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Presentation Overview
« Biological treatment
» Anaerobic treatment
« Aerobic treatment
» Oxygen states
« Applications in onsite systems

Anaerobic
Septic tanks
Processing tanks
Aerobic
ATUs, Media filters
Soil treatment systems
Microbe removal

Biological Treatment in Septic Systems

» Uses the microorganisms present

 Different applications

 Biological population and processes dependent on
system conditions

Aerobic = S ,
Facultative b D - -

Anaerobic

3-1



Biological Treatment Processes (cont.)

» Biological oxidation
Bacteria break down organic
matter into water and CO,
Reduces BOD, pathogens
Works most efficiently in
aerobic conditions

MICROORGANISM SIZE COMPARISON

Anae.robic
A single bacteria is 1.0 ym |
ng| (m?m) pm in length

Aerobic

A Single protozoa is 50.0 um in length
Moo Svlonchie) "

Anaerobic Microbes

* Anaerobic bacteria grow in absence of free oxygen,O2
* Most anaerobic organisms are bacteria
* Anaerobic treatment processes split oxygen bound,
Ex. S0, —H.S, NO,—N,
¢ Common condition in:
Septic tanks,
Processing tanks,

Constructed wetlands
Other saturated environments




Anaerobes Cont’d

« They are not able to get as much energy from their
food

» Advantages:
Microbes that do not require oxygen are able to live in
places where aerobes cannot survive, such as the human
gut, and many other places where oxygen is in low supply
For pathogenic microbes (those that cause disease), this
ability is a huge advantage, allowing anaerobic pathogens
to cause disease in areas of the body that are not exposed
to oxygen

Anaerobic Digestion

Denitrification — Anaerobic Microbes

NO;
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Denitrification Process

NOZ+ organic carbon g2k bactesia N, + CO, + OH + H,0
CO, +OH HCO,

NO, NO, NO N0 N

2.86 Ibs oxygen recovered per Ib NO3-N
3.57 Ibs alkalinity recovered per Ib NO3-N
. 2 3 mg cBODs / mg NO;-N

Basic Design Considerations for
Nitrogen Removal Systems

* Anoxic Zone
D.O. <0.5 mg/L
BOD:NO3-N Ratio
Hydraulic retention time
Mixing
pH (6.5-7.5 ideally)

Denitrification

« Heterotrophic bacteria can

use nitrate instead of oxygen to break organic matter

anoxic conditions

« If oxygen is present:
the bacteria will use it instead of NO3-
Anoxic conditions must exist

« A carbon source is needed for denitrification to

occur
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Carbon Source for Denitrification

o Influent BOD
» Organic material in
soil or filter

» External Source

Biological Denitrification

» Heterotrophic Denitrification: Wastewater as the
Carbon Source

« The reduction of 1 mg of NO3- is equivalent to 2.86
mg of O,

» Wastewater with an ultimate BOD (BODL) of 200
I1311 /L could potentially reduce almost 70 mg/L of

3-
if the wastewater were used as the carbon source

Does NOT happen in practice as a portion of the carbon
in the wastewater must be used for cell synthesis

Denitrification Rate

« It varies with the source of carbon

o It varies with temperature
Denitrification rates affected by temperature drops below
68°F
Denitrification rate at 50°F will be less than half of those
at 68°F
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Challenges of Nitrogen Removal for Onsite
Applications

e Periodic and non-uniform influent Flow

» Adverse impact of high and low loading rates on nitrogen
removal

» Typically non-optimum influent BOD:TKN for
denitrification process

» Potential for unexpected toxicity in the influent

» Temperature limitations in our environment

Facultative Microbes

» Can develop in the presence of oxygen but does not
require it

The concentrations of oxygen and fermentable
material in the environment influence the organism's
use of aerobic respiration vs. fermentation to derive
energy

If given the choice they prefer to have access to
oxygen, in order to get the maximal amount of
energy from metabolizing their food

Aerobic Microorganisms

» Aerobic bacteria require O2 to live and grow
* Aerobic bacteria manage the chemical process by
converting the inputs into heat, carbon dioxide and
ammonium
The ammonium is further converted by bacteria into nitrate
e Common condition in
Soil treatment systems
Media filters
ATUs




Basic Equation — Carbon Removal

Organic Carbon + 02— 2®C __, Energy + CO2 +H20 +Residue

“microorganisms

new aerobic -
> +0: e Energy + CO: + HiO +Residue

new aerobic :
> +0; [ Energy + O +H:0 +Residue

Respiration

COZ\
H,0 ‘/
=

O,

Processes Occurring Under Aerobic Conditions

« Nitrification: Transformation of NH,to NO;
 Nutrient reduction

« Pathogen removal

 TSS and BOD reduction




Microbes Minimal Requirements

e Temperature must be life-sustaining

e Steady supply of food to maintain stable
microbial population

e pH needs to be controlled
e Limited biocides

Toxic Chemicals

e Liquid fabric softeners — petroleum based and act as
emulsifier

¢ Pine oil and drain cleaners

» Strong sanitizers or quaternary ammonia

« Floor stripping waste (Zinc)

 Pesticides

* Acid and caustic materials

Environmental Effects on Microbes

* Microbes need

Temperature must be life-sustaining

Steady supply of food to maintain stable microbial

population

PH needs to be controlled

Limited biocides (acid drain cleaner, antibiotics, etc
» Dead microbes

Stink

Are Black

Don’t move




Oxygen States - Dissolved

e Dissolved

Free O,

Oxygen that has been incorporated into
water

Oxygen source for aerobic and
facultative microbes

Under aerobic conditions, bacteria
rapidly consume organic matter and
convert it into carbon dioxide

Amount of Dissolved Oxygen

e Temperature:

Greater temperature - Lower
saturated DO

Lower temperature - Greater
saturated DO

Amount of Dissolved Oxygen

» Organic material

If oxygen is available, organic material requires oxygen to
decompose

Organic material may also decompose in the absence of
oxygen

More organic material requires more DO, and will tend to
deplete water of DO

» Oxygen demand

The oxygen demand is the amount of oxygen required to
aerobically oxidize a material
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DO ranges for Microbes

Ideal Dissolved Oxygeni Range in Wastewater

Microbes |Anaerobe iFacuItative Aerobe
Low DO o i o0 0.5
(mglL) :
High DO 05 | 5 5
(mg/L) i
Typical 003 | 01 1-3
(mg/L) :

Aerobic Microbes as Workhorses

e Microorganisms are used
aerobic process is 10 - 20 times faster than anaerobic
to convert colloidal and dissolved carbonaceous organic
matter into various gases and into cell tissue
gases evolve (CO2, N2, and others)
new cells can be settled — thus carbon is removed
break other nutrients out of organic compounds
nitrogenous compounds
phosphorous species

Organics, Microbes & Oxygen

» Bioavailable organic compounds provide food and
energy to microbes

Naturally-occurring microorganisms consume food, and create
more microorganisms

The more microorganisms, the more food consumed
The more food consumed, more dissolved oxygen is required
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What Happens to the Microbes?

* Flocculate
» Slough
» Settle out

Storage

Wasting - Eventually need to be removed

Types of Settling

Four types of sedimentation:
e Discrete settling s

¢ Flocculent settling
¢ Hindered settling

» Compression ﬁ ﬁ

Discrete Flocculent Hindered

DESIGN
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Design Parameters - Influent

» Loading is #1

* Flow is critical as well |
How is it spread out through I{he day or week.
May need flow equalization of a larger system

» Different applications hav:'e varying influent

Wastewater Loading

» Wastewater quantity
Hydraulic loading
Residential
Design/Peak values are
100-200 gallons per
bedroom
Typically residential
average values are less
then1/2 of Peak

» Commercial facilities

are very different

Importance of Hydraulic Load

* The daily flow must not exceed the
system’s hydraulic capability
Hydraulic detention time (HDT)

Example: solids are not able to settle in a septic tank if
the water moves through too quickly.

Hydraulic overload of the soil
Effluent surfacing
Reduces in water use WILL increase retention times
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Infiltrative Surface

* Sized by the loading rate in gpd/ft2

* Loading rate determined by
Natural soil properties
Separation distance
Natural site conditions

Organic loading

Domestic Effluent Constituent Concentrations
Oxygen Total Nitrogen Fecal
Demand Sus.pended Total N Coliform
Source BOD,,  Solids, TSS (org. /100
(mg/L)  (mg/ny  (me/L) mL)
Septic . . . P
Tank 140-200 50-100 40-100 106-10'
Aerobic
Treatment
= = = 3-104
Unit 5-50 5-100 25-60 103-10
Sand Filter 2-15 5-20 10-50 10'-103
Foam or
Textile . 10'-103
Filter 5715 5-10 30-60
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Commercial Wastewater

e Strength

Usually greater than
residential

Operation based
Food preparation
Restrooms
Laundry

High Strength Wastewater

¢ National glossary definition
1) Effluent from a septic tank or other
pretreatment component that has:
BOD; > 170 mg/L,
and/or TSS > 60 mg/L,

and/or (FOG) > 25 mg/L and is applied to an
infiltrative surface

e Nitrogen - concentrations are on the rise

WWERF

Water Environment Research Foundation
Collaboration. Innovation. Resufts.

2009 Influent Constituent
Characteristics of the Modern Waste
Stream from Single Sources
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BOD in raw and septic tank effluent (STE)
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Restaurant Data

e 28 restaurants located
in Texas

e Sampled during June,
July, and August 2002

¢ 12 samples per '

restaurant and 336
total observations
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Geometric Mean plus One Std. Dev.
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Concentration (mg/l)
Lesikar et. al (2006)

Mass Loading

Mass Loading

e Calculate mass loading to a system

Concentration of constituent in the
wastewater
Mass loading based on number of people
» Mass (Ib) = C (mg/1) x Q (gpd) x 0.00000834
» Mass (Ib) = P (# of people) x O, (Ibs per capita-
day)




Mass Loading Calculation

Residential strength
¢ Calculate mass loading to a system
Concentration in wastewater
Volume of wastewater — Design flow 600, actual flow 300 gpd
» Mass (Ib) = 140(mg/1) x 200(gpd) x 0.00000834
* Mass (Ib) = 0.23 Ibs per day

Commercial strength — Design flow 600-> actual 600
* Mass (Ib) = C (mg/]) x Q (gpd) x 0.00000834

» Mass (Ib) = 500(mg/1) x 600(gpd) x 0.00000834

e Mass (Ib) = 2.5 lbs per day

Mass Loading — per Person

* Mass (Ib) = P (# of people) x O, (Ibs
per capita- day)

e Same home with 5 people

* Mass (Ib) = 5 (# of people) x 0.17
(Ibs per capita- day)

e Mass (Ib) = 0.85 lbs per day

e Why higher on per person basis?

Comparative Biological Loads (BODs)
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3-17



Water Saving Devices

B

» Decrease water
quantity

» Assuming no change
in mass load

» Wastewater strength
increases

Water Saving Device Example

A 4 person household produces 0.56 lbs/day TSS
without water saving devices (75 gpd/person)

 Then that family switches to water savings devices,
and so they only use 60 gpd/person

» What is the change in TSS concentration after
water saving devices are installed?

Example Cont.

TSS Concentration (before) =
0.56 Ibs/day = 224 mg
300 gal x 0.00000834 L

TSS Concentration (after) =
0.56 Ibs/day = 280 mg
240 gal x 0.00000834 L
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Residential soil treatment area

* Soil absorption area based on hydraulic
loading
A = Q / Loading Rate (soil hydraulic)
* Soil absorption area based on organic
loading

A= organic loading/loading rate (soil organic)

Organic Loading to Soil (MN Values)

Soil Texture | Loading Ibs of Ibs of Ibs of
Group Rate BODs/ TSS/ 0&G/
gpd/ft2 ft2/day ftz/day | ft2/day
Sands 1.2 0.0017 | 0.00065 | 0.00025
Fine sands 0.6 0.00087 | 0.00033 | 0.00013
Sandy loam 0.78 0.0011 0.00042 | 0.00016
Loam 0.6 0.0007 | 0.00027 | 0.0001
Silt loam 0.5 0.0006 | 0.00024 | 0.00009
Clay loam, 0.45 0.00035 | 0.00013 | 0.00005
clay

200 (GPD) X 140 (BOD;) X 0.00000834 =
0.23 POUNDS/DAY

0.23 / absorption area square feet =
Ib/day/square foot




Residential drainfield area
requirements

Example: Size a soil trench system in silt loam soils
for a system that is treating 400 gpd with BOD;
effluent of 400 mg/L

Ra = 0.50 gal / ft>-day
Drainfield = 400 gal/day = 800 fi2
0.50 gal/ft>-day
Based on organic loading
Rop, = 0.0006 lbs/ft?- day
BOD;lbs/d = 400 mg/L x 400 gal/d x 0.00000834 = 1.331bs/d
Drainfield = 133lbs/day =2217ft?
0.0006 lbs/ft? -day

Summary

» Aerobic and anaerobic treatment are both critical to
onsite wastewater treatment

» Microbes will thrive in the correct environments

* At some point microbes die off and need to be
removed

* Organic loading is an important item to consider in
design

Questions

HTTP://SEPTIC.UMN.EDU
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http://septic.umn.edu/



