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INTRODUCTION

Recognizing the public health and economic importance of a clean
supply of safe shellfish and the necessity for uniform methods for the
bacteriologic examination of shellfish, the Laboratory Section of the
American Public Health Associalion appointed a Committee on Stan-
dard Methods for the Examination of Shellfish, which made its first
report in 1910. The methods developed by this committee, published in
1922, and again with a few changes in 1933, were in use until 1943. The
second complete revision, prepared in 1942 and modified in 1947, in-
volved major changes in the methods for shellfish examination. A third
complete revision was made in 1962, which added new technics and tests
reflecting research in the field from 1947 through 1962.

The Fourth Edition contains methods for bacteriologic, chemical and
physical tests for sea water, as well as microbiologic tests for shellfish.
The commitiee has prescribed, whenever possible, methods and technics
identical to those in the twelfth editions of Standard Methods for the
Examination of Dairy Products (1967) and Standard Methods for the
Examination of Water and Wastewater (1965), both published by the
American Public Health Association. Reference to these two books, for
certain toxicologic testing of glassware and media, may be necessary
for users of Recommended Procedures for the Examination of Sea
Water and Shellfish, Fourth Edition.

Bacteriologic examinations have served a definite purpose in sanitary
surveys of shellfish-growing areas and have aided in the assessment of
the sanitary quality of shellfish as harvested or marketed. The Fourth
Edition places special emphasis on the application of the various tests
for the determination of coliform and fecal coliform organisms. These
tests, combined, have indicated pollution probabilities in the shellfish
growing areas and potentially dangerous contamination of the product
daring harvesting, washing, packing and marketing. The plate count has
been used as an indicator of general sanitation and of adverse conditions
during processing, storage and transportation. Chemical and physical
tests for such parameters as salinity and temperature accompany the bac-
teriologic tests for shellfish and growing areas. Since naturally oceurring
biotoxins may be present at certain seasons in various geographic loca-
tions, the toxin assay methods have been inserted.

The Fourth Edition has been revised to include several methods that
may be found in other publications. Quite often these methods are not
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InTRODUCTION

readily available to laboratory personnel in the field. Part II contains
the shorter tests for oxygen, salinity and temperature necessary as an
adjunet to the sanitary survey of shellfish-growing waters. In Part I,
the bacteriologic procedures for the determination of coliform, fecal
coliform and total plate count in sea water and shellfish may be found.
The more common membrane filter procedures for enumerating coliform,
fecal coliform and fecal streptococei in sea water are offered in Part IV.
One method each for the detection of paralytic shellfish poisoning (PSP)
and Ciguetera toxins is presented in Part V. While the method for PSP
has been published elsewhere, it is included here as a readily available
guide for conducting the test.

The procedures set forth for the examination of sea water and shell-
fish are intended to describe methods applicable to water and sanitary
surveys of shellfish-growing areas and to bacteriologic surveys of
commercial shellfish operations. The tests included are for index or-
ganisms indicative of fecal contamination and, as such, indicate a pos-
sible danger of transmission of enteric diseases. Specific methods for
the detection and enumeration of certain pathogens such as salmonella,
shigella and enteric viruses have not been established to the satisfaction
of the committee. Interpretation of the results of the tests in this manual,
in terms of the possible significance of indicator organisms, requires
evaluation through a sanitary survey. Until such time as methodology
for detecting and enumerating enteric pathogens can be standardized,
the possibility of transmitting enteric diseases requires epidemiologic
analysis.

The various tests in this manual have remained recommended proce-
dures. Several of the tests have not been performed in all geographic
areas where shellfish are grown or processed. It is the hope of the com-
mittee that these published methods will be evaluated by all interested
groups within a relatively short time. As more experience with each test
is accumulated, the acceptable and confirmed procedures can then be
published as standard methods.
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RECOMMENDED PROCEDURES FOR THE
EXAMINATION OF SEA
WATER AND SHELLFISH

PART 1

APPARATUS AND MEDIA
A, LABORATORY APPARATUS

1.0 Incubators

Incubators shall maintain a uniform and constant temperature at all
times in all areas in use and must not vary more than +0.5 C in the
areas used. This can be accomplished by the use of water-jacketed
or anhydric types of incubators with thermostatically controlled low-
temperature electric heating units properly located and insulated in or
adjacent to walls or floors of the chamber, and preferably equipped
with mechanical means of circulating air.

Incubators equipped with high-temperature heating units are unsatis-
factory since such sources of heat, when improperly placed, frequently
cause overheating and excessive drying of the agar, with consequent
failure of colony formation. Incubators so heated may be made to oper-
ate satisfactorily by replacing the high-temperature units with suitable
wiring arranged to operate at a lower temperature and by installation of
mechanical means of air circulation, It is desirable, where ordinary
room temperatures vary excessively, that laboratory incubators be kept
in special rooms which may be maintained at a few degrees helow the
recommended incubator temperature.

Special incubating rooms, well insulated, and equipped with properly
distributed heating units and with forced air circulation, may be used
provided that they conform to required temperature limits. When such

1



APPARATUS

rooms are used, daily range of temperature in areas where plates or
tubes are incubated should be recorded.

Incubators shall be provided with shelves so spaced as to assure 1mi-
formity of temperature throughout the chamber. One inch of space
should be provided between adjacent stacks of culture dishes and be-
tween walls and stacks. Culture dishes should not be stacked over four
high.

The thermometers employed should be accurate ones which are regu-
larly checked against a thermometer certified by the National Burean of
Standards. The bulbs of the accurate thermometers shall be continuously
immersed in liquid (glycerine, water, or mineral 0il), The thermometers
shall be maintained at representative locations within the incubator and
daily readings of the temperature shall be recorded. In addition, it is
desirable to maintain a recording thermometer within the incubator on
the middle shelf to record temperature variations over a 24-hr period.
Temperature variations within the incubator when filled to maximum
capacity should be frequently recorded from top and bottom shelves.

2.0 Hot-Air Sterilizing Ovens

Hot-air sterilizing ovens shall be of sufficient size to prevent crowding
of the interior, construeted to give uniform and adequate sterilizing tem-
peratures, and equipped with suitable thermometers capable of regis-
tering accurately in the range 160 to 180 C. The use of a temperature-
recording instrument is optional but desirable.

3.0 Avutoclaves

Autoclaves shall be of sufficient size to prevent crowding of the in-
terior; constructed to provide uniform temperatures within the chambers
up to and including the sterilizing temperature of 121 C; and equipped
with accurate thermometers with the bulb properly located on the exhaust
line so as to register the minimum temperature within the sterilizing
chambers. (A temperature-recording instrument is optional.) Pressure
gauges and properly adjusted safety valves should be connected directly
to either the saturated steam power lines or to a suitable steam generator.
The autoclave should be capable of reaching the desired temperature
within 30 min.
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4.0 Colony Counters

Standard Quebec colony counter, dark-field model, is preferred. One
equivalent may be used provided that similar magnification and visi-
bility are attained.

5.0 pH Equipment
Electrometric pH meters, with an accuracy of 0.1 pH unit, shall be
used for the determination of pH values in media.

6.0 Balances

Balances providing a sensitivity of at least 0.1 g at a load of 150 g
shall be used with appropriate weights. An analytical balance having a
sensitivity of 1 mg under a load of 10 g shall be used for weighing less
than 2 g of materials.

7.0 Media Preparation Utensils

Utensils shall be of borosilicate glassware or other suitable noncorro-
sive material such as stainless steel, and shall be clean and free of foreign
residues, Metalware should not contain toxic materials—copper, zine,
antimony, chromium or detergents—which might contaminate the media.

8.0 Pipets

Pipets may be of any convenient size provided it is found by ?ctual
test that they deliver accurately and readily the required amount in the
manner in which they are used. The error of calibration shall not ex-
ceed 2.5%. If tip delivery, use pipets with unbroken tips and wit}l
graduations distinctly marked. Discard pipets with damaged tips. Cﬂl.l-
brated and marked bacteriologic transfer pipets may be required in
order to satisfy water quality enforcement regulations. Pipets confonrf-
ing to'the APHA standards as given in Standard Methods for the Exami-
nation of Dairy Products (1967) may be used. Do not use pipets larger
than 10 ml to deliver 1 ml. Do not use pipets larger than 1 ml to deliver
0.1 ml.

9.0 Pipet Containers

Metal boxes, preferably of aluminum or stainless steel, are preferred,
end measurement 2 to 3 inches round, square, or rectangular, length
about 16 inches. Paper wrappings may be used, provided that no dele-
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terious or toxic materials adhere to the pipets. Copper cans or boxes
should not be used as containers.

10.0 Dilution Bottles or Tubes

Botiles or tubes of resistant glass, preferably borosilicate, closed with
glass stoppers, rubber stoppers, or screw caps equipped with liners that
do not produce toxic or bacteriostatic compounds on sterilization, shall
be used. Cotton plugs shall not be used as closures. Graduation levels
shall be indelibly marked on side of dilution bottles. Plastic bottles con-
structed of nontoxic materials and consisting of acceptable sizes may be
substituted for glass.

11.0 Petri Dishes

Petri dishes 100 mm in diameter with the side wall of the bottom at
least 15 mm high shall be used with glass or porous tops as preferred.
The bottom of the dish shall be free from bubbles and scratches and shall
be flat so that the medium will be of uniform thickness throughout the
plate. Plastic petri dishes, when found to be satisfactory and when
sterilized by the manufacturer, may be substituted for glass dishes for
single use only. Glass petri dishes may be sterilized and stored in metal
cans (aluminum or stainless steel, but not copper), or may be wrapped in
paper, preferably best-quality sulfate pulp (kraft}, prior to sterilization.

12.0 Fermentation Tubes

A fermentation tube of any type may be used, provided it is of sunitable
size to permit conformance to the requirement for concentration of nu-
tritive ingredients as described subsequently. Metal or plastic tube elo-
sures are preferred provided that neither volatile nor toxic or bacterio-
static compounds are produced on sterilization. Cotton plugs should not
be used when the fermentation tube is to be employed in the fecal coli-
form test in conjunction with an elevated temperature water bath.

13.0 Sample Bottles

Bottles of glass or other materials resistant to the solvent action of
water, of any suitable size and shape, may be used in the collection of
the sample, provided that the bottles (a) are capable of being properly
washed and sterilized; (b) will contain a sufficient volume of sample for
all the required tests plus adequate space to allow for effective shaking ;
and (c) will maintain samples uncontaminated until the examinations
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are complete, Ground glass-stoppered botiles, prefersbly widemouth, of
resistant glass are recommended for use as water-sample bottles.

Plastic sample bottles may be used provided they can be rfzpeatedly
sterilized at 121 C for 15 min without distortion and also prov‘lded they
do not produce toxic or bacteriostatic compounds_ on .sterilizatlon.

Metal or plastic screw-cap closures equipped with liners may be .used
on sample bottles provided such caps and liners do not produce toxic or

bacteriostatic compounds on sterilization. . ‘
The tops and necks of sample hottles shall be covered with metal foil,

rubberized cloth, or heavy impermeable paper before sterilization.

B. WASHING AND STERILIZATION

1.0 Washing

All glassware must be thoroughly cleaned, using a suitable detergent
and hot water (160 F), rinsed in hot water (180 F} to remove all traces
of residual washing compound, and then rinsed for & succession of four
rinses with complete change of water each time, Final rinse sl.lould be
distilled water. The effectiveness of the rinse should be established by
testing as described in the latest edition of Standard Methods for the
Examination of Water and Wastewater (1965).

2.0 Sterilization

Glassware, except when in metal containers, shall be sterilized for not
less than 60 min at a temperature of 170 C, unless it is known by means
of recording thermometers that the oven temperatures are umfon.n,
under which exceptional conditions 160 C may be used. Glassware in
metal containers shall be heated to a temperature of 170 C for not less

than 2 hr. . -
Sample bottles (except plastic) may be sterilized either as above or

in an autoclave at 121 C for 30 min. .
Where available, plastic bottles may be sterilized with low-temperature
ethylene oxide gas. Precaution should be taken to assure that all gas has

been removed from the container before using.

C. MATERIALS

1.0 Water
Distilled water which has been tested and found free from traces of
dissolved metals and bactericidal or inhibitory compounds shall be used

5



Curture MeDrA PREPARATION

for preparation of culture media and reagents. Bactericidal and inhibi-
tory compounds should periodically be measured by a biologic test pro-
cedure outlined in the latest edition of Standard Methods for the Exami-
nation of Water and Wastewater (1965).

D. PREPARATION OF CULTURE MEDIA
1.0 Storage of Culture Media

Culture media may be stored in any clean, dry space where excessive
evaporation and danger of contamination have been eliminated.

Liquid media in fermentation tubes, if stored at refrigeration or even
moderately low temperatures, may dissolve sufficient air to produce a
bubble in the tube when incubated at 35 C. It is imperative, therefore,
that fermentation tubes which have been at a low temperature be incu-
bated overnight before use and those tubes containing air discarded.

Liquid media fermentation tubes may be stored at approximately 25 C;
but since evaporation may proceed rapidly under these conditions, result-
ing in marked changes in concentration of the ingredients, storage at this
temperature should not exceed a period of one week.

2.0 Adjustment of Reaction

The reaction of culture media shall be expressed as pH values. The
increase in the hydrogen ion concentration (decrease in pH) during
sterilization will vary slightly with the individual sterilizer in use, and
the initial reaction required to obtain the correct final reaction shall be
determined. The decrease in the pH reading will usually be 0.1 to 0.2,
but may occasionally be as great as 0.4. When buffering salts such as
phosphates are present in the media, decrease in pH value as determined
will be negligible.

Tests to control the pH before sterilization shall be made with & pH
meter. Calculate how much of approximately one normal NaOH solution
must be added to the bulk of the medium in order to reach the prescribed
reaction. After adding the correct amount and thoroughly mixing, check
the reaction and adjust if necessary. The required final reaction is given
in the directions for preparing each medium. If specific reaction is not
prescribed, adjustment is not necessary.
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3.0 Sterilization

All media, except carbohydrate broths or those with other specifica-
tions, shall be sterilized in the autoclave at 121 C for 15 min after the
temperature has reached 121 C. When the pressure reaches zero, the
medium shall be removed from the antoclave and cooled quickly to avoid
decomposition. To permit uniform heating and rapid cooling, materials
should be packed loosely and in small containers.

Carbohydrate liquid media may usually be sterilized in the autoclave
at 121 C for 10 min; the autoclave temperature shall never exceed 121 C.

It is sometimes preferable to prepare a 10-20% solution of carbohy-
drate in distilled water and to sterilize by filtering through a membrane
filter or other device.

E. MEDIA

To provide uniformity the use of dehydrated media is mandatory.

This section contains formulas for all culture media, solutions, and
reagents mentioned in both the official and the tentative methods for
the examination of sea water and shellfish. For more ease of reference
they are organized into the following four groups and are listed alpha-
betically in each of the groups:

1} Media for the Presumptive and Completed Tests for Coliform Or-
ganisms and for the Standard Plate Count

2) Media for Differentiation of Coliform Organisms .

3) Media and Solutions for the Enumeration of Coliform, Fecal (?.oh-
form Organisms and Fecal Streptococci by the Membrane Filter
Procedure

4) Other Solutions and Reagents.

1.0 MEDIA FOR THE PRESUMPTIVE AND COMPLETED TESTS FOR COLIFORM
ORGANISMS AND FOR THE STANDARD PLATE COUNT

1.1 Brilliant Green Loctose 8ile Broth 2%

Peptone or gelysate.......covviviinivrniiainaiiinns 100 ¢
Lactose . .ucciianroruracariainneranianassirarnnanans ;gg I3
L5 { '3
Brilliant Zreem ........ceeeeisesarsrosesavarnoensneannns 0.0133 g .
Distilled water to make..........ccoviiiiiiiiia i 1,000 m

Final reaction shouid be pH 7.2.
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Distribute in fermentation tubes and sterilize as directed (Part ID,

Sec. 3.0).
The reaction after sterilization (determined by electrometric method)
should be not less than pH 7.1 and not more than pH 7.4.

1.2 Endo Agar

Formuyla 1

Stock Agar
Beef extract ......... bt eaiiriaanasans 50 ¢
Peptone or gelysate........ccviecnvinacnnanncivacnneess 100 g
LBCEOSE « 0 vuvnsnveruoncrannrarsasrerenssernasnsnncemnsens 100 g
Agar, bacteriologic grade..........cc00enenns fresseaeeaaas 300 g
Distilled water .....vvciivrsrnaasrsinariairerssncranses L000 ml

Final reaction should be pH 7.4.

Suspend 41.5 g in a liter of distilled water. Mix thoroughly. Heat
with frequent agitation and boil for one min. Dispense and sterilize as
directed (Part ID, Sec. 3.0). Cool to 45 C and resuspend precipitate by
gentle rotation of flask before pouring.

Formula 11

Base Medium
Peptone or gelysate...........civvreriaranrnanesinceones 10.0 g
LaCtOBE iiuoniiriiii it it a e raae et e 100 ¢
Potassium phosphate, dibasic, KuHPO; ................ beeen 35 g
Apar, bacteriologic grade..........coviiiieriiiiarriniieas 200 g
Distilled water to make......vvvnnenvinrannerranasiasnnns 1,000 ml

Final pH should be 7.5 after sterilization.

1.3 Eosin Methylene Blue Agar

Peptone or gelysate.........cooviviinennnnnnnns v .. 100 g
J T T Vearaas 100 g
Potassium p}msphate dibasic, KaHPOu.....ovvvniniannnns 20 g
Agar, bacteriologic grade...........oviiiiiieinnininanss 150 ¢
L [ 04 g
Methylene blue .........cccoiiiiiinnnnnnn. venraas . 0.065 g
Distilled water ......c.vviveinnnsreinrernrverenneannans 1,000 ml

Adjustment of pH not necessary.

1.4 Lactose Broth

Beef extract .....cvvecivivenriuniaranna, P AP . 30 ¢
Peptone or gelysate...............ccovn... Crrrirarannaas 50 g

LACIOSE +uveveinavennvrsasoarsanansinastvnassasncssnnns 50 g
Distilled WALET «ovvvvunnnnrcnarrarsaaasssnsssmsnantinstas 1,000 ml
pH should be between 6.8 and 7, preferably 6.9.

When fermentation tubes for the examination of 10-ml or 100-ml por-
tions of sample are prepared, the lactose broth medium must be of such
strength that the addition of that volume of sample to the medium in the
fermentation tube will not reduce the concentration of ingredients in the
mixture below that in the standard lactose broth medium. Where dehy-
drated medium is used, the proper concentration of ingredients may be
obtained by using the amounts of dehydrated products shown in the
following tabulation:

Amount of

Dehydrated
Medium and Lactose

Inoculum Medium in Tube Inoculum Broth Used

ml mi ml per 1,000 ml
1 10 or more 11 or more 13.0 ¢
10 10 20 260 g
10 20 30 195 ¢
100 50 150 390 ¢
100 35 135 501 g
100 20 120 780 g

1.5 Lauryl Tryptase Broth

Tryplose of biogate. ... vunivriinivrrrcarnirincoinarnnasenns 200 g
LBCEOSE +v v eunenranocssennnacunarsbonetsatasasnstninsenns 50 g
Potassium phosphate, dibasic, KeéHPO....... i ieeenerriaens 275 g
Potassium phosphate, monobasic, KHoPOu. .\ ooocvvvninin 275 g
Sodium Chloride, NaCl.......coiiirriiinneeiiirainanenss 50 g
Sodinm lauryl sulfate.......coovvearoreremrariaiireieennn, 01 g

Distilled WALET . .v.vuviverrcncennssrsssaranensascsannssnns 1,000 ml

Final pH should be approxlmately 6.8.

Single strength may be used for inocula of 1 ml or less. In the exami-
nation of 10-ml or 100-ml portions of sample, the strength of the lauryl
sulfate medium must be majntained. The addition of any volume of
sample to the medium in the fermentation tube must not reduce the con-
centration of ingredients in the mixture below that in the single-strength
medium when 1 mi or less of inoculum is used. When dehydrated me-
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dium is employed, the proper concentration of ingredients may be ob-

tained by using the amounts shown in the following tabulation:

Volume of
Amount of Medium and Dehydrated
Inoll:nullum Medium per Tube Inoculum M:dil:m
ml ml per 1,000 mI
1 or less 10 11 356 g
ig 20 30 534 g
= 30 40 473 ¢
: 35 135 1371 ¢
00 50 150 1068 g

1.6 Nutrient Agar

Beef extract ...... Ceisrarereanean

Peptons —cvvonrn -+ .

Agar, bacteriologic grade ..............0.00..... o 15-(]:

Distiled Water ........eoveovoieeeiiiisin '
....................... terennaveraransaas 1000 ml

Final pH should be 6.8 0.1,

1.7 Nutrient Broth

Formula I

Beef extract ....................

Peptone orr. oo B
Distilled water .............cccoevvervnnn.. ...... 1000- lglll
Formule If

Beel extract ...........covviiieirivieinniinins 3.0
Trypticase, or eqmvalent 2‘5 g
Thiotone, or equivalent......................... . o 2-5 .
Distilled water ..........ccovvevenenn.. Cevaae BT 1000. lgn]

Final pH should be between 6.8 and 7.0.

1.8 Plate Count Agar

Tryptone or trypticase................... 5.0

Yeast extract ...... Crrrenaan. e 58
GUCOS weeevveesesaesansee 3 v
Agar, bactriologte grade. ..ol 150 ¢
Distilled water ----- 1000. 1‘;1]

10

To desired amount of cold distilled water in suitable container, add
appropriate amount of dehydrated base medium. Allow to soak about
3.5 min and then bring mixture into complete solution with minimal
delay either by boiling above an asbestos-centered wire gauze over a free
flame {double boiler preferred), stirring frequently to prevent burning
on bottom of container, or by exposure in steam chest to actively flowing
steam. Determine pH of medium and adjust reaction if necessary. Dis-
pense into bottles, tubes, or flasks. Sterilize as directed (Part ID, Sec.
3.0). Final reaction should be pH 7.0 +0.1.

2.0 MEDIA FOR DIFFERENTIATION OF COLIFORM ORGANISMS

2.1 E C Medium

Tryptose or tIYPHCASE. ... ccvvvnmisieinivauinns Ceerrienn 200 g
LACtOSE .vvuuerernerranccassnnntearnaaresasssnsnnnns Vean 50 g
Bile salts, Bacto No. 3 or equivalent......c..oovvvieneininns 15 ¢
Potassium phosphate, dibasic, KsHPO,.......... [N 40 g
Potassium phosphate, monobasic, KHPOu...covvvavinnnann, 15 g
Sodium chloride ..........coviviiinian, cereraearaaaes 50 g
Distilled WaLEE .. .vvorienvinrosasnansossnesasarscnstasssas 1,000 ml

Final pH should be 6.9 after sterilization.

2.2 Indole Test Medium (Tryptophane Breth}

Tryptone or trypticase, or equivalent..............oooienn, 10.0 g
Distilled WALET - vvevuvrrvoarrosssnsriarsissrssassonnssis 1,000 ml

Add the peptone to the cold distilled water. Heat while stirring to ob-
tain complete solution. Distribute in 5-ml portions in culture tubes and

sterilize by autoclaving as directed (Part ID, Sec. 3.0).

2.3 Buffered Glucose Broth (MR-VP)

Polypeptone, or equivalent..........cooeieeveiraauinanriissiaas 50 g
DIEXITOSE .« vvevosavnnecaosrssasnasssnnsrasessssaantnrasssnsats 50 g
Potassium phosphate, dibasic, KeHPOu.\ooonvnvniinniiiianen, 50 g

Distribute 10-ml portions in culture tubes and sterilize in the autoclave
at 121 C for 12-15 min, provided that the total time of exposure to heat
is not longer than 30 min.

11
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Add the ethanol to the distilled water. Dissolve the other ingredients

2.4 Sodium Cit Test Medi .
ociem Chirate Tost Medivm in the water-alcohol mixture by heating to the boiling point. Do not

Sodium ammonium phosphate, NaNH,PO,-4H,0........... 15 g . i
Potassium phosphate, monobasic, KHy;POs. .......ovunn.... 10 g allow to boil more than 5 sec. Do not submit to steam under pressure.
Magnesium sulfate, MgSOx-THO..................ooon... 02 g The pH after solution should be between 7.1 and 7.3.
Sedium citrate, NaaGaHeOr-2Ho0. ... ooocoiiiiieiennn s, 30g The formulated medium shall be stored at 2-10 C and any unused
Distilled water .......vueeviiiirieinrnrnrrerinrannrnnn. 1,000 mi medium discarded after 96 hr.
Dissolve the dehydrated medium in the distilled water. Distribute into 3.12 LES MF Holding Medium—Coliform
culture tubes in 5-ml! amounts rili i .. . .
) ounts and sterilize as directed (Part ID, Sec. Dissolve the following in 1 liter distilled water:
TIVPEODE  + v ceevn e macammennbacsiuintancssnnnsanntosnnnreans 30¢
2.5 Simmons’ Citrate Agar M-Endo broth MF,. S TICRIEETITIY 0 ........................... gg £
Magnesium sulfate, MgSO¢-THLO. ....vevvvoes.n.nns . .02 g HReeun Phowiats Suisie, REPQUas s e 106
A i i Sodium benzoate .........ccvimiiiiiiiiaiarrrerreaaiiiiaanne Og
mmonjum phosphate, moncbasic, NHH:PO,............. 1.0 ¢ P 10
P i ibasi Sulfanilamide ..........cciiiiiiiiiii e a iy Og
otassium phosphate, dibasic, KeHPOu......covnen...... 10 ¢ . ; : 1.2
i i Para-amincbenzoic acid .......cciiiiiiiaiireiiiiaiiiaiiaaanans 2g
Sodium citrate NagCaHs0r 2HoO.vviiiviinnirennnnn.,, 20 g Cyaloheximid .. 05¢g
Sodium chioride, NaCl. ....... e e, 50 g FEOUEHIIES worrerrrrrrerrrer et
Agar, bacteriologic grade............cvvirrinrninnnnnnns 15.0 N NPT
Bromthymol blue ..................o.vii.... e 0.08 : Heat to boiling until all ingredients are dissolved and make up lost
Distilled water ........o.oiiieiriiriiirieaeeenrennnns 1,000 ml volume with distilled water. Distribute into fermentation tubes and auto-

clave as directed previously. No pH adjustment is required.
Suspend ingredients in cold distilled water and heat to boiling to dis-

solve the medium completely. Distribute in tubes or flasks and autoclave 3.13 LES Endo Agar Medium
at 121 € for 15 min. Cool medium in slanting position. Dissolve the following in 1 liter cold distilled water to which 20 ml
Reaction after sterilization, pH 6.8. 95% ethyl alcohol have been added:
3.0 MEDIA AND SOLUTIONS FOR THE ENUMERATION OF COLIFORM AND FECAL Yeast eXtEHCE o vvvvnvrnreecnetonsanson PRI T T T 1.2 g
STREPTOCOCCI BY THE MEMBRANE FILTER PROCEDURE Casitone Or IYPHCASE. .ever vrrrnnrnrsomrnamnns et reenereeniean 37 &
3.1 MF-Endo Medium Thiopeptone or thiotone..........iveiisrseianinereerasossrsnes 3.7 g
: TIPPIOBE 4 vccveneeiaaarinninassaranonerestsssnnnsnnrsncsnsnts 5 &
Tryptose or polypeptone or equivalent.................... 100 g LActOBE . vvvceceeeanaerananaamrnaannss e reeteetereaeaaes 94 g
Thir:)peptone or t‘hiotone or t.:quivalent. e beraierataenanas 50 g Dipotassium hydrogen phosphate, KsHPOu. ... ovuevnarnenannes 33 g
Casitone or trypticase or equivalent. .............ooeeen... 50 g Potassium dihydrogen phosphate, KHaPOu. ... .revveeerraenness 10 g
Ee”t PXITAOL st e L5 Sodium chloride, NaCl........ueuererinnns e . 37 &
aci:.ose """ STt PR L5 g Sodium desoxycholate ......cevieecirinieicaiiionaiaansraaness 0l ¢
SodmrP chloride, NaCl.............civviiicncnnnannnns 50 g OB 1AUTYL SHERLE. -+ eevrneeesniesenene e ieeanaainnnes 0.05 g
Potassium phosphate, dibasic, KiHPOL. .......oovvenii 4375 Sodium sulfite ..... f et r e eaaav e teeaait i aarranen 16 &
Potassium phosphate, monobasic, KH:PO............... 1375 & Basic fehsin ... ..vnriurevnerireniosstarannrararsincascssannns 08 g
Sodium lauryl sulfate...........o.coooivivninreiinnnnnn, 005 g ABEE o oo e, 150 g
Sodium desoxycholate ...........eeviiiiianiirarenn... 010 g BAL rrevereieeiene
Sod.ium sulﬁ.te ......................................... 2.10 g Heat to boﬂing to complete so]_ution. Cool to 4,5.50 C and dispense in
Ea: cl i;mlf“l’ (957 o OH) ----------------------- Ay 105 g 4-ml quantities into the lower section of 60-mm glass or plastic dishes. If
thyl alcoho O 5 105 ) 200 ml ) ) ] L \ -
Distilled water .............ccoiiviiin 1000  ml dishes of any other size are used, adjust the quantity to give an equiva
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lent depth. Plates may be stored up to two weeks in the refrigerator. Do
not expose to direct sunlight.

3.2 M-FC Broth Base

Tryptose or Biosale......o.viiieierrernncnensenesnnarnns. 10 &
Proteose peptone #3° or polypeptone. .....oo.uvvunenennnnnn. 05 g
Yeast exIract ......vovvvvrnneniinnnsiinirrsiarernenees. 03 g
Sodium chloride, NaCl.............cccoccivniinrirnnrnnnns 05 g
LaCt08E . eurtiiien et iiaa ety 125 ¢
Bile salts . .....coiiiiiriiiiiin e, 015 g
Aniline blue (water blue}.........ocovivrninervinnnnnns. 001 g
Distilled water ........covvuiiniiiiiirraeriiarernarnnn, 100 ml
Roselic Acid Solution
Rosolic acid .........oceiiiiiiiiiiiiiiie s, 10 g
Sodium hydroxide (0.2N).......ccovveereivirvrnnnnnnnnnn, 100 ml

(Rosolic acid salt solution ﬁlay be stored for two weeks in the dark in
the refrigerator. Discard if it changes from a red to muddy brown
color.)

Suspend the M-FC broth base in 100 ml distilled water. Add 1 ml of
the Rosolic acid salt solution. Heat to boiling (DO NOT AUTOCLAVE).

Cool and use. Final pH 7.4+0.1.
3.3 M-enterococcus Agar

M-enterococeus agar contains the following ingredients per liter of
distilled water:

Tryptose, trypticase or thiotome............ e essaraiinananans 200
Yeast eXITEOL . .vinuceeieniriie et een e e 50 ¢
Glucose ... 20 ¢
Dipotassium hydrogen phosphate, KePHO,. ..., \0uuneenvnnnnn. .. 40 g
Sodium azide ...........iiiiiiii e, 04 ¢
ABAT e 100 g

2,3,5-triphenyltetrazolium ehloride ..............000verrnnnn.... 0l g
PH after heating should be 7.2, Sterilize by bringing to a boil.

4.0 SOLUTIONS AND REAGENTS

'S
Ef(oi' “g 4.1 Buffered Dilution Water
< 4.1 Stock Phosphate Buffer Solution
Potassium phosphate, monobasic, KH:POu..\'vvrvnnnnnn... 340 g
Distilled water ......oviueeriiineeeereeiiiiaaann,, 500 ml
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Sodium hydroxide, NaOH.............coiiiiiiiiiinnain 1N
Distilled water to make........covvveviiiranerarraeniaens, 1,000 ml

Dissolve the potassivm phosphate in 500 ml distilled water. Adjust to
pH 7.2 with 1IN sodium hydroxide and make up to 1 liter with distilled
water. Approximately 175 ml of the sodium hydroxide solution are
required to adjust the stock buffer to pH 7.2.

4.12 Final Phosphate Buffered Dilution Waler

Stock phosphate buffer solution..........c..cvvviiiiino.n 1.25 ml
Distilled water .......cviiiroiiiiiriiriiiiiareririrnnns 1,000 ml

Dilution bottles or tubes shall be filled with the proper amount of dilu-
tion water so that after sterilization they will contain the quantity desired
with a tolerance of 2%. The dilution bottles or tubes ghall be sterilized
in the autoclave as directed {Part ID, Sec. 3.0).

4.2 Peptone Water
Pepione or gelysate......ocovevrmiiiniininernnsinnnenans 50 g

Distilled water . ........cucuinieenairiaerrienrrrerreennin 1,600 mi

Dissolve peptone in distilled water. Dispense in amounts to provide
99 +2.0 ml or 9:£0.2 ml after autoclaving at 121 C for 15 min.

4.3 Indole Test Reagent

Paradimethyl-amino-benzaldehyde, m.p. 7475 C............... 50 g
Iso Amyl aleohol, ACS, CHa{CH2)(OH .....................s 75 ml
Concentrated hydrochloric acid, HCl......................... 25 ml

Dissolve the paradimethyl-amino-benzaldehyde in the iso amyl alcohol
and then add the concentrated hydrochloric acid. The fina]l solution
should have a light yellow color.

Laboratory reagent iso amyl alcohol is recommended. Normal amyl
alcohol may be substituted for the iso. Some brands of paradimethyl-
amino-benzaldehyde are not satisfactory and some brands become unsat-
isfactory on aging.

The amyl alcohol solution should have a pH value less than 6.0. Both
amyl alcohol and benzaldehyde compound should be purchased in as
small amounts as consistent with the volume of work to be done.

15
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4.4 Methy! Red Indicator Sofution
Methyl red .oovuniiiiiiiii i i e 0l g

Dissolve methyl red in alcohol. Make up to 500 ml with distilled
water.

4.5 Voges-Proskaver Reagents
2} a-Naphthol Solution

a-Naphthol, purified m.p. 925 C or higher................... 5¢g

Absolute ethyl alcohol, CoHsOH. ... ..oviuvrnrernnrennnnnnn 100 ml
This solution should be freshly prepared.

b) Potassium Hydroxide Solution

Potassium hydroxide, KOH..........cco0irnirnnnrnnennn, 40 g

Distilled Water ......veiceieireiieineeriennerensenrnnnens 100 ml

5,
A
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PART 1l

PROCEDURES FOR THE PHYSICAL AND
CHEMICAL EXAMINATION OF ESTUARINE
WATERS

A. INTRODUCTION

The procedures described herein are intended for the physical and
chemical examination of estuarine waters. Those tests outlined are nor-
mally used in conjunction with bacteriologic analyses of shellfish-
growing areas. Physical and chemical data are needed for interpretation
of the significance of the bacteriologic data. The tests presented here
may be performed in the field or as rapid methods in the laboratory.

B. COLLECTION OF SAMPLES

Samples of sea water for physical and chemical examination should be
collected in clean bottles. Bottles of glass or other material resistant to
the solvent action of water may be used. A 2.liter sample should be
taken for complete physical and chemical examinations. Devices from
several manufacturers are available to take samples at varying depths.
The following considerations should be made in selecting a sampler:

1. Bottle must flush thoroughly so as not to contaminate a depth sam-
ple by dragging down surface water.

2. Botile must seal positively.

3. Bottle must be light enough to facilitate handling from boat.

4. Bottle must be large enough to secure an adequate volume of
sample.

The shorter the time lapse between collection of the sample and its
analysis, the more reliable will be the analytical results.

17



DissoLvED OXYCEN

C. PHYSICAL AND CHEMICAL EXAMINATION
1.0 Dissolved Oxygen

1.1 Infroduction—Dissolved oxygen may be measured either by the
titration method or by using an oxygen analyzer. The oxygen analyzer
incorporates a membrane-surfaced probe connected to a galvanic cell.
Since most oxygen analyzers are still in the developmental stage, stand-
ardization of the individual oxygen analyzer should be made by com-
parison with the titration method before using for the routine analysis
of sea water.

1.2 Determination by titration—

1.21 General discussion: The method described here is a modification
of the classic Winkler procedure. This methed can be used for dissolved
oxygen concentrations ranging from 0.005 to 8 mg/L. Oxygen concen-
trations below 0.1 mg/L will be slightly but not significantly low.

1.22 Reagents: Unless otherwise noted, all reagents should be of an-
alytical reagent grade.

1.23 Mengonese sulfate solution: Dissolve 480 g MnSOQ,-4H0 or
365 g MnSQ,-H,0 in distilled water and dilute to 1 liter.

1.24 Alkaline iodide solution: Dissolve 500 g of NaOH in 500 ml of
distilled water. Dissolve 500 g of KI in 500 ml of distilied water and
mix the two solutions. The NaOH is preferably of analytical reagent
grade, but may be of high commercial quality.

1.25 Starch indicator solution: Suspend 2 g of soluble starch in 400
ml] of water. Add an approximate 20% solution of NaOH, vigorously
stirring until the solution becomes clear. Allow the solution to stand for
1 to 2 hr. Add concentrated HCI until the solution is just acid to litmus
paper. Then add 2 ml glacial acetic acid. Dilute to 1 liter with distilled
water. Discard the solution when the end point is no longer a pure blue
but takes on a green or brownish tint.

1.26 Standard sodium thiosulfate solution :

A. Dissolve 2.2 g reagent grade Na,S.0;-5H.0 and 0.1 g of
Na;CO; in 1 liter of water. Add 1 drop of CS; per liter as a
preservative. The thiosulfate solution should be prepared in
quantity and stored in a dark well-stoppered bottle below 25 C.

B. Iopate sorurioN (0.0LN): Dry analytical grade KH({10;). at
105 C for 1 hr. Cool in dessicator. Weigh out 0.3250 g. Dis-
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solve the salt in 300 ml distilled water by warming the solution.
Cool, transfer to a 1.liter volumetric flask and bring up to the
mark with distilled water. This solution is stable indefinitely.
C. CALIBRATION OF THIOSULFATE SOLUTION: Fill a 300-ml B.0.D.
bottle with sea water. Add 1.0 ml concentrated H,SO, and 1.0
ml alkaline iodide solution. (Add below surface of water and
allow sample to overflow in order to avoid trapping air bubbles
in bottle.) Mix thoroughly. Add 1.0 ml MnSQO,-H,0 solution
and mix. Withdraw 50-ml aliquots to titration flasks. Use one
or two flasks for blank determination. To the other flasks add
5.00 ml of 0.0100N KH(I0;), from a clean calibrated 5-ml
pipet. Allow the iodine liberation to proceed for at least 2 min
but not more than 5 min. All solutions should be held below
25 C and out of direct sunlight. Titrate the iodine with the
thiosulfate solution. When V is the titer in miHiliters, then:
F=5.00/V
The factor “F” should not vary over a period of time. The de-
termination, using the mean of at least 5 titrations, should be
made at the discretion of the analyst.

1.3 Procedure—

1.31 Sainpling procedure and storage:

1.311 Rinse B.0O.D. bottle twice with the sample being analyzed. 1f
the sample is obtained from a reversing bottle, a length of rubber
tubing should be taken from the top to the bottom of the B.0.D.
bottle and sea water introduced in such a way as to minimize tur-
bulence and agitation of the sample. The end of the rubber tube
must always be kept heneath the surface of the water as the bottle
is filled.

1.312 Allow the water to overflow fom the top of the B.0.D, bottle,
which must be stoppered at once. Allow a volume equal to one-third
of the volume of the B.O.D. bottle to overflow before stoppering.
No air should remain in the bottle.

1.313 B.O.D. bottles must be filled immediately or in not more than
15 min after the sample is drawn.

1.314 The analysis should be made in less than 1 hr. Samples should
be stored in the dark or in subdued light to minimize photosynthesis
by any phytoplankton that may be present.
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1.315 If the analysis must be delayed, add 1.0 ml of manganese sul-
fate reagent and 1.0 ml alkaline jodide solution to the sample in the
B.O.D. bottle. Restopper immediately and mix (10 min) the con-
tents thoroughly until the precipitated manganese manganic hydrox-
ide is evenly dispersed. No air bubbles should be trapped in the
bottle. The remainder of the analysis may be completed at a later
time.

1.32 Titration:

1.321 Add 1.0 ml manganese sulfate reagent and 1.0 ml alkaline
iodide solution to the sample as described in Sec. 1.315. (DO NOT
REPEAT this step if sample was held in storage and delayed titra-
tion was used.)}

1.322 Shake bottles to distribute the precipitate. Allow sample to
warm to room temperature while precipitate has settled at least one-
third of the way to the bottom of the bottle.

1.323 Add 1.0 ml concentrated (sp gr 1.84) sulfuric acid, restopper
the bottle and mix so that all the precipitate dissolves. No air should
be trapped in the bottle.

1.324 Within an hour of acidification transfer 50 ml of solution to &
250-ml Erlenmeyer flask by means of a pipet. Titrate a¢ once with
standard thiosulfate solution until 2 very pale straw color remains.
Add 5 ml of starch indicator and continue the titration to the first
disappearance of the blue color.

1.33 Calculation: Subtract any blank correction (see C. 1.26¢ above)
from the titration to obtain the corrected titration (V ml) and calculate
the oxygen content of a sample from the following formula where 50.0
ml aliquot is taken from a 300-ml B.0.D. bottle.

mg at 0,/1=0.1006*F=V
The “F” value is obtained from Sec. C. 1.26c.

2.0 Salinity

2.1 Introduction—The salinity of sea water has been defined as the
total amount of solid material, in grams, contained in one kilogram of
sea water when all the carbonate has been converted to oxide, the bro-
mine and iodine replaced by chlorine, and all organic matter completely
oxidized. This numerical value of salinity is slightly lower than the
amount of dissolved solids in grams per kilogram of sea water.
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The chloride ion concentration in sea water can be measured by cheri-
cal titration against a standard solution of silver nitrate. Thus, chlorinity
is defined as parts per thousand of the mass of chlorine, bromine and
iodine in one thousand grams of sea water solution, assuming that iodine
and bromine have been replaced by chlorine. Chlorosity is obtained by
multiplying the chlorinity of a water sample by its density at 20 C.

The relationship between salinity and chlorinity has been stated by
Knudsen’s empirical formula: Salinity=0.03+ 1.805 X chlorinity.

Note that this equation is only definitive and may not be applicable to
all waters in a true chemical connotation. For further reference on the
relationship of salinity, chlorinity and chlorosity, please refer to the
books by Sverdrup, Johnson and Fleming (1942) or Von Arx (1962)
cited at the end of Part II.

Salinity measurements are based on any one of four technics: (1) elec-
trical conductivity, (2} density, (3) silver nitrate titration, and (4)
measurement of refractivity. The refractivity method is seldom used and
will not be considered at this time.

2.2 Salinity Measurement by Electrical Conductivity—Measurements
of the salinity by electrical conductivity have been employed for several
years. “Conductivity” cells are now available with or without electrodes.
Those without electrodes are battery operated and may be used in an
area remote from electrical supplies. Both types of cells have been used
for field determinations of salinity. Due to the relatively high concentra-
tion of the ions and the effect that temperature has upon the conductivity,
the apparatus and technic employed are rather complicated. Each instru-
ment must be standardized using sea water samples of krown salinity

(determined by silver nitrate titrations).

Many instruments are available on the market. The types of instru-
ments procured may be guided by local requirements and budgetary
allotment.

2.3 Salinity Measurement by Density (Hydrometric Method)—The
hydrometric method is one of the simpler methods of salinity determina-
tion. It is well suited for shoreline and small-boat observations. The
precision of this method is = 0.1 parts per thousand salinity.

2.31 Apparatus:

2.311 HYDROMETER JAR. Approximately 400-mm height with inside
diameter 45 mm; or 500-ml graduated cylinder; or rubber-stoppered
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transparent plastic tube, 400 mm high with inside diameter 45 mm
open on one end.

2.312 THERMOMETER., Graduated in 0.2 C divisions.

2.313 SEA Warer HYporOMETER.* For complete salinity range in
estuaries 3 are needed with respective ranges of: 0.996-1.011, 1.010-
1.021, and 1.020-1.031. Hydrometer division should be .002. One
set of hydrometers should be calibrated by the National Bureau of
Standards for specific gravity of NaCl solutions at 15/4 C,

2.314 SEA WATER TEMPERATURE AND DENsITY REDUCTION TABLES.
Special Publication No. 298, Coast and Geodetic Survey, U.S. De-
partment of Commerce, 1953. Supt. of Documents. U.S. Govern-
ment Printing Office, Washington, D.C. 20 cents.

2.32 Procedure:

2.321 Fill a suitable cylinder % full of sea-water sample,

2.322 Place the appropriate hydrometer and the thermometer in the
cylinder, making certain that the cylinder is in a vertical position.

2.323 Read and record the teraperature.

2.324 Read and record specific gravity after the hydrometer stabilizes.
The fourth decimal place must be estimated.

2.325 Make temperature corrections for specific-gravity reading from
factors listed in Table 1 (Appendix).

2.33 Calculation:

2.331 Determine salinity from Table 2 (Appendix). Locate corrected
density and read salinity from opposite column. Report salinity in
parts per thousand (%.).

2.4 Salinity Measurements by Titration—The following technic for
the determination of salinity by the titration method has been adopted
for work in estuarine waters and surface waters of coastal inlets. Chlorin-
ity and salinity measurements are a function of the chlorosity of a water
sample by the titration method. The chlorosity is standardized against a
sea-water standard of known chlorosity. This technic is not as precise
as the longer classic Knudsen titration. However, the method is less
time-consuming and is correct to about 0.05 to 0.1 %, salinity, The
range of salinities that may be tested by this method is 4 to 40 %,.

* May be purchased from Emil Greiner Co., 20 North Moore St., N.Y, N.Y. 10004

