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Neurotoxic Hepatotoxic

_ o _ Mice will die due to
Mice will die by respiratory _ o
o _ hemorrhagic shock within 40
arrest within 2-20 minutes _
minutes to 3 hr.

Signs :animal will appear
Signs: muscular tremors

convulsions pale as the blood

gasping respiration hemorrhages into the liver.

Salivation upon autopsy the liver

tearing swollen and dark red &

increased in weight
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* Phytoplankton are found in relatively shallow waters and

are usually found in temperate coastal regions.
Phytoplankton (microscopic algae) need light and nutrients

(e. g. nitrogen, phosphorus and carbon) to grow.

Phytoplankton growth is nutrient limited:

1. Nitrogen limited (excess phosphorus).

2. Phosphorus limited (excess nitrogen).

3 Nutrient saturated (excess phosphorus and nitrogen or

inadequate light).
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* Phytoplankton are the primary producers of
the aquatic ecosystem and are the basis of
aquatic food chain. Therefore incredibly

important to the aquatic ecosystems.
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Phytoplankton Taxonomy

Taxonomic Composition of Algae (Divisions and Classes):
Prokaryotic algae

Division Cyanophyta blue green algae
Eukaryotic algae

Division Chlorophyta (Green Algae)

Division Euglenophyta (Euglenoids)

Division Phaeophyta (Brown Algae)

Division Chyrsophyta

Division Bacilariophyta

Division Pyrrhophyta

Divsions Rhodophyta

Partoer for the Future
z Warldwide

CYANOPHYTA
(Cyanobacteria or Blue-green Algae)

* Only alga with prokaryotic cells (undifferentiated)

and only group able to fix atmospheric N.

» Cells lack mitochondria, chloroplasts, internal

membranes
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* Most are filamentous

* Pigments consist of chlorophyll a, B - carotene, some
xanthophylls, and phycobilins, particularly

phycocyanin-C (gives them blue- green colour)

Partoer for the Future
z Worldwide

* Cell wall is mucopeptide and many species are

surrounded by a gelatinous sheath

* Vegetative reproduction may be more rapid than in

most other phytoplankton.

* e.g, Anabaena, Oscillatoria, Microcystis, Gleotrichia,

Aphanizomenon).

19.04.2010 Seite A
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Prokaryotic algae
CYANOPHYTA (Cyanobacteria or Blue-green Algae)
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Prokaryotic algae
CYANOPHYTA (Cyanobacteria or Blue-green Algae)
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Prokaryotic algae
CYANOPHYTA (Cyanobacteria or Blue-green Algae)
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Prokaryotic algae
CYANOPHYTA (Cyanobacteria or Blue-green Algae)

NIES-507 Phormidium jenkeliarum 10 pm

Seite Y
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Prokaryotic algae
CYANOPHYTA (CYANOBACTERIA OR BLUE-GREEN ALGAE)
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Prokaryotic algae
CYANOPHYTA (Cyanobacteria or Blue-green Algae)
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Prokaryotic algae
CYANOPHYTA (CYANOBACTERIA OR BLUE-GREEN ALGAE)
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Prokaryotic algae
CYANOPHYTA (Cyanobacteria or Blue-green Algae)
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Prokaryotic algae
CYANOPHYTA (Cyanobacteria or Blue-green Algae)
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Prokaryotic algae
CYANOPHYTA (Cyanobacteria or Blue-green Algae)




Prokaryotic algae
CYANOPHYTA (Cyanobacteria or Blue-green Algae)

Prokaryotic algae
CYANOPHYTA (Cyanobacteria or Blue-green Algae)
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Prokaryotic algae
CYANOPHYTA (Cyanobacteria or Blue-green Algae)
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Prokaryotic algae
CYANOPHYTA (Cyanobacteria or Blue-green Algae)

Seite YY

AR



Partner for the Future
g Z i

Prokaryotic algae
CYANOPHYTA (Cyanobacteria or Blue-green Algae)
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Prokaryotic algae
CYANOPHYTA (Cyanobacteria or Blue-green Algae)
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Prokaryotic algae
CYANOPHYTA (Cyanobacteria or Blue-green Algae)
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Prokaryotic algae
CYANOPHYTA (Cyanobacteria or Blue-green Algae)
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CHLOROPHYTA (Green Algae)

* large and diverse group.

* Pigments consist of chlorophyll a, b, carotenes, and
some xanthophylls.

*  Cell walls consist of inner cellulose and outer
pectinaceous layers.

* e.g. Ulothrix, Chlamydomonas, Scenedesmus,
Pediastrum, Eudorina, Ankistrodesmus,Spirogyra.

Partoer for the Future
z Worldwide

Eukaryotic algae
CHLOROPHYTA (Green Algae)
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CHLOROPHYTA (Green Algae)

Eukaryotic algae
CHLOROPHYTA (Green Algae)
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Eukaryotic algae
CHLOROPHYTA (Green Algae)
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NIES-211 Pediastrum duplex var. gracillimum

PEDIASTRUM
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Eukaryotic algae
CHLOROPHYTA (Green Algae)
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Eukaryotic algae
CHLOROPHYTA (Green Algae)
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Eukaryotic algae
CHLOROPHYTA (Green Algae)
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Eukaryotic algae
CHLOROPHYTA (Green Algae)

Eukaryotic algae
CHLOROPHYTA (Green Algae)
2R >

10 pm

©2003 Tamar Zohary

Q

o
3

NIES-8

Seite Y1

YA



Eukaryotic algae
CHLOROPHYTA (Green Algae)
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Eukaryotic algae
CHLOROPHYTA (Green Algae)
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Eukaryotic algae

CHLOROPHYTA (Green Algae)
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BACILLARIOPHYTA (Diatoms)

* Most important group of algae.
* unicellular and colonial forms.

* Pigments consist of chlorophyll a, ¢, carotene, and

xanthophylls.

* Energy is stored as fat and oil in large globules.

* Cell wall is a silica embedded in pectinaceous

matrix and construction consists of overlapping

valves, giving a pillbox like.

e.g. Asterionella, Cyclotella, Melosira, Fragillaria,
Tabellaria, Stephanodiscus, Achnanthes, Synedra,

Melosira, Cocconeis, Navicula.

19.04.2010 Seite £Y
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Eukaryotic algae
BACILLARIOPHYTA (Diatoms)
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Eukaryotic algae
BACILLARIOPHYTA (Diatoms)
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Eukaryotic algae

BACILLARIOPHYTA (Diatoms)

Eukaryotic algae

BACILLARIOPHYTA (Diatoms)
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Eukaryotic algae
BACILLARIOPHYTA (Diatoms)
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Eukaryotic algae
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PYRRHOPHYTA (Dinoflagellates)

*Unicellular flagellated algae, many of which are

motile.

* Most have conspicuous cell wall elaborated with
sculptured patterns and formation of large spines
and cell wall processes.

Purtoe for te e
g Z v

*Transverse and longitudinal furrows in cell surface
connect and contain flagella which allow weak

movement.

* Most species are specific to particular range of Ca, pH,

DOM and temperature.

e.g. Ceratium, Gymnodinium, Peridinium

19.04.2010 Seite ©+
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PYRRHOPHYTA (Dinoflagellates)
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CHRYSOPHYTA (Golden-brown Algae)

*color is due to dominance of 3-carotene and
some xanthophyll carotenoids in addition to

chlorophyll a.
*Unicellular - few are colonial.

*Many lack cell walls and are bound only by
cytoplasmic membranes.

A\l
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*Some colonial forms such as Synura,
Uroglena, and Dinobryon are widely
distributed and often major components of

phytoplankton, especially when [P] is low.

*Dinobryon and Uroglena have obligate

nutritional requirements for low [P].

19.04.2010 Seite

Eukaryotic algae
CHRYSOPHYTA (Golden-brown Algae)
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CRYPTOPHYTA (Cryptomonads)
* Most species are naked, unicellular, and motile.

*Usually flattened dorso-ventrally, with anterior

invagination with 2 equal length flagella.
* Reproduction is due to longitudinal division.

* Sexual reproduction is unknown as are many facets

of life cycle.

* e.g. Cryptomonas, Rhodomonas, Chroomonas.

CRYPTOPHYTA
(Cryptomonads)

Crypiornanas ovals Ehrenberg

R N

s
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EUGLENOPHYTA (Euglenoids)

* Relatively large and diverse group but few species are

truly planktonic.

* Most are unicellular but lack a cell wall and possess

1-3 flagella arising from an invagination of the

external membrane.

* Most are P/S and facultative heterotrophs.

Seite v
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* Nutrition is supplemented by the uptake of
ammonia and DON.

* Euglenoids are found most often in seasons,depth
strata, or lake systems in which ammonia and

especially [DON] are high.

* e.g. Euglena, Phacus

19.04.2010 Seite
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Eukaryotic algae

EUGLENOPHYTA (Euglenoids)
PR 2 - B

Purtoe for te e
g Z v

Eukaryotic algae
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. Euglena

Seite 4

Class Rhodophyceae - red algae
Example: Batrachospermum

Rhodophyta
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Growth Characteristics of Algae

Factors Affecting The Growth Rate of Algae
Light
*Temperature
*Inorganic nutrients: especially

» Phosphorus » Nitrogen

Seite 1)

*Organic and inorganic micronutrients
*Biological factors that regulate algae

* » Factors that affect the availability of
nutrients

* » Herbivory and parasitism
Increasing attention has been focused on algae
that impact the aesthetic quality of drinking
water.

Seite 1Y
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¢Problems in water systems.
¢Problems in water treatment plants.

¢Problems in distribution systems.
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Taste and odor problem Coloration

Eutrophication

Toxins

Partoer for the Future
z Worldwide

ASSOCIATED WITH
EUTROPHICATION

Noxious algae (scums, blue-greens, taste and odor,
visual).

Excessive macrophyte growth (loss of open water).

Loss of clarity (secchi depth goes down).

WATER QUALITY IMPACTS

Ye



* Possible loss of macrophytes (via light
limitation by
algae and periphyton).

* Low dissolved oxygen (loss of habitat for fish
and fish food).

» Excessive organic matter production
(smothering eggs and bugs).

19.04.2010 Seite 14
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* Blue-green algae inedible by some
zooplankton (reduced food chain efficiency).

» Toxic gases (ammonia, H2S) in bottom water
(more loss of fish habitat).

* Possible toxins from some species of blue-
green algae.
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* Chemical treatment by lakeshore homeowners
or managers may result (copper, diquat, 2,4-D,
etc.).

* Drinking water degradation from treatment
disinfection byproducts.

* (Carcinogens, such as chloroform (from
increased organic matter reacting with
disinfectants like chlorine) .

Seite Y

Taste and odor problem
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Toxins

On the basis of their mode of action, toxin can
be grouped into :
1) Hepatotoxins: are a group of cyclic heptapeptides
difference in amino acids and in the presence or

absence of a methyl group in amino acids e.g.

2) Neurotoxins (which affect the nervous system)

g L7 e
3) Toxic alkaloids, causing gastrointestinal
symptoms or kidney disease in

humans.

4) Lipopolysaccharides

19.04.2010 Seite V¢
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Coloration

Seite Y°

gtz ===~
Filter and screen clogging problem
* In extreme cases the clogging may recur so
frequently that the amount of water required to
backwash the filter is greater than the volume of
filtered water which reaches the distribution system.

Thus the presence of algae can slow up the process of

water treatment and add materiallz to its cost.

YA



* Both the slow and rapid sand filters may become
clogged with algae, but in the former the algae and

other aquatic microorganisms may play a useful part in
the treatment process.

They form a loose, slimy layer over the surface of the
sand and act as a filter. The algae in this layer release
oxygen during photosynthesis, and the oxygen in turn is
utilized by bacteria, fungi, and protozoa which establish

themselves in and on the filter.

—— /1 S
« Asterionella, Fragilaria, Tabellaria, Synedra, Navicula,
Cyclotella, Diatoma, Cymbella. The rigid cell wall of
diatoms is composed principally of silica and is not
subject to decomposition. Therefore, even though the
diatoms may die of rapidly on the surface of the filter,

their silica walls remain and plug the pores in the sand.
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*  Algae that have passed through slow filters,
Chlamydomonas. The ease with which the algae
penetrate depends upon several factors, the principal
ones being the rate of flow, the grade of sand used,

and the type of organism.

Purtoe for te e
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Slime

*  Slime-producing algae are important in open
reservoirs and in uncovered holding basins of
recirculating systems. They can become a serious
problem especially in the water supplies for pulp
mills and food industries by causing slime spots or

masses in the products.
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*  Algal slime commonly is derived from the
mucilaginous capsule algae as a group are slime
producers. Several diatoms as well as green and red
algae and a few flagellates also produce slimy sheaths

or capsules.

th pre e e ke
Corrosion

* Algae have been reported to cause corrosion in
metal tanks or basins open to sunlight. Oscillatoria
growing in abundance in water in an open steel

tank has caused serious pitting of the metal.

Seite AY
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Corrosion

* Indirectly increases in organic deposits in the pipe,
increases in the dissolved oxygen in the water
through photosynthesis in changes in the pH, CO2
content, and calcium carbonate content. These
changes can, in turn, have a more direct relationship

to corrosion.

19.04.2010 Seite AY
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Drinking Water Storage Tanks

» Water Quality Degradation Concerns
The use of water reservoirs can lead to significant

water quality degradation and increase health risks

to consumers.

£y



* Indicators of Pollution
* Algal growth * Coliform bacteria growth
* Heterotrophic plate count (HPC) bacteria growth
*Turbidity * Particulates Metals * Taste and odor
* Disinfection byproducts such as trihalomethanes
(THMS) * Insect larvae
* Giardia and Cryptosporidium

* Nitrification of chloraminated water

19.04.2010 Seite Ae

Photosymihesis

Prof. Dr. Gamila H. Ali

Water Pollution Research Department

National Research Centre

Seite A1
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Photosynthesis

e There are two basic life-sustaining processes in
lakes, just as on land; photosynthesis and
respiration. Lake photosynthesizere include algae
and macrophytes. Together, they are the primary
producers, because they create the organic material

required by most other organisms for nutrients and

energy.

CRBNDIONE , R~
T T

~ (ONVGEN . CARBOHYDRATES
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Photosynthesis

e The process by which plants, algae &
cyanobacteria capture the energy in sunlight
and convert it into chemical energy

« Considered to be the most important
chemical process on earth

Seite A%
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e not until photosynthesis began (~ 2 billion
years ago) did oxygen began to build up in
the earth’s atmosphere

« all oxygen in the atmosphere has cycled
through photosynthetic organisms

20
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Photosynthesis
3
v

6CO, + 12H,0 — C(H,,04 + 60, + 6H,0

solar carbon v
omergy |+ R E +-‘ carbohydrate | + | oxygen

Occurs in two stages:

-Light reactions - harvest photon energy to synthesize ATP &
NADPH

-Carbon reactions (Calvin cycle) - use energy from light
reactions to reduce CO2 to carbohydrate

Seite 1)

Overview of Photosvnthesis
Light H,O CO,

(_—

Chloroplast Glucose

| Light Dep:ndent | | Light Independent |

NoERA

¢



Photosynthesis

e Elementary overall photosynthetic reaction of
phytoplankton during daylight hours.

Energy From Sun

l

6C0, + 12H,0 > C.H,,0, + 6H,0 + 60,

Carbon dioxide + water 2 sugar + water + oxygen

(N1 T

e Elementary overall nighttime respiration reaction
by phytoplankton.

Energy for metabolism
C5H1206 + 6H20 + 602 = 6C02 + 12H20
Sugar + Water + Oxygen > Carbon dioxide + Water
e The whole interaction of photosynthesis and

respiration by plants, animals, and microorganisms
represents the food web.

1A%
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Phytoplanktomn
Sample Collection and
Examination

Prof. Dr. Gamila H. Ali

Water Pollution Research Department
National Research Centre

g L7 e

The phytoplankton (microscopicalgae) occur as

unicellular, colonial or filamentous forms.
Biological methods used for assessing water
quality include the collection, counting,
identification, biomass measurements and

measurements of metabolic activity.

Seite 41
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I- Sample Collection:

Kem-meter Van Dorn

Structural features of common water samplers

Seite 1Y

gltk“b"”ficentration Techniques

Sample Fixation:

Lugol’s Solution:
20 gm potassium iodide (KI) and 10 gm iodine
crystals in 200 ml distilled water containing 20 ml

glacial acetic acid add 0.7 ml per each 100 ml

sample.
1- Phytoplankton net. 2- Sedimentation
3- Membrane Filtration. 4-Centrifugation.

5- Sand Filter.

1)



Examples commonly used plankton sampling nets

Seite 14

Partoer for the Future
z Worldwide

II- Concentration Techniques

Sand

Bolting

cloth
Rubber
stopper

«

Apparatus used in sand filtration method

A-cylindrical funnel: the graduations are commonly omitted except on
funnels that are to be used in the field, B-revolving stand for filter funnels.
C-concentrating attachment, showing U-tube in place. (From Whipple)
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“Small squares”
subtend one firth of
large squares: 5.2 um
Whipple SQuare as -
seen through ocustar — e
("Whipple fielia™)

“Large square”
subtends one tenth
of entire Whipple
Square: 26 um

Apparent lines of
sight subtend
260 um on stage

P /RS

—~—  Portion of magnificd image of stage micrometer scale —— ——— =
Calibration of Whipple Sguare

Seite 1+
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Ocluar micrometer ruling

Calibration of Whipple Square

19.04.2010 Seite )+ Y
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V- Phytoplankton Counting Techniques

From the well mixed concentrated sample, a 1 ml was
drown and place into a Sedgwick- Rafter cell. The cell
was microscopically examined using preadjusted eye
piece and objective lens of the order (x 15) for the
eye piece and a 20-mm objective. Counting was
conducted on 50-fields of the cell using a calibrated

micrometer adjusted to the eye piece.

Seite )+ ¥

phytoplanktonic organisms present in a sample
under investigation the following formula is
applied:

To calculate the number of

No. of phytoplankton/ml =

No. of fields in cell X ml of concentrated sample
No. of fields counted ml of original sample

19.04.2010 Seite )+ ¢
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Counting cell (Sedgwick- Rafter), showing method of filling

Seite ) +©
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IV- Chlorophyll Content

Chlorophyll“a” is used as an algal biomass indicator.
Assuming that chlorophyll “a” constitutes on the
average, 1.5% of the dry weight of organic matter
(ash-free weight) of algae, estimate the algal biomass

by multiplying the chlorophyll “a”content by a factor
of 67.

Seite )+ 1
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Spectrophotometric measurments of absorbance
and optical density at three different wave lengths
was the method adapted for estimation of chlorophyll
extracted via organic solvents. The extracts represent
the photosynthetic chlorophyll pigments, namely, chl
“a”, chl “b” and chl “c” according to Standard Methods
(1998).

19.04.2010 Seite ) +Y
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IV- Chlorophyll Content

The procedure involves the addition of 0.1 gm of

magnesium carbonate powder to one liter of water

sample in order to prevent chlorophyll degradation.

After shaking, the sample was filtered through

membrane filter (0.45 p) or centrifuged at 2000 r.p.m.

for 10 min. Following filtration, the membrane was

ground up and dissolved in 90% acetone (Ca 10-ml).

Seite )+ A
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The tightly capped tube was then placed in

refrigerator at 4°C for 18-24 hours to enhance complete
extraction. The material was mixed and centrifuged for
1‘0 minutes at 1000 rp.m

The clear extract was transferred to a 1-cm cuvette

and absorbance at 664, 647 and 630 nm were
determined using spectrophotometer. Measurements

at 750 nm were made for turbidity correction.

19.04.2010 Seite )+ 4
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IV- Chlorophyll Content
Calculation of chlorophyll concentration determined
as chlorophyll “a” was derived from equation:

Chl “a” = 11.85 (0D,,,) - 1.54 (OD,,,) + 0.08 (OD,,,)

OD¢¢5, 0D ¢,s and OD,, Corrected optical denities (with
a 1-cm light path) at the respective wavelengths. The final

calculation of the chlorophyll “a” content of sample

Seite V)«
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under investigation is given by the formula:-

Chi “a,, v
Chlorophyll “a” (mg/m3) = 1V

in which v: is the amount of acetone extract in ml.
V: is the volume of the filtered water.

I : is the length of the cuvette used.

19.04.2010 Seite 1)
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IIV- Determination of Biomass (Standing Crop)
1- Chlorophyll “a”

2- Biovolume (Cell Volume)

Plankton data derived on a volume per volume basis
often are more useful than numbers per milliliter.
Determine cell volume by using the simplest
geometric configuration that best fits the shape of the

cell being measured (such as sphere, cone, cylinder).

o1



48 ml

8ml

- %

 —
cover glass

Counting
chamber

19.04.2010 Seite Y)Y
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IIV- Determination of Biomass (Standing Crop)

3- Cell Surface Area

An estimation of cell surface area is valuable in
analyzing interactions between the cell and
surrounding waters. Compute average surface area in

square micrometers and multiply by the number per

milliliter of the species being considered.

Seite V)£
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IIV- Determination of Biomass (Standing Crop]

4- Displacement Volume

This method measure an equivalent volume of liquid

that is displaced by the sample.

19.04.2010 Seite Vo
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5- Gravimetric Methods

The biomass of the plankton community can be
estimated from gravimetric, although silt and organic
detritus interfere. (ashing the sample at 1052C and

then at 5002C).

19.04.2010 Seite V)1
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6- Adenosine Triphosphate (ATP)

Methods of measuring adenosine triphosphate (ATP)
in plankton provide the means of determining the total
viable plankton biomass. ATP occurs in all plants and
animals, but only in living cells. The ratio of ATP to

biomass varies from species to species.

19.04.2010 Seite V)Y
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IIIV- Metabolic Rate Measurements

The physiological condition and spectrum of

biological interactions of the aquatic community must

be considered for evaluation of the state of natural

waters.
1 -Nitrogen Fixation

The ability of an organism to fix nitrogen is a great
competitive advantage and plays a major role in

population dynamics.

o1
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2 -Productivity, Oxygen Method

Productivity is defined as the rate at which inorganic
carbon is converted to an organic form.
Photosynthesis ultimately results in the formation of
a wide range of organic compounds, release of
oxygen, and reduction of carbon dioxide (CO,) in the

surrounding waters.

Partoer for the Future
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Primary productivity can be determined by measuring

the changes in oxygen and CO, concentrations

CO, +H,0 -------- — (CH,0)n + 0,

Net photosynthesis = light bottle DO - initial DO
Respiration = initial DO - dark bottle DO

Gross photosynthesis = light bottle DO - dark bottle
DO

19.04.2010 Seite Y+
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IIIV- Metabolic Rate Measurements

3- Productivity, Carbon 14 Method

A solution of radioactive carbonate (1*C0,%’) is added
to light and dark bottles that have been filled with
sample as described for the oxygen method. The

quantity of carbon fixed is proportional to the fraction

of radioactive carbon assimilated.

Partoer for the Future
z Warldwide

This procedure differs from the oxygen method in that
it affords a direct measurement of carbon uptake and

measures only net photosynthesis.

19.04.2010 Seite Y YY
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Monitoring of Phytoplaniton
Species Sucession

Prof. Dr. Gamila H. Ali

Water Pollution Research Department

National Research Centre

Seite VYV
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Monitoring of phytoplankton species
successions and bloom forming species
may have a variety of objectives and may
include:

* We can compare the results over time to

track changes due to management efforts
or changes in watershed use inputs.

Seite VY ¢£
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e The nutrient limitation data has shown why
the expected response has not yet occurred.

e To define future watershed management
needs and priorities and help determine
management strategies are most likely to have
desired effects on controlling excess algal
growth and associated negative impacts on the
ecosystem.

Seite VYo
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e Used to develop a predicative model that uses
routinely measured water quality components (TN, TP,
DIN, DIP, salinity and water temperature) to estimate
the nutrient limitation status for locations. To
determine annual patterns of nutrient limitation for all

water sources.

Seite VY1
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e The relationship between nutrient
concentration and nutrient load can vary and
depends on the flow, the volume of water in the

river, and watershed characteristics.

STATUS AND TRENDS

g Ltz s A !“‘i

1)Early warning of water quality degradation
(conditions which will favor bloom formation).

2)Early warning of bloom formation.

3)Risk management measures to safeguard
treatment drinking water quality.

4)Monitoring of water treatment performance in the
removal of toxins (also, taste and odor) as a
function of process and raw water quality factors.

Seite ) YA
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Cyanobacterial mass occurrence

During the vegetation period a number of
cyanobacteria developed large aggregates of
coccoid cells or filaments which are not
homogeneously distributed over the water

column, forming the so called Cyanobacterial

bloom.

10
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e Identification of specific environmental factors that
promote blooms has been the quest of many
researchers, but no single factor serves as a reliable
predicator.

e Conditions that favor cyanobacterial bloom include:
1.moderate to high levels of nitrogen and phosphorus.
2.Lowe N to P rations.
3.Temperatures in the range of 15°C to 30°C.

4.pH levels between 6 and 9 or higher.

Seite \ V'V
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e The particular genera and species associated with
toxic algae blooms around the world is apparently
influenced by regional difference in water chemistry,
climatic conditions, lake-basin morphology and water
transparence.

e Unfortunately, no simple method, either microscopic
or chemical, exists for quickly distinguishing the toxic
from the nontoxic forms, not even if the organisms are
of the same species.

Seite V'€
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e Prevention of cyanobacterial blooms is the key to the

control of toxic blooms.

e Prevention programs in any particular region must
begin with an identification of the causes of blooms in
that region.

e Not all blooms are toxic, and there is a great deal of
uncertainty regarding the dose response or potency of
individual toxins and the quantities of toxins produced
by a given algal species under a variety of bloom

conditions.
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Factors Affecting Cyanobacterial Mass
Occurrences

e Elevated water temperature.
e Increased nutrient concentrations.
e Low carbon dioxide availability and low light.

e Micronutrient.

e Biotic factors (grazing and inhibitory agents.

Seite V71
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e Hydrological and Metreliogical conditions and
turbulence:

water flow, turbulence and wind can influence the
dominance of cyanobacteria in water supplies. High
flow in rivers and streams reduces the hydraulic
residence time in lakes and reservoirs and induces
mixing, both of which tend to discourage bloom
formation and buoyancy.

Seite \ VY
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Developing Contingency Plans

Alert levels framework

Alert Level 1

¢Cell numbers 500-2000 cells/mL (if routine  monitoring is
in place).

«Offensive odors/tastes in supply

Seite Y VA
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Developing Contingency Plans

Alert levels framework

Alert Level 2

* Cell numbers 2000-15,000 cells/mL (potentially toxic species) for 2-3
successive samples.

« Blooms is confirmes as one of the potentially toxic species, i.e.
Microcystis aeruginosa, Anabaena circinalis, Nodularia spumigena,
Cylindrospermopsis raciborskii.

« Persistent odors/tastes

« Surface scum/localized high concentrations becoming apparent

Seite ' T4

th rue v e

Developing Contingency Plans
Alert levels framework

Alert Level 3

sPersistently high numbers widespread throughout source water for
three successive samples.

eToxic.

¢Cell number > minimum acceptable for safe supply (assessment
required).

ePersistent surface scums.
«Control measure partially or not successful in preventing the

¢ bloom from contamination water supply offtake point.



th | Concentrated field samples

Filtration through cheese cloth to remove debris
C Lypholization Freeze/thaw ;

L =
i B
Weighted
. 5
[ Different Concentrations (5, 10, 25, 30, and 100 mg / ml) ]
o
[ Extraction ]
3 . s B
Distilled Water Saline Water
gtz
Centrifugation

[ Supernatant ]

1

Inject intrapretioneally
Mice: (15-25 g)

Neurotoxic .\ 1
( B /[ Replication ]
Hepatotoxic

[ Sediment ]

.
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Neurotoxic Hepatotoxic
Mice will die by respiratory Mice will die due to hemorrhagic
arrest within 2-20 minutes shock within 40 minutes to 3 hr.
Signs: muscular tremors Signs : animal will appear pale as the

blood hemorrhages into the liver.
upon autopsy the liver swollen and
dark red & increased in weight

convulsions
gasping respiration
Salivation

tearing

Seite ) ¢V

Protocol for site inspection and
follow-up

* Note ambient and weather conditions.
e Assess the areas affected by cyanobacterial bloom.

e Determine:

1. Clarity of the stream.
2. Note any distinct green or blue-green discoloration of the water.

3. If cyanobacteria can be seen as green or blue-green streaks or
accumulation along the shoreline.

4. Note whether green or blue-green scums affect large parts of the
water surface.
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Protocol for site inspection and
follow-up

e If cyanobacteria are present

1. Initiate monitoring
2. Sources of nutrient input
3. Intensification safe-guarding healthy use for drinking

4. water or recreation

Seite ) €2
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e [f heavy blooms or scums are observed, immediately

1. Inform other parties concerned

2. Inform public and consider posting warning notices

e If cyanobacteria or dense algal growth is a problem
check weather nutrient sources are apparent or
weather specific catchments.

Seite V£1
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Cyanobactena

Prof. Dr. Gamila H. Ali

Water Pollution Research Department

National Research Centre

Seite V£V
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Cyanobacteria

e Blue-green algae belong to the most
ancient group (3.5 billion years ago) of

organisms.

e Photosynthetic microorganisms with

photosystems I and IL.

Seite ) ¢A
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e Comprises different morphological

characteristics:
® Unicellular @ Colonial
® Multicellular @ Filamentous

Partoer for the Future
z Worldwide

Cyanobacteria

e Unique among planktonic algae are

facultatively fix atmospheric nitrogen.

e Cyanobacteria are known as to occur in

extreme habitats.
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 Cyanobacteria produce a variety of
bioactive secondary metabolites known
as

CYANOTOXIN.

NOT ALL CYANOBACTERIAL SPECIES
FORM TOXINS

Cyan bacterial toxins

* Cyanobacterial toxins are classified by
how they affect the human body:

1. Hepatotoxins (which affect the liver)

2. Neurotoxins (which affect the
nervous system)

Seite VoY
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» Toxic alkaloids, causing gastrointestinal
symptoms or kKidney disease in humans.

= Lipopolysaccharides.

Purtoe for te e
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Toxins classification

» Microcystins
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Toxins classification

» Antoxins

gt y A ““i

Toxins classification
» Nodularin
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Toxins classification
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Toxins classification
» Cylindrospermopsins
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Toxins classification
» Lyngbiatoxin-a
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Toxins classification

» Aplysiatoxins

Lipopolysaccharides
(LPS)



Species producing toxins

Gomphosphaeria

Species producing toxins

Synechococcus Cvlindrospermopsis
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Species producing toxins

Pseudanabaena Trichodesmium

Oscillatoria
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Species producing toxins

Phormidium

Schizothrix
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Species producing toxins

Anabaena

Aphanizomenon
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Species producing toxins

Nodularia Gloeotrichia

Hormothamnion
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licrocystin

Prof. Dr. Gamila H. Ali

Water Pollution Research Department

National Research Centre
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é One group of toxins produced and released

by cyanobacterial species.

& They were isolated from Miceocystis

aeruginosa.

é Are the most common of the

cyanobacterial toxins found in water.

é Are extremely stable in water because of

their chemical structure.
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é About 50 different kinds of microcystins,

one of them, microcystin-LR, appears to be

one of the microcystins most commonly

found in water supplies
é Carcinogenicity.
é Not mutagenic.

é Some evidence that microcystins act as

hepatic tumor promoters.

Seite V14
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Possible Human Exposure Pathways

é Ingestion.

é Chronic ingestion through contaminated

drinking water.

é Ingestion of water through recreational

contact.
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é Consumption of fish and shellfish from

contaminated water.

é Dermal absorption of toxins from

recreational activities.

19.04.2010 Seite YV
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Assessment of extraction methods for
microcystin-LR

Method:

¢ Freeze dried scum (approx. 300 g) was
extracted in Milli-Q water with sonication
(3 times).
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é The extract was filtered through Whatman
No1 filter paper and ammonium sulphate
was added to the filtrate to 40% saturation
(0.246 g/ml).

é The suspension was left to settle for 1 hour
at 4oC and filtered again through a
Whatman No 1 followed by a 0.45 micron

and then a 0.22 micron filter.

19.04.2010 Seite ) YY

é This crude extract was divided into 50

ml aliquots and stored in the dark at 40C

until use.

19.04.2010 Seite V V¢
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Assessment of extraction methods for
microcystin-LR
é The solvents used were as follows:
(1) 80% Ethanol : Milli-Q H20
(2) 5% Acetic acid : 95% Milli-Q H2
(3) 50% Methanol : 50% Milli-Q H2
(4) 100% Milli-Q H20
(5) 5% n-Butanol : 20% Methanol : 75% Milli-Q H20

th rue v e

é A C18 gravity column (Aldrich Cat No -
37,763-5, 10 g) was wetted with 100 ml of
HPLC grade methanol and then washed
with 50 ml of Milli-Q water.

é A 50 mlaliquot of crude microcystin
extract was added to the column and

allowed to adsorb.

19.04.2010 Seite YY1
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Assessment of extraction methods for
microcystin-LR
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é The column was washed with 100 ml of
Milli-Q water to remove water soluble
compounds, and then with 50 ml of 30%
methanol to remove less polar material.

é A 70% methanol solution was then added

to the column and 2.0 ml fractions
collected.
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é Microcystin-LR was confined to the 6th

fraction and no further concentration was

required.

é Filters were extracted for one hour with
shaking and 1.0 ml of each extract was
filtered for analysis by HPLC.
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é The remaining liquid in each tube was
discarded and an additional 2.0 ml of the
appropriate solvent added to each of the

filters.

Seite ' Y4
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é Again, extraction was for one hour with
shaking. The proceedure was repeated until
each filter had been extracted three times in

2.0 ml of one of the five solvents.

é For the sake of simplicity (and the absence
of more microcystin standards) the
extraction of microcystin-LR by each

solvent was analysed.

19.04.2010 Seite YA+
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