SHARON G. BERK
OHN H. GUNDERSON

{'. LEWIS PUBLISHERS



WASTEWATER
ORGANISMS

A COLOR ATLAS

SHARON G. BERK
JOHN H. GUNDERSON

n

LEWIS PUBLISHERS

Boca Raton London New York Washington, D.C



Library of Congress Cataloging-in-Publication Data

Berk, Sharon G

Wastewater organisms : a color atlas / Sharon G. Berk and John H. Gunderson.

p- cm.
Includes bibliographical references and index.
ISBN 0-87371-623-X

1. Sewage-Microbiology—Atlases. 1. Gunderson, John H. II. Title.
QR48.B47 1993
576—dc20

93-22831
CIP

This book contains information obtained from authentic and highly regarded sources. Reprinted material is quoted with permission, and
sources are indicated. A wide variety of references are listed. Reasonable efforts have been made to publish reliable data and information,
but the authors and the publisher cannot assume responsibility for the validity of all materials or for the consequences of their use.

Neither this book nor any part may be reproduced or transmitted in any form or by any means, electronic or mechanical, including

photocopying, microfilming, and recording, or by any information storage or retrieval system, without prior permission in writing from
the publisher.

The consent of CRC Press LLC does not extend to copying for general distribution, for promotion, for creating new works, or for resale.
Specific permission must be obtained in writing from CRC Press LLC for such copying.

Direct all inquiries to CRC Press LLC, 2000 N.W. Corporate Blvd., Boca Raton, Florida 33431.

Trademark Notice: Product or corporate names may be trademarks or registered trademarks, and are used only for identification and
explanation, without intent to infringe.

Visit the CRC Press Web site at www.crcpress.com

© 1993 by CRC Press LLC
Lewis Publishers is an imprint of CRC Press LLC

No claim to original U.S. Government works
International Standard Book Number 0-87371-623-X
Library of Congress Card Number 93-22831
Printed in the United States of America 567890
Printed on acid-free paper



WASTEWATER
ORGAN ISMS

A COLOR ATILA




Preface

The organisms of the treatment system are key players in an effective wastewa-
ter treatment process. Upon close inspection of the wastewater, a variety of
organisms can be observed having different sizes, shapes, life cycles, and roles in
the processes. This book is intended to serve as a guide to the organisms commonly
found in wastewater treatment facilities. It should be of interest to plant operators
and other personnel, as well as to those interested in an overview of the organisms.
It should aid the novice in identifying organisms, usually to the genus level. For
those interested in species-level identification, more detailed techniques are given
in the literature cited.

Most of the samples examined in the preparation of this book were taken from
treatment plants in Tennessee, except for the parasites, which were collected from
all across the U.S. The parasite photographs were kindly contributed by Dr. M. D.
Little of Tulane University. Although most of the samples were from Tennessee,
organisms found there have been reported by others from a variety of sites in the
U.S. and Europe. The authors have not, however, found all species reported by
other investigators, Fungi, for example, were not observed often enough in the
samples examined to photograph; yet they are occasionally found in certain types
of treatment processes.

Living specimens rather than fixed or stained specimens were photographed
using differential interference contrast or phase contrast microscopy, often com-
bined with a flash system. Although differential interference contrast is not usually
acquired for non-research labs, it can show more details of living cells than other
optical methods. It is our intention to provide the reader with the best view of such
details of living organisms. This information may be useful in interpreting the
structures of organisms viewed under the more commonly used brightfield or
phase contrast techniques. The three-dimensional appearance of objects viewed
with differential interference contrast optics also helps the viewer obtain a better
understanding of the form and dimensions of the organisms. Although we chose
to photograph living organisms, the chapter on enumeration provides literature and
techniques for fixing and staining, which are often required for identification to the
species level.

Sharon G. Berk
John H. Gunderson
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CHAPTER 1

Treatment Processes
and Organisms
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TREATMENT PROCESSES

Aerobic biological processes utilize microorgan-
isms, primarily bacteria, to degrade colloidal or fine
particulate matter and dissolved organics, resulting
in carbon dioxide, water, and new cell biomass.
Such processes produce flocculent settlable solids
that can be removed in sedimentation tanks. Two of
the most commonly used biological treatments in-
clude the activated sludge process and the trickling
filter process.! The activated sludge process is most
often used for large treatment systems. Most samples
for the present study were collected from wastewa-
ter treatment plants utilizing activated sludge pro-
cesses, and a few were from those using trickling
filter systems.

In general, as sewage enters a wastewater treat-
ment plant, it will initially be screened to remove
coarse solids, then transferred to a grit chamber to
remove sand and abrasive coarse material. From there,
it is transferred to a primary settling tank to further
remove other coarse solids. The portion of the con-
tents of the primary settling tank containing fine par-
ticulates and dissolved organics is transferred to aera-
tion tanks, which may be aerated by a variety of
methods depending on the treatment plant. In the
aeration tanks, much of the biological degradation
takes place, and diverse communities of microorgan-
isms thrive. The effluent from aeration tanks flows
into another settling tank (or clarifier) to allow set-
tling of flocculent settlable solids (activated sludge)
produced during aeration. Some of the settled biologi-
cal residuals from the clarifier are reintroduced into
the aeration tank to ensure that an active microbial
population is present. The process has become known
as the activated sludge process because of the produc-
tion of masses of active microorganisms produced
and reintroduced during the treatment process.

Trickling filters consist of circular beds contain-
ing rocks or sheets of corrugated plastic over which
the wastewater flows. Microorganisms attach to the
surfaces of the rocks or plastic and degrade organic
matter in the wastewater.

Residual solids (sludge) removed from primary
sedimentation tanks can be digested anaerobically.
It is placed in sealed tanks that may or may not be
mechanically mixed. In a standard-rate digester, the

contents are not usually heated or mixed, but in a
high-rate process, the contents are heated and mixed.
Heating will help destroy pathogens. Biological re-
siduals from clarifiers are often digested aerobically,
although it may be more costly than anaerobic diges-
tion. For further details on these and other treatment
processes, see Metcalf and Eddy, Inc.!

BACTERIA

The majority of bacteria present in activated sludge
are heterotrophic, Gram-negative, motile rods.2 Many
are brought in with feces and may include human
pathogenic bacteria. Their role in activated sludge is
to oxidize organic waste to carbon dioxide and water
and to produce flocculent settlable solids. Some may
be chemolithotrophic and oxidize ammonia
(Nitrosomonas), nitrite (Nitrobacter), and hydrogen
sulfide (Thiothrix). Filamentous bacteria such as
Sphaerotilus may be found to cause bulked sludges,
1.e., biological solids with poor settling characteris-
tics and compactability.' Such filamentous bacteria
have been referred to as “sewage fungi”.

Anaerobic bacteria are active in anaerobic sludge
digesters. They may originate from fecal material,
land drainage, stormwater, and biological industrial
effluents.? The role of these bacteria is to degrade
sludges, which usually contain proteins, fats, and
polysaccharides, into end products such as methane
(which can be captured and used as an energy source
in the treatment plant), carbon dioxide, water, and
new bacterial biomass. Anaerobes include obligate
anaerobes (those unable to live in the presence of
free oxygen), facultative anaerobes (those able to
switch from aerobic to anaerobic metabolism), and
micro-aerophilic forms (those growing best in low
oxygen concentrations). Most of the sulfide pro-
duced from sewage is from bacteria that reduce sul-
fates, such as Desulfovibrio desulfuricans. Another
example of an anaerobic genus is Methanobacterium,
which is responsible for methane production.

Identification of bacteria, even to the genus level,
is tedious, requiring many biochemical (metabolic)
tests or genetic analysis. The field of bacterial tax-
onomy is in flux, particularly with the appearance
and use of ribosomal RNA analyses. It is virtually
impossible to identify bacteria simply by observa-



tion under the microscope, and an educated guess is
all that can be made based on appearance of cells.
Very few have unusual characteristic morphologies
that set them apart from the others. Zoogloea, for
example, forms clusters of finger-like projections
that few others do. Only a small proportion of all
species are filamentous or contain sulfur granules.
Most are small rods or curved rods. The photo-
graphs in this book serve primarily to demonstrate
the variety of morphological types and sizes of bac-
teria encountered in wastewater treatment systems.
Included in this section are the cyanobacteria, often
still called blue-green algae. On the basis of cell
structure, presence of murein, 70S ribosomes, and
other features, these organisms are prokaryotes.*
Cyanobacteria such as Oscillatoria photosynthesize
as green plants do, evolving oxygen. The
cyanobacteria of wastewater treatment systems can
often be found on clarifier walls and trickling filters
where they are exposed to sunlight.

ALGAE

Algae are chlorophyll-bearing plants that are dis-
tinguished from other chlorophyllous plants by their
modes of sexual reproduction.’> Some algae are uni-
cellular, while others may be multicellular. Some are
suspended in the water column and are termed plank-
tonic, while others may be attached to substrates such
as rocks or as in the case of treatment facilities,
clarifier walls or trickling filters.

Many species of algae are photoautotrophic, i.e.,
they get energy from light and all other nutrients
from inorganic compounds such as carbon dioxide
and ammonia. Some also require other growth fac-
tors such as vitamins and are termed
photoauxotrophic. A few species are facultatively
heterotrophic, which means they can switch to a
mode of nutrition that utilizes organic compounds.
Still a few others, in addition to photosynthesizing,
may ingest solid particles.

In wastewater treatment systems, algae grow on
the nutrients in the water and get energy from sun-
light. Generally they are found in highest numbers
on surfaces such as trickling filters or walls of clari-
fiers, where the biologically treated waters trickle
over the top of the clarifiers. In such an environment
are found many filamentous or branched forms at-
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tached to the substrate. Algae play a minor or insig-
nificant role in wastewater treatment. They may
even cause problems of clogging or eutrophic blooms
after discharge of treated wastewater to receiving
waters. However, they are some of the loveliest
specimens to observe with a microscope.

PROTOZOA

Several groups of protozoa are represented in
wastewater treatment plants. These include flagel-
lates, ciliates, amoebae, and sporozoa. The sporozoa
are parasites of humans and animals and therefore
are included in a separate section on parasites. The
taxonomic division of predominately unicellular eu-
karyotes into algae and protozoa, and the protozoa
into flagellates, ciliates, amoebae, and sporozoa does
not reflect their true evolutionary relationships.
However, this traditional scheme is followed here,
solely for convenience. It is the scheme that will be
found in the references cited. In several texts on
wastewater treatment, suctorians have been regarded
as a separate class from ciliates. However, they are
ciliates that lack cilia in the adult stage, but possess
cilia in the larval stage.

Protozoa are abundant and diverse in activated
sludge, where they feed primarily on bacteria and
organic nutrients. Protozoa demonstrate a variety of
trophic (feeding) modes. Some feed on bacteria,
some on algae, some on other protozoa, and some
feed on a mixture of food types such as algae and
bacteria. They may originate from various compo-
nents of sewage or from material of the conduits
collecting sewage and runoff. Many species form
cysts that can be airborne or picked up by birds and
aquatic insects. Several anaerobic species have also
been observed in Imhoff tanks and digesters and are
thought to feed on sulfur bacteria.

The primary role of protozoa is to clarify the
effluent through predation on bacteria. In addition,
protozoa may cause flocculation, which is thought
to result from secretion of a mucous-like substance
from certain species. However, protozoan-induced
flocculation may not be significant in clarification
of the effluent. Protozoa are capable of utilizing
dissolved organic substrates; however, the extent to
which this affects the effluent is unknown.® In addi-
tion to removal of bacteria, predation or grazing of
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bacteria by protozoa plays another role. Grazing on
bacteria, especially on surfaces, has been shown to
enhance bacterial community metabolism. By crop-
ping bacteria, the protozoa remove senescent bacte-
ria and maintain the population in a youthful physi-
ological state increasing the rate of bacterial assimi-
lation of organic matter.”

The structure of the protozoan community is be-
lieved to reflect the quality of the effluent. Ciliates,
in particular, have been considered indicators of a
good treatment process.® However, it should be re-
membered that incoming wastewater may derive from
many different sources and therefore contain differ-
ent nutrients or toxic compounds. Protozoa (and
other organisms) may adapt to a particular chemical
composition of wastewater, resulting in different
community structures, depending on the composi-
tion of wastewater. In samples from various treat-
ment plants examined for this book, the dominant
species differed from plant to plant; yet no plant
reported a poor quality effluent. More research on
community structure and quality of treatment pro-
cesses is necessary.

PARASITES

Parasites of humans and animals are different
from many other sewage organisms, in the sense that
they are not part of an active community of organ-
isms interacting with the sewage and other organ-
isms, but rather, stages that just exist in the sewage
as resistant forms, usually as eggs or cysts. For these
reasons, the parasitic protozoa and other parasitic
invertebrates have been placed in a section of this
book separate from the free-living protozoa and in-
vertebrates.

Parasites enter the treatment system with feces of
humans and animals. Although most are killed dur-
ing sludge treatment, some such as ascarids can
survive the harsh environment of the treatment pro-
cess. Anaerobic digestion does, however, destroy
more parasites than aerobic digestion of sludges.
Some parasitic forms can even resist the concentra-
tions of chlorine used as a disinfectant prior to re-
lease of a treated effluent.® In general, exposure of
raw sewage to treatment processes shortens the sur-
vival time of the parasites. The parasites do not play

a role in the treatment processes. More details con-
cerning characteristics and life cycles of sewage
parasites are provided in the photograph section of
this book.

INVERTEBRATES

Two of the most common groups of invertebrates
encountered by the authors were the rotifers and
nematodes. Rotifers are multicellular invertebrates
usually between 100 and 500 um. Most are found in
freshwater. The term “rotifer” (= “wheel-bearer”)
derives from the fact that most of the species have a
ciliated anterior end (corona) that resembles a pair of
rotating wheels due to the synchronous beating of
the cilia. Natural populations are almost all females,
and reproduction is parthenogenetic.” Males are un-
known for many species, and in those species in
which they occur, males are rare and short-lived.
Nematodes are roundworms, usually less than 1 cm
long. They are difficult to indentify and, as a group,
are poorly known.” They move with a whip-like
motion. Rotifers are most common in activated
sludge, and nematodes are usually found in trickling
filter material or in treatment plants with percolating
filters. The roles of rotifers and nematodes are not
clear. Both serve to consume and digest particulate
matter and other smaller organisms. Annelids, with
similar roles, are found among filamentous material.

Tardigrades (water bears) were encountered in
only one treatment plant, and gastrotrichs were found
less frequently than rotifers and nematodes. Fox et
al.® found copepods and cladocerans in sewage of
the Chicago area; however, these groups are not
considered to be normal inhabitants of a wastewater
system. These groups were not observed in any
samples of the present study. More details on struc-
ture and habits are provided in the photograph sec-
tion.
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CHAPTER 2

Observation and Enumeration
of Organisms






