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Biology is the study of living 
organisms, divided into many 
specialized fields that cover 
their morphology, physiology, 
anatomy, behavior, origin, and 
distribution. 
Biology is built upon 
mathematics, physics, and 
chemistry; and it is the most 
complex science. 
Biology is life. 



Water is necessary 
sustaining life on 
••••••[ 
It helps tie together 
the Earth's lands, 
oceans, and 
atmosphere into an 
integrated system. 
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The natural water cycle 



The water cycle describes 
the continuous movement of 
water on, above, and below 
the surface of the Earth. 
The water moves by the 
physical processes of 
evaporation, condensation, 
precipitation, infiltration, 
runoff, and subsurface flow. 
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Two types of waste: 
Solid waste from digestion. 
Metabolic wastes produced 
by chemical reactions such 
as respiration, hydrolysis, 
synthesis, and 
neutralization. 
Wastes contaminate the 
water cycle. 



Most organisms are inefficient at 
converting matter; and thus, 
generate wastes. 
Other organisms are efficient at 
converting these wastes to energy. 
Wastes become more 
concentrated and contain less 
useable components as they move 
through the food web. 
The wastewater cycle takes 
advantage of these efficient waste-
consuming organisms. 



Human activities require a 
faster paced water cycle. 
Wastewater treatment systems 
mimic the water cycle, but at 
much faster rates. 
Lagoon systems are closest to 
natural water cycle. 
Activated sludge and biofilm 
reactors cycle water within 
weeks, days, and hours. 
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Wastewater treatment 
involves primary or 
mechanical (physical), 
secondary (biological), and 
tertiary (advanced) 
processes. 
Mechanical (physical) -
removal of solids 
(preliminary); settling of 
larger particles (primary). 



Secondary (biological) 
- removal of organics. 
Tertiary (combination 
of physical, chemical, 
and biological) -
removal of inorganics 
such as nutrients, 
minerals, and metals. 
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Part II 



Lagoon - most similar to 
natural water cycle 
Biofilm (fixed) - most solids 
removed upfront with 
wastewater provided for 
zoogleal film. 
Activated sludge 
(suspended) - complete 
microorganism ecosystem 





C'ty of Heber Springs 

Lagoon systems are 
one of the simplest 
and least expensive. 
They use natural and 
energy-efficient 
processes to provide 
low-cost wastewater 
treatment. 



They can handle 
intermittent use and shock 
loadings better than many 
••••••••• 
They are very effective at 
removing disease-causing 
organisms (pathogens) 
from wastewater. 



HOW A RURAL LAGOON SYSTEM WORKS 
INFLUENT FIRST AERATED LAGOON SECOND AERATED LAGOON 

LFFLUEMT INTO CREEK SAND TANK 
Wastewater, called the influent, is pumped from homes to the sewage treatment facility, This water is then 

pumped through a series of lagoons, either aerated or not, that contain microorganisms to degrade cwitaminants 
like- pharmaceuticals, personal care products {PPCPs) and hormones. The water is pumped into' a sand tank for 
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A Screened influent enters system from heatfwocks 

B Blow supplies mixing energy and process air 

C Anoxic reactor for removal of total nitrogen commonly called de-nitrification (DNJT) 

0 Biochemical oxygen demand (BOD) reduction reactor 

E and F Nitrification (NIT) to reduce the ammonia limits and prepare the recycle stream 

G Return flow back to the anoxic unit C for de-nitrification 

H Clarification follows the treatment process to remove suspended solids from 
the treated wastewater fie; OAF. Lamella, settler, etc.) 

1 Optional tertiary treatment fie: UV disinfection, sand tiller etc.) 



The biofilm process is a process 
which uses a biofilm (fixed) for the 
purposes of filtration, 
bioremediation, or barrier 

Biofilms are particularly effective 
due to the complex matrix 
structure which protects inner 
cells, facilitates communication 
and interactions amongst the cells, 
and allows for growth through cell 
division and adhesion. 



For wastewater treatment, 
biofilms can be grown on filters, 
which provide protection and 
close contact with neighboring 
microbes, to be used in the 
treatment process. 
By running the wastewater over 
the filters, the biofilm will be 
able to break down and extract 
some undesirable organic 
compounds. 

Cily of Batesville 



Not as susceptible to 
washout as a suspended 
growth (standard activated 
sludge or lagoon) system. 
Fixed film methods need 
less maintenance and 
control, are more resilient, 
and are appropriate where 
cost and maintenance are 
major issues. 

Shumaker Public Service Corp 
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Waste activated sludge 



Activated sludge is a multi-
chamber reactor unit that 
makes use of (mostly) aerobic 
microorganisms to degrade 
organics in wastewater and to 
produce a high-quality effluent. 
The microorganisms oxidize 
the organic carbon in the 
wastewater to produce new 
cells, carbon dioxide, and 

sawn 
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Activated sludge 
processes are one 
part of a complex 
treatment system. 
This technology is 
effective for the 
treatment of large 
volumes of flows. 



• 

Highly trained staff is 
required for 
maintenance and 
trouble-shooting. 
The activated sludge 
process is appropriate 
for almost every 
climate. 
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Bacteria (unicellular; aerobic 
and anaerobic); includes 
cyanobacteria (blue-green 

Protists (unicellular); 
includes molds and algae. 
Higher (multicellular) 
organisms of the Fungi, 
Animal, and Plant 
Kingdoms. 
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Bacteria are unicellular, 
prokaryotic (without a 
nucleus; DNA is free 
within the cell) organisms 
Three basic shapes: 
spheres, spirals, and 



Bacteria were among the 
first life forms to appear on 
Earth and are present in 
most of its habitats - they 
are everywhere. 
Bacteria also live in 
symbiotic (beneficial) and 
parasitic (harmful) 
relationships with plants and 
animals. 



Bacteria are vital in 
recycling nutrients, with 
many of the stages in 
nutrient cycles dependent 
on these organisms, such 
as the fixation of nitrogen 
from the atmosphere and 
putrefaction. 



Cyanobacteria are a group 
of photosynthetic, nitrogen 
fixing bacteria that live in a 
wide variety of habitats such 
as moist soils and in water. 
They range from unicellular 
to filamentous and include 
colonial species. 
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Cyanobacteria can fix 
atmospheric nitrogen in 
anaerobic conditions by 
means of specialized cells 
called heterocysts. 
They fix nitrogen gas into 
ammonia (NH3), nitrites 
(N02), or nitrates (N03). 
Some cyanobacteria can be 
toxic; Harmful Algal Blooms. 

1 





Protists are a diverse 
group of unicellular, 
eukaryotic (DNA 
contained in a nucleus) 
organisms. 
Protists live in almost any 
environment that contains 
liquid water. 



They can be heterotrophic (eat 
other living things), autotrophic 
(make food), or saprophytic 
(eat dead things). 
Protozoa are animal-like: 
flagellated, ciliated, and 
amoeboid. 
Protophyta are plant-like 
(contain chlorophyll): algae. 
Molds are fungus-like. 



Autotrophic protists 
(algae) are primary 
producers in aquatic 
ecosystems. 
These protists can 
also be responsible 
for algal blooms. 



Some protists are 
pathogenic/parasitic. 
The following protists 
cause waterborne 
diseases: Amoebiasis, 
Cryptosporidiosis, 
Cyclosporiasis, 
Giardiasis, and 
Microsporidiosis. 



Fungi are multicellular, 
eukaryotic organisms. 
They are unique in that 
their cell walls contain 
••••••• 
They are heterotrophic 
and are mainly 
decomposers. 



Animals are multicellular, 
eukaryotic organisms. 
All heterotrophic. 
Separated into two main 
groups: invertebrates (soft-
bodied) and vertebrates 
(internal skeletal support). 
Top of the wastewater food 
web and can indicate an old 
sludge age. 



Plants are multicellular, 
eukaryotic organisms. 
All autotrophic. 
Separated into two main 
groups: cone-bearing 
and flowering. 
Excellent at removing 
nutrients such as P, K, 
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It comes down to two main 
players: bacteria and algae, which 
can be beneficial and problematic. 
Algae can be problematic in 
lagoon systems. 
Bacteria can be problematic in 
(fixed) biofilm and (suspended) 
activated sludge systems. 
It's about the perfect balance -
these two can get out of hand very 



Due to the openness and depths of 
lagoon systems, this inhibits the 
growth of pathogenic bacteria 
(sun's UV naturally disinfects); 
however, it facilitates the growth of 

Algae are producers and make 
their own food (glucose) during the 
day through photosynthesis. 
This process of photosynthesis 
also generates oxygen (02). 
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However, during the night 
when the sun is down, algae 
go through respiration, 
which consumes 02 and 
generates carbon dioxide 

Oxygen levels in the lagoon 
can drop considerably 
during the night. 
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C02 affects pH and 
alkalinity. 
An increase in C02 
decreases pH (becomes 
more acidic). 
In turn, this affects 
alkalinity (water's 
buffering ability). 





Algae, like other autotrophic 
organisms, require essentia! nutrierts: 
Phosphorus (P), Potassium (K), and 
Nitrogen (N). 
These nutrients are used in interna! 
processes and to generate new cells. 
Excessive nutrients can cause a 
"bloom" or massive growth of algal 

Cyanobacteria (blue-green algae) 
produce a toxin (microcystin) under 
certain conditions and are responsible 



W• 
sEOii^nq^soQ 

mmsnb aWBB 

O t*&i ̂  » „_-

yo-irnj 
uriun 

^//ilOd 

i. or^r q'JLioQ •"in-i i-pi ij 

"" si M c !ei 

iiiisia 
jr»;ir«by ui a£. ri oic; 

H<?ur>4 a^cfjntj 

Aj &S -*vi -I |! M iH 

*» - -at 

ti -~'<,!.".-i I i'i-Z A 
S! I-DSKl-JM 

— 

j r. ;;*-. n r; £• 
E-OifJu^-i^.^p 

J!̂  ..' --4 •!' V -;.: 2 ™ 



U°ADkSA0Ad,,EffectS Of HARMFUL ALGAL BLOOMS 
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Algae can contribute 
to Total Suspended 
Solids (TSS) at the 
final effluent. 
This can be 
problematic based on 
the effluent limits. 100mL 200m L 300mL 400mL 500mL 



Biofouling is the 
accumulation of micro 
and macro-organisms 
on reactor media. 
Biofouling leads to 
clogging, short-
circuiting, and poor 
effluent quality. 



The majority of 
bacteria involved with 
activated sludge is 
beneficial. 
However, filamentous 
bacteria such as 
Nocardia can cause 
serious problems. 



Filamentous bacteria are 
opportunistic and can take 
hold of a plant if there has 
been a disturbance (upset). 
These bacteria do not allow 
for proper flocculation and 

They cause foaming and 



If provided the proper 
conditions, certain types of 
bacteria can provide 
biological removal of 
nutrients such as 
Phosphorus and Nitrogen. 
It is difficult for these 
species to thrive if there are 
too many of a dominate 



Biological Phosphorus Removal 
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Nitrification of Ammonia Occu 
Two Steps 
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There are many ways to control 
biological problems associated 
with wastewater treatment: 
Proper operation and 
maintenance (O&M) 
Hire a consultant 
Mechanical removal 
Aeration (provide 02 & remove 
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TRIPLOID GRASS CARP 

Commercial products 
Chemical additions 
Bio-selection (provide 
conditions that favor one 
organism over another) 
Bio-control (uses another 
organism to control 
problem organism's 
population) 




