

Biological salety cabinets (BSCs) are ventilated cabinets where ainbient TN BT s
drvwn inte a front opening For persannel protection and direcisad throwgh HEPA fil-
ters before being exhausted back into the room or into the buildings exhaust svstem
In Class 11 BSCs part of the air entering the cabinet is [iltered and recirculated in un
unidirectional manner over the wiork space (o provide Tor product protection, The
biolegical safety cabinet, therefore, is designed o protect persannel, the work being
done in the eabinel, and the environment from infectious aerosols. Three types ol
BSCs are in use and ace identified a5 Class T, Class || (includes four 1vpes—A, B

B2, and B3}, and Class 111 Class 1 B5Cs are most eammonly used in boih reseach
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and clinieal laboratories. Persannel are protecied by the intlow of air through the
work access opening while fitration provecis the work (nside the B5C and the lab.
fratory environment. Biological safety cabinets are equipped with high elficiency
pirticulate aw (HEPA) filrers which are designed and tested for removing 99.97 to
79,99 percent of particles 03 ym or larger. The filters due to it Mow characieristics
will remove smaller particles. HEPA filters are particulate/serosol filimtion devices
anid are peither effective with nor intended for use with gnses of fumes, Class 11 type
A cabinets are pot typically exbausted 1o the outside air (Class 1 type B cabinets are
alwhys eshousted ouiside), therefore, they should not be used with volatile 1oxic
chemicals or radionuelides. Biological safety cabinets should be performance test-
eid {eertified) at least once per year. BSCs are frequently certified every b moanths in
health care institions. A national performance standard (MSF 49) hos basn devel-
aped by the National Sanitation Foundation and 15 used to evaluate the design, con-
“truction, and performance of biological safety cabinets

As the user reviews hisihe edqiapment needs, the seleciion of the appropriate
sxhoust ventilation device should begin with a knowledge and intended use of each
hrpe

LEVEL 3 SPECIAL PRACTICES AND EQUIPMENT

The biasafety level 3is the first conminment level in which facility design and con-
lainment equipment play a major role. Laboratory practices are more exacting since
jrersannel are working with agents that may cause serious or potentially lethal dis-
ease 05 0 result of exposure By inhalation of aerosols or particulates. The biological
sfety eabinet, discussed under Biosafety Level 2, |5 required for all procedures
involving the manipulation of infectious materials Therefore, laboratory personnel
must be trained in efficacious work practices in the biological safety cabingt
Special practices m fevel 3 build on those required at level 2 and include: (1)
Laboratory doors are closed when experiments are in progress. The importance of
this requirement lies in-bath limiting access to nonlaboratory personnel and in con-
irolling air flews which may interfere with binlogical safety cabiners. (2) Special
entry requirements such as immunization may be established and enforced by the
laboratory or animal facility director. (3) Baseline serum samples are collected from
W at-risk personnel and stored for comparisons periodically or following acciden-
ldl exposures, (d) Animals and plants nat refated 1 the wark being conducted are
nak o be allowed in the laboratory, Both may bring microorganisms into the labo-
ratory anel likewise may carry them out of the laborarory and into the community.
In addition to the BSC, contalnment devices such as sealed centrifuge mtors and
llered caging for animals is used as appropriate. Personal protective equipment
' FPEY may be used with the containment equipment for additional protection and in
Hiase situations whene work must be accomplished oulside a biosafety cabinetl or in
dnimal ranms contaimng infected specimens. The laboratory facility is designed
he zepacated from areas that are open to unrestricted traffic and entry requires pass-
i through two selfclosing Joors, Megative air pressure is maintained in the BSL.

56 The Institutional Environmen: Winsulety

3 laboratory by exhaust ventilation which draws makeup air froun clesner aresy. The
outside exhaust air must be dispersed away from veeupied arens and bublding air
intakes, All equipment that may produce aerosols (ie.. continuous Maw centrilupes)
are contained in devices that exhaust aie through HEPA fliers, the wugum hines ure
pratected with disinfectant traps or HEPA Flters Al containment equipmeant or

devices must be properly maintaimed and replaced as needed. Tuble 51 is 5 sum.
mary of recommended biosafety levels | through 3

BIOSAFETY LEVEL 4

Biosafety level 4 hag been described as a warld within s world It is the maximum
in containment and depends heavily on facility design and containment equipment
{i.e.. Class Tl cabinets or glove boxes) or personnel protective equipment {i.e., pos-
itive pressure one-piece suits) for protecting the environment outside the laborato.
ry. Traiming of personnel is vital since they will be handling extremely hazardons
infectious ngenrs under restrictive work conditions. Because there are very few
B5L-4 facilities available in the United States this discussion has been abbreviaied

Biosafety pragrams are located organizationally to meet the management goals
of each specific institution. One component of the biosafety program necessary to
meel NIH guidelines is the appointment and maintenance of the Institutional
Biosafety Committes. The 1BC is comprised of no fewer than fjve persons selecled
50 that there is a collective expertise and experience in recombinan DN A technni-
ogy and the capability of assessing the safety of experiments and any potential risk
1o the public health and the environment The role of the IBC does nol have 1o be
limited to recombinant DN A and at many institutions the 1BC reviews any research
that uses biohazardous agents. Al least lwo membeis of the IBC <hall not be afTili-
ated with the insiitution other than as 8 member of the 1BC and serve 1o represent
the interest of the surmounding community. Parsons wilh public health, environ-
mental health, or environmental protection backgrounds ns well as those in the med-
leal cammunity tnay be strong conttibuting members of the IBC. One member of
the IBC is commonly the institutional biosafewy officer. This is affective Organizn-
biop since the IBC and the Biosafety Officer work closely in implementing the insti-
tutional biosalety program

Ferhaps the most important feature of implementing successful programs in
binsafety is a rehance on consultation and working with the client rather than
depending on enforcement of regulations. This is the method that many ol us were
taught when we entered the field of enviranmental health. The working relation.
ship built between the biosafcty officer and the client (researcher, clinician, facil.
ity management] is based on knowledge, the desire to azsist and be assisted, and 4
continuous effart to maintain honest communicaion. One member af ihe 1BC iy
cormmonly the institutional biosafery officer. This is affective UrEARIZAlion since
the 1BC and the Biozafety Officer wark closely in implementing

the instiluti il
biusalery. program,



Table 5-1 Summary of Recommended Biosafety Levels for Infections Agents (Human)

Biosafery

Level Agents

Practices

Salety Equipment

Facilines

| Mot known 1o cause
disease in healthy
adulis.

[ B

Associated with human
disease. Hazards are
from autoinoculation,
ingestion, and
mucous memhbrane
Exposure,

; Indigenous or exone
siraing of indigenows
agenis with a poten-

* tial for aerosol rans-
MISSION: causing
human discsae, which
may have serious or
lethal consequences,

Standard microbiological

practices—lab personnel
Teceive appropriate
training on polential lab
hazards

BSL | practices plus

- Limited access

+ Biohazard waming signs

« Sharps precautions

+ Biosafety manual/SOPs
delining other specific
practics see Sections 1V,
Y. and VI of this manual

« Waste disposal musi fol-
low state and (ederal rep-
ulations see Section 11

BSL 2 practices plus

« Controlled access

« Decontamination of lab
clathing before launders
ing

+ Baseline serum sample

Mone required.

Class [1 binsafety cabinets

(BSC) or other physical
containment devices used
for all manipulations of
agenits thut cause aerosols
or splashes of infectious
material, personal protec-
tive equipment—lab cloth-
ing, gloves, face and

respiratary prolection as
needead.

Class 11 BSC and other physi-

cal containment devices
used lor all manipulanons
of agents,

Basicteaching lub with bench

top sink required

BEL | plus sutoclave

available in building—f
this autoclave is ta be used
with biomedical waste then
1 must be a functioning
recording autoclave

BSL 2 plus autoclave in
labaratary

Physieal separation lrom
access cormdors
Sell-cloging. double door
dvcess

Exhausred air not recir
culated in building
Meganve air low intg
labaratony

Sonrce. Adapred [rom the CDC/MIH Biasafety in Microbiological and Biomedical Laboratories, HHS Pub. Mo (C DY 9A-8395, Muy 1993



Drinking Water, Recreational Water, and Wastewater
COLIFORM TESTING
POWER POINT

By

Worley Johnson, Associate Professor

Eastern Kentucky University




What are coliforms?

m Group of gram negative,
aerobic to facultative
anaerobic, non-spore
forming rod shaped
bacteria that ferments
lactose at 35° C in 24 to
48 hours.
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Coliforms

Are found throughout
nature and found in the
intestinal tract of all
warm blooded animals,
including humans

= Normal flora of the G.I.
tract




Why sample for Coliforms Instead of
Specific Pathogens?

m |solating pathogens
could be dangerous r

m Impossible to find
pathogens in a 100 ml
sample

m Tests are expensive,
difficult to perform with
any consistency.

Collecting a Sample

m 100 ml is the correct size
sample

m Sterile disposable whirl
pacs or containers must
be used

m Sterile technique must be
pursued during testing




Total Coliforms

m Total coliforms refer to the
genera:

Escherichia, Enterobacter,
Citrobacter, Klebsiella and

are visible as red colonies on
an M-endo media incubated
at 35° C for 24-48 hours.

Fecal Coliforms

m Refers to: Escherichia
and Klebsiella only

= And seen as colonies
with a green sheen on
a MFc media incubated
at 44.5 °© C for 24-48
hrs.
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Three Procedures for
Coliform Testing

m Membrane Filtration

m Most Probable Number

(MPN) also called muiltiple
tube fermentation

m Presence/Absence Test
m Easy Gel- Pour plate

Other Coliform Tests

m MUG Tests-glucuronidase (an enzyme
specific to e-coli) is hydrolyzed and
fluoresces under a black light

m M-coli Blue-
m Colilert
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Membrane Filtration

MF apparatus
Membrane filters
Petri dish with pad
Forceps

Alcohol burner
Appropriate media

Vacuum pump
— Manual hand held
— Electric pump

Membrane Filtration Steps

= Apply filter to funnel base
with sterile forceps
Pour in 100 ml sample
Apply vacuum
Take off filter from base
with sterile forceps

= Roll filter onto pad
saturated with media

= Invert and incubate




Membrane Filtration

‘ —_—




Soil Evaluation Form PAGE

oF

Health Department
Idemntticalion Numbsa:

Map Number

General Information

Health Department

Date
Applicant Telephnnf.- Mo,
Address .
Orwner Address
Location

Subdivision Block/Section Lot

Sail Information Summary

1. Position in landscape satisfaciory Yes[O No O Dascribe

2. 8ope %

3. Depth to rock/imparvious strala Max, Min None

4, Depth io seasonal waier table (gray motfling orgray colodd NoO  YesD inches
5 Free water prezent Mo ¥YesO ___ ranpeininches

B Soll percolation rate estimaled Yes[O Texuregroup | I ] M

No O Estimated rale min/inch

7. Fercolation 1est periormed Yes[D Mumber of percofation lest holes
Ned Depthof percolation test holes

Average percolation rate

Meme and tille of evaluaion

Signature

Depariment Use

O Sie Approved: Drainfield to be placed at _____ depth at sile designaled on permit

[0 Bite Disapproved:
Reasons for rejection:
1.0 Paosition in landscape subjec! o floeding or periedic saturation.
2.0 Insufficient depth of suitable soil over hard rock
4.0 Insuficient depth of suitable soll 10 seasonal water tabls.
4.0 PRales of absomption 1oo slow.
500 Insufficient area of acceptable soil {or required drainfield, and/or Reserve Area
6.0 Proposad sysiam too clpse o well

7.0 Cmher Specity




SiTE EVALUATION

Field testing begins with a visual survey of the area to locate potential sites for
subsurface soil absorption. |Landscape position is evaluated to determine the
best site location for the ground absorption system. Soil borings or test pits are
dug in the area to observe =oil characteristics. Depending on local regulations,
percolation tests may be required in those soils that appear to be suitable. |f no
potential sites can be found from the visual survey and soil tests. an alternative
means of disposal should be investigated or the site must be rejected. The
following information blocks discuss all factors that determine site evaluations:

Topography or Slope

4 Definition: The deviation of the suriace of the land from the true horizontal . Measured as the
mse or fall {in feet) or fractions ihereot. Expressed in percentages of degrees

8. Calculation. (Rise= Run) % 100 = Slope

C  Suitability ratings: 0— 15 % Suitable (3}
15 =30 % Provisionally Suitable (P3)
»30 or complex slopes Unsuitable (U} "

*May be upgraded 1o PS (except complex siopes) if:
1. Slopes can be terraced in 10 feet honzontal increments and,

9 Soil charactenstics can be classified as PS or better to @ depth of 30 inches

[ Landscape Position

A Defintion; The location of the proposed on-site wastewaler disposal system arsa on 8 site
ralative to the surrounding topographic relief of the land surface.

8. Type of positions and their ratings:
Convex Concave

4. Hill or Ridge top 5 Ps”
2 Shoulder siope S PSS
3. Sige slope S RS
4, Foot slope FS ps*
5. Toe slope FS PST
£ Terace FS Ps”
7. Level Plains 5 -
8, Depression or sinkhole - - u
g, Drainageways " u

“Uinsuitbale unless 30 inches of FS soil is present and surface and subsurface water is diverted away
fram the area. Note: FLOOD PLAINS are rated suitable except when they stay floodad for 7 days or
longer per year.




SoIL TEXTURE
A Definition:  The ralative proportions of sand, siit, and clay in 2 soil including
particles greater than 2 mm in diameter such as gravel, cobblestones, flagstones,
chert, etc.

B. Textural classes
Group Class Rating ﬂgglicg;ign Rate
Epd

1 Sand, Loamy sand S 1.2-08
2 Sandy Loam, Loam s 0.8—-08
] Silt Loam, Silty Clay Loam, FS 06-04
Sandy Clay Loam, Clay Loam
4 Silty Clay, Sandy Clay, Clay P& p4-02
5. Silty Ciay , Sandy Clay, Clay u -
SOIL STRUCTURE:

A Definiion: The arrangement of the primary soil particles into clusters called
peds or aggregates.

B. Structural Types:

4 Granular or Crumb: Rounded particles that are typically small in
diameter. This structural type is found in the topsoil (A Horizans) and
also found in the subsoil (B Horizons) of sandy soils.

‘2. Block like:
Angular Blocky - Flattened sides with sharp corners (cube like),
Subangular Blocky — Similar to angular blocky except corners are
rounded.

3. Platy: Flatiened sheets similar in shape to a dinner plate. Well defined
horizontal planes of weakness with few vertical planes of weakness

4 Prismatic or columnar, Shaped like an optical prism. Typically found in
fragipans

5. Massive: The absence of soil structure

Structure Ratings {May vary according lo jurisdictions)

Type Raling
GRANULAR OR CRUME =
Blocky Like PS
Platy u
Prismatic or columnar U
Massive U




INTERNAL SO1L DRAINAGE

& Definition: The soil drainage patterns below the surface of the ground which
are afiecled by soli texture, soil structure, perched or permanent water lables,
landscape and topography., It is determined through the use of the Munsell
Color Chart to determing soil color, .
B Soil Colors: Used as an indicator of wetness, Colors indicate 2 seasonal welness even in
draught periods, Soil colors are described using three factors; hue, value, and chroma.

Soils with :
1. Reddish color (dug to iron oxide) are well drained

2. Grey, yeliow, olive, blue or white colors (due to lack of iron oxide) are
poorly dramed.

c. Sail Mottles: These are simply colors found in soil that differ from
predominant (Matrix) color.
1. Abundance - the percentage of the soil sample that is occupied by

motties.
2 Bize- Very fine <1mm
Fine <1-2 mm
iiedium 2 o5 mm
Coarse S5=10mm
Very Coarse > 10 mm

4. Contrast— & Faint - indistinct mottles that are only evident upon
close examination of the soil sample.
b. Distant — Motties that can be readily seen and sasily
distinguished from matrix color.
c. Prominent— \Very conspicuous motiles that can be

Soi. DEPTH

A. Definition: The depth 1o bedrock, flagstones or weathered parent material ( c. horizon)

B. Rating:
=42 inches s
< 47 inches to 24 inches PS5
< 24 inches U
AVAILABLE SPACE

A. Definition: The amount of space needed 10 properly install 2n on-site wastewaler reatment
system. This includes the arez needed for the installation of a complete replacement/ repair system.

B, Raung
100% ininal system 5+
Amything else U

* Npte: In some jurisdictions, sites with sroup 1 or 11 soil may be rated suitable without any repair area.




BESTRICTIVE HORIZONS

4 Definition: A sail horizon; which due to it's cemented, compacted, ar stryctyural
Condition, is relatively impermeable to the downward movement of waler,

B. Types:
1. Fragipan- a dense soil horizon that 1s primarily composed of silt Sized particies and
is very dense and brittle due to its cement-like composition. Common cement-fike
matenals include silicates, aluminum and sodium.
2. Iron pans- 2 dense soil layer that is cemented by iron and manganese oxides.
3. Clay pans- 2 restrictive layer formed from the 2 high concentration of clay-sized particles.
4 Plow pans- a compacted layer found in the lower limits of the plow depth of soil, caused
by plowing wet ground. Platy and massive structures are commonly associated with this
feature.
5. Platy structure- previously described
6. Hardpans- Dense layers generally formed from mechanical compaction.
7. Massive grade- The absence of soil structure
C. Rating: Rated based on the depth to one of these restrictive layers listed above;
= 42 inches Sultable

<47 to > 24 inches  Provisionally suitable

< 24 inches Unsuitable

Dupression Ricge Line

Sideslope

Fool Slope

Slope




Hantavirus Pulmonary Syndrome (HPS): What You Need To Know

RESERVOIR The dear mouse (Paramyscus maniculatus) is the primary resarvoir of the hantavirus that causes
hantavirus pulmanary syndrame (HPS) in the United States,

TRANSMISSION Infected rodents shed the virus through urine, droppings, and saliva. HPS ig transmitted to humans
through a process called acrosolization. Aerosolization occurs when dried materials contaminated
by redent excrela or saliva are disturbed. Humans become infected by breathing in these infeclious
aerogols .

HPFS in the United Stales cannot be ransmitled from one person lo another,

HFS in the United States is not known to be transmitted by farm animals, dogs, or cats or from
rodents purchased from a pet store,

RISK Anything that puts you in contact with fresh redent urine, droppings, saliva or nesting materials
can place you al risk for infection.

VIRUS Hantaviruses have been shown to be viable in the environment for 2 to 3 days al normal room
temperature. The ultravielet rays in sunlight kill hantavirugses.

PREVENTION Rodent control in and around the home remains the primary strategy for preventing hantavirus
infaction.

CLEANING s a bleach solution or household disinfectant to effectively deactivate hantaviruses when
cleaning rodent infestations .

What is hantavirus pulmonary syndrome (HPS)?7
Hanlavirus pulmeonary syndrome (HPS) is a deadly disease transmilted by infected rodents through urine,
droppings, or saliva. Humans can confract the disease when they breathe in asrosolized virus.

Who is at risk of getting HPS?

Anyone who comes into contact with rodents that carry hantavirus is at risk of HPS. Rodent infestation in and
around the home remains the primary risk for hantavirus exposure. Even healthy individuals are at risk for HPS
infection if exposed o the vins.

Which rodents are known to be carriers of hantavirus that cause HPS in humans?

In the United States, deer mice, cotton and rice rats (in the Southeast), and the white-footed
mouse (in the Mortheast), are the only known rodent carriers of hantaviruses causing HPS.

How is HPS transmitted?
Hantavirus is transmitted by infected rodents through urine, droppings, or saliva. Individuals DEER MOUSE :
become infected with HPS after breathing fresh aerasolized urine, droppings. saliva, or

nesting materials. Transmission can also occur when these materials are directly introduced inlo broken skin,
the nose or the mouth.  If a rodent with the virus bites someone, the virus may be spread to that person, but this
type of transmission is rare.

Can you contract HPS from another person?

HPS in the United States cannot be transmitted from one person to another. You cannot get the virus from
touching or kissing a person who has HPS or from a health care worker who has treated someone with the
disease. In addition, you cannot contract the virus from a blood transfusion in which you receive blood from a
person who survived HPS,

Can you contract HPS from other animals?

Hantaviruses that cause HPS in the United States are only known to be transmitted by certain species of
rodents. HPS in the Uniled States is nol known lo be ransmilted by farm animals, dogs, or cals or from redents  purchased
fram a pet stora.

Can you contract HPS from the tops of soda pop cans?

There is no evidence that hantavirus can be spread via soda cans. Wiping off the top of soda cans is good
practice. However, if you fail to wipe off soda cans it is highly unlikely that an individual would become sick from
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hantavirus pulmonary syndrome, For more information, see Hoaxes and Rumors on the COC Web page
(http:fiweww cde govincidod/hoaxes/hanta-hoax him).

How long can hantavirus remain infectious in the environment?

The Iangt-h of time hantaviruses can remain infectious in the environment is variable and depends on
enviranmental conditions, such as temperature and humidity, whether the virus is indoors or outdoors or
exposed to the sun, and even on the rodent's diet (which would affect the chemistry of its urine). Viability for 2
or 3 days has been shown at normal room temperature. Exposure to sunlight will decrease the time of viability,
and feezing temperatures will actually increase the time that the virus remains viable. Since the survival of
infectious virus is measured in terms of hours or days, only active infestations of infected rodents result in
conditions that are likely to lead to human hantavirus infection,

How do | prevent HPS?

SEAL UP, TRAP UP, CLEAN UP
Seal up rodent entry holes or gaps with steel wool, lath metal, or caulk. Trap rats and mice by using an
appropriate snap trap. Clean up rodent food sources and nesting sites and take precautions when cleaning

CLEAN UP
What are the recommendations for cleaning a rodent-infested area?

*  Put on rubber, latex, vinyl or nitrile gloves.

* Do not stir up dust by vacuuming, sweeping, or any other means.

=  Thoroughly wel contaminated areas with a bleach solution or household disinfectant.
Hypochlorite (bleach) solution: Mix 1 and ¥ cups of household bleach in 1 gallon of water.

*  Once everything is wet, take up contaminated materials with damp towel and then mop or sponge the
area with bleach solution or household disinfectant.

= Spray dead rodents with disinfectant and then double-bag along with all cleaning materials. Bury, burn,

or throw out rodent in appropriate waste disposal system.
{Contact your local or state health department concerning other appropriate dizposal methods )

* Disinfect gloves with disinfectant or soap and water before taking them off.
= Ajter taking off the clean gloves, thoroughly wash hands with soap and warm water,

Can | use a vacuum with HEPA filter to clean up rodent-contaminated areas?

HEPA vacuums are not recommended since they blow air around and may create asrosals,

How do | clean papers, books, and delicate items?

Books, papers, and other items that cannot be cleaned with a liquid disinfectant or thrown away should be laft
outdoors in the sunlight for several hours or in an indoor area free of rodents for approximately 1 week before
final cleaning. After that time, the virus should no longer be infectious. Wear rubber, latex, or vinyl gloves and
wipe the items with a cloth moistened with disinfectant.

I do not want to bleach my clothes or stuffed animals; is there anything else | can do?

Wash clathing or stuffed animals in the washing machine using hot water and regular detergent.  Laundry
detergent can break down the virug's lipid anvelope, rendering it harmless. Maching dry laundry on a high
selting or hang it to air dry in the sun. CDC does not recommend simply running the clothing through the dryer
without washing first.

How do | clean rugs, carpets and upholstered furniture?

Disinfect carpets and upholstered furniture with a disinfectant or with a commercial-grade steam cleaner o
shampoo.

What precautions should | take if | think | have been exposed to hantavirus?

If you have been exposed o rodents or rodent infestations and have symploms of fever, deep muscle aches,
and severe shortness of breath, see your doctor immediately, Inform your doctor of possible rodent exposure
50 that hefshe is alerted to the possibility of rodent-carried diseases, such as HPS.
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Study Guide for the Kentucky Registered Sanitarian Test

Calculations:

There will be five to seven questionsin the second part of the Registered Sanitarian
Examination. Included in the back of the study guide are sample gquestions with step by step
instructions toward solving each problem.

Constants used in all of the problems:

Gallon of water weighs 8.34 pounds

Converting cubic feet to gallons 7.48

The formulas for all problems are very similar.



3.1 CHEMICAL DOSAGE CALCULATIONS

CHLORINE DOSAGE ~

In chemical dosing, 8 measured

MILLIGRAMS PER LITER 18 A MEASURE

——

amount of chemical 15 added to
the water or wastewater. The

amount of chemigal sequirsd
depends on such factors as the
type of chemical used, the reason
for dosing, and the flow rawe
being meated.

Two ways 1o describe the
amount of chemical added or
required are:
» milligrams per liter (mg/L)
= pounds per day (lhs/day)

To convert from mg/L (or ppm)

OF CONCENTRATION
Assume each Iiter below is divided into 1 million parts, Then:
B jaERgrE fEESEE
FEEE _ Imgl | [ - dmglL X _ Emg/L
T solids F{@N solids R sohds
or R or i gﬁ or
'_‘_l;____::’:. 1 4 ppm : 8 ppm
RESEREd saﬁﬂ? solids i sull}:js
1 liter . 1 liter 1 liter
= 1,000,000 mg = 1,000,000 mg = 1,000,000 mg

concentration to Ibs/day, use the
following equation:

(mg/L) (MGD) (8.34) = lbs/day
Cone. flow  lbs/gal

In previous years, parts per
million (ppm) was also used as
an expression of concentation,
In fact, it was used interchange-
ably with mg/L concentration,
since 1 mg/L = ] ppm.*
However, because Standard

Assuming the liter in these three examples has been
divided into 1 million parts (¢ach part representing 1
milligram, mg), the concentration of solids in each liter
could be expressed as:

»The number of mg solids per liter (mg/L ) or
+ The number of mg solids per 1,000,000 mg (ppm).
The concentration of solids shown in diagram A is

1 milligram per liter (1 mg/L). The solids concentration
shown in diagrams B and C are 4 mg/L and & mg/L,

respectively.

Merhods no longer uses ppm,
mg/L is the preferred expression

of concentration,

Example 1: {(Chemical Dosage)

0 Determine the chlorinator setting (Ibs/day) needed 10
treat 2 flow of 3 MGD with a chlorme dose of 4 mg/L.
Farst write the equation. Then fill in the information given:

(mg/L) (MGD) (8.34) = Ibs/day
Conc. flow Ibs/gal

(4 mg/L) (3 MGD) (8.34 lbs/gal) = Ibs/day

= 1 100 Ibs/day

L]

___1lb

1 pan

img _ 1 mg
I

T 1,000,000mg 1,000,000 Ibs

= 7,000,000 pars ) PPM




Example 2: (Chemical Dosage]
0O Determine the chlorinator setting (Ibs/day) if a flow of

3.8 MGD is 1o be treated with a chlorine dose of 2.7 mg/L.

Write the equation then fill in the information given:

- Yig/L) (MGD) (8.34) = lbs/day
Conc. flow lbs/gal
(2.7 mg/L) (3.8 mg/L) (8.34 1bs/gal) = Ibs/day

= |85.6 Ibs/day

Example 3: (Chemical Dosage)
0O What should the chlorinator setting be (lbs/day) 10 treal
2 flow of 2 MGD if the chlorine demand is 10 m T and a

chlorine residual of 2 mg/L is desired?

First, write the mg/L to Ibs/day equation:

(mg/L) (MGD) (8.34) = lbs/day
Conc. flow lbs/gal

In this problem the unknown value is Ibs/day. Information

is given for each of the other two variables: mg/L and flow.

Notice that information for the mg/L dose is given only
indirectly, as chlorine demand and residual and can be

found using the equation:

Cly Dose = Cla Demand + Cl2 Residual
mg/L mg/L myg/L

10 mg/L + 2 mg/L
12 mg/L

The mg/L 1o Ibs/day calculation may now be completed:

(12 mg/L) (2 MGD) (8.34 1bs/gal) =| 200 lbs/day
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CHLORINE DOSAGE,
DEMAND, AND RESIDUAL

In some chlorination caleula-
tions, the mg/L chlorine dose is
not given directly but indirectly
as chlorine demand and residual
information.

Chlorine dose depends on two
considerations—the chlorine
demand and the desired chlorne
residoal such that:

Dose = Demand + Resid.
mg/L mg/L mg/L

The chlorine demand is the
amount of chlorne used in
Teacting with various compon-
ents of the water such as harmful
organisms and other organic and
inorganic substances. When the
chlorine demand has been
satisfied, these reactions stop.

In some cases, such as perhaps
during pretreatment, chlorinating
just enough to meet some or all
of the chlorine demand is
sufficient. However, in other
cases, it is desirable to have an
additional amount of chlorine
available for disinfection.

Using the equation shown above,
if you are given information
about any two of the variables,
you can determine the value of
the third variable. For example,
if you know that the chlorine
dose is 3 mg/L and the chlorine
residual is 0.5 mg/L, the chlorine
demand must therefore be 2.5

mg/L:
3 mg/L = 2.5 mg/L + 0.5 mg/L

If chlorine demand and residual
are known, then chlorine dose
(mg/L)can be determined, as
illusoated in Example 3.



CHEMICAL DOSAGE FOR
OTHER CHEMICALS ™

Examples 1-3 illustrated chemi-
cal dosage calculations for
chlorine. The same method is
used in calculating dosages for
other chemicals; 48 fhowntin
Examples 4 and 5.

CALCULATING mg/L
GIVEN lbs /day

In some chemical dosage
calculations, you will know the
dosage in Ibs/day and the flow
rate, but the mgfL dosage will be
unknown. Approach these
problems as any other mg/L 1o
Ibs/day problem:

= Write the equation,
= Fill in the known information,

= Solve for the unknown value.

Example 4: (Chemical Dosage)
O A jar test indicates that the best dry alum dose is 12
mg/L. If the flow is 3.5 MGD, what iz the desired alum

feed rate? (Ibs/day)

(mg/L) (MGD) (8.34) = lbs/day
Conc. flow Ibs/pal

(12 mg/L) (3.5 MGD) (8.34 Ibs/gal) = Ibs/duy

= (350 Ibs/day

Example 5: (Chemical Dosage)
O To dechlorinate & wastewater, sulfur dioxide is 1o be
applied at a level 3 mg/L more than the chlomne residual.

What should the sulfonator feed rate be (Ibs/day) for a flow
of 4 MGD with a chlorine residual of 4.2 mg/L?

Since the chlorine residual is 4.2 mg/L, the sulfur dioxide
dosage should be 4.2 + 3= 7.2 mp/L:

(mg/L) (MGD) (8.34) = lbs/day
Conc. flow lbs/gal

(7.2 mg/L) (4 MGD) (8.34 lbs/gal) = Ibs/day
= |240 Ibs/day

Example 6: (Chemical Dosage)
0 The chlorine feed rate at a plant is 175 lbs/day. If the
flow i 2,450,000 gpd, what is this dosape in mg/L?

(mg/L) (MGD) (8.34) = Ibs/day
Conc. flow lbs/gal

(x mg/L) (2.45 MGD) (8.34 Ibs/gal) = 175 lbs/day

- 175 lbs/day
x = (2.45 MGD) (8.34 bs/gal)

1 o= |86me/lL ]




CHEMICAL DOSAGE IN

Example 7: (Chemical Dosage) I
O A storage tank is 10 be disinfected with & 50 mg/L E&%ﬁ%ﬂﬁﬁk
chlorine solution. If the tank holds 70,000 gallons, how PIPELINES
many pounds of ch_l_cu:inaq(gu] will be needed?
4k Wells are disinfected (chlor-
(mg/L) (MG) (8.34) = lbs inated) during and after con-
Conc. Vol Ibs/gal struction and also after any well
or pump repairs. Tanks and
(50 mg/L) (0.07 MG) (8.34 Ibs/gal) = Ibs reservoirs are chlorinated afier
initial inspection and after any
time they have been drained for
= (29,2 lbs cleaning, repair or maintenance.
: Similarly, a pipeline is
chlorinated after initial installa-

tion and after any repair,

Digesters may also require che-
mical dosing, although the che-

Example 8: (Chemical Dosage) 3 : :
O To neutralize a sour digester, one pound of lime is to be mical used is not chlrmm_: but
added for every pound of volatile acids in the digester lime or some other chemical.
liquor. If the digester contains 250,000 gal of sludge with a .
volatile acid (VA) level of 2,300 mg/L, how many pounds For calculations such as these,
of lime should be added? use the mg/L to bs equation:
Since the VA concentration is 2300 mg/L, the lime 1LY (MG) (8.24) = 1b
concentration should also be 2300 mg/L: I:gug«nr::.:II I3‘:{::1] %hsfg::il :
(mg/L) (MG) (8.34) = Ibs Notice that this fam 3
equation is very
Conc. Vol lbs/gal singﬂar to that used in Examples
N 1-6. The only difference is that
(2300 mg/L) (0.25 MG) (8.34 1bs/gal) = lbs MG volume is used rather than
MGD flow; therefore, the result
= (4,796 lbs ig Ibs rather than Ibs/day. (When
_ dosing a volume, there is no

time factor consideration.)
Examples 7-8 illustrate these
calculations.




HYPOCHLORITE
COMPOUNDS #*

When chlorinating water or
wastewater with chlorine gas,
you are chlorinating with 100%
available chlorine. Therefore, if
the chlorine demand 'and residual
requires 50 1bs/day chlorine, the
chlorinator setting would be just
that—>50 1bs/24 hrs.

Many times, however, a chlorine
compound called hypochlorite is
used to chlorinate water or
wastewater, Hypochlorite com-
pounds contain chlorine and are
similar to a strong bleach. They
are available in liquid form or as
powder or granules. Calcium
hypochlorite, sometimes referred
to as HTH is the most com-
monly used dry hypochlorite. It
contains about 65% available
chlorine. Sodium hypochlorite,
or liquid bleach, contains about
12-15% available chlorine as
commercial bleach or 3-5.25% as
household bleach.

Because hypochlorite is not
100% pure chlorine, more
Ibs/day must be fed into the
syslem to obtain the same
amount of chlorine for
disinfection,

To calculate the Ibs/day hypo-
chlorite required:

1. First calculate the 1bs/day
chlorine required.

(mg/L) (MGD) (8.34) = Ibs/day
Conc. flow Ibs/gal

2. Then calculate the 1bs/day
hypochlorite needed by
dividing the Ibs/day chlorine
by the percenmt available
chlorine.

Example 9: (Chemical Dosage)

O A total chlorine dosage of 12 mg/L is required 1o treat a
particular water. If the flow is 1.2 MGD and the
hypochlorite has 65% available chlorine how many lbs/day

of hypochlorite will be required?

Farst, calculate the 1bs/day chlorine required using the mg/L
10 lbs/day equation:

(mg/L) (MGD) (8.34) = lbs/day
Conc. flow lbs/gal

(12 mg/L) (1.2 MGD) (8.34 lbs/gal) = lbs/day

= | 120 lbs/day

Now calculate the Ibs/day hypochlorite required. Since
only 65% of the hypochlorite is chlorine, more than 120

Ibs/day will be required:
120 1bs/day Cl - " 185 Ibs/day
65 Avail. Cl Hypochlorte
100

Chlorine, lbs/day _ Hypochlorite
% Available —  lbs/day
100

Example 10: (Chemical Dosage)

O A wastewater flow of 850,000 gpd requires a chlorine
dose of 25 mg/L. If sodium h}-pur:k%}::ritc 15% available
chlorine) is 1o be used, how many Ibs/day of sodium
hypochlorite are required? How many gal/day of sodium
hypochlorite is this?

First, calculate the lbs/day chlorine required:

(mg/L) (MGD) (8.34) = Ibs/day
Conc. flow lbs/gal

(25 mg/L) (0.85 MGD) (8.34 bs/gal) =| 177 Ibs/day
Chlorine

Then caleulate the lbs/day sodium hypochlorite:

177 Tbs/day Cl2 1180 Ibs/day
15 Avail. Cl2 | Hypochlorite
100

Then calculate the gal/day sodium hypochlorite:

1180 Ibs/day :ml gal/day
£.34 lbs/gal IEJd.imn Hypochlorite

L




3.2 LOADING CALCULATIONS—BOD, COD AND SS

When calculating BOD
(Biochemical Oxygén Derhand),
COD (Chemical Oxygen
Demand), or S§ (Suspended
Solids) loading wn adtreatment
system, the following equation is
used:

(mg/L) (MGD) (8.34) = lbs/day
Conc. flow Ibs/gal

Loading on a system is usually
calculated as Ibs/day. Given the
BOD, COD, or 58 concentration
and flow information, the lbs/day
Joading may be calculated as
demonstrated in Examples 1-3.

Example 1: (Loading Calculations)

O Calculate the BOD loading (Ibs/day) on a stream if the
secondary effluent flow is 2.5 MGD and the BOD of the

secondary effluent is 20 mg/L.

20 mg/L BOD /

enter with 2.5 MGD flow

? Ibs/day BOD

Enler
Stream
First, select the appropriate equation:

(mg/L ) (MGD flow) (8.34 Ibs/gal) = Ibs/day

Then fill in the information given in the problem:

: : —| 417 Ibs/day |
(20 mg/L) (2.5 MGD) (8.34 1bs/gal) l S

Example 2: (Loading Calculations)

0O The suspended solids concentration of the wastewater
entering the primary system is 480 mg/L. If the plant flow
is 3,600,000 gpd, how many lbs/day suspended solids enter

the primary system?

480 mg/L SS
enter with 3.6 MGD m _

7 Ibs/day SS
enler

First write the equation:
(mg/L) (MGD flow) (8.34 Ibs/gal) = lbs/day
Then fill in the data given in the problem:

(480 mg/L) (3.6 MGD) (8.34 lbs/gal) =| 14,412 lsbssfda}'




Example 3: (Loading Calculations)

J The flow to an acration tank is 7 MGD. If the COD
concentration of the water is 110 mg/L, how many pounds
of COD are applied to the acration tank daily?

g 1A

110 mg/L SS \“
enter with 7 MGD flow

? lbs/day SS

enter .

Use the mg/L 1o Ibs/day equation to solve the problem:

(mg/L) (MGD flow) (B.34 Ibs/gal) = lbs/day

(110 mg/L) (7 MGD) (8.34 lbs/gal) =
COD COD

Example 4: (Loading Calculations)

O The daily flow to a trickling filter is 4,500,000 gpd. If
the BOD concentration of the mickling filter influent is
213 mg/L, how many lbs BOD enter the wickling filter

daily?

213 mg/L BOD
enter with 4.5 MGD

| 7 lbs/day BOD
enter

Write the equation, fill in the given information, then solve
for the unknown value:

(mg/L) (MGD flow) (8.34 1bs/gal) = lbs/day

(213 mg/L) (4.5 MGD) (8.34 Ibs/gal)
BOD




4.6 WEIR OVERFLOW RATE CALCULATIONS

sl I .‘. | L]
Weir overflow rale 15 & measure

of the gallons per day flowing
over each foot of weir,
U I
Weir Overflow_ _Flow, gpd
Raie Weir Length, fi
CALCULATING WEIR
CIRCUMFERENCE

In some calculations of weir
overflow rate, you will have 1o
calculate the total weir length
given the weir diameter. To
calculate the length of weir
around the clarifier, you need 1o
know the relationship between
the diameter and circumference
of a circle. The distance around
any circle (circumference) is
aboul three times the distance
across the circle (diameter). In
fact, the circumference is (3.14)
(Diameter).* Therefore, given a
diameter, the 1otal ft of weir can
be caleunlaled as:

Weir )
Length, = (3.14) (Weir Ihan.,)
f ft

l

Example 1: (Weir Overflow Rate)
O A rectangular clarifier has a 1otal of 100 fi of weir. What
is the weir overflow raie in gpd/ft when the flow is 1.2

MGD?

1,200,000 gpd
100 fi
Weir
Weir Overflow _ _Flow.gpd
Rate Weir Length, ft
_ 1,200,000 gpd
- 100 ft

= | 12,000 gpd/ft

Exam];'ile 2: (Weir Overflow Rate)
O A circular clarifier receives a flow of 3.38 MGD. If the
diameter of the weir is B0 fi, what is the weir overflow rate

in gpd/ft?
The total ft of weir is not given directly in this problem.

However, weir diameter is given (80 ft) and from that
information we can determine the length of the weir.

3,380,000 gpd

ft weir:
= (3.14) (B0 f1)
= 21k
Weir Overflow  _ _Hlow, gpd
Rate Weir Length, fi
3,380,000 gpd
S 2511
= | 13,466 gpd/fi




Example 3: (Weir Overflow Rate)
0O The flow to a circular clarifier is 2.12 MGD. If the
diameter of the weir 1s 60 fi, what 15 the weir overflow rate

in gpd/t?
2,424,000 gpd

fi weir:
= (3.14) (60 f1)
= 188 f1
Weir Overflow _ _Flow,gpd
Rate Weir Length, f
3 2,120,000 gpd
188 fi

= } 11,277 gpd/ft '

Example 4: (Weir Overflow Rate)
O A rectangular sedimentation basin has a total weir
length of 80 f1. If the flow to the basin is 1.3 MGD, what is

the weir loading rate in gpm/fit?
1,300,000 gpd
1440 min/day
= 903 gpm
Weir Loading  _ Flow, gpm
Rate Weir Length, f
_ 903 gpm
80 ft weir

11.3 gpm/ft

WEIR LOADING RATE

Weir overflow rate is a term
most often associated with
wastewater clarifier caleulations,
A similar calculation often used
for water system clarifiers is weir
loading rate, expressed as
gpm/ft.



5.1 DETENTION TIME CALCULATIONS

AR

There are two basic ways 1o
consider detention time:

1. Detention time is the length
of time requirgd fora given
flow rate 10 pas ﬂm:-u%'l i
1ank.

2. Detention time may also be
considered as the length of
time required to fill & 1ank at
a given flow rate.

In each case, the calculation of
detention time 15 the same;

Detention — Volume of Tank, gal

Time Flow Rate, gal/time

THE TWO FACES OF DETENTION TIME

Flow-Through Time:

Filling
the tank

MATCHING UNITS

There are many possible ways of
writing the detention tme equa-
tion, depending on the time umt
desired (seconds, minutes, hours,
days) and the expression of
volume and flow rate.

When calculating detention time,
it is essential that the time and
volume units used in the
equation are consistent with each
other, as illustrated 10 the right.

BE SURE THE TIME AND VOLUME UNITS MATCH
Volume of Tank, gal

I)ctnntiqn Time =

min Flow Rate, gpm
1‘& A
A _
Time units match
(mmin) Volume units
match (gal)

Other examples of detention time equations where time and
volume units match include;

Detention _ Yolume of Tank, cu ft
Time, sec Flow Fate, cfs
Delention  _ Volume of Tank, gal
Time, hrs Flow Rale, gph
Detestion Volume of Pond, ac-ft
Time, days Flow Rate, ac-fi/day

10




Example 1: (Detention Time)
O The flow to a sedimentation tank 80 ft long, 30 ft wide
and 10 ft deep is 3.7 MGD. What is the detenuon time in

the tank in hours?
(80 fr)y (30 e (10 f1) (7.48 gal/eu ft) = 179,520 gal
Volume
3,700,000 gpd
24 hrs/day
= 154,167 gph

First, write the equation so that volume and time units
match. Then fill in the equation and solve for the unknown.

Detention Time _  Volume of Tank, gal
hrs Flow Rate, gph

179,520 gal Volume
154,167 gph

= 1.2 hours '

Example 2: {Detentiun Time)
O A flocculation basin is 8 ft deep, 15 ft wide, and 40 ft
long. If the flow through the ba:-;m is 2.2 MGD, what is the

detention time in minutes?

(40 f1) (15 fr) (8 ft) (7.48 gal/cu ft) = 35,904 gal
e Volume

2,200,000 gpd
1440 min/day
= 1528 gpm

Detention Time _ Volume of Tank, gal
min Flow Rate, gpm

35,904 gal Volume
1528 gpm

= 23 minutes

DETENTION TIME AS
FLOWTHROUGH A TANK

In calculating unit process
detention times, you are calcu-
lating the length of tme it takes
the water to flow through that
unit process. Detention times are
normally calculated for the
following basins or tanks:

» Flash mix chambers (sec)
» Flocculation basins (min)

= Sedimentation tanks or
clarifiers (hrs),

+ Wastewater ponds (days),

» Oxidadon ditches (hrs).

There are two key agmmis to
remember when calculating
detention time:

1. Tank volume is the
numerator (top) of the
fraction and flow rate is the
denominator (bottom) of the
fracton. Many times students
have a difficult tme
remembering which term
belongs in the numerator and
which in the denominator. As
a memory aid, remember that

V," the victor, is alwavs on
1op.

2, Time and volume units musi
maich. If detention time is
degired in minutes, then the
flow rate used in the caleu-
lation should have the same
time frame (cfim or gpm,
depending on whether tank
volume is expressed as cubic
feet or gallons). If detention
time 15 desired in hours, then
the flow rate used in the calew-
lation should be cfh or gph.

E | thE



DETENTION TIME
FOR PONDS  _,.r 1 3

Detention time for a pond may be
caleulated using one of two
equations, depending on how the
flow rate is r,x__l:g%s,szq: 3

Dnle.miun_ Pond Volume, gal

Time, =
df;; Flow Rate, gpd

Or

Detention  pond Volume, ac-fi

Eamy:’ ~ Flow Rate, ac-ft/day

For a better understanding of the
relative sizes of MGD and
ac-ft/day, remember that 1 MGD
is equivalent to about 3 ac-ft/day
flow.

Examples 3 and 4 illustrate the
use of both detention time
equations.

FExample 3: (Detention Time)

O A waste treatment pond is operated at a depth of 5 feer
The averape width of the pond 15 375 f1 and the average
length is 610 fi. If the flow to the Ennd is 570,000 gpd,
what is the detention time in days®

(610 fr) (375 ft) (5 ft) (7.48 gal/cu f1) = 8,555,250 gal
Volume
570,000 gpd ——>

Detention Time _  Volume of Pond, gal
days " Flow Rate, gpd

8,555,250 gal Volume
570,000 gpd

= 15 days

Example 4: (Detention Time)

* O A waste treatment pond is operated at a depth of 6 feet.

The volume of the pond is 54 ac-ft. If the flow to the pond
is 2.7 ac-ft/day, what is the detention time in days?

2.7 ac-fi/day —

Detention Time L Volume of Pond, ac-fi
days Flow Rate, ac-ft/day

54 ac-ft Volume
2.7 ac-ft/day

- 20 days




Example 5: (Detention Time)
O A basin 4 ft square is to be filled to the 3 fi level. If the
flow to the tank is 3 gpm, how long will it take to fill the
tank {in hours)?
(4 1) (4 ft) (3 £1) (7.48 galjeu f1) = 359 gal
FOTA Tl BLL o B Volume

= 180 gph
Fill Time _ Yolume of Tank, gal
hrs a Flow Rate, gph
359 gal Volume
180 gph
= | 2hrs

DETENTION TIME AS
FILL TIME

Another way to think of deten-
tion time is the time required to
fill a tank or basin at a given
flow rate, Regardless of whether
you consider detention time flow
time through a tank, or fill time,
the calculation is precisely the
same:

Detention _ Volume of Tank, gal

Time = Flpw Rare, gal/time

Example 6: (Detention Time)
O A tank has a diameier of 5 ft with an overflow depth at
4 fi. The current water level is 2.8 ft. Water is flowing into

the tank at a rate of 4.1 gpm. At this rate, how long will it
take before the tank overflows (in min)?

The volume of the tank remaining to be filled is
5 ft in diameter and 1.2 fideep (4 fi—2.8 fi= 1.2 11).

Therefare, the fill volume is:

(0.785) (5 f1) (5 f1) (1.2 fr) (7.48 gal/cu ft) = 176 gal Vol.

Volume of Tank, gal

Time Unul _
Chverflow, min Flow Rate, gpm
L 176 gal Volume
4.1 gpm

I

43 min unti] overflow

5

In some equations, the word fill
time is used rather than detention
tme.

Fill _ Volume of Tank, gal
Timme Flow Rate, gal/tme

In each equation listed above the
volume can be given as cubic
feet, if desired (cu ft and

cu ft/ime).

The fill time caleulation can
also be used to determine the
time remaining before a tank
overflows, as illustrated in
Example 6. Such a calculation
can be critcal during equipment
failure conditions.



18.1 BIOCHEMICAL OXYGEN DEMAND (BOD) CALCULATIONS

The Biochemical Oxygen
Demand (BOD) conent of a
wastewater 15 used as an indicator
of the available food in the
wastewater, and is therefore
included in such calgulations as
organic loading and F/M ratio,

The BOD test measures the
amount of oxygen used by the
microorganisms as they
breakdown food (complex
erganic compounds) in the
wasiewater.

The dissolved oxygen (DO)
content of the sample is tested
just prior 10 beginning the test
(imitial DO) and at the end of the
test, Then by subrracting the
second DO reading from the
initial DO, the amount of DO
used during the test can be
determined:

THE BOD TEST 1S CONDUCTED
ON A DILUTED SAMPLE

Simplified Equation:

BOD _ DO Used During 5-day Test, mg/L

mg/L Dilution Fraction of Sample

Expanded Equation:
BOD _ Initial DO, mg/L — DO After 5 days, mg/L
mg/L Sample Volume, mL
BOD Bottle Volume, mf.

‘s DO After DO Used
W = S-day Test = During

PO.mel "l mglL

If the BOD test were conducted
using a full-strength sample, the
BOD content (mg/L) would be
equal to the dissolved oxygen
(DO) used or depleted during the
5-day test. For example, if the DO
used during the 5-day BOD test
was 75 mg/L, then the BOD
would be the same—75 mg/L.

However, the BOD test is
conducted on a diluted sample,
Therefore, the percent dilution of
the sample must be included in
the calculation, as shown in the
equations to the right.*

Depending on the percent
dilotion, the DO used in the
diluted sample might represent
only 1% io 10% of the DO used
in the full-strength sample,

Example 1: (BOD)
U Given the following information, determine the BOD of
the wastewater:

Sample Volume—4 mL

BOD Bottle Volume—300 mL

Initial DO of Diluted Sample—7 mg/L

DO of Diluted Sample—4 mg/L (After 5 days)

7 mg/L DO 4mg/L DO
(Initial) (After 5-days)

!

3mg/L DO
Used in 5 days

BOD _ Initial DO, mg/L — DO After 5-days, mg/L
mg/ll Sample Volume, mL
BOD Bottle Volume, mL

7 mg/L — 4 mg/L

‘4 mlL

300 mL
Img/lL
0.013

231 mg/L BOD
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Example 2: (BOD)
J Resulis from a BOD test are given below. Calculate the

BOD of the sample.

Sample Volume—30 mL
. BOD Bottle Volume—300 mL
“%%" Initial DO of Diluted Sample—8 mg/L
DO of Dilued Sample—3.7 mg/L (After 5 days)

8 mg/L DO > 3.7 mg/L DO
(Initial) (Afier 5-days)
4.3 mg/L DO
Used in 5 days
BOD _ [Inidal DO, mg/L — DO Afier 5 days, mg/L
mgl Dilution Fraction of Sample
- 8mg/l -3.7mgl
0.1
= |43 mg/L BOD

Example 3: (BOD) _
O Given the information listed below, determine the BOD

of the wastewater,

Sample Volume—7 mL

BOD Bottle Volume—300 mL

Initial DO of Diluted Sample—9 mg/L

DO of Diluted Sample—3.2 mg/L (After 5 days)

9 mg/L D 3.2 mg/L DO
{Initial) {After 5-days)

5.8 mg/L DO
Used in 5 days

BOD _ Initial DO, mg/L — DO After 5 days, mg/L
mg/L Dilution Fraction of Sample

Omg/l — 3.2 mg/L
0.023

[152 mg/L BOD }

[Le



Disinfecting a Cistern

A cistern that is 12 feet Jong and four feet wide with a water depth of four feet is to be

disinfected with Sodium hypochlorite. Given: 1 gallon of sodium hypochlorite will
disinfect 50,000 gallons of water. How much ounces of sodium hypochlorite will be

needed o disinfect the water in the cistern?

Answer.

12 feet 5 4 feet x 4 feet = 576 cubic feet

Cubic feet is converted 1o gallons by utilizing the conversion constant 7.48

576 % 7.48 = 4308.48 gallons

If 1 gallon of sodium hypochlorite will disinfect 50,000 gallons of water, how much is
needed to disinfect 4308.48 gallons?

4308.48 + 50,000 = 0.081 gallons
To convert 1o fluid ounces, know that there are 128 fluid ounces ina gallon

0.081 x 128 = 11,08 fluid ounces (round off to 11 fluid ounces)
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