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- PREFACE

This report supplements "Methods for Collection and Analysis of
Aquatic Biological and Microbiological Samples" edited by P. E. Greeson,
T. A. Ehlke, G. A. Irwin, B. W. Lium, and K. V. Slack (United States

Geological Survey, Techniques of Water-Resources Investigations, Book 5,
Chapter A4, 1977).

 The Techniques of Water-Resources Investigations (TWRI) series
describes methods used by the Geological Survey for planning and con-
ducting water-resources investigations. The material is arranged
under major subject headings called books and is further subdivided
into sections and chapters. Book 5 is on laboratory analysis.
Section A is on water. The unit of publication, the chapter is
limited to a narrow field of subject matter. "Methods for Collection
and Analysis of Aquatic Biological and Microbiological Samples" was
the fourth chapter to be published under Section A of Book 5. The
chapter number includes the letter of the section.

This supplement was prepared by several aquatic biologists and
microbiologists of the U.S. Geological Survey to provide accurate,
precise, and current methods for the collection and analysis of
aquatic biological and microbiological samples. Reference to trade
names, commercial products, manufacturers, or distributors in this
supplement does not constitute endorsement by the U.S. Geological
Survey nor recommendation for use.
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ABSTRACT

The report contains methods used by the U.S. Geological Survey to
collect, preserve, and analyze waters to determine their biological and
microbiological properties. It supplements, "Methods for Collection and
Analysis of Aquatic Biological and Microbiological Samples" (TWRI, Book
5, Chapter A4, 1977, edited by P. E. Greeson, T. A. Ehlke, G. A. Irwin,
B. W. Lium, and K. V. Slack). Included in the supplement are 5 new
methods, a new section of selected taxonomic references for Ostracoda,
and 6 revised methods.

EXPLANATION

The Department of the Interior has the basic responsibility for the
appraisal, conservation, and efficient utilization of the Nation's natural
resources, including water as a resource, as well as water involved in
the use and development of other resources. As one of the several Interior
agencies, the U.S. Geological Survey's primary responsibility in relation
to water is to assess its availability and utility as a national resource.
The U.S. Geological Survey's responsibility for water appraisal includes
not only assessments of the location, quantity, and availability of water
but also determinations of water quality. Inherent in this responsibility
is the need for extensive water-quality studies related to the physical,
chemical, and biological condition of natural and developed surface- and
ground-water resources. Included, also, is the need for supporting
research to increase the effectiveness of these studies.

As part of its mission the Geological Survey is responsible for pro-
viding a large part of the water-quality data for rivers, lakes, and
ground water that are used by planners, developers, water-quality managers,
and pollution-control agencies. A high degree of reliability and standard-
ization of these data is paramount.



This supplement was prepared to provide accurate, precise, and up-to-
date methods for the collection and analysis of aquatic biological and micro- ‘
biological samples. It supplements, "Methods for Collection and Analysis
of Aquatic Biological and Microbiological Samples", Techniques of Water-
Resources Investigations of the United States Geological Survey (TWRI),
Book 5, Chapter A4, edited by P.E. Greeson, T. A. Ehlke, G. A. Irwin,
B. W. Lium and K. V. Slack, and published in 1977. This supplement
includes 5 new methods and a new section of selected taxonomic references
for Ostracoda. Copies of the TWRI may be purchased from the U.S. Geological
Survey, Branch of Distribution, 1200 S. Eads Street, Arlington, VA 22202.

Six methods that were included in the TWRI (Book 5, Chapter A4, 1977)
are revised in this manual. They supercede the previous methods and include
(1) inverted microscope method for phytoplankton, (2) glass-fiber filter
method for seston, (3) gravimetric method for periphyton biomass, (4) biomass/
chlorophyll ratio for plankton, (5) biomass/chlorophyll ratio for periphyton,
and (6? algal growth potential.



BACTERIA

TOTAL BACTERIA BY EPIFLUORSCENCE
(B-0005-79)

Parameter and code: Bacteria, total count, epifluorescence (number/mL) 81803
1. Application

Epifluorescent microscopy is one method for determining the bacterial
density in water. It has the advantage of being more rapid than viable
count methods (standard plate count, membrane filter, and most-probable-
number). On the other hand, bacterial densities determined by epifluorescent
microscopy are not directly comparable to viable cell counts or to other
biomass measurements such as adenosine triphosphate (ATP). Direct microscopic
counts are usually greater than viable counts for two principal reasons.
First, cells that are living as well as dead at the time of collection will
be counted by direct microscopy. Secondly, only a fraction of the total
bacterial flora is enumerated in a viable count. The epifluorscence method
is suitable for all waters except those having a high suspended sediment
concentration. It is similar to other published methods (Dutka, 1978; Hobbie
and others, 1977).

2. Summary of method

A water sample is collected and preserved in the field. In laboratory
analysis, an aliquot of the sample is mixed with a fluorescent dye, and
filtered through a black membrane filter. The membrane filter is mounted
on a microscope slide and viewed at 1000X using epifluorescent microscopy.
Bacteria and other 1ife forms appear green, orange, or red against a black
background. The number of bacteria per mL in the sample is calculated from
the average bacterial density per microscopic field.

3. Interferences

Bacteria adsorbed on particulate matter are difficult to enumerate and
the number may be underestimated. Fluorescence of non-bacterial matter such
as algae, protozoa, and fungi also may cause enumeration errors. Some sur-
factants prevent the fluorescent dye from attaching to the bacteria or may
remove dye from the filter, making analysis impossible. Excessive sediment
on the filter makes it difficult to view underlying cells.

4, Apparatus
4.1 MWater sampling apparatus. Samples from surface waters may be

collected using Kemmerer, Van Dorn, or Niskin type samplers or equivalent.
Ground water may be collected by pumping or by a sampler.




4.2 Bottles, Milk dilution, APHA, Pyrex or Kimax with screwcaps,
160 mL. . A

4.3 Pipets, 1.0-mL capacity, sterile, Bellco 1202-01001 or equivalent.
4.4 Pigets,' 10-mL capacity, sterile, Bellco 1202-10010 or equivalent.

4.5 Test tubes, 16 x 100 mm, glass disposable, Kimble (73500) or
equivalent.

4.6 Laboratory film, Parafilm, American Can Company, or equivalent.

4,7 Filter holder assembly, 47 mm, Millipore XX1004700 or equivalent.

4.8 Vacuum filtering flask, Millipore XX1004705 or equivalent.

4.9 Vacuum pump, Millipore XX6000000 or equivalent.

4,10 Filter holder assembly, 25 mm, Millipore XX1002500 or
equivalent.

4,11 Membrane forceps, Millipore XX6200006 or equiVa]ent.

4.12 Membrane filters, 47mm, 0.45-um pore size, sterile, Millipore
HAWGO04700 or equivalent.

4,13 Membrane filters, 25 mm, polycarbonate, 0.2-um pore size, _
Nuclepore 110606 or equivalent. .

4,14 Microscope slides, 25 mm X 75 mm, Arthur H. Thomas 6684-H30 or
equivalent.

4.15 Cover sTiEs, 25-mm circles, Arthur H. Thomas 6662-F67 or
equivalent. '

. 4,16 Miéroscoge, Zeiss universal with HBO 200 W4 lamp, KG1 heat
filter, B6 38 red attenuation filter, FT 510 beam splitter, LP 528 barrier
filter, BP 450-500 exciter filter or equivalent apparatus.

4,17 Sterilizer, steam autoclave, Curtin Matheson Scientific 209-536
or equivalent. '

4,18 Membrane filters, 25 mm, cellulose, 0.5-um pore size, Millipore
HAWP02500 or equivalent.

4,19 Stage micrometer, Bausch and Lomb, Arthur H. Thomas 6586-B10 or
equivalent.

5. Reagents

5.1 Immersion oil, Cargille type A, low fluorescence, or equivalent.
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5.2 Formaldehyde preservative, 37-percent formaldehyde solution,
Fisher F-78 or equivalent.

5.3 Acridine orange, 0.1 percent. Dissolve 0.1 g acridine orange,
Sigma A6014 or equivalent in 97 ml distilled water, then add 3 ml of 37-
percent formaldehyde solution. Filter through a 0.45-um membrane filter
to remove insoluble dye, then store in an amber or black bottle in darkness.
The acridine orange solution is stable for approximately one month at room
temperature. v -

5.4 Particle-free sterile distilled water. Filter distilled water
through a 0.45-um membrane filter and transfer into a 1-L screw cap
erlenmﬁyer flask. Sterilize by autoclaving at 121°C at 15 psi (1.05 kg
per cm“) for 20 min.

5.5 Irgalan black solution, 0.2 percent. Dissolve 2 g of irgalan
black, Union Color and Chemical (acid black 107) or equivalent in 1 liter
"~ of distilled water containing 2 percent acetic acid.

6. Collection
AN

Samples for bacterial analysis should be coordinated with hydrologic
data collection and with other water-quality samples to maximize data useful-
ness and correlation. Sterile glass or plastic bottles described by American
Public Health Association and others (1976) are satisfactory collection
containers for most studies. Sterile plastic bags are not recommended
because of possible evaporation during storage. Sufficient air space should
be left in the bottle to facilitate shaking and addition of preservative.

The location of sampling sites and the frequency of sampling are cri-
tical factors in obtaining meaningful data about bacterial density in any
water body. Experience indicates that bacteria are not evenly distributed
laterally or with depth in most waters (Kittrell, 1969).

Generally, multiple samples collected at different depths and sites
within a study area yield more reliable data than do single samples. Water
samplers of the Kemmerer, Van Dorn, or Niskin types are widely used for
water collection but cannot collect samples at more than one point in the
water column. For some studies, a hand-held bottle may suffice. In the
latter case, the sample should be collected by holding the bottle near the
base and plunging it neck downward below the surface. Allow the bottle to
fill by turning the neck slowly upwards, pointed toward the current. In the
absence of current move the bottle horizonally away from the person.

Immediately after collection, the sample should be preserved by the
addition of formaldehyde solution (37 percent) at the rate of 5 m. of
formaldehyde to 96 mL of sample (5 percent V/V). Record the volume of
preservative added. Maintain the sample in a cool, dark location prior
to analysis but prevent from freezing. Refrigeration is ideal but is not
required. Sample analysis should be completed within one month of collection.



7. Analysis

7.1 Soak the polycarbonate membrane filters in irgalan black solution
for 8-24 hours. Following this period, rinse the filters in two successive
sterile particle free distilled water rinses and place in a ster11e petri
dish prior to use.

7.2 Shake the water sample vigorously for 10 seconds to evenly dis-
tribute the contents.

7.3 Add 0.5 mL of acridine orange prepared in step 5.3 to a 16 x
100-mm test tube. Add 4.5 mL of sample to the test tube or a 4.5-mL com-
bination of sample plus particle-free sterile distilled water. Cover the
test tube with a small piece of parafilm and invert several times to
mix. Wait 2 minutes.

7.4 Assemble the 25-mm filter assembly with a 25-mm cellulose mem-
brane filter on the bottom and the 25-mm polycarbonate filter on top.
Attach vacuum source to vacuum filtering flask.

7.5 After a contact time of 2 min., filter the acridine orange
containing sample at 0.5 bar (15 inches of vacuum) until the filter
just becomes dry. Rinse the test tube with about 5 mL of particle-free
sterile distilled water and filter as before to rinse particulate matter
from the inner surface of the filter holder.

7.6 When the polycarbonate filter just becomes dry, place it on a
microscope slide. Allow to dry for 1 minute, place a drop of immersion
oil on the filter, and add a cover slip.

7.7 Examine the preparation under epifluorescent microscopy at 100X
following the manufacturer's instructions for the unit. When the filter
surface is in focus, change to high dry (450X) and scan the filter,
looking for problems such as poor dispersion or excessive fluorescence.
If the filter exhibits no apparent problems, add a drop of immersion
0il to the cover slip and change to 1000X magnification. Count the
bacteria either within the entire field or within the area enclosed by
an ocular grid. Bacterial enumeration is done easiest with the aid of
a Whipple or similar ocular grid. Ideally each microscopic field should
have 5-50 bacteria. Generally, most bacteria fluoresce green but a few
may also fluoresce orange or red. Only objects with clearly discernable
bacterial morphology should be counted. Count each field separately.
Count at least 10 random fields until -a total of 300 or more bacteria
are counted. If the preparation is too concentrated or dilute, prepare
another mount with a different sample volume.

8. Calculations



8.1 Calculate the number of bacteria per mL as follows:

effective filter area (mm2)
bacteria/mL = aver. count per field X field area (mm°)
sample vo]ume\fi]tered‘(hL) X dilution factor

The effective filter area is the area of filter exposed to the water
sample. The apparatus described using a 25-mm membrane filter hag an
effective filter diameter of 16 mm or an effective area of 201 mm“. The
field area must be determined for each microscope with a stage micrometer
using the procedure described by American Public Health Association and
others (1976). ‘

The dilution factor corrects for the addition of preservative as follows:

s - sample volume (mL)
dilution factor sample volume (mL) + preservative (mL)

8.2 When it is desirable to calculate the total cell volume and
weight, first determine the number of bacteria per mL. Then, from a
typical field, determine the proportional number of each.bacterial type
(that is, coccus, rod, or filamentous) and their average dimensions
in um. Calculate and sum the cell volumes and weights per mL of sample
as in the following example:

cocci per field (aver.) = 36, 1 um aver. diameter
rods per field (aver.) = 24, 0.6 x 1.5 um aver;
total bacteria per field = 60
sample .volume = 2 mL
effective filter area

(aver. count/field) - field area
(filtered volume)(dilution factor)

bacteria per mL

(60)(0.8727 x 10°)
(2)(.95)

2,755,895
2,760,000

cocci cell volume and weight volume of 1 cell = 4/3'1rr3

(1.33)(3.14)(0.125) = 0.52um3
0.52 x 10-18 ;3

total. volume of cocci =
36

(0.52 x 10-18)(2.76 x 106)(60)

= 0.86 x 10712 m3 per mL
7



total weight of cogci (g) 6

(cocci vo]ume]'n m )(bactgrial sp. gr.)(10 g/m3) .
= (0.86 x 105 )(1.07)(10°) :

= 0.92 x 107" g per mL

The weight and cell volume of the rod shaped bacteria is similarly calcu-
lated. Results are:

total volume of rods
total weight of rods

0.46 x 10';2 m3
0.49 x 107" ¢

L]

Total cell volume

.86 x 10712 + 0.46 x 10~12 3
1.32 x 10712 per ml

Total cell weight

2 x 1026 + 0.49 x 1076 ¢
1

X 106‘g per ml

0'9
1.4

9. Report

The bacterial density is reported as cells per mL. Report three
significant figures.

10. Precision - - ‘

The precision is dependent on the density of bacteria in the sample
and the amount of nonbacterial debris. For typical samples the precision
is approximately + 10 percent. ‘
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PSEUDOMONAS AERUGINOSA
(Membrane Filter Method) ‘ .
(B-0105-79) -

Parameter and code: Pseudomonas aeruginosa, MF (colonies/100 mL) 71220
1.  Application

The occurrence of Pseudomonas aeruginosa is of increasing concern
because it is a frequent causative agent of skin, ear, eye, nose, and
throat infections among those engaged in water-contact sports.

P. aeruginosa also has often been implicated as the cause of some

hospital acquired infections. P. aeruginosa is a natural inhabitant of
soil, surface water, and vegetation. The vast majority of the strains
identified as P. aeruginosa are nonpathogenic to humans. However, the
appearance and biochemical characteristics of pathogenic strains are
indistinguishable from nonpathogenic P. aeruginosa (in the method

reported here) so that caution should be observed while handling all
Pseudomonas cultures. P. aeruginosa is a gram-negative, rod-shaped
bacterium, motile by monotrichous polar flagella. Most strains produce

a variety of pigments, some of which are used as a means of identification
in this method. A fluorescent greenish-blue pigment and pyocyanin (blue)
pigment are the most common but some strains also produce pyorubin, a
brownish-red pigment. An incubation temperature of 41.5°C is used because
other fluorescent pseudomonads, such as P. fluorescens, will not grow

at, or above, 41°C.

The greatest health concern for the presence of P. aeruginosa in .
the environment has been in water used for swimming. ~PresentTy,
insufficient work has been done to indicate safe limits of P. aeruginosa
- in bathing waters. Brodsky and Nixon (1974) reported that 43 percent of
the swimming pools studied had <18 P. aeruginosa per 100 mL and 77
percent had a count of <160 P. aeruginosa per 100 mL. The occurrence
and pathogenicity of P. aeruginosa in surface waters is not well known
except that P. aeruginosa is widely distributed in all waters.

The method is applicable to all waters which do not have high
suspended solids content.

2.  Summary of method

A water sample is filtered through a 0.45-um pore size membrane
filter. The membrane filter is placed on m-PA agar and incubated
for 48 hr at 41.5°C. Following incubation, colonies exhibiting typical
diffuse brown pigment are counted. Typical colonies may be verified by
reaction on skim milk agar.
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3. Interferences

Suspended materials make it difficult to filter sufficiently large
sample volumes to produce statistically valid results. In addition, '
some suspended material is toxic to bacteria and inhibits their growth.
If suspended material is a problem, the multiple tube method described
by the American Public Health Association and others (1976) may be used
to estimate P. aeruginosa numbers.

4, Apparatus

A1l materials used in this method must be free of agents that inhibit
bacterial growth.

4,1 Water sampling bottle. Many types of bacteriological sampling
apparatus are available commercially. Samplers of the Kemmerer or Van
Dorn type collect a point sample and may be used. However most of these
devices are not autoclavable, and the metallic parts, if present, have
bacteriocidal effects. The Niskin sampler consists of a sterile plastic
. bag which is opened by spring-loaded metal hinges. It is messenger
operated and can collect 1-L or 5-L samples (Colwell and others, 1975).

A simple sterile bottle samp]er can be used in shallow water. The device
can be built to fit any size sterilized bottle in common use. As a minimum,
a sterile 150-ml1 or larger glass or plastic bottle may be filled by

hand.

4.2 Incubator with temperature of 41.5° + 0.5°C.

4.3 Filter-holder assembly, Millipore (XX63 001 20) or equivalent,
and syringe and two-way valve, Millipore (XX62 000 35) or equivalent.

4.4 Membrane filters, white, grid, sterile packed, 0.45-um pore
size, 47-mm diameter Millipore (HAWG 047 S1), or equivalent.

4.5 Plastic petri dishes with covers, disposable, sterile, 50 X
12 mm, Millipore (PD10 047 00) or equivalent.

4.6 Forceps, stainless stee], smooth tips, Millipore (XX62 000 06)
or equivalent.

4.7 Microscope, binocular wide-field dissecting-type, Bausch & Lomb
(31-26-29-73) or equivalent, with fluorescent lamp, Bausch & Lomb (31-33-63)
or equivalent.

4.8 Sterilizer, steam autoclave, Curtin Matheson Scientific (209-536),
or Market Forge Sterilmatic, or equivalent.

4.9 Bottles, milk dilution, APHA, Pyrex or Kimax, with screwcaps.
4.10 Pipets, 1.0-m1 capacity, sterilized, disposable, glass or p]aétic

with cotton plugs, Millipore (XX63 001 35) or equivalent, or sterile,
disposable, 1.0-ml hypodermic syringes. ‘

11



4.11 Propipet, for use with 1.0-, 10.0-, and 11.0-m1 pipets.

4,12 Thermometer, with range of at least 40°-100°C, Brooklyn ' .
Thermometer Co. (6410Y) or equivalent. '

4,13 Plastic petri dishes with covers, disposable, sterile,
100 X 15 mm, GSA stock (6640-051-9495) or equivalent.

4,14 Bacteriological transfer needle, Arthur H. Thomas (7010-E15)
or equivalent. ' :

4.15 Whirl Pak, 18 oz. Nasco Corp., or equivalent.

4.16 Analytical balance, with sensitivity of 0.1 mg.

4.17 pH meter, Sargent-Welch PBL or equivalent.
5. Reagents

5.1 m-PA agar. The formulation of m-PA agar is shown in Table 1.
To prepare m-PA, combine all ingredients except for antibiotics and
adjust to pH 6.5 with 1IN NaOH. Sterilize at 121°C at 15 psi (1.05 kg/cmz)
by autoclaving. Cool to 55-60°C and aseptically readjust to pH 7.1 + 0.1.
This can be done by removing small aliquots of medium to check the pH
after adding 1IN NaOH. If the amounts in Table 1 are followed, approximately
1.1 mL of IN NaOH will be needed at this point to attain pH 7.1. After
the pH of 7.1 has been maintained, the antibiotics in Table 1 should be
added with a gentle swirling motion. The medium is poured into 60-mm .
diameter petri dishes to a depth of 4 mm (6-8 mL) when the melted medium
has cooled at 50°C or less. ‘

5.2 Buffered dilution water. Dissolve 34.0 g potassium dihydrogen
phosphate (KH P04) in 500 ml distilled water. Adjust to pH 7.2 with
1 N sodium hydroxide (NaOH). Dilute to 1 liter with distilled water.
Sterilize in dilution bottles for 20 minutes at 121°C at 15 psi (1.05
kg/cm“). After opening a bottle of stock solution, refrigerate the unused
part. Discard contaminated solutions, indicated by slight turbidity or
precipitate. Add 1.2 mL of stock phosphate buffer solution to 1 liter
of distilled water containing 0.1 percent Difco peptone (0118) or equi-
valent. ‘Dispense in milk dilution bottles in amounts that wgll provide
99 + 2.0 mL after autoclaving at 121°C at 15 psi (1.05 kg/cm®) for
20-30 minutes. Loosen caps or stoppers prior to sterilizing and tighten
when bottles have cooled.

5.3 Skim milk agar.

Solution A:
Skim milk, Difco (0032) or equivalent 100 g
Distilled water 500 mL



Table 1. Composition of m-PA agar

L-Tysine HCI
Sodium chloride
Yeast extract
Xylose
Sucrose
Lactose
Phenol red
Ferric ammonium citrate
Sodium thiosulfate
Agar
Distilled water
Antibiotics:
Sul fapyridine
Kanamycin
Naladixic acid

Actidione

13

2.5
2.5
1.0
1.25

0.62

0.62
0.04
0.40
3.40
7.5
500

88
4,25
18.5

75

g
9
9

mg

mg

mg



Solution B: |
Nutrient broth 12.5 ¢

NaCl 2.5 ¢
Agar, Difco (0140) or equivalent 15 g
Distii]ed water 500 mL

Heat solutions separately to boiling, and dispense in convenient
volumes (such as 75 mL in 190-mL milk dilution bottles). Sterilize at
121°C at 15 psi (1.05 kg/cm®) for 15 minutes by autoclaving. Cool to
approximately 60°C, then combine equal volumes of solution A and B, and
pour into 100-mm petri dishes to-depth of 4 mm (15 mL). After solidi-
fication occurs, the plates should be stored in a plastic bag at 2-5°C
(refrigerated) for not over 2 weeks. Sterile skim milk agar (solutions
uncombined) also may be refrigerated for 2 weeks and can be melted and
combined, as needed.

6. Collection

Samples for bacteriological examination must be collected in bottles
that have been carefu}1y cleaned and autoclaved for 20 minutes at 121°C
at 15 psi (1.05 kg/cm®). Sterilized milk dilution bottles are ideal
sample containers. when the sample is collected, ample air space must
be left in the bottle to facilitate mixing of the sample by shaking.

Care must be taken to avoid contamination of the sample and sample bottle
at the time of collection and in the period prior to analysis.

To insure maximum correlation of results, the sample sites and
methods used for bacteria should correspond as closely as possible to
those selected for chemical and plankton sampling. However, sampling
for bacteria at depth is complicated by the requirement to avoid con-
tamination of the deeper water layers by bacteria carried from shallower
depths on the inner walls of the sampler.

The sample collection method will be determined by the study
objectives. In lakes, reservoirs, deep rivers, and estuaries, bacterial
concentrations may vary transversely, with depth, and with time of day.
To collect a surface sample from a stream or lake, open a sterile milk
dilution bottle, grasp it near its base, and plunge it, neck downward,
below the water surface. Allow the bottle to fill by slowly rotating
the bottle until the neck points slightly upward. The mouth of the
bottle must be directed into the current. If there is no current, as
in the case of a lake, a current should be created artificially by
pushing the bottle horizontally forward in a direction away from the
hand (American Public Health Association and others, 1976).
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To collect a sample representative of the bacterial concentration
at a particular depth, use one of the water-sampling bottles discussed
in 4.1 above. For small streams, a point sample at a single transverse
position Tocated at the centroid of flow may be adequate.

7. Analyses

7.1 Sterilize filter apparatus. In the laboratory, the funnel
and filter base may be wrapped separately in kraft paper packages and
sterilized in the autoclave for 15 minutes at 121°C at 15 psi (1.05
kg/cm©). Cool to room temperature before use.

Field sterilization of filter apparatus should be in accordance
with the manufacturer's instructions but autoclave sterilization in the
laboratory prior to the field trip is preferred.

7.2 Assemble filtration equipment and, using sterilized forceps,
place a sterile membrane filter over the porous plate of the apparatus,
grid side up. Place funnel on filter with care to avoid tearing or
creasing the membrane.

7.3 If the volume of sample to be filtered is 10 mL or more, trans-
fer the measured sample directly onto the dry membrane. For most surface
waters, sample volumes of 10, 40, 100 and 200 mL are suggested. Filtration
volumes over 100 mL probably will have to be split between 2 or more
filters.

If the volume of sample is between 1.0 mL and 10 mL, pour about 20 mL
of sterilized buffered dilution water into the funnel before transferring
the measured sample onto the membrane. This facilitates distribution
of organisms on the filter.

If the volume of original water sample is less than 1.0 mL, proceed
as above after preparing appropriate dilutions by adding the sample to
a sterile milk dilution bottle in the following amounts:

Volume of sample added ' :
Dilution to 99 mL dilution bottle Filter this volume

1:10 11.0 mL original sample 11.0 m1 of 1:10 dilution
1:100 1.0 mL original sample 1.0 ml of 1:100 dilution
1:1,000 1.0 mL of 1:10 dilution 1.0 m1 of 1:1,000 dilution
1:10,000 1.0 mL of 1:100 dilution 1.0 m1 of 1:10,000 dilution

. NOTE: Use a sterile pipet or hypodermic syringe for each bottle.
After each transfer between bottles, close and shake the bottie vigorously

at least 25 times. Diluted samples should be filtered within 20 minutes

after preparation. '
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7.4 Apply vacuum and filter the sample. When vacuum is applied
with a syringe fitted with a two-way valve, proceed as follows. Attach .
the filter assembly to the inlet of the two-way valve with plastic tubing.
Draw the syringe plunger very slowly on the initial stroke to avoid the
danger of airlock before the filter assembly fills with water. Push the
plunger forward to expel air from the syringe. Continue until the entire
sample has been filtered. If the filter balloons or develops bubbles
during sample filtration, dissassemble the two-way valve and lubricate
the rubber valve plugs 1ightly with stopcock grease.

7.5 Rinse sides of funnel twice with 20-30 mL of sterile buffered
dilution water while applying vacuum.

7.6 Remove funnel from receptacle and place ups1de down on a clean
surface.

7.7 With flame-sterilized forceps, remove the membrane filter from
the filter base and place it on the agar medium in the plastic petri
dish, grid side up, using a rolling action at one edge. Use care to
avoid trapping air bubbles under the membrane.

7.8 Place top on petri dish and proceed with filtration of the
next volume of water. Filter in order of increasing sample volume,
rinsing with sterile buffered dilution water between filtrations.

7.9 Clearly mark the 1id of each plastic dish indicating location,
time of collection, time of incubation, sample number, and sample volume
as appropriate. Use a waterproof felt-tip marker or grease pencil. .

7.10 Inspect the membrane in each petri dish for uniform contact
with the medium.” If air bubbles are present under the filter (indicated
by bulges), remove the filter w1th sterile forceps and roll onto the
medium aga1n.

7.11 Close the plastic petri dish by firmly pressing down on the top.

7.12 Incubate the petri dishes with filters in an inverted position
(agar and filter at the top) for 48 + 2 hours at 41.5 + 0.5°C. If a
waterbath incubator is used, the petri dishes should either be taped to
prevent water entry or the d1shes may be put into Whirl Pak or equivalent
plastic bags. The dishes must be incubated below the water surface in
any case. ‘

7.13 After incubation, remove petri dish 1ids and count typical
colonies at 15X magnification. Angle of illumination is not critical.
Pseudomonas aeruginosa colonies are dark brown with an irregular margin
and are almost flat. A light brown pigment diffusing radially away from
the colony is usually visible. Plates having between 20 and 80 P. erug1nos
colonies are considered to be ideal for count1ng purposes and should
be used for calculation, if possible.
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7.14 Some of the colonies counted as P. aeruginosa should be confirmed
by determining growth on skim milk agar. Sterilize an inoculating needle
by heating the wire in a burner flame until red hot, then allow to cool

for 10 sec in air. The entire length of wire must be sterilized. Remove

a small portion of a colony with the sterilized inoculating needle and
lightly streak the skim milk agar surface. Several such transfers may

be made to each plate, sterilizing the needle between each inoculation.
Every inoculation should have appropriate notation to identify the source.

Invert and incubate each inoculated plate at 20-35°C for 24-48 hr.

P. aeruginosa causes casein hydrolysis (clearing of the agar) where ,
growth occurs. A yellow-green diffusible pigment should be visible when
the plate is viewed from the side.

7.15 Autoclave all cultures at 121°C at 15 psi (1.05 kg/cmz) for
15 min before discarding.

8. Calculations

8.1 For colony counts between the ideal of 20 and 80, use the
formula:

Pseudomonas aeruginosa (colonies/100 mL)

- P. aeruginosa colonies x 100
sample volume filtered (mL)

8.2 Counts less than the ideal of 20 colonies or greater than
80 colonies per filter should be reported as the number per 100 mL,
followed by the statement, "Estimated count based on nonideal colony
count."

8.3 If no filters have characteristics P. aeruginosa colonies,
calculate a number as in 8.1 assuming that the largest sample volume
filtered had one P. aeruginosa colony. Report as less than that calcu-
lated number per T00 mL.

8.4 If all filters have colonies too numerous to count, a minimum
estimated value can be reported. Assume a count of 80 P. aeruginosa
colonies on the smallest filtered volume, then calculate according to
the formula in 8.1. Report as greater than the calculated value.

8.5 Sometimes two or more filters of a series will produce colony
counts within the recommended counting range. Colony counts should be
made on all such filters. The method for calculating and averaging is
as follows:
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Volume filter 1 Colony count filter 1
+ Volume filter 2 + Colony count filter 2

Volume sum Colony count sum

Pseudomonas aeruginosa (colonies/100 mL)

= colony count sum x 100
vol. sum (mL)

NOTE: Do not calculate the P. aeruginosa colonies per 100 mL for
each volume filtered and then average the results. If a large filtered
volume was split between several filters, the count should be made as
in 8.5. Such counts are considered to be in the ideal range if the sum
of the colonies is between 20 and 80 colonies.

9. Report
The Pseudomonas aeruginosa density is reported as Pseudomonas

aeruginosa colonies per 100 mL. For values less than 10, report whole
numbers; for values 10 or more, report two significant figures.

10. Precision

Carson and others (1975) reported a mean recovery of 95 percent of
naturally occurring Pseudomonas aeruginosa using m-PA agar.
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PHYTOPLANKTON

INVERTED MICROSCOPE METHOD
(B-1520-79) 1/

Parameter and code: Phytoplankton, total (cells/mL) 60050
1. Application
The method is suitable for all waters.

2. Summary of method

Taxonomic and numerical assessment of natural populations of phyto-
plankton require direct microscopic examination. The inverted microscope
method permits the observation of the phytoplankton in an aliquot of water
at high-power magnification without disrupting or crushing the delicate
organisms.

The phytoplankton are concentrated by settling to the bottom of a
sample container or a vertical-tube sedimentation apparatus (Utermohl,
1931, 1936, 1958; Lovegrove, 1960). Lund, Kipling, and LeCren (1958)
reported that all known algae can be settled.

After setting, an aliquot of phytoplankton sample is poured into a
plankton chamber or a sedimentation apparatus. The algae settle onto a
microscope cover slip which forms the bottom of the chamber or apparatus,
and the settled algae are observed from beneath using an inverted micro-
scope. Because this method permits use of the high dry and oil-immersion
objectives on the microscope, very small forms can be identified and
enumerated.

3. Interferences

The method is generally free of interferences. Suspended sediment
may obscure microorganisms in a sample. Previously used parts of the sedi-
mentation apparatus must be cleaned thoroughly to remove adherent diatoms
and other material, especially from the bottom surfaces. Convection cur-
rents and air bubbles in the apparatus can interfere with sedimentation.
4. Apparatus

4.1 Inverted microscope, Zeiss Invertoscope D, or equivalent.

4.2 Ocular micrometer, Whipple grid, Bausch & Lomb (31-16-13) or
equivalent.

1/ supercedes method B-1520-77 (TWRI, Book 5, Chapter A4, 1977, p. 97-99).
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4.3 Plankton chamber, 26 X 76-mm glass slide with 12-mm circular
hole covered by cementing no. 1-1/2 cover slip to slide, and a No. 1-1/2
cover slip for top of chamber.

4.4 Sedimentation apparatus of the type described by Lovegrove
(1960) (see fig. 14, TWRI, Bk. 5, Chap. A4, 1977, p. 98), 8-cm high,
25-mL capacity, Scott Instruments Seattle, wash., or equ1va1ent. Other
‘sizes may be needed for some types of samples (see 7.3 below).

4.5 Cover slip, 22-mm diameter, No. 1 and No. 1-1/2.

4.6 Rubber cement for attaching cover slip to the counting chamber.

4,7 Sample containers, linear polyethylene bottles, 1,000-ml
capacity. _

4.8 MWater-sampling bottle, Wildlife Supply Co. (1510 or 1920); Scott
Instruments, Seattle, Wash.; Foerst Mechanical Specialities Co., Improved
Water Sampler, Kemmerer-type; or equivalent. Depth-integrated samplers
are discussed by Guy and Norman (1970).

4.9 Cotton swabs.

4,10 Vacuum grease.

4.11 Pipet, serological, 1 mL.
4.12 Balance, with automatic tare, Sartorius or equivalent.
5. * Reagents

5.1 Cupric sulfate solut1on, saturated. Dissolve 21 ¢ CuSO4 in
100 mL distilTed water.

5.2 Formaldehyde-cupric sulfate solution. Mix 1-L of 40 percent
aqueous formaldehyde, Fisher Scientific No. F- 78 or equ1va1ent with
1 mL of solution 5.1.

5.3 Detergent solution, 20 percent. Dilute 20 mL liquid detergent
(Liqui-Nox, C6308-2, phosphate free, or equivalent) to 100 mL with dis-
tilled water.

5.4 Lugo]fs solution. Dissolve 10 g iodine crystals and 20 g potas-
sium iodide in 200 mL distilled water. Add 20 mL glacial acetic acid a
few days prior to using; store in amber glass bottles (Vollenweider, 1969).

6. Collection

A phytOplankton sample consists of a sample of water, usually 1 liter.
To insure maximum correlation of results, the sample sites and methods used
for phytoplankton should correspond as c]osely as possible to those selected
for chemical and bacteriological sampling. -
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The sample collection method will be determined by the study objec-
tives. In lakes, reservoirs, deep rivers, and estuaries, phytoplankton
abundance may vary transversely, with depth, and with time of day. To
collect a sample representative of the phytoplankton density at a parti-
cular depth, use a water-sampling bottle. To collect a sample represen-
tative of the entire flow of a stream, use a depth-integrated sampler
(Guy and Norman, 1970; Goerlitz and Brown, 1972). For small streams,

a depth-integrated sample or a point sample at a single transverse posi-
tion located at the centroid of flow may be adequate.

Preserve sample as follows: To each 1,000 mL of sample, add 40 mL
of 37-40 percent aqueous formaldehyde solution (100 percent Formalin),
5 mL of 20 percent detergent solution, and 1 mL of cupric sulfate solut1on.
This preservat1ve maintains cell co]orat1on and is effective indefinitely.

Many biologists consider Lugol's solution to be the best plankton
preservative. It has been effective for at least 1 year (Weber, 1968);
it facilitates sedimentation of cells and maintains fragile cell struc-
tures, such as flagella. If Lugol's solution is used as a preservative,
add 1 ml Lugol's solution to each 100 mL of sample. Store the preserved
samples in the dark.

" 7. Analysis

7.1 1f using the sedimentation apparatus, proceed to 7.5. If using
the plankton chamber, proceed as follows: If concentration is necessary,
allow the sample to settle undisturbed in the sample container for 4 hours
per centimeter of depth to be settled. After settling, weigh the sample
container on an analytical balance. Record the tare weight.

7.2 Carefully siphon the supernatant to avoid disturbance of the
settled material. Place sample container with remaining sample on balance
and weigh. The reduction in weight (in grams) is equivalent to the number
of milliliters of supernatant removed. The same method can be used to
obtain the volume of concentrate.

7.3 Mix the concentrated sample thoroughly (but not vigorously) and
pipet an appropriate volume into each of two p]ankton chambers. Slide
cover slip into place.

7.4 Place the plankton chamber on the mechanical stage of a cali-
brated microscope. Proceed to 7.10.

7.5 To prepare the sedimentation apparatus, cement a no. 1 glass
cover slip to the bottom of the lower slide to form the bottom of the
counting chamber. When dry, remove the excess rubber cement from the
inside of the counting chamber with a knife.
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7.6 Test for leaks: Coat the underside of the upper slide with
vacuum grease, and press onto the lower slide to form a watertight seal.
Assemble the apparatus and fill with distilled water so that the meniscus
bulges slightly above the top of the sedimentation tube. Slide the cap
over the top to seal the tube. Let stand overnight and check for water
loss in the morning.

7.7 If no leaks are detected, thoroughly mix a sample by inverting
it at least 40 times, and then fill the sedimentation apparatus and apply
the cap as described in 7.6. Allow 4 hours settling time per 1 c¢m of
sedimentation tube length. The volume of sample is dependent on the
density of algae. In plankton-scarce waters, 100 mL of sample may be
" required; in more fertile waters, 25 mL or less of sample may be suffi-
cient. The 25-mL volume is most commonly used. The samples may be
diluted, if necessary.

Note: Air bubbles on the sides of the chamber tube can be prevented
if the water sample and the sedimentation apparatus are at the same
temperature when the sample is introduced. The apparatus should be main-
tained at a constant temperature to avoid convection currents which can
interfere with settling.

7.8 After settling, isolate the algae in the counting chamber from
the remainder of the apparatus. To separate the sedimentation tube and
upper slide from the lower slide and counting chamber, move the sedimen-
tation tube to one side splitting the water column. Remove the tube cap
and siphon or pipet the supernatant from the chamber. Remove the empty
sedimentation tube.

7.9 Remove the Tower slide with the counting chamber from the holder.
Place the cap over the top of the counting chamber to form a closed cell.
If an air bubble remains under the cap, tease it to one side of the chamber
and carefully add distilled water to fill the void. Replace the tube cap
.and put the slide on the inverted microscope.

7.10 Count and identify the total number of algal cells (at X 200-300
magnification) in randomly chosen fields. In making the counts, enumerate
all forms that intersect two of the borders of the grid, but do not count
those that intersect the opposite borders. If a large number of colonies
appear within the field, determine the average number of cells in an
average size colony and multiply by the number of colonies present. Simi-
larly, tabulate the numbers and lengths of trichomes of blue-green algae
in each grid and determine the average number of cells per unit length of
trichome. Count all algae containing any part of a protoplast as having
been Tiving at the time of collection. Count a minimum of 100 units (unit
= one filament, one colony, or one unicellular alga) or 250 fields (at X
200-300) whichever is obtained first. For concentrated samples count a
minimum of 10 fields.
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8. Calculations
phytoplankton cells/mL =

(chamber area, mm2)
(0.96)* (field area, mm®) (number of fields)

(total count)
(initial volume, mL)

(volume of concentrate, mL)
(chamber volume, mL)
*Compensates for add1t10n of formaldehyde- detergent preservative.

9. Report

Report phytoplankton concentrations to two significant figures. Report

values for each of the three groups: diatoms, green algae, and blue-green
algae.

10. Precision

No precision data are available.
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SESTON

GLASS-FIBER FILTER METHOD
(B-3401-79)%/

Parameters and codes: Seston, dry weight (mg/1) 71100
Seston, ash weight (mg/1) 71101

~ 1. Application
The method is suitable for all waters.
2. Summary of method

A known volume of water is passed through a tared glass-fiber filter
to remove the particulate matter. The increase in weight of the filter
after drying at 105°C is a measure of the dry weight of particulate
material in the sample. After ashing the residue at 500°C, the difference
between dry weight and ash weight is taken as the weight of particulate
organic matter in the sample.

3. Interferences

Although the method is generally free from interferences, it is
essential that bottles and sampling equipment be clean and that samples,
filters, and funnels be protected from dust. Filtration should be at .
reduced pressure to avoid rupture and loss of cell contents of fragile
organisms. Saline samples must have the salts washed from the filter
residues to prevent erroneous weight values.

4.  Apparatus

4.1 Glass filters, Whatman, GF/C grade, or equivalent, 47-mm-dia-
meter disks. For best results all filters for a series of samples, inclu-
ding control filters, should be from the same box and should have a tare
weight within about 10 mg on 70- to 100-mg weights.

4.2 Filter funnel, vacuum, 1,200-mL capacity, stainless steel, Gelman
Instrument Co. (Parabella) or equivalent.

4.3 Filter flask, 1,000 or 2,000 mL. For field use a polybropy]ene
flask, Bel-Art Products (H-38941), Nalgene Labware (4101), or equivalent
is suggested.

2'Supercedes method B-3401-77 (TWRI, Book 5, Chapter A4, 1977, p. 123-125).
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4.4 Source of vacuum for filtration: a water-aspirator pump or an
electric vacuum pump for use in the laboratory; a hand-held vacuum pump
with gauge, Edmund Scientific Co. (71,301) or equivalent, for use in the
field. ’

4.5 Manostat with mercury and calibration equipment to regulate the
filtration suction at not more than 300 to 350 mm of mercury when filtering
with an aspirator or an electric vacuum pump.

4.6 Forceps, stainless steel, smooth tip, Millipore (XX62 000 06)
or equivalent.

4.7 Balance capable of weighing to at least 0.1 mg.

4.8 Plastic petri dishes with covers for f11ter storage, Millipore
(PD10 047 00) or equivalent.

4.9 Desiccator containing silica gel or anhydrous calcium sulfate.

4,10 Alumnium foil, Taboratory grade.

4.11 Drying oven, thermostatically controlled for use at 105°C.
4.12 Muffle furnace, for use at 500°C.

4.13 Graduated cylinders of a size suitable to the volume of water
to be filtered. Plastic cylinders, BelArt Products, Nalgene Labware, or
equivalent of 500- and 1,000-mL capacity are convenient for field use.

4.14 Water-sampling bottle, Wildlife Supply Co. (1510 or 1920); Scott
Instruments, Seattle, Wash.; or Foerst Mechanical Specialties Co. (Improved
Water Sampler, Kemmerer-type), or equivalent. Depth-integrated samplers
are discussed in Guy and Norman (1970).

- 4,15 Sample containers, plastic bott]es 1-liter capacity.

5. Reagents

2+

5.1 Mercuric chloride solution, 1 mL containing 40 mgHg Dissolve

55.0 g HgCl, in distilled water and d11ute to 1,000 mL.

5.2 Distilled water. Filter if in doubt as to the freedom from
particles.

6. Collection

The sample-collection method will be determined by the study objectives.
In lakes, reservoirs, deep rivers, and estuaries, seston abundance may vary
transversely and with depth (Patten and others, 1966). To collect a sample
representative of the seston at a particular depth, use a water-sampling
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bottle (figs. 11 and 12). To collect a sample representative of the entire
flow of a stream, use a depth-integrating sampler (Guy and Norman, 1970;
Goerlitz and Brown, 1972). For small streams, a depth-integrated sample

or a point sample at a single transverse position located at the centroid
of flow may be adequate. Study design, collection, and statistics for
streams, rivers, and lakes are described in Federal Working Group on Pest
Management (1974).

- Adjust the sample volume to the amount of suspended material present.
Very clear waters will require 3 or 4 liters of sample; waters with a
high sediment or phytoplankton content may require only 500 mL or less.
Filter the maximum volume th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>