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CHAPTER BEVELOPMENAND IMPLEMENTATIONFGA MONITORING PRO&NR

(LEVEL 1)

BACKGROUND

Monitoring is critical element in cyanotoxin risk managemditite goals of a monitoring program to support

risk management are threfold: to measure cyanobaetia concentrations in source and final drinking water,

to measure the concentrations of cyanotoxins in source and final drinking \aatlio measure source water
constituents and conditions that promote or inhibit cyanobacterial gravitbcurate and prase data in these
three areas, collected on a regular basis and carefully tracked over time, will help water supply managers to
achieve the greatest reduction of risk.

The design of an effective long term monitoring program requires that water supplygeamask, and

answer, the following question$l) What analytes do | sample for and how do | measure them? (2) Where do

| sample for these analytes? (3) How often do | sample for these analytes? (4) How much replication do | build
into a sampling event?

Monitoring can be defined as including two componeseampling of the water body and analysisthe
samples. Together they provide the information for early warning and tracking the development of
cyanobacterial blooms[1]. An overview of ecommendationgor design of a monitoring and sampling program
for cyanobacterias given later in this section (s@&able3-2).

When choosing an organisation to sample &mdnalyse cyanobacterial samples it is recommended that the
testing laloratory selected is accredited carry out these particular analysbg anational laboratory

accreditation authority. For example in Australia the National Association of Testing Authorities (NATA)
accredits and recognises facilities that are competargpecific types of testing, measurement, inspection and
calibration.Not all accredited laboratories use the same methods for testing and this is hot important provided
the individual methods are accredited. It may however, make it difficult to compandteewhen samples are
analysed by more than one laboratok¢here an accredited laboratory is not available it is important to

ensure the analyses are undertaken according to the highest standards, andbindeatory testing has shown

the validity of testing procedures.

VISUAL INSPECTION

One of the simplest and most important forms of monitoring of a wateshbis regular visual inspectidar

water discolouration or surface scums of cyanobacteria. This can be a secondary form of surveillance for
higher classes of monitoring, or if few other resources are available, the paitfoipm of surveillance used for
remote sitesor non-specialised field personndloweversome ganobacteria for example
Cylindrospermopsislo not form scum&nda slight greerdiscolouration of the watemay beindicative of
dangerously higleell numbersin situations where noitoloom forming cyanobacteria are present it is essential
that samples are collected for analysis to determine the abundance of cyanobacteria in thebadyer

Whenbloomforming cyanobacteria are present, a qualit@tiassessment through visual inspect@am be a
useful indicator of water gality and the relative hazard posed by the presence of cyanobaciEhnia

frequency of visual inspections may vagpending on seasonal and weather conditions. If visual inspection is
the only monitoring being carried out, the position and extent of scum formation should be recorded on a
dedicatedreport sheet.



The firstvisualindication of cyanobacteria may be thegsence of small green particles in the water that may
be more obvious by holding a jar thie water up to the light. Scum formation will not normally be observed
until open water concentrations of cyanobacteria exceed 5;00@00 cells/mL, but exceptiomse possible.
Blooms or scumare usually most apparent early in the morning following calm days or nights, but as cell
concentrations increase, or during prolonged periods of calm weather, scums may persist at the surface for
days or weeks. Scum accumtigas will normally be observed at the downwind end of a reservoir, lake or river
reach and also in sheltered back waters, embayments and river bends.

In general, a healthy cyanobacterial scum will appear like bright green or olive green paint on #uoe siirf

the water. Scums only look blue in colour when some or all of the cells are dying. As the cells die, they release
their contents, including all their pigments, into the surrounding water. Cyanobacteria have three main
pigment types: chlorophyll, plepbiliproteins, and carotenoids. In healthy cells, the green chlorophyll colour
normally masks the other pigments, although these other pigments may give blooms a more-gedkwor
olive-green colour in some cases. When the cells die, the chlorophgpidly bleached by sunlight, while the

blue phycobiliprotein pigment (called phycocyanin) persiBigure3-1 shows some examples of cyanobacteria

in concentrations that will cause a water quality problem for water suppliers.



Figure3-1 Cyanobacteria blooms and scums

Cyanobacterial scums should not be confused with scums or mats of filamentous green algae, which appear
like hair or spider web material when a gloved hand is pagismugh the water. There are blooms of other
phytoplankton that look very similar to cyanobacterial scums, but these cannot be readily distinguished
without a microscope. Scums or mats of filamentous green algae are more common in slow flowing, shallow
streams and irrigation channels and drains.

Figure3-2 shows some examples of green algae similar in appearance to cyanobatteximajor point of
visual differentiation is the bright green colouring of the green algae, compaitbda more olive or blue
green for cyanobacteria.



Figure3-2 Examples of green algal blooms common in slow flowing streams

Benthic cyanobacteria are usually submerged, and are difficuttdoitor. Visual inspection is a very

important way to identify an issue with benthic cyanobacteria as they will often break free of the surfaces to
which they are attached, and float to the surfaéégure3-3 shows some examples aftached benthic
cyanobacteria and detached floating malsit may cause water quality issues.

N

Figure3-3 Benthic cyanobacteria attached to sediments and rock surfaces, and floating on the surfacetaéteking free from the
substrate

Another telttale sign of cyanobacterial blooms is their odour. Some cyanobacteria produce a distinctive
earthy/musty odour that can often be smelt at some distance before the bloom/scum can be seen. Therefore
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For an example of a recording sheet for a visual inspection, click here

SAMPLING PROGRAMSIGN

The development ofin appropriatesampling strategy will depend upon the primary objective of the
monitoring program. The objective will be determined by the immediate use of the water, which in turn
determines the level of confidence required in the monitoring results. For examplefdler is being used
directly to supply consumers, i.e. is in service, then you will want a very high degree of confidence in the
monitoring result for any potential hazards from the occurrence of cyanobacteria. However if the reservoir is
not directly inservice or is a bulk water storagbhen you may have less need for a high degree of confidence
in the results. This objectivieased approach can be used to design a program based upon the level of
sampling effort which translates to resource needs and tarsthe program.

For most purposes, the aim should be to obtain samples that are representative of the water body as a whole,
or the part of a water body that is in usegenear the water treatment plant offtakeOnce the aim of the
monitoring programis established the required level of sampling effort described as high, moderate or low, is
determined by combinations of the following components:

Type of access required for sample collection
Sample type or the method used to collect a sample
Number ofsamples collected at any one time
Frequency of sampling

These components, which are giveriliable3-2 are discussedn more detail below.

| ACCESS FOR SAMPLELEQTION

Cyanobacteria tend to be extremely patchy in distribution,toeértically and horizontallwithin the water

body. Vertical patchiness results from the development of a stratified water column in warm calm weather,
allowingbuoyantcyanobacteria to maintain their position at the surface for extended periods. Hogkont
patchiness is common for most phytoplankton, but can be particularly pronounced in cyanobacteria due to the
effect of prevailing winds, which cause accumulation downwind along shorelines of reservoirs or bends in river
reaches.

Depth integrated sampl@ Ay 2 LISy 6F 6 SN LINPPARS&asS Ay 3ISYSNI 3z |
cyanobacterial population in a water body and is therefore the preferred option. Open wathnid-stream
sampling is normallyndertakenfrom a boat, but can also bechieved in some circumstances from a bridge

over a river, or from an open water structure such as a reservoir offtake platform. For drinking water supplies,
sampling the appropriate depth next to, or from, the water offtake tower is recommended. Due to the
resources required for open water sampling.(boat and two people), it is often reserved for high priority

public health surveillance.

If open water sampling is not possible, the second option for monitoring drinking water supplies is to sample

fromrSASNI2ANKE 1S aK2NBtAySad 2N NAGSNDBIylad {dzOK &l

cyanobacterial population due to the bias in spatial distribution discussed above and the limited choice of
suitable locations. In choosing a location for sampliveglikely effects of the prevailing winds and water
currents should be taken into account.

Benthic cyanobacteria are also known to cause problems associated with quetitly so sampling of the
sediments and attached growth, and therefore a differeppeoach to sampling, may be required
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SAMPLECOLLECTION METHODS

The methodsusedfor sample collection willependon whether the sites require access by boat, shore or
platform and will include integrated water column (hosepipe) sampling, discrete dgpab)(sampling, grab
sampling from an extension pole, sediment sampling by grab or corer for benthic cyanobacteria and sampling
from a pipeline. Different methods are used to collect samples for cyanobacterial identification, for toxin
analysis or for asssing benthic cyanobacteria. In addition different techniques may be taseallect these
samples from a boat, from depth, from the shoreline or a pipeline.

It is important to be aware of the safety issues involiredampling for cyanobacteria, wheth&rom the shore
or a boat Samplers should be fully trainathd aware of all aspects of sampling including

B potential environmental hazardé.g. submerged logs and branches, mosquitoes, crocodiles, UV
radiation)

B Jocation and use of safety equipmentdelife vests, hats, sunscreen)
B standard safety procedures for use of equipment and vehicles

B the requirement for currengualificatiors to drive appropriate vehiclgs.g. offroad 4wheekdrive
vehicles, bikes, tractors or boats

B qualifications in advancefirst aid

Once training has occurred, hazards or risks involved with field sampling must be identified and documented
on a site and samplingspecific basis

ESAMPLES FOR BENTEYANOBACTERIAL SURSVE

In some instances it may be necessary to colleathie samples for identification of cyanobacteria

particularly if high levels of taste and odour compounds are detected but few, or no, cyanobacteria are present
in water samplesln most cases benthic samples are not collected routinely and are gerferajyalitative

analysis onlyThe most convenient way to sample benthic cyanobacteria is from any mats that have become
detached from the substratand are floating on the surfacen the absence of floating magsrepresentative
assessment of numbers drdistribution of benthic cyanobacteria difficult. Samples should be collected from

a number of transects throughout or around the perimeter of a reservoir. Particular attentioridbepaid

to shallow protected bays and any areas where benthic mateleen observeih the past Samples at

varying depths mabe requireddown to approximately 5 metres, although this will depend upon light

attenuation in the waterbody{ I YLJX S& Oly 068 02ttt SOGSR dzaaAAy3a | 6SYiGKAO
rigid plastic corer (e.g. PVC or polycarbonate pipeyansect in a shallow, protected bay should be chosen to
sample. Duplicate samples of sediment at varying depths are collected either by grab or hosepipe and emptied
into a container with a fitted lid. large quantities of sediment are collected, a subsample can be taken and
stored in a smaller specimen jafisual observations of the sediment surface etsoprovide very useful

information on the distribution of benthic cyanobacteria. More detailedveys can be conducted using

underwater cameras or divers. This requires access to relatively sophisticated expertise and resources.

Benthic cyanobacteria may also be found attached to dam walls or offtake structures. Cyanobacteria attached
to these structwes can be scraped off, most easily when water levels drop.



EWATER SAMPLES FORNCYBACTERIAL IDENTATION AND COUNTING

RESERVOIRMERSAMPLING BY BOAT

The preferred method for sampling a reservoir or river is by pwaichshould always be stationamwhile

sampling proceedsThe sampling station®r locationsjn a reservoir should preferably be chosen randomly
within several defined sectors, representing the entire water body. For boat sampling the use of permanent
moorings with marker buoys placéad each of the sectors is the most practical approach and makes open

water sampling easier, especially in windy weather. Having permanent sampling sites also gives consistency
which enables the comparison of results at each site over a given time frainis. ibt possible to place

permanent marker buoys in a water bodygkbal positioning systen5P $should be used to ensure the
consistency of sampling points over time. One way to introduce randomness when boat sampling is to move
sampling station mongs within sectors on a yearly basis. For monitoring rivers, randomness of sampling sites
is less critical due to instream flow.

Go to Level 2 for more information on open water sampling

Integrated water colum n samples

Discrete depth samples

SURFACGRAB SAMPLES FRONDRHLINE

Sampling from a bank or shoreline is comparatively simple, but introduces a risk of excessive bias of samples
from patchy shoreline accumulat2 y & ®-i'e LIBIQ2 ta$ YLI SNJ Oy 6S dzaASRI 6 KSNB
at the end of an extendable pole of 25metres length. This procedure is depictedrigure3-4. Alternatively,

a spear sampler as described2jis a useful sampling device for collecting an integrated depth water sample

when standing on the bank or shoreline. It is also important to note that in usihgrehe pole or spear

sampler, scum accumulations near to the shoreline will not be sampledpérate dip sample of any

accumulations may be needed for toxin analysis.

Figure3-4 Taking grab samples from the shoreline with an extension pole.

(et



 SAMPLES FOR TOXIMBXSIS

QUALITATIVE

Qualitative toxn analysis is done by mouse bioassay and is usually carried out either when more sophisticated
techniques are unavailable, or the identity of the toxin is initially unknowns@bamples are generally

collected from dense accumulations of scum along slimee and riverbanks if these are present.

Alternatively, cells may be concentrated by either trailing a phytoplankton nes(2Bn nylon mesh) from a

boat or from the shoreline, or by collecting a large volume of water that can be concedtrathe labgatory.
Figure3-5 shows sampling from a shoreline with a fietv sampler to concentrate the cyanobacteria.

Figure3-5 Net sampling is a simple method for concentrating cyanobadeor further analysis

The volume of sample required depends upon the concentration of scum or cyanobacteria collected. Up to 2
litres of sample may be required if cyanobacterial concentrations are low, or if species present are small
enough to pass thragh a phytoplankton net and samples therefore need concentration by other means such
as filtration or centrifugation.

This test should be used as a screening tool only. If a mouse bioassay proves positive, quantitative methods are
then required to determie the type of toxin, and concentrations present.

QUANTITATIVE

Quantitative toxin analysis is performed using a variety of methods suited to the type of sample and toxin
present(see following sectionsfamples are collected in the same manner as thosentédr phytoplankton
identification and enumeration and the volume of sample required is dependent upon the type of analysis to
be used. In general, at least 500 mL of water should be collected.

SAMPLING FREQUENCY

For monitoring trends in cyanobacterialdgy R y OSY |y AYRAOFGA2y A& NBI dzA NBR
population, representing the entire water body. This can be achieved by collecting a suite of discrete samples

from different sampling sites, which are counted separately and then may begadaras an alternative to

undertaking separate counts on samples collected at several sites, samples may be pooled or composited.

These samples are collected at three or more individual sitelpooled into one container. The stgample

8



for counting is tlen taken from the container after its contents have been thoroughly mixed. If composite
samples are made, the individual samples must be of equal volume to prevent bias. An alternative to pooling
samples in the field is to send discrete samples to a lgborawhere they can be sukampled, pooled and
analysed. Using this process, a portion of the original discrete sample can be retained for further analyses if
required. The trade off from compositing is a decrease in statistical power for subsequenadalygsis against

a threefold or greater reduction in counting costs.

The number of sampling sites in a water body is chosen to determine the spatial variability of the
cyanobacterial population and will also be influenced by time and cost considerdtimsecommended that

a minimum of three sites be used when cyanobacterial counts exceed 2,000 célisrrhbth open water
sampling and shoreline samplingr sampling should be undertakeccordingto the appropriate

cyanobacteria incident managemeptan (see Chapter 6)or lakes and reservoirs the sampling stations

should be at least 100 m apart (where possible), while for rivers replicate samples should represent different

WLIF NDStaQ 2F 61 GSNI® 2 KSy &1 YLX A yemblybal®kenatthed 2 | (= NB LI A C

downstream end firsttoavoid ré | YLIt Ay 3 GKS &l YS WLI NOStQ 2F 4 GSNW

The appropriate frequency of sampling will be dictated by a number of factors including the category of use,

the current alert level statuésee Chapter ) the cast of monitoring, the season and the growth rate of the
cyanobacteria. Apart from cost, the underlying consideration in operations monitoring is the possible health
consequences of missing an early diagnosis of a prolfligianobacterial pwth rates are geerally related to
seasonal conditions and previous studies have shown that cyanobacteria in the field can exhibit growth rates
from 0.1-:0.4 d" (equivalent to population doubling times of nearly a week to less than two days respectively).
These estimated NE 6 i K N} 1S&a OFly 06S dzaSR (2 O2yaidNHzG | asi
cyanobacteria starting from an initial cotiof either 100 or 1,000 celtsL™* (Table3-1). Historical data should

be used as an inditar of likely rates of increase in cyanobacterial numbers.

Table3-1 Cyanobacterial concentrations that can be achieved from an actively growing population by applying two different growth
rates and initial sarting concentrations.

Initial Growth Rate-Population Cyanobacteria Concentration
C?gzﬁg;;?ﬂ)o 4 doubling time (days) at 3 days at 7 days at 14 days at 28 days
100 6.93 (=0.1)- slow 200 400 1500
100 1.73 (=0.4)- fast 800 6400
1000 6.93- slow 2000 4000 >15000
1000 1.73- fast 3500 16000 >250000

Based on this assessment, it is recommended that sampling for high risk/high security supplies (i.e. drinking
supplies) should occur on at least a weekly basis and probably-tvéekly wren cyanobacterial couruf >

2,000 cells miLis reachedlt is important to understand that frequency of sampling is determined by the need
to detectreal changes in population numbers and significant upward trends in groséta collected will

inform changes to treatment plant operations, and the application of cyanobacteria management plans,
discussed in Chapter 6.

For supplies where the public health risk is deemed to be low (i.e. low cell counts-Bupply reservoirs),
fortnightly sampling may badequate, but caution is advised given the rate at which the cyanobacterial
population may increase.

The timing of sampling for buoyant cyanobacteria can be important during calm, stratified periods especially if
depth integrated samples are not collecté®lioyant cyanobacteria tend to accumulate near or at the water
surface overnight, which can result in an oestimation of cell concentration in surface samples collected

early in the morning or an undegstimate in those collected at depth at the sammé. Temporary surface

27



scums may be observed early in the morning, but they tend to disperse as winds increase and may even be
mixed back into the water column during the day. Thus, a sample that is less biased by scum formation is, on
average, more likelto be obtained later in the day. If the option exists, it is preferable to delay sampling to
later in the day, but whatever time is chosen it is best to adhere to the same sampling times for each location
on each sampling occasion if possible.

SAMPLINGRERLICATON

At some point, analytical results from a monitoring program may be compared with a fixed standard, set
internally by a drinking water provider, or externally by a regulatory ageBegause crossing a regulatory
thresholdoften involves significainconsequences, it is critical that water providers understand the degree of
statistical uncertainty that is associated with an analytical re€idtlecting single samples has the lowest short
term cost.However it is impossible to characterize the uneérty associated with a given sampling event.
Moving to duplicate sampling allows characterization of the uncertaiftiplicate sampling in turn permits a
Y2NB LINBOA &S SadAYFrdS 2F GKS O2yFARSYyOS ergstiSHNIDI £ & dzND
result, it is recommended that, budgets permitting, some degree of replication be practiced in the sampling of
critical analytesA popular compromise is to collect replicate samples at some fraction, such as 30%, of all
sampling eventsWith careful record keeping, it will be possible to develop a feeling for the statistical
uncertainty associated with the sampling and analysis of a given analyte.

For an example of statistical analysis of repli cate samples, ¢ lick here
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Table3-2 Recommendations for design of a monitoring and sampling program for cyanobacteria based upon the required purpose of tilermgrand type of water body. The scale ofrealing effort and

procedures for monitoring are determined by the purpose for the monitoring

Purpose ofmonitoring

Confidence
required from

results

Water body type

Sampling
effort
required

Access required for
sampling

Sampletype
(method)"

Number ofsampes’

Frequency of

sanpling®

Public health Reservoirs & lakes Supply offtake Discrete sample at
surveillance of drinking and offtake depth
supplies: Very High High Open water by boat and Both offtake location| Weekly or 2x
in direct service Integrated depth and mutiple open weekly
water sites
Rivers and weir Mid-stream by boat; Integrated depth
pools from bridge or weir
Public health Reservoirs & lakes Supply offtake location| Discrete sample at
surveillance of drinking and/or offtake depth
supplies: High Moderate Open water by boat and/or Multiple sites Weekly or 2x
bulk water storage / integrated depth weekly
not in service Rivers and weir Mid-stream by boat; Integrated depth
pools from bridge or weir
Public health Reservoirs & lakes Shoreline Surface Sample
surveillace of Moderate Low Limited number of Weekly or
recreational water Rivers and weir River bank Surface Sample sites fortnightly
bodies & norpotable pools
domestic supplies

1. Integrated depth samples amllected with a flexible or rigid hosepipe, depthg) depending on mixing depth; surface or depth samples are collected with a closing bottle
sampler (van Dorn or Niskin sampler); shoreline or bank samples collected with a 2m sampling rod whigtbbittldst the end.

2. Multiple sites should be a minimum of 100m apart (except in smaller water bodies such as farm dams), including one fit@ieth®loltiple samples can also be pooled and one
composite sample obtained. River monitoring should inclupstream sites for early warning. Samples from recreational waters should be collected adjacent to the water contact
area.

3. Frequency of sampling is determined by a number of factors including the category of use, the current alert level statiss,dtmonitoring, the season and the growth rate of
the cyanobacteria being tracked. Sampling should be programmed at the same time of day for each location. Visual irepaatiaod scums should be done in calm conditions,
early in the morning

11



TRANSPORAND STORAGE OF $PAHES

SAMPLES FOWANOBACTERIMXENTIFICATION ANMNUMERATION

{FYLf Sa aKz2dz R 6S LINBaSNWSR | a az22y | a LlaairotsS
preservative Hotzel & Croomé§2] detail the recipe and instructions for the preparation of this iodine solution.

It is sometimes useful to retain a portion of sample in a live (unpreserved) state as cyanobacteria are often
easier to identify in this way. This may be the case when awater bodyis being sampled or a new problem
occurs in an existing site. To ensure reasonably rapidaunnd time for reporting results of monitoring,

samples should be received at the analytical laboratory used for cyanobacterial counting within 24thours o
collection. If received on the same day as collection, the receiving laboratory may assume responsibility for
preservation of samples. In remote rural areas, it is sometimes advantageous to avoid sampling on Thursdays
and Fridays so that samples do netrain in a courier or mail sorting depot over the weekend.

The preserved cyanobacterial samples are reasonably stable as long as they are stored in the dark. If samples
are unlikely to be examined microscopically for some time, they should be stored ier gytalss bottles with

an airtight seal or PET plastic (soft drink) bottles. Polyethylene (fruit juice) bottles tend to absorb iodine very
quickly into the plastic and should not be used for long term storage. Live samples will begin to degrade
quickly espeially if there are high concentrations of cyanobacteria present. These samples should be
refrigerated and examined as soon as possible after collection.

| SAMPLES FORXINANALYSIS

Careful handling of samples is extremely important to ensure an accuréenti@ation of toxin

concentration. Microcystin and cylindrospermopsin toxins are degraxiedobiallyand to a lesser extent
photochemically (e. in light). Samples should be transported in dark cold conditions and kept refrigerated and
in the dak priorto analysisSamples should be analysed as soon as possible or preserved in an appropriate
manner[3].

A case study of a sampling program for a reservoir that has regular
populations of the cyanobacterium Anabaena circina /is _can be found here.

ANALYSIEOR CYANOBACTERIAAMEIR TOXINS

| CYANOBACTERIA

Cyanobacteri@oncentrationsare determineddirectly, throughmicroscopic examination and enumeratioor
indirectly, through the measurement of the concentrations of constitt pigments such as chlorophgland
phycocyanin.Results are usually given as sell* for a genus/species with an estimated confidence limit.
However, cell numbers alone cannot represent true biomass because of consideraisiaeghriation amog
algal speciedf, for instance, anixture ofMicrocystissp. andEuglenasp.is presentin asample the cell count
of Microcystissp.may be highethan that ofEuglenasp.However, a theMicrocystiscells are smaller they
may contribute dower biomassthan the larger cells dEuglenasp.Cell volume (biovolume) determination is
one of several common methods used to estimate biomass of algae in aquatic systems.
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In the event of a risk to water quality posed by the presence of cyanobactdieamiation required by the
water manager includes:

B Identification of the cyanobacteria to species levEhis information is necessary to determiifi¢he
cyanobacterichave the potential to be toxic, anthe type of cyanotoxins that are likely to be
produced. Tk latter information can be used to determine the degree of risk associated with the
presence of the cyanobacteria in the inlet to the treatment plant, #ralanalytical technique
appropriate for determining toxin levels

B The concentration of cyanobactel The concentration of cells, either as number per mL, or
biovolume, can be used to estimate the potential concentration of cyanotoxin present in the raw
water by using &able similar toTable2-4, (Chapter 2, or in the implementation othe cyanobacteia
incident management plan&hapter §.

EDIRECT CELL COUNTANG® IDENTIFICATION

Direct cell counting involves flooding a transparent chamber with a known volume of sarhplehamber is
placed under an inverted microscope, and the cyanobacteria avajsdentified and counted by the
microscopistThe results are usually expressed in terms of cells per unit volamaher widely used cell
counting procedure involves the filtration of a known sample volume onto a nitrocellulose Titierfilter is
mounted with immersion oil on a microscope sligégaced under a microscope and the cyanobacteria are
visually identified and counted by the microscop@hce the analysis is complete, the cell numberstban
be converted to biovolume if required for ¢happlication of the incident management pla@hépter §.

An extra level of quantification can be added to the procedure through the use of digital cameras inserted into
the light path of the microscopémages collected with the camera can be processid commercially

available image analysis softwgeg. Soft Imaging SystenranalySIS)The use of images and software has

two advantagesi) an extra level of documentation, and 2) easing the quantification of cyanobacterial biomass
when the dominanspecies is filamentoudhe primary advantage of direct counting is that quantification and
identification occur simultaneouslifhe primary disadvantage of the procedure is that it is laborious and must
be performed by highly trained and experienced astdyAs a compromise, direct cell counting may be
performed in conjunction with, and as a check on, faster and cheaper indirect methods that measure the
concentrations of cyanobacterial pigmenksowever, digital counting methods are not routinely usecdas
monitoring tool due to the errors involved when analyzing cyanobacteria with a cortiplexdimensional
geometry (eg spiral filaments éhabaend

Visual tawnomic identificationto species level (ellicrocystis aruginosa, Anabaena circindli'equires an
experienced, skilled analydDifferentiation between toxic and netoxic strainsof the same species, which is
very important from a water quality management perspective, is not possible from visual identifidaitome
3-6 shows a range of toxic and ndéoxic strains ofAnabaena circinaljsllustrating the difficulties in identifying
cyanobacteria accurately. Expert visual microscopic identification of cyanobacaerize
supplementedconfirmed by molecular biology mettas. These methods involve the extraction of DNENA

or proteinsfrom cyanobacteriaThe extracted material can be amplified and sequenced, and the sequences
can be compared against published genetic datab&sesnfirm the identity of the cyanobacteriaften to
speciedevel[4, 5, 6].

Genetic techniquesan also be used to determine the presence of toxic cyanobaaciéilien a bloom The

genes responsible for the production of the major toxins have now been identified and it has been found that,
in the majority of samples, the presence of the gene is an indicator ofitgxi€ cyanobacterid7, 8, 9, 10].

With the rapid advancement of techniques such as-teaé PCRind microarray technologyhesemethods
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may eventually prove to be a quick, effectivay to determine the identification and toxicity of a bloom in the
field, or in the laboratory with a rapid turaround time [L1]. As only approximately 508§ blooms of

potentially toxic cynaobacteriprove to be toxicthis could have important implicaties for the management

of treatment and the implementation of cyanobacteria incident management plans

Figure3-6 Different strains of the same cyanobacteriumM\nabaena circinalisseveral of whichare toxic. This figure illustrates the
difficulties inherent in microscopic identification for the determination of toxicity.

PRECISION OF CELUKRTONG

Gounting precision is an indication of variability about the mean value when repeated measurementtsjcou
are made. The precision is a function of the number of organisms counted, their spatial distribution in the
counting chamber and the variability of cells within a colony or trichome of the populd#lany types of
cyanobacteria form trichomes and theumber of component cells may vary from twortere thantwo
thousand.In the case of colony forming cyanobactdha precision or reliability of the count is determined by
the total number of units (colonies or trichomes) directly counted, not by thialtaumber of cells counted

Obtaining reliable estimates of abundance for the colonial cyanobacteierocystiscan beparticularly
difficult due to the tendency of several species to form dense three dimensional aggregates d¢frobllsms
also arie when counting filamentous cyanobacteria suctApbanizomenon, Cylindrospermopsis, Arthrospira
(Spirulina), Planktolyngbya, Limnothaimd Planktothrixwhere cells in trichomes are poorly definéeigure

3-7). More informationaboutthe countingand identificationof a range of cyanobacteria can be found2n

12].
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Figure3-7 Uncertainty ofenumeration of cyanobacterias largely attributable to tke clumped distribution of cells in colonies and
filaments

The counting precision can be defined as the ratithefstandard error to the meafor replicated counts and
assumes a Poisson distribution of counting units (cells, colonies or trichomes)dauhing chambef13]. An
acceptable level of precision for cyanobactédauntingis considered to be in the range ©20-30%. A

precision of 30% enables a doubling of a population in successive samples to be detected while a precision of
°20% will enble a statistically significant change to be detected. This level of precision can only be obtained if
high analytical effort is employed in the laboratory.

For more details on the calculation of cell enumeration prec ision, follow this
link.

Level 3 detailed analytical techniques:

cell counting procedure using the sedimentation technique,

cell counting pro cedure using the filtration technique

calculation of biovolume

EMEASUREMENT OF PIGWIECONCENTRATIONS

ChlorophyHais a pigment present in cyanobacteria and eukaryotic algagcocyanin is a pigment spectfic
cyanobacteria. These pigments can be asedyeither by filtration and extraction of the pigments from the
cells followed by measurement in a fluorometarspectrophotometel(in vitro), or by bypassing the filtration
and extraction steps and analggthe water sample directly in the fluorometein(vivg. ChlorophyHa has
excitation and emission maxima of 436 and 680 nm, respectiRélycocyanin has excitation and emission
maxima of 630 and 660 nm, respectivélye turraround time on then vitromethod is approximately 24
hours because extraction is generally allowed to proceed overnRggults from thén vivofluorescence
methods are instantaneou§everalcompaniesnanufacturein vivofluorescence instruments with flow
through sample cells faraktime fluorescence measuremerithese instruments can be installed at various
locations in a water treatment facility, or suspended in probes from boats or buoys in a resérvedent
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publication has described the utilisation of a fldlrough fluaescence probe to aid in the implementation of
acyanobacteria incident management framewofl]. There are two major disadvantages of using filoev-
through instruments to capture redgime datacompared within vitro measurement methodsThein vitro
methods are significantly more sensitivehe increased sensitivity can, in turn, lead to earlier detection of
changes in cyanobacterial concentrations. iheitro methods also relate the observed fluorescence in
unknown samples to the fluorescenoe absobanceof known standard compounds, yielding at least semi
guantitative concentration estimates$n vivoand flowthrough measurements do not permit identification or
direct quantification of the compounds responsible for fluorescence.

These methods do natllow the identification of cyanobacteria and cannot be used to replace the
identification and enumeration methodfather they can be used as a low level monitoring tool in conjunction
with the above methods.

Level 3 detailed analytical techniques:

spectrophotometric technique for the determination of chlorophyll -a

CYANOTOXINS

When potentially toxic cyanobacteria have been identified in a water soanda analysiss required to
determineif the cyanobacteria argin fact, a toxic strain, and if so what concentration of cyanotoxin is likely to
reach the treatment plant inlet water.

There is an increasing range of analytical methods available for the detection and quantification of

cyanotoxins, ad they vary in their manner of detection, the information they provide &gl of

sophistication]5]® C2 NJ | O2YLJ SGS 20SNWASS I yR NBOASs 2F YS(iK2
Analytical Methods for the Detection and Quantification of Cytarims in Relation to Australian Drinking

2 | i SNJ D dzAeR tBdethef \Bith & mate recent international revid7]. Acomprehensive discussion of

the range of celbased screening assays used to detect cyanotoxins is given in CRC for Water Quality and

Treatment Research Report 60g). A list of analytical methods commonly used for cyanotoxin detection and

analysian be found imrable3-3.

Thetechniguesavailablefor cyanotoxin analysigiclude immunological or biochemical eening techniques

based on enzyménked immunosorbent assays (ELISA) and enzyme activity (protein phosphatase inhibition,
PPI) assays respectively, to quantitative chromatographic techniques based on high performance liquid
chromatography (HPLC) and ma@phisticated (and expensive) liquid chromatographgss spectrometry

(LGMS LEMSMS). Animal bioassays (mouse tests), and in some cases assays based on isolated cell lines, are
also available for screening the entire range of toxins.

The method most ammonly used tanonitor microcystins is high performance liquid chromatography with
photo diode array detection or mass spectral detection (HPD®& or HPL-MS). The analytical methods
available for saxitoxins are continuously evolving and are based ugi@r @igh performancdiquid
chromatography and fluorescence detection or mass spectral detedi®h G-D oL GMS/MS).

Internationally the only technique recognised by thssociation of Official Analytical Chemig#t©Ag for
analysing saxitoxins fronhsellfish (where they are commonly found) other than mouse bioassay is a technigue
based upon liquid chromatography with peelumn derivatisation19], although this technique is not yet

widely used for analysis of cyanobacterial material. The method reamded for cylindrospermopsin is liquid
chromatography with tandem mass spectrometry-d6/MS), although this toxin can also be analysed using a
HPLC method similar to microcystirhe method usually applied for the analysis of anataxishydrophilic
interaction liquid chromatographgoupled with mass spectrometry (HIENGS).
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For more information on various aspects of cyanotoxin analysis, follow these
links:

ELISA

Protein phosphatase inhibiti on assays (PPIA)

Instrumental analysis

While the ELISA and PPI assays are so sensitive that the more concentrated scum samples may require
dilution, mostinstrumental techniquesequire apre-concentrationstep prior to quantification.

For more information on sample concentration follow this link

Another important aspect of the analysis of cyanotoxins is the percentage of the toxin that is found within the
cell. Cyaotoxins can be in the dissolved state, after release from the cyanobacteria, or within the cell, or
intracellular. The percentage of the toxin in each state will depend on the species, the state of health, and the
period in the growth cyclef the cyanobateria. For example, a healtiicrocystisaeruginosecell during the
exponential growth phase will probably contain around®% of the toxin in the intracellular form while

during bloom collapse most of the toxin might be released into the dissohatd.dh contrast

cylindrospermopsin can be up to 100% extracellular even in a healthy cell. This has important implications for
risk mitigation through water treatment processes (Chapter 5) and should be an integral part of the monitoring
program if high oncentrations of toxic cyanobacteria are likely to enter the treatment plant.

For more information on the measurement of total, intracellular and
extracellular cyanotoxins follow this link

A summary of analyti¢dechniques that are available for different classes of toxins, their detection limit and
other issues to consider when using them are givehahle3-3.

For the techniques described Trable3-3 the detection limits may vary depending upon standards available
and instrumentation usedThe availability of certified standards for toxin analysis is an issue worldwide and
can impact on the accuracy and dependability of the results from some of these teelsniq

A range of other methodssed for screening and analysis inaadeuroblastoma cytotoxicity assay, saxiphilin
and singlerun HPLC methods for saxitoxins grdtein synthesis inhibition assays for cylindrospermopsin.
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Table3-3 Analytical methods commonly used for cyanotoxin detection and analyAisbreviations: HPLG high performance liquid chromatography; Ldiquid chromatography; PDA photodiode array; M;
mass spectrometry; PPIAprotein phosphatase inhibition assayELISA enzymelinked immunasorbent assayHILIG hydrophilic interaction liquid chromatography

TOXIN ANALYTICAL METHOD DETECTION LIMI DESCRIPTION
6>3Jk[ 0
Microcystins HPLG; PDA 0.5 1 Detection of microcystins by HPLC/PDA provides a spectrum of a separated analyte a
LCGMS < 1.0 for individual attains a detection limit of considerably less than 1 pg/L for individual microcystins witl
microcystins appropriate concentration and cleanup procedures.
1 LCMS is the method of chod; if available, for the measurement of toxim drinking water
PPIA 0.1 1 Useful as a screening tooklatively simple to usehighly sensitive, with low detection
limits relative to guideline values.
ELISA 0.05 1 Detection of microcystins by ELISApdes semiguantitative results
Mousebioassay N/A 1 Qualitative, screening assay
Nodularin HPLQ; PDA 0.5 1  Same as for microcystindPLC/PDA)
LGMS <1.0 1 Gommercially availablprotein phosphatase and ELISgsays for detecting microcystins a
PPIA 0.1 also useful for screening for nodularin.
ELISA 0.05
Mousebioassay N/A 1 Qualitative screening assay
Cylindrospermopsin HPLG; PDA Around 1.0 1 Cylindrospermopsin can be detected using LC/MS/MS (wittie sample requiring
LCMS, LeMS/MS extraction/reconcentration step)
ELISA 1 Semiquantitative screening assay capable of detecting low toxin concentrations
Mousebioassay 0.05 pgl™ 1 Qualitative screening assay
Anatoxina HILIC/MS/MS <0.5 ugL* 1 Sample concentration by SPE carbographs elutingmétthanol formicacid
Saxitoxinsgaralytic (HPLC) with postolumn Depends upon the 1 Detection limits of saxitoxins (from Australian neurotoXi circinaliy have been
shellfish poisorgt { t Q& derivatisationand fluorescence variant determined using HPLC with pestlumn derivatisation and fluorescent detection and
detection without sample concentration.
ELISA 0.02 pgL* 1 Semiquantitative screening assay. Has advantage of detection of low levels STX. Po
cross reactivity to some atagues.
Mousebioassay f Qualitative screening assay
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Chapter 3: Monitoring - Level 1

MEASUREMENT OF PARRAMRS INFLUENCING&E T3 ROWTH OF CYANOBRRIA

TEMPERATURE

Cyanobacterial growth ratsare temperature dependentThere is significant potential for growth above abouf@5

and maximum growth ratesra attained by most cyanobacteria at temperatures abové2&owevergrowth can
alsooccur at low temperaturef20]. It has been suggested that these temperature optima are higher than for green
algae and diatomsand this allows cyanobacteria to dominatater bodies in warmer temperaturesloweverthere

is an argument that the belief that cyanobacteria prefer high temperatures is based mainly upon results from field
studies where high temperatures are usually associated with thermal stratification, widghe the more important
variablefavouring the growth of cyanobacterif21]. As a result, perational monitoring should include measurement
of temperature at different depth$o allow the determination of the degree of stratification of a water bodyisT
should occur duringoutine sampling buthermistor stringsare available that can be deployed remotely, collect data
at much more frequent intervals and relay this data back to the operator. These systems can be coupled to
meteorological stations to mease wind, solar insolation, temperature and humidity to gather the data required for
hydrodynamic modelling. When used with phytoplankton cell counts and nutrient data the information of reservoir
hydrodynamics is very usefuligentifyingthe conditionsthat gave rise to increases in cyanobacterial abundance.

Level 3 detailed analytical techniques:

determination of temperature in the field

[PHOSPHORUS

Phosphorugs an essential and limiting ingreat for cyanobacterial growthand it levels are important for
determining potential risks associated with toxic cyanobacteria (Chapt@®h®sphoruss also an essential target
variable in any longerm reservoir management plan to reduce the probapitf future bloom formation(see

Chapter 2 for more detailPhosphorusn water sources is in the form of phosphate, and it can be measured as total
phosphorus or dissolved phosphatdilterable, orsoluble reactivephosphate determined from filteredsamples)

Level 3 detailed analytical techniques:

flow injection analysis and photometric detection of ortho phosphate

|SECHI DEPTH

The amount of light received by cyanobacteria in a water bigdpfluenced l turbidity, stratification, colour and
ultraviolet transmission (determined by the types and concentration of the natural organic mat@tialJight
conditions in a given water body determine the extent to which the physiological properties of cyaanhauil be

of advantage in their competition against other phytoplanktbight penetration into a water body is also important
for growth of benthic cyanobacterjahe greater the light penetration the deeper benthic cyanobacteria can grow.

Generally, he zone in which photosynthesis can occur is termed the euphotic zone. By definition, the euphotic zone
extends from the surface to the depth at which 1 % of the surfate intensity is measuredrhe euphotic zone can

be estimated by measuring the tramgitance of the water with a8ecchidlisk and multiplying the Secchi depth

reading by a factor of approximately® Those cyanobacteria that can regulate their buoyancy via gas vesicles are
able to overcome these problems by moving to water depths wtinoal light conditions.
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Chapter 3: Monitoring - Level 1

Level 3 detailed analytical techniques:

for a procedure on Secchi depth measurements, click here

PH AND DISSOLVED GEKENX

The measurement of pH and dissolved oxygen in a reservoiyiehindirect indications of cyanobacterial presence.
During daylight hours, the organisms photosyntkesconsume dissolved carbon dioxide and produce oxygéren
cyanobacterial concentrations are high enough, this process can cause diurnal vaifapbhand dissolved oxygen.

Level 3 detailed analytical techniques:

determination of pH in the field

determination of dissolved oxygen in t he field

TURBIDITY

Turbidity measures the tendency of a water sample to scatter;lijethigher the turbidity the greater the degree of
light scattering This water quality characteristic is positively correlated with the concentration of suspendgdgsmr
including, potentially, cyanobacteriRegular measurement of source water turbidity will allow for the establishment
of site specific relationships with other indicators of cyanobacterial bloom formation, potentially leading to the
development ofearly warning indicators.

Level 3 detailed analytical techniques:

determination of turbidity

PARTICLES

Particles are defined as organic or inorganic solid matter suspended in bulk Waéér corcentrations can be

measured directly by instruments that correlate the degree of light obscuration to the size and humber of particles
present in a samplélhe principal advantage of particle counters versus turbidimeters is that the former are capable
of generating detailed size distribution data
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CHAPTER BEVELOPMENAND IMPLEMENTATIONFQGA MONITORING

PROGRAMLEVEL 2)

VISUAL INSPECTION

RECORDING SHEET RORSUAL INSPECTION

Sampling Point: ééééééécéééeéécééeéeéeeéeceéeécece.
Dat e: eééeéecéeé Ti me: eééeééé.
Additiond site information (ie sketch map on back if algal problem is observed):

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

eeeeeeceeeeeceeeeececeeeeeeceeeeeeecece

Colour of water: clear ¢ murky ¢ greenc
Ot her eééeéeecééececeééecceé
Surface scum: No c Yes c [o70] (o] U |

,,,,,,,,

extent éééééééé
Water plants No c Yes c floating c

submerged c

rrrrr

extent eéeéééd
Attached algae: No c Yes c on rocksc
on mud c

on plants c

extent eeeeeec¢

Odour from water: No c Yes c earthy/mustyc

,,,,,

Algae/plant sample collected: No c Yes c

,,,,,,,,,,,,,,,,,,,,,,,,,,,

Comment s eeeeeeececeeeeeeceeeeeceeeeeeeceee

,,,,,,,,,,,,,,,,,,

Sampl er 6s name: eeeeeeceeeeeceeeeecee.

Received by: ééééééeécéécééeeéée Date ééeééeéé

Return to level 1
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Chapter 3: Monitoring - Level 2

SAMPLINGORCYANOBACTERIAL IDENJATION AND COUNTGI

| INTEGRATEWATER COLUMSIAMPLES

LYGdSaNrdSR ¢l GSNJ O2f dzvy al YLX Sa FNB Fftaz2 OlFffSR WK2
water sampling, where a representative sample of the water column over depth iabiesiThe

samples should be collected using a flexible hose pipe or rigid plasticHgped3-1(L2). A rigid pipe

can be fitted with a one way valve, which simpbfthe operation of withdrawing the pipe and sample
from the water. The depth that the sample pipe is dipped should reflect the approximate depth to
which cyanobacterial cells are likely to be mixed. When the stratification status is uncertain, a
temperature probe, if available, may be used to determine the depthnyfthermocline present. If

this equipment is not available, a 5 metre long flexible pipe is recommended, but a 2 metre long pipe
may be more appropriate in shallower water bodies (those that are less than 3 metres deep). The
inner diameter of the pipe duld be at least 2.5 cm and flexible pipes are probably more practical
than rigid pipes for pipe lengths greater than two metres. The recommended method of obtaining a
WK2aSLIALISQ &lFjuwaB-fL2pa akKz2gy AY

Insert Insert Pull up rope
)| vertically (i) cork Gin attached to bottom

Figure3-1 (L2)Using a hosepipe sampler to collect an integrated water column sample.

Back to level 1
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DISCRETE DEPTH SABRSPL

Water sampling for public health surveillance ftea required at the raw water abstraction point for
reticulation to a drinking water treatment plant. For this purpatiscrete depth amples2 NJ W3 NI 0 Q
samples are often collected with a sampling bottle apparatug. an Dorigor Wiskirtsamplers),

that can beriggered to befilled at a specific depth below the surface corresponding to the offtake
depth (Figure3-2(L2). The rationale for this is to determine the total load of cyanobacteria (and their
toxins) to the water tratment plant. In addition, the degree of cell lysis and toxin release through the
reticulation system can be measured from an accurate assessment of intact cells at the offtake point.
This is important information for determining the appropriate strategydell and toxin removal in

the treatment plant. When choosing a sampling site near the water abstraction point in a reservoir
the size of the offtake and the abstraction pumping rate should be considered. If pumping rates are
high, vortices may occur anad the offtake or abstraction valves which indicate that surface water is
being drawn down into the offtake. If this situation is present in the reservoir, a number of samples at
depths ranging from the surface to the offtake depth should be taken torddtee the total load of
cyanobacteria cells and toxins entering the water treatment plant. The method for collecting a water
sample at depth is depicted Figure3-2(L2).

Depth sampler or closing bottle

Weight slides
down cord to
trigger closing
devices

(S
=
=
=
=
=
(=
=
=
=
(=
’i

Figure3-2(L2) Using a depth sampler or closing bottle to collect a grab sample at a discrete depth

Back to level 1
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WORKEEXAMPLE ILLUSTRATINHEIMPACTOFSAMPLE REPLICATION

Duplicate samples are collected from tbffluent of a drinking water treatment planthey are
analy®d by L@VIS for microcystil.R (MER), with the following resulfs:

Sample 1: 1.12 pglt
Sample 2: 1.27 pgl?

The estimated sample meanis:

_L112/g/L+1.27 myL

5 =1.20 my/ L >1.0 my/L WHOstandartbr MC- LR

The observed meanfd.20ug L' is an estimate of the true MCR concentration in the effluenAt

first inspection, the effluent MLR concentration appears to exceed the World Health Organization
provisional MGLR standard of 1.0 |ig". However, given the observed varility in these two
observations, how confident can water supply managers be about their estinrat@®@er to quantify
the level of uncertainty, the following information is needed:

The sample standard deviatioF,.; = 0.106 pud.*
The number of observains in the sampley = 2
The degrees of freedona,.f. = ngl=1

{GdRSyGQa G adl GMAEMPOT2N) #p3L O2YFARSYOSE:
These values are used to calculate a-gitied 95% confidence interval and establish a lower
confidence ¢vel (LCLA onesided confidence interval was chosen because the primary question is
whether or not the true MER concentration exceeds a regulatory threshold.

LE! =1.20- 6.3111%3: 0.727° 0.73
Jn

V2

The calculated LCL of 0.73 is less than the 1.0 pg/L WHO provigammddrd.Based on this data, a
decision is made to resample the treatment plant effluent in triplicate, with the following results:

LCL =m-t 1

Sample 1: 1.11 pgl?
Sample 2: 1.21 pgl?
Sample 3: 1.27 pgl?
From this raw data, are calculated the following:
m=1.2 pg-*
Fn.=0.08@ pgL*
n=3
df.=ngl=2

! This example assumes that the underlying distribution from which the data were sampled is normal.
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taco, =292

0.95,df.=2)

LCL = 1.20- 2.9211%3: 1.06

J3

The second round of sampling, with the same mean as the original sampling event, yielded an LCL of
1.06 pgl_'l at the 95% level of confidence, whits greater than the 1.0 ug1WHO standardThe

standard deviation decreased by 24% versus the first round of samplomg. importantly, increasing

the number of samples from 2 to 3 increased the degrees of freedom from lnar2asing the

degrees 6freedom by 1 caused the critical t statistic to drop by more than one ha#.combination

of increased sample size and slightly lower standard deviation led to the calculation of a smaller one
sided confidence interval.

Back to level 1
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A CASE STUDY OF SAMIKBE PROGRAM DESIBDR CYANOBACTERIRFO
MYPONGA RESERVOIBUTH AUSTRALIA.

Myponga Reservoir is a moderasezed drinking water reservoir that has regular growth of the
nuisance cyanobacteriudnabaena izcinaliseach summer. The reservoir is used directly for drinking
water supply after water treatment with conventional treatment plant incorporating dissolved air
flotation (DAF), and the capacity to dose with powdered activated carbon (PAC) for taste,aodi
toxin control.

SITEDESCRIPTION

Myponga Reservoir (S 381" 14", E 13825' 49") is located 70 km south of Adelaide in South

Australia. The reservoir has a capacity of 26,800 ML at a full supply level of 211.7 m AHD (Australian
Height Datum), anwerage depth of 15 m, a maximum depth of 36 m and a surface area of 2.8 km
The mean retention time based on abstraction is approximately 3 years. Water is removed from the
reservoir via an offtake valve located on the dam wall at 195.2 m AHD.

ROUTINESAVMPLING PROGRAM

Samples are collected weekly in winter and twizeekly in the summer growth season for

identification and counting of phytoplankton from up to 10 separate locations. Sampling is
concentrated at the offtake site where 4 separate samplescatkected: a €6m integrated surface
sample (Location 1221) and three discrete depth samples at 10, 20 & 30m (Locations 1222, 1223 &
1230). Spatial variability is assessed by collecting integrated column sampl®3 &b 6 locations
(Locations 1224229)spaced throughout the reservoir. The winter sampling frequency is weekly for
6 months from Aprit September which then increases to twiaeekly from October March

inclusive. The sampling program in winter incorposdte LINR OSadaa 2 F Q@A SOWALX Balr yR
from the 6 reservoir locations which are then processed for a single cell count. If cyanobacteria are
recorded in this pooled sample aboseertain threshold (200 celisL") the individual sites will be
re-assessed individually. Note that $hpooling is only used in winter and all locations are sampled
and counted individually in summer.
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Figure3-3(L2)Sampling Locations in Myponga Reservoir

Bac kto levell

PRECISION OF CELURTONG

The precision (counting error) can be calculated from the total number of units counted (n) using the
simple formula derived biaslett et al[13]:

Counting error{ %) = 100(2/n) (1

Equation 1 accounts for the variabjliof cells in a counting unénd assumes that the number of cells
in a colony or trichome is always countédthough it would be unusual for an analyst to count all
cells in all trichomes or colonies tiss equation assumest is still recommended as the benchmark
method for enumeration of filamentous cyanobacteria. This is due to the fact that istate

account the sometimes large variability in trichome/colony size when calculating counting error.

Higher precision will require a higher analytical effort and generally a higher cost. The relationship
between countingerror and counting effort is showim Figure3-4(L2) TKSNBE A a | @GSNE aidNRy3
f AYAGSR NI i dinkéas@ effotthefyordialodt 50Fcaldhles or trichomes counted.
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Figure3-4(L2)Variation of counting error as a function of number of tricomes, or colonies, counted

At the compleion of a count, the counting precision should be calculated using Equation 1. This figure
could be reported in the following format for each taxon and/or for total cyanobacterial abundance:

XXXX celisL? (minimum counting error = YY %)

Due to he fact that some of the counting errors may be very large, it is important to accompany any
reporting of errors with some clarification and interpretation of these errors.

Back to level 1
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ANALYSIEOR CYANOBACTERIDAMEIR TOXINS

ELISA

Enzyme linked immune substrate assays (ELISA) can be used for the analyses of several cyanobacterial
toxins. The method is based on the coating of well plates or test tubes with toxin antibddies.
antibodes are molecules with a shape that specifically matches the structure of a toxin molEcigle.
specificity allows the antibodies to bind to, and immobilize, toxin molecules in soldtr@number

of antibody molecules that can be coated onto a giveriasig area is controllable and repeatable.

Toxin molecules in solution will bind to coated antibodies when an unknown sample is added to a well
or tube.Following the sample addition step, a solution containing a known concentration of enzyme
conjugated toin molecules is added to the well or tubEoxin molecules in this solution will occupy

any binding sites left unoccupied after addition of the unknown samite. enzyme in turn catalyzes

a reaction that yields a color change that is inversely proportitm¢éhe concentration of toxin in the
unknown sample.

ELISA assays for microcystins, nodulagagitoxinsand cylindrospermopsins are commercially
available as kits containing all of the necessary reagdtis.advantage of these assays is that they
arerelatively inexpensive, simple and rapid to ramd the samples do not require po®ncentration
The total turnaround time is less than half a d@ifie assays can be performed in any laboratory
equipped with multiwell pipetters and a spectrophotometefhe major disadvantage of the assays is
that they cannot distinguish between toxin varianthis can complicate risk management decisions
because of intewariant toxicity differencesAs a result, ELISA assays are ideal screening Thelg.

can be incoporated into a suite of routine analyses used to pinpoint the initial stages of a bloom
event, and to determine when it is necessary to begin more expensive anectmiming analyses
capable of resolving toxin variants.

Retu rn to level 1

| PROTEIRPHOSPHATASE INHIBINIASSAYS

The mode of toxicity of microcystins involves thhibition of certainenzymesthe protein
(serine/threonine) phospétases, responsible for the dephosphorylation of intracellular
phosphoproteins The hosphatasdP?P2Ais the most susceptible to inhibition by microcystin toxins.
The basis of the PP2@hibition assays the measurement of phosphate release from a suitable
substrate in the presence of a phosphatase enzyme preparation and an inhibitoasuaicrocystin.
The most commonly used PP2A assay utifiseisrophenyl phosphat€dpNPP as substrateln the
presence of PP2gnitrophenolis released from theNPPand can be measured photometrically. In
the presence of an inhibitor such as microcystire release of th@-nitrophenolis reduced, and the
difference between the sample and the control (in the absence of an inhibitor) can be calibrated to
microcystinLR concentration2]. The assay does not discriminate between the different microcystin
variants, and as mLR shows the greatest inhibition effect the result is usually described in terms of
MLR toxicity equivalent concentratiopd).

Return to level 1
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INSTRUMENTANALYSIS

Liquid chromatography (LC)tie technique used to separatmixtures ofdissolved compounds
(including toxins) prior to some form of instrumental detectidine sample for analysisiigected

into a column packed with solid mediifferent components of the mixture pass through the column
at different rates due to differences in their partitioning behawidetween the liquid and solid
phasesUsingappropriatecombinations of media, mobile solvent, temperature, and flow rate,
unknown compounds will exit the column as discrete slugs whose pecesa the effluent stream can
be detected with ultraviolet (LLOV),photodiode array, where a UV scan is taken for each peak,
rather than an absorbance measurement at one wavelength onHP&) fluorescence (LLEED) and
mass spectrometric (-KS) detecdrs.When UV and FD response is plotted versus time, the
separated compounds will show up as discrete pekdentification and quantification of the
unknown is accomplished by comparing the timing and @ezscan)f an unknown peak exiting the
column with the timing and size of peaks from calibration standards.

Microcystins anaylindrospermopsins can be analyzed byU\C Ultraviolet detectors are more
economical than MS and require less skill to maintain and opekideiever, UV detectors are not
capable of distinguishing among @uting toxin variants, or among toxins-etuting with background
organic material.

Saxitoxins can be anaba by LEFD.Fluorescence detectors are less expensive than MS detectors and
have the advantage of greater sengity. The primary disadvantage of fluorescertased detection
methods for cyanobacterial toxins is that they requagiditional reagentsdded to theLC column

effluent. These compounds react with eluted saxitoxins to form a fluorescent end prothispost
column derivatiation procedure adds an additional level of complexity and cost to the analysis.

Microcystins, cylindrospermopsins, saxitoxamgl anatoxins can all be anatgsby LEMS.In this
technique, a portion of the flow exiting the chromateghy column is routed through an MS

detector, which generates mass spectfamass spectrurahowsthe relative distribution of

components in a sample by their mass to charge raBesause cyanotoxin molecular weights are
known with great precision, MS tixtors allow the analyst to resolve -®uting toxin variants with

small molecular weight differenceblS detectors are also very sensitive, allowing analysts to achieve
lower detection limitsThe disadvantage of @S systems is that they are complexpensive, and

the interpretation of their results requires a high level of experience.

Return to level 1
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SAMPLEEONCENTRATION

Sample concentration and cleamp is a critical step in toxin analybig instrumental techniquesThe

toxin of interest is often present at such low concentrations that an unprocessed sample may not
generate a quantifiable signal when injected into an analytical instrun&sntaple concentration

involves passage of a known volume of raw water throagiolid adsorbent material to which the

toxin preferentially partitionsThe adsorbent material is then treated with much smaller volumes of a
second solvent, such asethanol, in order to remobilesthe toxin into the liquid phasédeally, all of

the toxin originally partitioned on to the solid phase will desorb into a volume of solvent that is orders
of magnitude smaller than the original, thus yielding a concentrated safpkeratio of the original
sample volume to the second solvent volume is thecsgmration factor.This liquid phase, containing
the desorbed toxin, is then subjected to further analysis.

The specifics of the concentration procedure described above vary somewhat from toxin to toxin.
Variations in the procedure include the type of kent and theeluentsolvent.The decision to use a
procedural variation is driven not only by the type of toxin, but also by the concentration and nature
of the background organic material present in the original water sanfde result, it may take some
time to optimise the concentration procedure when toxin analyses are initiated on samples from a
new sourceThis will be the case whether analyses are performed in house or by a contract
laboratory.The uncertainty is exaceabed by the fact that standaised analytical procedures do not
yet exist for many of the cyanobacterial toxins in many countéeasa result, the most prudent course
of action for water supply managers may be to negotiate the desired quality control criteria (internal
standard recoery, surrogate recoveryguplicate reproducibility, et3.and allow the laboratory to
choose the method that best meets the contractual requirements

Return to level 1

VMEASUREMENT OPTAL, INTRACELLUIAND EXTRACELLULGAYRANOTOXINS

In a raw water sample, total toxin concentration is measured after all the cyanobacteria in the sample
have been lysed to release the toxin into the dissolved sflite. most appropriate technique for
liberating intracellular toxin is freezdiwing in the presence of a solvent appropriate for the

particular toxin.If dissolved toxin concentration is also required, two samples should be taken, one
treated as for total toxin analysis (above). The other shouldragityfiltered throughglass tire

filter, to avoid damage to the cellandthe filtrate analysedor toxin concentration The difference
between the total toxin concentration and the filtrate, or dissoltedin concentration, is the

intracellular concentration.

Return to level 1
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CHAPTER BEVELOPMENAND IMPLEMENTATIONFGA MONITORING

PROGRAMLEVEL 3DETAILED EXPERIMEN. PROCEDURES

ANALYSIBOR CYANOBACTERIDAMEIR TOXINS

Please notelt is recommended that methods are chosen on a case by case basis, dgpenthie
equipment and expertise ailable. The methods detailed in this section are not necessarily those
recommended for each water authorigynd are mainly for illustrative purpose@rseof the following
methodsare specific to a particular instrumesd will not be transferable to other instruments.

Many of themethods given ilhevel 3 can also be found in Standdtdthods for the Analysis of Water
and Wastewater24]. A recommended text for the analysis of cyanotoxins7k [

CYANOBACTERIBENTIFICATION ANMNUMERATION BMEANS OF A
SEDIMENTATION METHOD

This method is suitable for raw water samples containing phytoplankton which iretadeples from
dams, lakes, rivers and streams (spanning all trophic states).

PRINCIFE OF THE METHOD

tKeGz2LX FyldG2y al YLt S$a NS FAESR dzaAy3a | &dzadlof S LIN
glutaraldehyde)The sample is then pressurised to rupture gas vacuoles present in cyanobacteria,

after which a suksample of known and appropriate sige6ml) is transferred to a sedimentation

chamber.The sample is left to settle for a certain period of timPAdter this period of time,

phytoplankton taxa are identified, as far as possible, to species level and enumerated simultaneously.

The results ofhe enumeration are expressed as a concentrationetis@er volume of water (celtsL?).

APPARATUS, MATERIAN® REAGENTS

INSTRUMENTS AND ERMENT

Inverted light microscope with a 40x objective and a Whipple grid in the eye(iégpare3-2(L3))
Dispenser pipette

Deflation instrument

Humidifier

Computer with spreadsheeaind phytoplankton counting softwar@ther cainting devices may
also be used

1 Calibrated mass balance

=A =4 =4 4 =4

GLASSWARE

1 Perspeor glass sedimentation chambers
1 Cover §ips, No. 0 thicknes
1 Glass beaker
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OTHER MATERIALS

1 Lens cleaning tissue
1 Lens cleaning liquid

REAGENTS

1 Formaldehyde solution
f [dA2ftQa A2RAYyS azftdzixzy
9 Distilled water

Figure3-1(L3) Inverted light microscope

 PROCEDURE

SAMPLE PREPARATION

1 Notethat before any work is undertaken, it is imperative that the analyst is familiar with the
safety precautions of the hazardous chemicals used.

1 The sample should be preserved immediately at the site or in the laboratory Weesamples

arereceived] dz32f Qa4 A2RAYS &a2ftdziAz2zy A& FRRSR G | NFGAz2
colour.Formaldehyde is added to a ratio of 2: 1.

1 After preservation, the gas vacuoles of the cyanobacteridrite be pressure deflated to allow
these organisms to settle ouDeflating is done by placing a ssample in a thickvalled metal
container to a volume where there is no air left in the container when it is closed with a rubber
stopper.Apply pressure o the rubber stopper with a hammer or similar instrumeHowever,
GKSY [dz32fQa &a2fdziAz2y Aa dzaSR Fa LINBaAaSNBIFGAGSs y?2

1 The sample is then shaken to ensure the uniform distribution of cells.

1 With a calibrated dispenser pipette transfer Lrof the sample (or susample) into a
sedimentation chamber labelled with the sample name and dia¢gwe it to settle for
approximately 30 minutes on a bench free from any vibrations and disturbahégsmportant to
use a new pipette tip for each sane, as this will reduce the chances of cross contamination.

1 Place the sedimentation chamber on the inverted light microscope and briefly examine for
turbidity, as well as density and distribution of phytoplankton in the sample.
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1 Inthe event of the samplbeing too turbid or too dense in algal concentration it will need to be
diluted. Start by diluting the known volume of the preserved (and deflated) sample to half the
volume.This is done by adding one part sample to one part distilled water, givingtelifactor
of 2. Reexamine the chamber briefly for turbidity, if still too turbid or dense in algal
concentration, add one part of the diluted sample to one part distilled water, giving a dilution
factor of 4.Reexamine the chamber briefly for turbiditifhis process is repeated until
phytoplankton cells are visible enough to identify and enumerate accurately.

1 Inthe event of the sample being too low in algal concentration, a greater volume can be settled
out. This is done by estimating the volume of gdennecessary to identify algal taxa without any
phytoplankton cells or particles obscuring each otfigris would then be the final volume of
sample added to the sedimentation chambkrshould be noted that accurate estimation of this
volume is gained ith experienceFor exampleAfter 1mL is added and the sample examined
briefly, the analyst feels that more of the sample could be added without hampering the
identification process, and an estimate of kim made An additional 3rh of sample is then adak
to the 1L already in the sedimentation chambéfhe factor with which the counts are multiplied
will then be divided by the amount of samplel{hpresent in the sedimentation chamber.

1 Make sure that the final volume of sample in the sedimentation tiecorded on the
sedimentation chamber.

1 The sedimentation chamber is then filled to the top with distilled water and covered with a
cleaned cover slip so that no air is left in the sedimentation chamber.

1 Place the sedimentation chamber in a humidifiertwitater in the bottom section to prevent
evaporation of sample water.

1 The height of the sedimentation chamber will determine the time necessary for the
phytoplankton to settleFor every 1cm of the chamber, the phytoplankton should be allowed to
settle fora period of 24 hours.

IDENTIFICATION ANDUIBMERATION

1 Remove the sedimentation chamber from the humidifier, taking care not to disturb the settled
material at the bottom of the sedimentation chamber.

9 Place it in the round slot on the microscope table anitch on the inverted light microscope.
1 For identification of phytoplankton, 400x magnification is recommended.

91 Identify and enumerate the settled phytoplankton to at least genus level, ametevpossible, to
species levelStart counting on the left hanside of the sedimentation chamber on a line running
through the centre of the sedimentation chambédentify all the phytoplankton taxa in the
Whipple gridMove one grid at a time from left to right, identifying all the phytoplankton species
within the gid (Figure3-2(L3). Continue counting in this manner until at least one lane is
completed.Note that a minimum of 200 cells need to be identified.
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16300um<

Figure3-2(L3)Line diagram showing the orientation of lanes and the Whipple grid.

1

If the count is less than 200 cells at the end of the first lane, rotate the sedimentation chamber to
a cross se@n that has not yet been anakyd and continue as above, this time fraight to left.
Continue these steps until a total greater that 200 cells is achidyechot stop in the middle of a
lane if this value is reached, but always finish the=|aso that the exact area anagdis known.

Every phytoplankton cell is counted @se, whether it is part of a colony/filament or ndthe
amount of colonies/filament per taxon is also counted.

If a cell is located on the edge of the Whipple grid, it is only counted if more than half of the cell is
located within the Whipple gridf not, the cell is not countedhen counting cells in a
colony/filament, only those cells falling within the Whipple grid are counted.

Record the counts on a well marked sheet with space for the sample name, date sampled, date of
analysis, the amount of l&s$ enumerated, objective used, the conversion factor, name of the
analyst and the count of each species/genus.

Any of the following literature listed below is recommended for accurate identification of
phytoplankton.Some other references not listed, malg@ be useful.

0 Belcher, H. & Swale, E. 1976beginner's guide to Freshwater Algaker Majesty's
Stationery Office (HMSQAPBEBN 0 11 881393 5.

U0 Belcher, H. & Swale, E. 197 illustrated guide to River Phytoplanktd#er Majesty's
Stationery Office (HMS).ISBN 0 11 886602 8.

U0 Bellinger, E.G. 1992 key to common alga&reshwater, estuarine and some coastal
speciesFourth EditionThe Institution of Water and Environmental Management, London.

U Entwisle, T.J., Sonneman, J.A. & Lewis, S.H. E8&shwate Algae in Australigsainty and
Associates Pty Ltd, NSW, Australia.

U John, D.M., Whitton, B.A. & Brook, A.J. 2002 Freshwater Algal Flora of the British Isles.
An identification guide to freshwater and terrestrial alg@&ambridge: Cambridge University
Press.

U Janse van Vuuren, S., Taylor, J., Gerber, A. & van Girk@)8Easy identification of the
most common freshwater algadé. guide for the identification of microscopic algae in South
African freshwatersNorth West University, Private Bag X60Bbtchefstroom, South Africa
and DWAF, PrivatBagX313, Pretoria, South Africa.

U Prescott, G.W. 195Rlgae of the western great lakes ar&dm. C. Brown Co. Publ.,
Dubuque, lowa.
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U Prescott, G.W. 1978low to know the freshwater alga&hird EditionMcGrawHill, Wm. C.
Brown Co. Publ., Dubuque, lowa.

U0  Smith, G.M. 1950The freshwater algae of the United StateSecond EditiorMcGrawHill
Book Company, New York.

0 Wehr, J.D. & Sheath, R.G. 20Bf&shwater algae of North America: ecology and
classificationSan Diego, California: Academic Press.

0 HuberPestalozzi, G.950.Das Phytoplankton desiSswassersSystematik und Biologidl.
3. CryptophyceenChoromadinen, Peridineek. Schweizerbart'sche Verlagsbuchhandlung,
Stuttgart.

U HuberPestalozzi, GL955.Das Phytoplankton desiSswassersSystematik und Biologidl.
4. Euglenophyceerk. Schweizerbart'sche Verlagsbuchhandlung, Stuttgart.

U HuberPestalozzi, GL961.Das Phytoplankton desiSswassersSystematik und Biologidl.
5. Chlorophyceae (Grunalgerrdnung:VolvocalesE. Schweizerbart'sche
Verlagsbuchhandlung, Stuttgart.

U HuberPestalozzi, GL962a.Das Phytoplankton dediSswassersSystematik und Biologidl.
1. Algemeiner TeiBlaualgenBakterien, PilzeE. Schweizerbart'sche Verlagsbuchhandlun
Stuttgart.

U HuberPestalozzi, GL962b.Das Phytoplankton dediSswassersSystematik und Biologidl.
2.Diatomeen.E. Schweizerbart'sche Verlagsbuchhandlung, Stuttgart.

U HuberPestalozzi, GL962c.Das Phytoplankton dediSswassersSystematik und Biobie. Tl.
2. HIf. 1.Chrysophyceen, Farblose Flagellaten, Heterokoreischweizerbart'sche
Verlagsbuchhandlung, Stuttgart.

SAFETY PRECAUTIONS

HAZARD WARNING

f
f
f

Formaldehyde; Flammable, irritant liquid. ToxM by inhalation, contact or ingestion.
[ dzz&dlufbong for external use onlyDo not swallow.

Ethanolg flammable liquidKeep away from sources of ignition.

SAFETY INSTRUCTI@NEN WORKING WITHRRWMALDEHYDE (MERCHKQ4)

1

Formaldehyde is toxic by inhalation, in contact with skin and if swalldinelld lead to serious
irreversible effectslt could also cause burns, lead to sensitivity during skin contact and there is
evidence suggesting carcinogenicity.

Formaldehyde should always be stored at 1526°C in a tightly closed container in a well
ventilated place.

When handling this substance, personal protective equipment, such as latex gloves, a laboratory

coat and safety glasses, should be used.

Formaldehyde is heavier than air and should always be used in a suitable extraction cabinet, that

is, one with a down flow extraction system.

Never inhale the substance and avoid any generation of vapours of this substéreciehalation
of fresh air is best after inhalation of formaldehyde.
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9 After contact with the skin or the eyes, the affected areawdddoe washed thoroughly with
plenty of water.Contaminated clothing should be removdthmediately call a
physician/ophthalmologist.

1 Should swallowing occur, drink plenty of water and call a physician.

1 Formaldehyde vapours are combustible, as it formda@sige mixtures with air at ambient
temperatures.In the case of fire, extinguish with water, C@am or powder, whilst remaining at
a safe distance.

1 Formaldehyde, and solutions containing formaldehyde, should always be disposed of using a
proper waste @sposal system.

SAFETY INSTRUCTI@NEN WORKING WITHHANOL (MERCK, 2006)

1 It should be noted that this colourless liquid forms highly combustible vapours, as it mixes with air
at ambient temperatures and backfiring could ocddeasures should also bekan to prevent
electrostatic charging.

CALCULATIONS AND EX8SION OF RESULTS

CALCULATIODF THE PHYTOPLANKBDDMASS AS CELMS/

Phytoplankton biomass is expressed as the amount of phytoplankton (or cyandbacits per
millilitre (cellsmL™). Thisvalue is calculated below (values used in the calculation are for example
purposes only).
1 Calculate the area of the circular sedimentation chamber floor:
| Sedimentation chamber floor area =" 2NJ ‘
=~ E o0ymMpAaxYo
208 672 438urh

1 Calculate the area of onectangular lane:

‘ Lane area diameter of sedimentation chamber x width of Whipple grid

16 300pum x 176um

= 2 868 800prh
9 Calculate the conversion factor:
The conversion factor is calculated by dividing the total sedimentation chamber floor area byahe to
lane areaNote that the total lane area is the area of one lane multiplied by the amount of lanes
analysedFor this example 1 lane was analyzed.

Sedimentation chamber floor area
Total lane area
= 208672 438urh
(2 868800pnt x 1)
= 72.739
At this stage it is important to remember the volume of the original sample that was sediméirtied.
conversion factor is divided by the volume (mL) of sample that was used.

Conversion factor

Final conversion factor = Conversion factor
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Volume d sample used
72.739
3am?
24.246

1 Calculate the biomass as cetit™

The biomass, expressed in celis”, is calculated by multiplying the count of each taxon with the final
conversion factor.

Biomass Count x Final conversion factor ‘

= 78 x 24.26
= 1891.188
1891 cellanL™ (rounded to the nearest integer)

Calculating the percentage composition of a taxon
% composition = (biomass conentration of the taxon In celljL ) x 100
Totalbiomass concentration in celsL™

REPORTING FHOPLANKTON RESULTS

1 Phytoplankton concentration is expressed as aalls and is rounded to the nearest integet.is
recommended that results be reported to genus level, except when the analyst is a qualified
taxonomist and has the skill to identify ploplankton to species level.

1 Percentage composition may be useful to determine the dominant species.

1 Phytoplankton biomass can also be better expressed in terrbggblumethat takes the size,
shape and volumef each organism into account.

Return to level 1
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PHYTOPLANKTORENTIFICATIOMNDENUMERATIORYMEANSOF THE
FILTRATION METHOD

 BACKGROUND

This method is suitable for all types of freshwateruidithg dams, rivers and treated drinking water.

PRINCIPLE OF TMETHOD

A known volume of sample is filtered through a nitrocellulose membrane filtee. filter is mounted
on a microscope slide with immersion oil and placed under a microscope and thebeyaea are
visually identified and counted by the microscopist.

By using this method, the analyst will be able to identify and quantify algae in very low (e.g. final
drinking water) or high concentrations (e.g. raw water) where additional blendingoauatilution
steps are included for very dense algae populations.

APPARATUS, MATERIAN® REAGENTS

INSTRUMENTS AND ERMENT

1 Microscope with a mechanical stage, 10x, 40x and 100x objective lenses and preferably also with
a PlanNeofluar 63x oil immersiolens or other similar lenses (refer Fagure3-3(L3).

Figure3-3(L3) Compound light microscope

39



Chapter 3: Monitoring, detailed experimental procedures - Level 3

1 Vacuum manifold fitted with membrane filter holders capable of holding 47mm eianor
other similar membrane filters (refer tBigure3-4(L3). Vacuum pump with a vacuum gauge and
adjustable vacuum connected (via a collection vessel) to the vacuum manifold.

1 Homogenisr, with variable spee¢Figure3-5(L3).

Figure3-4(L3) Vacuum manifold fitted with 47mm membrane filter holders

Figure3-5(L3)Homogenigr with variable speed.

GLASSWARE

25mL, 50nmLand 2000nh measuring cylinders.

OTHER MATERIALS

0.45um filters of appropriate quality.
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REAGENTS

1 Lugol's solution 20g potassium iodide (AR) with 10g iodine crystals (AR) in R@@ter with
20MI glacial acetic acid (minimuassay 98% m™). Store in a dark glass bottl&he solution is
stable for 3 years.

1 Buffered formalin- 20g sodium borate (AR) in.formaldehyde (minimum assay 37%mi AR).
This solution is prepared fresh as required.

 PROCEDURE

SAMPLE PREPARATION

1 Sampés should be filtered on the day of collectiMdhere necessary, bottled samples may be
stored between 1k 8°C for a maximum of three dayn.special circumstances, whole samples
may be preserved by adding 40" buffered formalin or 3rhL" [ dz3 2 futidr Drigdefifters
may be kept in the dark at room temperature for a maximum of 20 days but only if unavoidable.

1 Ensure all taps on the vacuum apparatus are turned off.

1 Ensure the filter holder is cleaBquirt sufficient water onto the filter holder twet the surface to
prevent the formation of air bubble®lace the numbered filter onto the filter holder and position
the graduated filter funnel.

1 Mix the sample well by inverting and shaking tlaenple bottle several times (Sé&te 1). Using
a measuringylinder, measure a predetermined volume of sample into the graduated filter
funnel for filtering (Se&lote 2. The use of the measuring cylinder is more accurate than the use
of the graduated filter funnelThe volume will depend on algal densities atgbaurbidity but
commonly falls between 20kfor dam water and 1200ifor potable water.(Previous volumes
used may give an indication of the volume need&®BeNote 3for highly turbid and algal dense
samples.

1 The tap on the filtering apparatus is tumh@n and the sample allowed to filter under suction.
The suction must not exceed 80kPa.

1 Once the sample has nearly finished filtering through, turn off the suction at the tap and let the
remainder filter through passiveliNeversuck the filter dry usingugtion as this distorts cells and
breaks colonial forms.

1 Remove the membrane filter and place on a clean surface or tray and leave to dry in the dark at
room temperature.

1 The sample number and the volume of sample filtered are entered into the relevaoialiaoy
record book.

1 The graduated filter funnels must be rinsed thoroughly between samples to avoid contamination.
The funnels must be washed with detergent, cold water and a brush once a week or whenever a
deposit is noticed or when extremely dense saesphre filtered.

1 Clean or replace the plastic filter holder grid if it becomes blockad will be evident by an
uneven distribution of sample on the membrane filter.
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|l

A check must be kept on the water level in the reservoir to prevent water from beagndinto
the vacuum manifoldwhen the water level is high the vacuum must be closed and the reservoir
drained.

Note 1:Sample bottles should not be completely filled as this prevents thorough mixing
when the bottle is shaken.

Note 2:WhenMicrocystisis present in samples, it is necessary to break up colonies into|
individual cells but without destroying the cella. do this, homogenize approximately
100n? sample for approximately 10 seconds using the homogenizer on speed 13 5001pm.
Thereafter continue wfi filtering the sample (adapted fro@ohary and
PaisMadeira,1987).

Note 3:If a very turbid sample, or a sample with an exceptionally high algal density is to be
filtered, it may be necessary to dilute the sample. The sample is mixed vigorously (gspecial
when buoyant algae are present) and the necessary volume of sample made up to at |east
50mL with distilled water using a calibrated measuring cylinder; this ensures an even
distribution of sample on the filter.

IDENTIFICATION ANDUIBMERATION

il

The membrae filter must be completely dry before being viewddhis is essential if clarity is to
be obtained.To test for dryness a small spot of immersion oil can be applied to the edge of the
filter. If the filter becomes transparent, then it is diythe filter is damp, the oil area will remain
opaque.

Once dry, the filter is placed on a drop of immersion oil on a microscope slide and a second drop
of oil placed gently on top of the filtelhis will clear the filter enabling light to shine through.

The slideand filter are then placed on the microscope stage.

To ensure an even distribution of the sample, the filter is examined briefly under low
magnification.The higher magnification oil immersion lens is tloanefullyswung into position
for enumeration.

Identify and count the algae in a number of fields which mustdially randomly selectedThe
easiest way of achieving this is to avoid looking down the microscope when the field is moved, or
use an accepted random cell selection technique.

SCS (standard gnting software) is available commercially for the enumeration of organisms like
AYOSNISONI 6S&a YR LIKeG2LI I y{ (2 yhe®@ShSsits RSy R dzY
storage facility from which results are exported to LIMS (Laboratory Informitanmagement

System) once all samples for the day are compléteoughout the counting, data can be copied
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sufficient fields have been counted to reach a{etermined level of statistical confidenc&his

level may only be set by the Section Head and is recorded together with theldake event of

a failure in the counting software, a manual count can be done using a minimum of 15 fields that
would yield a cant with acceptable precision.

In order to identify the algae observed, reference could be made to any applicable phytoplankton
identification book (refer to Section 4.6 for a detailed reference list).
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