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The Microbiology of Drinking Water (2004) - Part 12 — Methods for the isolation and
enumeration of micro-organisms associated with taste, odour and related aesthetic problems

*
Methods for the Examination of Waters and Associated Materials Q}\%
This booklet contains four methods for the isolation and enumeration of micro isms that may
be related to microbially-mediated taste, odour and related aesthetic probl in drinking waters.

NV

Within this series there are separate booklets dealing with differenttopics concerning the

microbiology of drinking water. Other booklets include O
The Microbiology of Drinking Water (2002) @6
Part 1 - Water quality and public health . A

\)

Part 2 - Practices and procedures for sampling \Q
Part 3 - Practices and procedures for laboratories

Part 4 - Methods for the isolation and enumeratigg of coliform bacteria and Escherichia coli
(including E. coli O157:H7)

Part 5 - A method for the isolation and e&ration of enterococci by membrane filtration

Part 7 - Methods for the enumeratiorg@ erotrophic bacteria by pour and spread plate techniques
Part 8 - Methods for the isolation% umeration of Aderomonas and Pseudomonas aeruginosa by
membrane filtration

Part 10 - Methods for the isol and enumeration of Yersinia, Vibrio and Campylobacter by

selective enrichment @

The Microbiology of ing Water (2004)

Part 6 - Method e isolation and enumeration of sulphite-reducing clostridia and Clostridium
perfringens by brane filtration

Part 9 - Me for the isolation and enumeration of Sa/monella and Shigella by selective

enrich Nhembrane filtration and multiple tube most probable number techniques

Part I&T ste, odour and related aesthetic problems

Whilst specific commercial products may be referred to in this document this does not constitute an
endorsement of these particular materials. Other similar materials may be suitable and all should be
confirmed as such by validation of the method.
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About this series

Introduction

This booklet is part of a series intended to provide
authoritative guidance on recommended methods of
sampling and analysis for determining the quality of
drinking water, ground water, river water and sea water,
waste water and effluents as well as sewage sludges,
sediments, soil (including contaminated land) and biota.
In addition, short reviews of the most important
analytical techniques of interest to the water and sewage
industries are included.

Performance of methods

Ideally, all methods should be fully evaluated with results
from performance tests. These methods should be capable
of establishing, within specified or pre-determined and
acceptable limits of deviation and detection, whether or
not any sample contains concentrations of parameters
above those of interest.

For a method to be considered fully evaluated, individual
results from at least three laboratories should be reported.
The specifications of performance generally relate to
maximum tolerable values for total error (random and
systematic errors) systematic error (bias) total standard
deviation and limit of detection. Often, full evaluation is
not possible and only limited performance data may be
available.

quality control are essential if satisfactory results
be achieved.

In addition, good laboratory practice and analytice}&
Standing Committee of Analystos\'

eries “Methods
ssociated Materials”

The preparation of booklets withi
for the Examination of Waters

~O

and their continuing revision is the responsibility of the
Standing Committee of Analysts. This committee was
established in 1972 by the Department of the Environment
and is now managed by the Environment Agency. At
present, there are nine working groups, each responsible for
one section or aspect of water quality analysis. They are

1 General principles of sampling and accuracy of results
2 Microbiological methods

3 Empirical and physical methods % i

4 Metals and metalloids \

5 General non-metallic substances Q

6 Organic impurities (L

7 Biological methods \

8 Biodegradability and inhibitio m S

9 Radiochemical methods N

The actual methods and rh§ are produced by smaller
panels of experts in the appropriate field, in co-operation
with the working gro d main committee. The names of

those members pricipally associated with this booklet are
listed at the baeis of the booklet.

Publiga% new or revised methods will be notified to
the t hQ 1 press. An index of methods and details on
btain copies are available from the Agency’s

et web-page (www.environment-agency.gov.uk/nls)
from the Secretary.

=3

Every effort is made to avoid errors appearing in the
published text. If, however, any are found, please notify
the Secretary.

Dr D Westwood
Secretary

February 2004

N4

Warning to us%

The analyf# cedures described in this booklet
should o&e carried out under the proper supervision
of competent, trained analysts in properly equipped
laboratories.

All possible safety precautions should be followed and
appropriate regulatory requirements complied with. This
should include compliance with the Health and Safety at
Work etc Act 1974 and all regulations made under the
Act, and the Control of Substances Hazardous to Health
Regulations 2002 (SI 2002/2677). Where particular or
exceptional hazards exist in carrying out the procedures
described in this booklet, then specific attention is noted.

Numerous publications are available giving practical details
on first aid and laboratory safety. These should be consulted
and be readily accessible to all analysts. Amongst such
publications are; “Safe Practices in Chemical Laboratories”
and “Hazards in the Chemical Laboratory”, 1992, produced
by the Royal Society of Chemistry; “Guidelines for
Microbiological Safety”, 1986, Portland Press, Colchester,
produced by Member Societies of the Microbiological
Consultative Committee; and “Safety Precautions, Notes for
Guidance” produced by the Public Health Laboratory
Service. Another useful publication is “Good Laboratory
Practice” produced by the Department of Health.


http://www.environment-agency.gov.uk/nls

A The enumeration of actinomycetes by a membrane filtration technique
Al Introduction

Members of the actinomycetes group occur ubiquitously in the environment, typically in soil,
decomposing organic matter and aquatic habitats. Growth of some of these bacteria in source
waters and in drinking water distribution systems can result in the release of substances imparting
undesirable tastes and/or odours to the water. Several members of this group, particularly species of
Streptomyces, are capable of producing geosmin and 2-methylisoborneol, which impart
characteristic earthy or musty odours to waters. The significance of actinomycetes in water
treatment and supply are described elsewhere in this series").

A2 Scope % ’

This method is suitable for the examination of drinking waters, including sample{bn all stages of
treatment and distribution, and those source waters of moderate turbidity.

Users wishing to employ this method should verify its performance undf?l}czlr own laboratory
conditions”

A3 Definitions OQ

In the context of this method, actinomycetes are bacteria \&produce dry, raised and powdery
looking colonies which can be chalky white, pink, red, yellow or green in colour. Some
slower growing colonies of actinomycetes may exh@wrmkled waxy “star-shaped” appearance.

Actinomycetes are Gram-positive coccobacﬂh{&‘& rod-shaped, aerobic bacteria of the Order
Actinomycetales that form a well-developed breiiched mycelium.

A4 Principle $®'

Organisms are isolated on a me e filter placed on the surface of an agar medium containing
sodium caseinate. After incub@®ipn, membrane filters are examined for colony growth typical of

actinomycetes. @

AS leltatlons

The method is s@ble for most types of aqueous samples, except those with high turbidities. The
volume of @le that can be filtered in such cases may be limited due to the membrane filter
becomi ked. Accumulated deposit on the membrane filter may mask or inhibit growth of
actin(ﬁg:etes. Species of the Streptomyces, the dominant actinomycetes associated with odour
problems in water, can be isolated. Some species of Nocardia, Micromonospora and Microbispora
may also be recovered. The maximum number of colonies that should be counted from a single
membrane filter is approximately 100.

A6 Health and safety

Media, reagents and bacteria used in this method are covered by the Control of Substances
Hazardous to Health Regulations® and appropriate assessments of risk should be made before
adopting this method. Standard laboratory microbiology safety procedures should be followed and
guidance is given elsewhere'® in this series.



A7 Apparatus

Standard laboratory equipment should be used which conforms to the performances criteria outlined
elsewhere'® in this series. Principally, appropriate membrane filtration apparatus and incubators
(fan assisted) are required. Other items include:

A7.1 Sterile sample bottles of appropriate volume, made of suitable material, containing
sufficient sodium thiosulphate pentahydrate to give a final concentration in the
sample of not less than 18 mg/1 (for example, 0.1 ml of 1.8 % m/v solution of
Na;S,03.5H,0 per 100 ml of sample, or equivalent).

A7.2 Incubator capable of maintaining a temperature of 22.0 = 1.0 °C. ,
A7.3 Filtration apparatus, sterile or sterilisable filter funnels, and Vacuux?.l/ ce

A7.4 Sterile, membrane filters, for example, white, 47 mm diameter, bQ\u
0.45 um nominal pore size.

A7.5 Smooth-tipped forceps. '\(1/

ose-based

A8 Media and reagents OQ

Commercial formulations of these media and reagents ma@vailable, but may possess minor
variations to their formulation. The performance of all fa and reagents should be verified prior
to their use in this method. Variations in the prepargtreihand storage of media should also be

verified. Water should be distilled, deionised or {s' ilar grade quality.
Unless otherwise stated chemical constltue%@éuld be added as anhydrous salts.
A8.1 Actinomycete isolation agar $®'

Sodium caseinath\' 2¢g

Asparagine 0.1g
Glycerol 5¢
Sodium ionate 4¢g
Dipotz@sj m hydrogen phosphate 05¢g
tum sulphate heptahydrate 0.1g
IT) sulphate heptahydrate 0.001 g

%gar 15¢
&\Q Water 1 litre
Dissolve all the ingredients in the water. Adjust the pH, if necessary, so that after sterilisation the
pH is 8.1 £ 0.2. Sterilise by autoclaving at 121 °C for 15 minutes. Allow the solution to cool to

approximately 50 °C and distribute into sterile Petri dishes. Sterile media can be stored for up to one
month at a temperature between 2 - 8 °C, if protected against dehydration.

Several species of micro-fungi are able to grow on this medium and, if abundant, may overgrow the
membrane filter. For waters where this is a problem, or for previously uncharacterised waters, this
may be obviated by the addition of 0.05 g/l of cycloheximide to the medium prior to autoclaving.



A8.2 Other media

Standard and commercial formulations of other media and reagents used in this method include
Ringer’s solution and maximum recovery diluent.

A9 Analytical procedure
A9.1 Sample preparation

The volumes and dilutions of samples should be chosen so that the number of colonies to be
counted on the membrane filter lies, if possible, between 20 and 80. With some waters, it may be
advantageous to filter a selection of different volumes so that the number of colonies on single
membrane filter is likely to fall within this range. For treated waters, filter 100 ml of t %ple.
For waters where high numbers of actinomycetes are expected, either filter smaller mes or
dilute the sample with Ringer’s solution or maximum recovery diluent before fil

N

A9.2  Sample processing \'\
a source of vacuum,

Place the sterile or disinfected filtration apparatus in position and conhﬁt
with the stopcock turned off. Remove the funnel and, holding the ﬁée of the membrane filter with
sterile smooth-tipped forceps, place a sterile membrane filter, grﬁ ide upwards, onto the porous
disc of the filter base. Replace the sterile funnel securely on the fiifer base. Pour or pipette the

required volume of sample into the funnel. When the volu sample to be filtered is less than
10 ml, add 10 - 20 ml of sterile diluent (for example, quakter-strength Ringer’s solution or
maximum recovery diluent) to the funnel before addmidn of the sample. This aids the dispersion of

the bacteria over the entire surface of the membra Iter during the filtration process. Open the
stopcock and apply a vacuum not exceeding 6&a (500 mm of mercury) and filter the sample
slowly through the membrane filter. Close the &0pcock as soon as the sample has been filtered.

Remove the funnel and transfer the ﬁ%ne filter carefully to a Petri dish containing
actinomycete isolation agar. Ens the surface of the agar is not too dry, as restricted growth
may occur during incubation. E that no air bubbles are trapped between the membrane filter

and the medium. ‘Rolling’ th brane filter onto the medium minimises the likelihood of air
bubbles becoming trappe@ver the membrane filter with the lid of the Petri dish.

When the funnel is reqy ed it can be placed in a boiling water bath if it is to be re-used.
Alternatively, p -@i 1sed filter funnels can be used for each sample. If different volumes of the
same sample ar e examined, the funnel may be re-used without boiling provided that the
smallest vo L@ or highest dilution of sample is filtered first. For different samples, take a fresh
pre-stepihi unnel or remove a funnel from the boiling water bath, allow the funnel to cool and
repeafgg iltration process. If funnels are re-used, after filtration of each sample, disinfect the
funnel by immersing it in boiling water for at least one minute. During the filtration of a series of
samples the filter base need not be sterilised unless it becomes contaminated or a membrane filter
becomes damaged. Polluted and non-polluted samples should, where known or suspected, be
filtered using separate filtration equipment. Alternatively, polluted samples should only be
processed after non-polluted samples. When funnels are not in use they should be covered with a
sterile lid or a sterile Petri dish lid.

The time between the end of the filtration step and the beginning of the incubation stage should be
as short as possible and no longer than 2 hours.



Incubate the Petri dishes at 22 °C for seven days. Plates should be examined for growth at regular
intervals during the incubation period.

A9.3  Reading of results

The final count is made after seven days of incubation. Count all compact colonies which are dry,
raised and powdery in appearance. Generally, actinomycete colonies are chalky white in colour,
but may be pink, red, brown, yellow or green. Some slower growing actinomycetes may exhibit a
wrinkled, waxy “star-shaped” colony within the incubation time.

A9.4 Confirmation tests

*
Actinomycete morphology may be confirmed by conducting a Gram-stain on selected ib&s. The
isolates that possess well-developed branched mycelia with long chains of spores @ % ial mycelia
are often species of Streptomyces.

N

A10 Calculations \
The number of actinomycetes is generally expressed as the number othl ies per 100 ml of

sample. Calculate the count as follows: Q
Count/100 ml = Number of colonies counted on n@ane filter x 100
Volume of sample fi (ml)

<\
A1l Expression of results \Q\
&

Actinomycetes are expressed in colony formir}%u s per volume of sample. For drinking water the
volume is typically 100 ml.

A12  Quality assurance $®'

New batches of media should b@bd with appropriate reference strains of target actinomycetes
(for example, Streptomyces g@ s). Further guidance on quality assurance are given elsewhere'®
in this series.

A13 References 00
O

1. Standing\Cdmmittee of Analysts, The Microbiology of Drinking Water (2004), - Part 11 -
Taste, odo @i related aesthetic problems, Methods for the Examination of Waters and Associated

Matez;i{&Q& his series, Environment Agency.

2. Standing Committee of Analysts, The Microbiology of Drinking Water (2002), - Part 3 -
Practices and Procedures for Laboratories, Methods for the Examination of Waters and Associated
Materials, in this series, Environment Agency.

3. The Control of Substances Hazardous to Health Regulations 2002, Statutory Instrument
2002 No. 2677.
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B The enumeration of micro-fungi and yeasts by membrane filtration or
spread plate techniques

B1 Introduction

Micro-fungi are a major group of micro-organisms and occur wherever organic matter is present.
They are found in natural (untreated) waters and arise predominantly from decaying vegetation or
are washed into water courses from soil. Micro-fungi and yeasts are known to occur in treated
water. Some micro-fungi cause undesirable changes in the organoleptic quality of treated water.
Bio-transformation of chlorinated compounds, to produce more potent tastes and/or odours, has
been demonstrated in certain species. The significance of micro-fungi and yeasts in water treatment

and supply are described elsewhere in this series'". Q) .

B2 Scope Q

The method is suitable for the examination of drinking waters, including sam \om all stages of
treatment and distribution, and those source waters of moderate turbidity. \

Users wishing to employ this method should verify its performance ultSQr eir own laboratory
2

conditions*”. Q
O

B3  Definitions 6

Micro-fungi exhibit mycelial growth and reproduce by s. The nutritional requirements of
micro-fungi and yeasts are such that they grow on sj media. Yeasts exhibit unicellular growth
and reproduce by budding or fission. &0

B4 Principle (b

o

Organisms are either isolated on a m§$%e filter placed on the surface of an agar medium
containing mycological peptone, sg; ngal and chloramphenicol or directly inoculated onto the
medium. After incubation the p](g re examined for colony growth typical of micro-fungi and
yeasts.

%)
B5 Limitations &
~O

The method is s @3 for most types of aqueous samples, except those with high turbidities. The
volume of samp‘éhat can be filtered in such cases may be limited due to blockage of the filter.
Accumulaw@posit on the membrane filter may mask or inhibit growth of micro-fungi and yeasts.
Growt b?« celium and spores takes place, which reduces the significance (in terms of a
meané(u indication of fungal biomass) of the number of colonies detected. The number of micro-
fungi and yeasts may be distorted by excessive handling of cultures during incubation as spores can
be released which produce additional colonies on the medium.

It should be recognised that there is no single medium capable of isolating the entire range of
micro-fungi and yeasts that may be present in water supplies. The medium employed in this
method, rose bengal chloramphenicol agar, has been widely used in the UK to isolate micro-fungi
and yeasts from drinking waters, and is available commercially. While rose bengal is incorporated
into the medium to suppress the growth of rapidly growing micro-fungi, it may prevent growth of
other species present. During initial investigations, more than one medium may be used (for
example, Sabourand dextrose agar, half-strength potato-carrot agar and half-strength cornmeal agar)

11



to ensure that a broad range of species is recovered. Details on the selection of suitable media have
previously been reported® ¥,

B6 Health and safety

Media, reagents and bacteria used in this method are covered by the Control of Substances
Hazardous to Health Regulations” and appropriate assessments of risk should be made before
adopting this method. Standard laboratory microbiology safety procedures should be followed and
guidance is given elsewhere in this series.

B7 Apparatus

Standard laboratory equipment should be used which conforms to the performances cri %uthned
elsewhere'® in this series. Principally, appropriate membrane filtration apparatus a @: ators
(fan assisted) are required. Other items include: ‘ﬁ/

B7.1 Sterile sample bottles of appropriate volume, made of suita aterlal containing
sufficient sodium thiosulphate pentahydrate to give a fin k&centra‘uon in the
sample of not less than 18 mg/1 (for example, 0.1 ml of! % m/v solution of
Na,S,03.5H,0 per 100 ml of sample, or equivalent)o

B7.2  Incubators capable of maintaining temperatulg)QZO +1.0°Cand 22.0+ 1.0 °C.
B7.3 Filtration apparatus, sterile or sterilisabl funnels, and vacuum source.

B7.4 Sterile, membrane filters, for exam@, white, 47 mm diameter, cellulose-based
0.45 um nominal pore size. (bg

B7.5 Smooth-tipped forceps.
B8 Media and reagents $

Commercial formulations of Qmedla and reagents may be available, but may possess minor
variations to their formul The performance of all media and reagents should be verified prior
to their use in this m ariations in the preparation and storage of media should also be
verified. Water shoul&hstllled deionised or of similar grade quality.

Unless otherw1sbﬁted chemical constituents should be added as anhydrous salts.

*

B8.1 ,@engal chloramphenicol agar'®

Mycological peptone 50¢g
Glucose 100 g
Potassium dihydrogen phosphate 1.0g
Magnesium sulphate heptahydrate 05¢g
Rose bengal 0.05¢
Chloramphenicol (0.1g in 5 ml of methanol) 5 ml
Agar 155¢
Water 1 litre

Suspend all the ingredients in one litre of distilled water and boil to dissolve. Sterilise the medium
by autoclaving at 121 °C for 15 minutes. Allow the solution to cool to approximately 50 °C, and
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distribute into sterile Petri dishes. The final pH should be 7.2 &+ 0.2. Sterile media can be stored for
up to one month at a temperature between 2 - 8 °C, if protected against dehydration. Rose bengal
may degrade in light to form toxic derivatives, thus prepared plates should be stored in the dark.

BR.2  Other media

Standard and commercial formulations of other media and reagents used in this method include
Ringer’s solution and maximum recovery diluent.

B9 Analytical procedure

B9.1  Sample preparation

counted on the membrane filter lies, if possible, between 10 and 50, or for sprea etween 10
and 80. For some species of fungi (for example Rhizopus species) substantlal l al growth may
occur and this may limit the number of colonies that can be counted on a As the concentration
of micro-fungi and yeasts in water may not be known, a range of Voluméii}om 500 ml to 0.001 ml,
may need to be prepared, in duplicate, and processed by both membr. ration (for the larger
volumes) and spread plate (for the smaller volumes) techniques. Paired volumes of each sample
should be incubated separately at 12 °C and at 22 °C. 06

The volumes and dilutions of samples should be chosen so that the number of coloE

B9.2  Membrane filtration sample processing @6

>
With some waters, it may be advantageous to filter. ction of different volumes so that the
number of colonies on any one of the membrane fj 1s likely to fall within the range desired. For
treated waters, filter two aliquots of 100 ml of ample. For waters where high numbers of micro-
fungi and yeasts are expected, either filter smaller volumes or dilute the sample with Ringer’s
solution or maximum recovery diluent b filtration.

Place the sterile or disinfected fil t&pparatus in position and connect to a source of vacuum,
with the stopcock turned off. R the funnel and, holding the edge of the membrane filter with
sterile smooth-tipped forceps%% a sterile membrane filter, grid-side upwards, onto the porous
disc of the filter base. Rep& e sterile funnel securely on the filter base. Pour or pipette the
required volume of sa into the funnel. When the volume of sample to be filtered is less than 10
ml, add 10 - 20 ml of{stgtile diluent (for example, quarter-strength Ringer’s solution or maximum
recovery diluenté@e funnel before addition of the sample. This aids the dispersion of the bacteria
over the entire stcflice of the membrane filter during the filtration process. Open the stopcock and
apply a vae @not exceeding 65 kPa (500 mm of mercury) and filter the sample slowly through
the me filter. Close the stopcock as soon as the sample has been filtered.

Remove the funnel and carefully transfer the membrane filter to a Petri dish containing rose bengal
chloramphenicol agar. Ensure that the surface of the agar is not too dry, as restricted growth may
occur during incubation. Ensure that no air bubbles are trapped between the membrane filter and the
medium. ‘Rolling’ the membrane filter onto the medium minimises the likelihood of air bubbles
becoming trapped. Cover the membrane filter with the lid of the Petri dish.

When the funnel is removed it can be placed in a boiling water bath if it is to be re-used.
Alternatively, pre-sterilised filter funnels can be used for each sample. If different volumes of the
same sample are to be examined, the funnel may be re-used without boiling provided that the
smallest volume or highest dilution of sample is filtered first. For different samples, take a fresh
pre-sterilised funnel or remove a funnel from the boiling water bath, allow the funnel to cool and
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repeat the filtration process. If funnels are re-used, after filtration of each sample, disinfect the
funnel by immersing it in boiling water for at least one minute. During the filtration of a series of
samples the filter base need not be sterilised unless it has become contaminated or a membrane
filter becomes damaged. Known polluted and non-polluted samples should be filtered using
separate filtration equipment. Alternatively, polluted samples should only be processed after non-
polluted samples. When funnels are not in use they should be covered with a sterile lid or a sterile
Petri dish lid.

The time between the end of the filtration step and the beginning of the incubation stage should be
as short as possible and no longer than 2 hours.

For each pair of Petri dishes, incubate one at 12 °C and the second at 22 °C, for seven da he
Petri dishes should be examined daily, as abundant growth of some micro-fungi may 0 the
growth of slower growing species. It may be necessary to record and isolate the co | before the

full period of incubation has been completed. Alternatively, it may be possible t Ve the rapid
growing fungi to enable the slower growing species to emerge. MlCI‘OSCOplC e atlon of the
Petri dishes may assist the detection of slower growing species which do rm colonies that are
readily visible to the naked eye. (1/

B9.3  Spread plate sample processing Q

If Petri dishes are to be prepared from rose bengal chloramp&J agar contained in tubes or
bottles, heat the tube or bottle of medium and the melt the m and keep at 45 - 48 °C. Ifa
water bath is used to keep the medium between 45 - 48 ° ien prior to pouring the medium into
the Petri dish remove the water from the outside ofifhesontainer. This should remove or minimise
any contamination. Pour 15 - 20 ml of molten a & each Petri dish and allow the medium to
solidify. If a prepared Petri dish is used, allov& 1sh to equilibrate to room temperature. The dish
should be dried to remove excess moisture be use, but ensure that the surface of the agar is not
too dry, as restricted growth may occur gﬁ incubation. In duplicate, pipette 0.1 ml of the
sample, or diluted sample, onto the s $ f pre-dried agar medium contained in the Petri dish.
Distribute the sample over the su% the medium with a sterile bent glass or plastic rod.

Alternatively, distribute the san@ y rotating the dish whilst holding the spreader steady. Allow
the inoculum to soak into the @ , place a lid on the Petri dish and incubate in an inverted position.

For each pair of Petri djskgs, incubate one at 12 °C and the second at 22 °C, for seven days. The
Petri dishes should b exdmined daily, as abundant growth of some micro-fungi may obscure the
growth of slowelng species. It may be necessary to record and isolate the colonies before the
full period of in §uPation has been completed. Alternatively, it may be possible to remove the rapid
growing fun@for example, by using sterilised forceps to remove abundant aerial hyphae, taking
care n lodge any spore structures that may have developed) to enable the slower growing
speci& merge. Microscopic examination of the Petri dishes may assist the detection of slower
growing species which do not form colonies that are readily visible to the naked eye.

B9.4  Reading of results

The final count is made after incubation for seven days. Micro-fungi develop as raised colonies,
which take on a wool-like, cotton-like or powder-like appearance. In contrast, yeasts develop as
red, opaque colonies and are characterised by a smooth, waxy appearance. Occasionally, aerial
mycelium will not be present, as growth may occur in the medium. All compact colonies that
conform to the characteristics of micro-fungi and yeasts should be counted.

14



B9.5  Confirmation tests

At present, there is no single source of published information for identifying micro-fungi and yeasts
isolated from water. However, specialist schemes are available for specific taxonomic groups'-®.
However, interpretation requires experience. Also, the use of the above medium may not allow the
production of reproductive structures, which are essential for identification. It may, therefore, be
necessary to sub-culture isolates on media more appropriate for sporulation.

B10 Calculations

The number of micro-fungi and yeasts is generally expressed as the number of colonies per 100 ml
of sample. Calculate the count as follows: % .

Count/100 ml = Number of colonies counted on membrane filter x 100

Volume of sample filtered (ml) (1/
N

B11 Expression of results '\

Micro-fungi and yeasts are expressed in colony forming units per VOIN% sample. For drinking
water the volume is typically 100 ml. Q

B12  Quality assurance 60

New batches of media should be tested with appropriat ence strains of target micro-fungi

and/or yeast (for example, Penicillium species and@adotorulla species). Further guidance on
quality assurance are given elsewhere® in this ser@
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C The estimation of sulphate-reducing bacteria from water or deposits by a dilution
series technique

C1 Introduction

Sulphate-reducing bacteria are a diverse group of strictly anaerobic micro-organisms distinguished
by their ability to reduce sulphate to sulphide. The organisms can be found in many anaerobic
environments, in soil, mud, sediment and sewage. However, they occur most commonly where high
concentrations of sulphate are present. This group of bacteria is a significant cause of microbially-
induced corrosion and taste and/or odour problems in water systems. In addition, major health
hazards may arise due to the production of hydrogen sulphide. The significance of sulphate-
reducing bacteria in water treatment and supply are described elsewhere in this series'”. Q) .

C2 Scope Q'\

The method is suitable for the examination of drinking waters, including sam \om all stages of
treatment and distribution, and those surface or groundwater source waters{ﬁ@oderate turbidity.

Users wishing to employ this method should verify its performance ultsgrlﬁeir own laboratory
2

conditions*”. Q
O

C3 Definitions 6

In the context of this method, sulphate-reducing bacteri g’those bacteria which reduce sulphate to
sulphide in modified Starkey’s medium A or modif@ RP-38 medium.

The two most common genera are Desulfovibrj &1 Desulfotomaculum. Desulfovibrio are Gram-
negative, non-sporing vibrio rods (2.5 - 1.0 I@i’ 0.5 - 1.5 um) which are motile with polar
flagellae. Desulfotomaculum are Gram-@ve rods (3 - 9 um by 0.3 - 1.5 um) which produce
terminal or subterminal spores. $

C4 Principle Qs\'

population of sulphate- ing bacteria is estimated from the greatest dilution producing a positive
reaction.

C5 Limitati@

>
There \y formulations of media used for enumerating sulphate-reducing bacteria. All
inclug&carbon source (normally lactic acid) and small amounts of yeast extract, inorganic salts
and a reducing agent (to equilibrate the medium at a low potential). It is possible that viable count
procedures used for enumerating sulphate-reducing bacteria may underestimate numbers by a factor
of around 1000, compared with numbers produced by an in-situ sulphate reduction activity
measurement”. Due to the difficulties in obtaining accurate counts on agar-based plating media,
sulphate-reducing bacteria in environmental samples have been enumerated by serial dilution in
completely anaerobic liquid media. Variations of the medium used® are available commercially. It
is important to ensure that a freshwater-based medium is used.

A serial dilution series @ample should be prepared within media bottles. After incubation the

It should be recognised that the analysis of black deposits and those deposits containing sulphide
may make interpretation of the test difficult. Bottles containing black deposits that appear to be
positive within a few hours of inoculation should be incubated as normal. In general, only the first
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bottle in the dilution series may show black colouration. Where the presence of sulphate-reducing
bacteria is in doubt after incubation, a sub-sample of medium exhibiting any presumed positive
characteristics should be transferred to a fresh bottle of medium for further incubation and
confirmation.

Co Health and safety

Media, reagents and bacteria used in this method are covered by the Control of Substances
Hazardous to Health Regulations® and appropriate assessments of risk should be made before
adopting this method. Standard laboratory microbiology safety procedures should be followed and
guidance is given elsewhere® in this series.

Cc7 Apparatus

Standard laboratory equipment should be used which conforms to the performan iteria outlined
elsewhere® in this series. Principally, incubators (fan assisted) are required. (ﬁi\\l ems include:

C7.1 Sterile sample bottles of appropriate volume, made of su(f%e material.

C7.2 Incubators capable of maintaining a set temperature(Qi 1.0 °C when set at a

temperature between 20 °C and 30 °C. O
C8  Media and reagents @6
Commercial formulations of these media and reag y be available, but may possess minor

variations to their formulation. The performance | media and reagents should be verified prior
to their use in this method. Variations in the pyggration and storage of media should also be
verified. Water should be distilled, deionis%o f similar grade quality.

Unless otherwise stated chemical co@ts should be added as anhydrous salts.

C8.1 Modified Starkey’s medi(séé@

Dipotassiu&ogen phosphate (anhydrous) 05¢g
Ammoniu loride 10g

Sodiu phate 05¢g
C @n chloride dihydrate 0.1g
l\é‘nesium sulphate heptahydrate 20¢g
0d1um lactate solution (60 - 70 %) 5.0 ml in 100 ml of water
\Q Sodium thioglycollate 0.1g
& Ascorbic acid 0.1g
Iron(II) sulphate heptahydrate 0.001 g
Water to 1 litre

Dissolve all the ingredients, except sodium lactate solution, in approximately 800 ml of water. If
necessary use gentle heating. The pH of the solution should be adjusted to 7.2 £ 0.2. Add 5 ml of
sodium lactate solution (60 - 70 %) to 100 ml of water and boil the solution. This solution is then
added to the other media components and the whole volume made up to 1000 ml with water.

Bottles (of 10 ml capacity) are filled with 9 ml of medium and then stoppered and capped using
butyl rubber stoppers and metallic caps. Flushing the bottles with nitrogen prior to capping will
displace any residual oxygen, which may allow enhanced recovery of some strains of sulphate-
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reducing bacteria. The bottles and contents are then autoclaved at 121 °C for 15 minutes. The
medium should be used freshly prepared.

C8.2 Modified API RP-38 medium'”

Sodium sulphate 1.0g

Sodium lactate solution (60-70%) 4.0 ml in 100 ml of water

Yeast extract 1.0g

Ascorbic acid 0.1g

Magnesium sulphate heptahydrate 02¢g

Dipotassium hydrogen phosphate 0.01g

Iron(II) ammonium sulphate hexahydrate 0.2 g % .
Water to 1 litre

Dissolve all the ingredients, except sodium lactate solution, in approximately 80@ water. If
necessary use gentle heating. The pH of the solution should be adjusted to 7.3 Add 5 ml of
sodium lactate solution (60 - 70 %) to 100 ml of water and boil the solutlo 1s solutlon is then
added to the other media components and the whole volume made up to% ml with water.

butyl rubber stoppers and metallic caps. Flushing the bottles wittn¥trogen prior to capping will
displace any residual oxygen, which may allow enhanced re(é f some strains of sulphate-
reducing bacteria. The bottles and contents are then auto at 121 °C for 15 minutes. The
medium should be used freshly prepared.

Bottles (of 10 ml capacity) are filled with 9 ml of medium and t?oppered and capped using

C9  Analytical procedure KC\JQ
C9.1 Water samples @

For each sample, six bottles of either }g ed Starkey’s medium A or modified API RP-38
medium are required. Using a dis ¢ 1 ml sterile syringe and needle, 1 ml of sample should be
added (through the butyl seal) t ttle of medium. The syringe and needle should then be
discarded and the bottle vigon é? shaken. Using a fresh syringe and needle, 1 ml of the inoculated
liquid from the first bottle drawn and added into the second bottle in the six-bottle dilution
series. Mix the content e bottle with vigorous shaking. The procedure is repeated until a
series of dilution botgeg as been prepared. If a duplicate dilution series is required, 1 ml of the

original sample be taken and processed in a similar manner using a further six bottles of
media.

Incuba repared bottles at a suitable temperature between 20 °C and 30.0 °C, for up to 28
days. ottles should be examined at regular intervals during the incubation period.

C9.2  Samples of deposits

Use either modified Starkey’s medium A or modified API RP-38 medium. The number of bottles
required will depend upon the expected numbers of sulphate-reducing bacteria in the deposit.
Remove the cap from the first bottle in the dilution series and add a known amount of the deposit
(by weight or volume). Recap the bottle and shake vigorously to disperse the loose deposits. Using
a fresh syringe and needle, 1 ml of the inoculated liquid from the first bottle should be withdrawn
and added into the second bottle in the dilution series. Mix the contents of the bottle with vigorous
shaking. The procedure should be repeated until a series of dilution bottles has been prepared. If a
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duplicate dilution series is required, an identical amount of the original sample should be taken and
processed in a similar manner.

Incubate the prepared bottles at a suitable temperature between 20 °C and 30 °C, for up to 28 days.
The bottles should be examined at regular intervals during the incubation period.

C9.3  Reading of results

Bottles in which the contents exhibit a black colouration, or contain a black precipitate within 28
days are regarded as positive. In many instances, colouration or precipitation will appear within 14
days.

C10 Calculations f\% ’

The number of sulphate-reducing bacteria is estimated from the highest dilution w a positive
result. For example, if the first four bottles in the series exhibit a black colouratign, or contain a
black precipitate then the number of sulphate-reducing bacteria is estimat &\be approximately
10°/ml. If all six bottles exhibit a black colouration, or contain a black p(%itate the number of
sulphate-reducing bacteria is recorded as > 10°/ml. For duplicate diluttbQ ries, numbers are
reported as a range between the highest dilution that exhibits a bla@:olouration, or contains a
black precipitate and the lowest dilution exhibiting no black col@ ion, or containing no black

precipitate. 6

C11 Expression of results AQ

Sulphate-reducing bacteria are expressed as an e @ d count per volume of sample. For drinking
water the volume is typically 1 ml. (b{

C12  Quality assurance (b'

reducing bacteria (for example, lfovzbrio species or Desulfotomaculum species). General

New batches of media should be with appropriate reference strains of target sulphate-
guidance on quality assuranc@ iven elsewhere®® in this series.

C13 References 0

Standin E@nmlttee of Analysts, The Microbiology of Drinking Water (2004) - Part 11 -
Taste odour an ated aesthetic problems, Methods for the Examination of Waters and Associated
Materials, igdDis series, Environment Agency.

&tanding Committee of Analysts, The Microbiology of Drinking Water (2002) - Part 3 -
Practices and Procedures for Laboratories, Methods for the Examination of Waters and Associated
Materials, in this series, Environment Agency.

3. Sulphate-reducing bacteria and anaerobic corrosion. Annual Review of Microbiology,
W A Hamilton, 1985, 39, pp195-217.

4. Review of current practices for monitoring bacterial growth in oilfield systems. Corrosion
Control Engineering Joint Venture, 1987.

5. The Control of Substances Hazardous to Health Regulations 2002, Statutory Instrument
2002 No. 2677.

20



6. Standard test methods for sulfate-reducing bacteria in water and water-formed deposits.
ASTM D 4412-84 (Re-approved 1990), American Society for Testing and Materials, Philadelphia.

7. API Recommended Practice for the Biological Analysis of Subsurface Injection Waters,
Second Edition. American Petroleum Institute, 1965.

21



D The detection of iron-precipitating bacteria by a defined enrichment technique and
microscopy

D1 Introduction

[ron-precipitating bacteria can obtain energy via the oxidation of iron(II) to iron(IIl). This
oxidation results in the precipitation of iron(IIl) hydroxide, which can impart a red colour to the
water. Typically, the source of iron is pipe-work or the water in supply. Substantial growth of
iron-precipitating bacteria can also impart unacceptable odours to drinking water. Bacteria, which
are commonly associated with iron precipitation problems, include species of Gallionella,
Leptothrix, Crenothrix and Siderocapsa. Other bacteria that have been shown to be capable of non-
oxidative precipitation of iron include species of Klebsiella, Enterobacter, Serratia, %} o
Corynebacterium, Caulobacter and Bacillus. The significance of iron-precipitating baN n

(€] \(LQ

water treatment and supply are described elsewhere in this series" .
D2 Scope f\

N

The method is suitable for the examination of drinking waters, includin% ples from all stages of
treatment and distribution, and those surface and groundwater source M s of moderate turbidity.

Users wishing to employ this method should verify its performa@lder their own laboratory

conditions®. 6
D3  Definitions . \AQ

In the context of this method, iron-precipitating b@ are those bacteria which grow in modified
W-R medium producing a brown scum or pellj the surface of the medium, often with a strong
yellow or brown colouration of the mediur%

Iron-precipitating bacteria may be re %ed by members from a number of bacterial genera,
including sheathed bacteria (for e ¢ Leptothrix, Crenothrix and Clonothrix), stalked and
budding bacteria (for example @enella and Pedomicrobium) and Gram-negative
chemolithotrophic bacteria (f@ ample Siderocapsa, Ochrobium and Thiobacillus).

D4  Principle 0

An aliquot of sas added to the growth medium, modified W-R medium. Growth and
precipitation of solt within the incubation period indicates the presence of a significant population
of bacteria‘@iated with iron-precipitation in the original sample.

D5 'gzgitations

Using modified W-R medium, growth and enrichment of relatively fast growing bacteria associated
with oxidative and non-oxidative iron-precipitation is supported. However, with this medium
growth of sheathed or stalked bacteria may not be supported, or only limited growth occurs. These
bacteria generally require more sophisticated methods for growth™.

Some non-microbially-induced oxidation of iron may occur during incubation producing a light
brown or green colouration.
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D6 Health and safety

Media, reagents and bacteria used in this method are covered by the Control of Substances
Hazardous to Health Regulations® and appropriate assessments of risk should be made before
adopting this method. Standard laboratory microbiology safety procedures should be followed and
guidance is given elsewhere® in this series.

D7 Apparatus

Standard laboratory equipment should be used which conforms to the performances criteria outlined
elsewhere® in this series. Principally, incubators (fan assisted) are required. Other items include:
D7.1 Sterile sample bottles of appropriate volume, made of suitable material, g&ning
sufficient sodium thiosulphate pentahydrate to give a final concentratiorin the
sample of not less than 18 mg/1 (for example, 0.1 ml of a 1.8 % m\ ion of
Na,S,03.5H,0 per 100 ml of sample, or equivalent). f\

D7.2 Incubator capable of maintaining a temperature of 22.0 i([lé\"C.
D8 Media and reagents Q
Commercial formulations of these media and reagents may l&gable, but may possess minor
variations to their formulation. The performance of all m d reagents should be verified prior
to their use in this method. Variations in the preparatip storage of media should also be
verified. Water should be distilled, deionised or of §i r grade quality.
Unless otherwise stated chemical constituents ‘3&%5 be added as anhydrous salts.

DS8.1  Modified W-R single strength me, 2

Dipotassium hydragetiphosphate 05¢g
Magnesium sulpé%neptahydrate 05¢g
Ammonium ni 05¢g
Calcium ¢ ¢ dihydrate 50 mg
[ron(III onium citrate 60g
Watero 1 litre

The medium is (Qared as a double strength solution. Dissolve all the ingredients in the water.
Adjust the f the solution, if necessary, to 6.7 £ 0.2. Distribute in 15 ml volumes into screw-
cappe of 50 ml capacity, or 25 ml volumes into screw-capped bottles of 100 ml capacity.
Sterﬂmutoclaving at 121 °C for 15 minutes, allow the solution to cool and tighten the bottle
caps. The medium should be used freshly prepared.

Alternatively, prepare a 20-fold strength solution of modified W-R medium. Aliquots of the
concentrated medium (typically, 0.75 ml) are added to 25 ml screw-capped bottles and aseptically
evaporated to dryness at 65 °C. The bottles are then capped and may be stored for up to one year at
a temperature between 2 - 8 °C.
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D9 Analytical procedure
D9.1  Using freshly prepared medium

Prepare double strength modified W-R medium in volumes equal to the intended volume of sample
to be tested (typically, 15 - 25 ml) in screw-capped bottles (typically, 50 - 100 ml capacity,
depending on volume of sample to be tested). The bottle size chosen should be large enough to
ensure a headspace above the sample/medium mixture.

Add the appropriate volume of sample to a bottle containing double strength modified W-R
medium, cap and mix well. Incubate the bottle at 22 °C for up to seven days. The bottle contents
should be examined daily during the incubation period. Incubation may be extended to 3¢yays, if
necessary.

A control sample of medium, inoculated with sterile water in place of the sampl ﬁ&l also be
prepared with each batch of samples and used for comparison. '\fi\

D9.2  Using dried medium (1>

An aliquot of sample (typically, 15 ml) is added to a bottle containjag the evaporated contents of a
20-fold strength solution of modified W-R medium and mixed \ﬁénsure the dried medium
dissolves in the sample. If larger sample volumes are to be téstedsthen the volume of medium and
the size of the bottle should be adjusted accordingly. For @le, 1.0 ml of 20-fold strength
solution of modified W-R medium may be required fQr of sample, or 1.25 ml of 20-fold
strength solution of modified W-R medium for 25 q@\sample, etc.

Incubate the bottle at 22 °C for up to seven da@ﬁ% bottle contents should be examined daily
during the incubation period. Incubation m extended to 30 days, if necessary.

A control sample of medium, inoculz&h sterile water in place of the sample should also be
prepared with each batch of samples used for comparison.

D9.3  Reading of results @Q

The presence of iron-predipitating bacteria is typically indicated by growth of a brown scum or
pellicle at the surface(ofythe medium, often with a strong yellow or brown colouration of the
medium. In so @es, a brown, slimy growth may also occur at the bottom of the bottle,
occasionally withohit surface growth. If iron-precipitating bacteria are not present, the medium may
slowly auto-@iise resulting in a clear green colouration. The control sample of medium inoculated
with s/t@ﬁter should, therefore, be examined with each batch of samples and used for
comparison.

D9.4  Examination of deposits

In many instances, a microscopical examination will be sufficient to identify the organism causing a
water quality problem. If the sample is clear and without any obvious turbidity, the sample should
be centrifuged or allowed to settle overnight in order to concentrate any cells or filaments prior to
examination. If sediment is present, carefully use a Pasteur pipette, or similar, to remove a small
amount of deposit from the bottom of the container and place on a microscope slide. Cover with a
cover-slip. Examine the slide under 400 - 1000 x magnification, ideally under phase contrast. If a
conventional light microscope is used, identification may be easier if the sample on the slide is
stained beforehand, for example with India ink or lactophenol blue. If the sample contains very
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little particulate matter, the sample can be filtered through a membrane filter (nominally 0.45 um
pore size). The filter should be dried, for example by placing the filter (grid side up-wards) on
adsorbent paper, cleared by the addition of immersion oil, and examined at 1000 x magnification.

Heavy deposits of iron in the sample may obscure any iron bacteria that are present making
identification more difficult. This problem may be overcome if the iron deposits are dissolved in
dilute hydrochloric acid, oxalic or citric acid solution. Citric acid will not cause lysis of bacterial
cells, but is less effective at removing iron. Place a few drops of 1 molar hydrochloric acid, or a
solution of oxalic or citric acid (0.5 — 1 % m/v) to one side of the cover-slip and draw the solution
under the cover-slip by placing absorbent paper to the opposite side. Slimes, flocs or other visible
material can also be examined in a similar manner.

*
D9.5 Confirmation tests f\%
To confirm or identify the presence of bacteria involved in iron-precipitation, co@ a

microscopical examination of the contents of the bottles exhibiting growth of lh( ria. The
structures of several iron bacteria are shown in Appendix D1. \'\

D10 Calculations t\q/

This use of this method indicates the presence or absence of iro@pitating bacteria in the
volume of sample examined. 6

D11 Expression of results . AQ

Iron-precipitating bacteria are reported as being d@\g}d, or not detected, in the volume of sample

examined. @

D12 Quality assurance (b'%

New batches of media should be with an appropriate reference strain of target iron-
precipitating bacterium (for exa , Gallionella species or Siderocapsa species) and non-target
bacterium (for example, Pseu nas aeruginosa). General guidance on quality assurance is given

elsewhere® in this series.
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Appendix D1 Diagrams of various iron bacteria

These diagrams are taken from Iron transformations by freshwater bacteria, J G Jones, Advances in
Microbial Ecology, 1986, 9, pp 149 - 185, (Ed) K C Marshall, Plenum Press, New York.

Clonothrix

Gallionella Hyphomicrobium
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Appendix D1 Diagrams of various iron bacteria (continued)

Leptothrix QLieskeella

Metallogenium Naumaniella
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Appendix D1 Diagrams of various iron bacteria (continued)

N

Ochrobium Pedoon%obium

&Q Planctomyces Seliberia
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Appendix D1

Diagrams of various iron bacteria (continued)

Siderocapsa

10 um

&!mtnlus Toxothrix
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Address for correspondence

However well procedures may be tested, there is always the possibility of discovering hitherto
unknown problems. Analysts with such information are requested to contact the Secretary of the
Standing Committee of Analysts at the address given below.

Secretary
Standing Committee of Analysts

Environment Agency (National Laboratory Service)

56 Town Green Street

Rothley

Leicestershire

LE7 INW
www.environment-agency.gov.uk/nls

Environment Agency
Standing Committee of Analysts
Members assisting with these methods

R Barrell
P Boyd

S Cole

A Godfree
D Holt

D Sartory
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CONTACTS:

ENVIRONMENT AGENCY HEAD OFFICE
Rio House, Waterside Drive, Aztec West, Almondsbury, Bristol BS32 4UD

www.environment-agency.gov.uk
www.environment-agency.wales.gov.uk

ENVIRONMENT AGENCY REGIONAL OFFICES

ANGLIAN SOUTHERN
Kingfisher House Guildbourne House
Goldhay Way Chatsworth Road

Orton Goldhay
Peterborough PE2 5ZR

MIDLANDS

Sapphire East

550 Streetsbrook Road
Solihull B91 1QT

NORTH EAST

Rivers House

21 Park Square South
Leeds LS1 2QG

NORTHWEST
PO Box 12

Richard Fairclough House

Knutsford Road
Warrington WA4 1HG

&
N

Worthing
West Sussex BN11 1LD

SOUTHWEST
Manley House
Kestrel Way
Exeter EX2 7LQ

THAMES

Kings Meadow House
Kings Meadow Road
Reading RG1 8DQ

‘ Peterborough
ANGLIAN

MIDLANDS

Solihull 4

WALES

Cambria House
29 Newport Road
Cardiff CF24 OTP

THAMES  London
[}

’ Reading
SOUTHERN

SOUTH WEST

ENVIRONMENT AGENCY
GENERAL ENQUIRY LINE

08/08 506 506

ENVIRONMENT AGENCY

FL O OD L I

0845988

/]

sN:;_8E

ENVIRONMENT AGENCY
EMERGENCY HOTLINE

0800 80 70 60

ENVIRONMENT
AGENCY
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