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3 .

IT INTRODUCTION

Massachusetts coastal waters have long been valuable for

their shellfish, especially soft shell clams, hard shell clams

or quahaugs and scallops. Sven prior to the establishment of

Massachusetts and Plymouth Colonies, the Indians used shell-

fish as a source of food supply. This is evidenced by the

heaps of shells at sites known to have been occupied by the

Indians for camp sites. Evidence is also available showing

that the Pilgrims and early colonists depended upon clams and

other shellfish for their food supply at times of drought.

Shellfish continued to be plentiful, but due to the rapid

growth of the population in our coastal cities and towns it

is necessary that the shellfish industry, not only in this State,

(Massachusetts) but also in other states be carefully super-

vised in order to prevent this food product being taken from

areas polluted by sewage or being handled under unsanitary

conditions. Since 1925 interstate shipment of shellfish has

been controlled by the United States Public Health Service in

accordance with certain minimum requirements for State shell-

fish control measures established by that service at the re-

quest of health officials and shellfish dealers in the United

States. The adoption of these requirements followed a
. !

widespread epidemic of typhoid fever in V.
rashington, Chicago,

New York and several of the smaller cities during the winter

of 1924-1925. These requirements relate only to the so called

bivalves such as oysters, mussels and all verities of clams
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most of which are eaten now only partially cooked. ( Ref. 23 )

In 1925, legislation was enacted in Massachusetts direct-

ing the Department of Public Health to examine all tidal waters

and flats of the Commonwealth to determine what areas were

contaminated, and following its investigation the Department

closed all areas determined as contaminated. In addition,

both in accordance with Massachusetts laws and Federal re-

quirements, The Department of Public Health excersises super-

vision over establishments where shellfish are shucked or

handled and plants where shellfish are treated for cleansing.

The ultimate solution of the pollution problem as it

affects the shellfish industries of Massachusetts can be

approached in four ways: (1) removal of sources of pollution,

(2) the treatment of and sterilization of sewage, (3) the

transfer of shellfish from contaminated to pure waters, and

(4) the purification of shellfish before marketing.

In Massachusetts at present, in accordance v/ith the

legislation recently passed, the Department of Public Health

now has the authority to prevent pollution of all rivers, ponds,

lakes, tidal waters and tributaries thereto. This is a

gigantic problem, and must be necessarily one of long duration

of time. It involves cities, towns and major industries, so

vital to this. state. It will take considerable planning,

effort, and money to finally correct a situation which has

been so long in building up. However, it will be done.

At present, there is a program of transplanting of soft
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shelled clams in the vicinty of Barnstable, Prom all reports
l

this plan should be successful, but this plan will also take

much time. Purification of shellfish from polluted areas was

and is the only method of satisfactorily handling shellfish

from polluted areas to date.

Purification of shellfish is not an idea original in thi3

country. It originated in Conway, England about 1914, It was

first introduced to this country in 1916, and the United States

Public Health Service did some experimental work on this

problem from 1916 to 1919, ( Ref, 22)

In 1920, the first plant to be established in this country

for the commercial purification of shellfish, namely oysters,

was put into operation at Inwood, Long Island.

In 1920, the Standard Methods for Bacteriological Exam-

ination of Shellfish was adopted.

In 1925, the Lawrence Experiment Station of the Massachusett

Department of Public Health began some extensive experimental

work on the purification of shellfish using the chlorination

treatment. Finally, in 1927 a shellfish purification plant was

put into operation in Hewburyport, Mass. ( Ref, 2 )

These purification plants were greeted with much joy when

they were first installed, but as they went on, it became

evident that this type of treatment, especially the type used

in this country was of extremely limited value.

In 1943, the new methods for Bacteriological Examination

for shellfish was published and made the official procedure.
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for analysis by the U.S. Public Health Service on Jan. 1, 1945.

In the old method of bacterial analysis, that is the method

official before 1945, the number of bacteria in the shell

liquor alone was determined. This analysis was preferred to

others because there appeared to be a reasonably good relation-

ship between the degree of pollution of waters over beds, the

bacterial content of the shell liquor, and the bacterial content
(Ref.

of the stomach, gill, and other soft parts used for food. 19)

The new method was designed to determine the numbers of

pollutional bacteria directly. This is done by grinding the

shellfish meats together with the shell liquor, in a high

speed grinding mill, such as the Y/aring Blendor. In this

treatment the solid parts are extremely finely divided, and the

mixture is reduced to a thin soup from which portions are taken

for bacteriological analysis. No relation between the bacterial

content of the sea water, the shell liquor, or any tissue is

assumed in this method, since all of the parts of the shellfish

that^ire eaten enter into the analysis. The bacterial numbers

found in a test portion are thus a direct indication of the

numbers that would be ingested when comparable shellfish are

eaten.

The advent of this new bacteriological method made the

plight of the shellfish industry in Massachusetts more pro-

nounced, because it was discovered that wherein areas were

acceptable under the old bacteriological standards, they were

not acceptable under this new method. The result was that 50$



i . .

t

'

/

,

.

. t

lo ET*Oli : 9. $ lj ,
rZJ$Q od-

i Oi •
.*

. .

'

. :

. t
ritf rldiw aerl

;

.

iiGo-vdocf ftoj-deXpi oT-i .si i

.

.

.

-

ei9 '
'

• «fi j B 090 K b

. J i



of the productive beds for soft shell clams in this State were

closed. This made the necessity for a new or modified treat-

ment process an urgent one, if the State was to maintain a

profitable shellfish industry.

In 1944, Dr. Charles E. Renn, then Bacteriologist for the

Dept, of Public Health did some work in the purification of

shellfish by using clean salt water. His findings were

favorable for this method. However, there are many factors
\

which need clarification before this method can be used.

In 1947, The Dept, of Public Health did some more work on

this idea and installed a pilot plant in Hewburyport . The

results of their work substantiated Dr. Renn's findings in

part.

The writer is doing some work in the purification of

shellfish in line with the use of clean salt water to determine

how effective this treatment is on Claras dug from different

areas: those from clean areas, those from mildly polluted

areas, and those from grossly polluted areas.
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7

111 THE NATURAL HISTORY OF THE SOFT SHELL CLAII

(Mya arenaria)

The common clam (Mya arenaria is known in Few England as

the ’’soft clan", "soft shelled clam", ’’long clam" or the "'long

necked clan", to distinguish it from the quahaug or hard clan.

It has a wide distribution in the Pacific and Atlantic Oceans,

in both the New and Old World. In America its habitat is

principally the Atlantic Coast from South Carolina to the Arctic

Ocean, where it is supplanted In the far north by the Mya

truncata, a closely allied species. It is scarce in the south

of Cape Hatteras, and most abundant on the New England Coast.

It is not a native of the Pacific, but was Introduced there in

1869 with oysters from the East. In Massachusetts, the clam is

found along the entire coast in varying abundance, according to

the natural conditions, but the greater part of the marketed

supply comes from the Ipswich Bay Section ( Newbiu^yport to

Gloucester ). ( Ref. 1 )

Exposed beaches with open surfs are not inhabited by this

mollusk which takes up its stationary life on the tidal flats of

bays. Inlets, rivers or on the sheltered beaches between low

and high water, rarely leaving its burrow after it attains the

size of an inch. It is found in various kinds of soil, from

rocky gravel to soft mud, but thrives best in a tenacious soil

of mud and sand. The clam lies at various depths depending

upon the size of the animal, and upon the type of the soil.

At high tide, the clam extends its siphon or neck above the
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surface, drawing in a stream of water through the incurrent

tube which is guarded by a row of tentacles, and shooting out

the water and waste matter in spurts from the excurrent tube.

In this manner, the animal feeds upon microscopic plant forms

strained from the water by the gills. At low tide, the clam

rests in its burrow beneath the soil with its siphon partly

retracted leaving a hole in the surface of the flat.

The movements of the clams may be grouped into 2 classes,

the burrowing of the adult and the migratory activities of the

young. Occasionally, the adult is turned out of its burrow by

the claramers or by natural agents, but its anatomical structure

renders it unfit for any movement except downward in the sand.

With other animals, it is often possible to distinguish

the male from the female, by difference in size or form, but

with the clam it can be determined only by the examination of

the sexual products after the ovaries or testes have been cut

open. The sexual cells are extended from the reproductive

organs into the upper mantle chamber, whence they are carried

out of the excurrent siphon and passed into the water by

successive puffs, similar to the exhaling of smoke. Fertiliza-

tion takes place by the union of the eggs and spermatozoa in

the water outside the body of the clam. ( Ref. 1 )

Clams are present in abundance on some flats, in scattering

quantities on others, and in many sections are entirely absent.

Among the surrounding natural forces which accounts for this

wide variation may be enumerated: current, tide, soil, depths,
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and salinity of water. These factors fall into three main

groups: (1) the circulation of the water or current, (2) the

condition of the water, and (3) the character of the soil.

The most important factor in clam growth is a good current

not necessarily an exceedingly swift one, but rather a fair

circulation of water. In general, current affects both the

life and the growth of the clam. It possesses many advantages

in its role of food carrier, oxygen bearer, lime furnisher,

and sanitary agent.

The clam obtains its nourishment from microscopic forms

in the water, principally diatoms and other forms such as uni-

cellular and multicellular animals, algae, and bacteria.

Brackish waters are especially prolific in food forms since

there is a mingling not only of the salt and fresh water forms,

but also of animals and plants peculiar to brackish water.

Bor this reason, small bays, rivers, and inlets, to which

entering streams carry down from the land the nitrogenous salts

which form a source of nourishment for the diatoms, are favor-

able localities for clam growth. ( Ref. 7 )

While a good circulation of water carries food within the

reach of the clam, the extent to which the animal can benefit

from it is determined partly by other factors, such as the

oxygen absorbed from the water. Oxygen which is necessary for

life favors the growth of the clam by increasing its metabolic
(Ref.

functions and by stimulation of its feeding proclivities. 10)

The temperature of the water is a vital factor in the
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growth habits and existance of marine animals. Temperature

changes explain the fast summer and the slow winter growth in

that the assimilation of food and the secretion of shell are

stimulated by warm water, while the action of cold water causes

the clam to become sluggish.

All in all, the clam being a living entity is a highly

complex being, and when it is to be treated for purification

cannot be approached as some non-living material such as milk or

water, but must be approached with all regard for its particular

activity and stimuli affecting this activity.
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11

IV SHELLFISH AND DISEASE

The potential yield of soft shell clans from areas legally

closed because of evidence of sewage pollution is large. Un-

less active measures are taken to reduce estuarial pollution,

it may be expected that the restrictions will be increased with

further loss of production.

Shellfish, like many other foods, may become polluted with

pathogenic microorganisms during production or marketing. The

fact that polluted estuarial waters, fertilized by sewage, are

favorable sites for the rapid and dense growth of many species

of edible shellfish imposes a special hazard upon this group,

particularly upon those species that are commonly eaten raw or

lightly cooked. ( Ref, 13 )

This hazard is well established by the history of shellfish

borne intestinal disease.

In this coiontry, fortunate economic, aesthetic and sanitary

standards have combined to reduce the risk from polluted shell-

fish, and the number of cases of typhoid clearly attributable

to this source has been relatively small. According to the

best records, there were G80 reported cases in the interval

between 1894, the first epidemic, and 1925 when federal regula-

tions for the sanitary control of the industry were affected.

In general, well informed people do not wittingly eat shellfish

from waters receiving human wastes.

The recording of shellfish-borne typhoid and other intesti-

nal diseases is, from the nature of the problem, incomplete.

It is informative, however, to note the high prevalence of shell
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12 .

fish-borne disease in two other shellfish-favoring countries

where sanitary conditions are not normally on levels comparable

to ours, namely France and Japan. In France, the eating of

shellfish floated or fattened in polluted shallows is a major

cause of epidemic typhoid. In Japan, single epidemics involv-

ing more than a thousand cases have occurred. Two outbreaks

occurred in Kumammato in 1924 and 1926, involving 813 and 1,411

cases respectively*

The role of polluted raw oysters in epidemics of intestinal

disease is especially notable.

The outbreak of 1924, where oysters from a single Maryland

source caused 310 cases of typhoid in New York, Chicago# and

Washington# is still well remembered.

A survey of recently reported epidemics of shellfish borne

intestinal disease shows two facts r (1) the adherence to the

established sanitary conditions does safeguard the shellfish

consuming public, and (2) the failure to regard sanitary regula-

tions still causes intestinal disease. In the interval between

1939 to 1945, there were nine recorded epidemics of typhoid

from oysters, mussels and cherrystone clams, with a total of

206 cases. In six of the outbreaks the shellfish came from

polluted and outlawed areas; one outbreak was due to pollution

during floating; one outbreak to pollution by a carrier during

shucking; and the cause of one outbreak was undetermined. There

was no demonstrated epidemic from shellfish dug from approved

areas and handled in an approved manner. ( Ref. 15 )

Venus mercenarla, the hard clam* quahaugs little neck or
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13.

*')

cherrystone is frequently eaten raw and presumably is more

hazardous to health when polluted than the soft shell clam

which is almost invariably cooked in some fashion.

Experiments conducted at the Lawrence Experiment Station of

the Massachusetts Department of Public Health, show that only

those methods of cooking shellfish that insure thorough heating

of all parts of the meats can be depended upon to kill patho-

genic organisms that they may contain. Slow cooking for long

periods, as in home style stev/s, or high pressure high tempera-

ture cooking as in commercial canning, do effectively pasteur-

ize or sterilize the product. The more rapid and lighter proc-

esses of cooking such as frying, steaming or short order stews

cannot be depended upon for making polluted soft shell clams

fit to eat. Such factors as the thickness of the batter, size

of the meat, position of the clam in the steam bath, purity

and type of frying fat, frying temperature of the meats when

introduced into the frier, and stirring during cooking, affects

the degree of sterilization. Long cooking does not generally

improve the flavor or texture of shellfish, and there is wide-

spread preference for lightly cooked soft shell clams in New

England. For this reason, it is unwise to place complete

reliance upon table preparations a3 sanitary methods.

A fatal form of food poisoning that has appeared on the

Atlantic Coast of Europe, our own Pacific Coast, and in limited

areas in Nova Scotia is caused by the marine dinoflagellate,

Conyaulax catenaella. When shellfish ingest large numbers of

this dinoflagellate during periods when it abounds, they become

1

9
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14

highly toxic. Unlike shellfish borne typhoid and gastro-

enteritis food poisoning or "mussel poisoning” as the former

is called, is not in any way related to sewage pollution of

the v/ater, or to pollution in the subsequent handling of

shellfish.
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PURIFICATION

15 .

V

I

An important aid to sanitation is the fact that just

as the clam ingests bacteria, so if placed in pure water it

will eventually free itself from bacteria. It recuires but a

short period for the clam in polluted v/ater to ingest a con-

siderable number of bacteria. Tests have shown that in one

hour after being placed in polluted water shellfish may become

badly contaminated. Conversely, subjected to the influx of

clean water, as for instance with an incoming tide, it will

readily get rid of a considerable part of its contamination.

Thus, a clam taken under maximum conditions of pollution with

an outgoing tide will give a distinctly different bacterial

count than one taken from the same locality under an incoming

tide, when the pollution is diluted to the greatest extent or

is practically eliminated. The time of taking a sample, there

fore, explains many discrepancies between bacteriological re-

ports. ( Ref. 1 )

The natural tendency of all shellfish when placed in pure

water is to clear themselves of contaminating bacteria. The

question of primary interest is, how long does it take? We

know that the shellfish will purify themselves within a few

days if conditions are favorable, but if unfavorable conditions

such a3 silt, cold temperature, and other unknown factors are

present it is impos ible to make a general statement except

to say that it will require a much longer period. As a rule.

a period of three to four weeks has been required for quahangs
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transplanted from polluted to clean areas, which has been a

commercial practice in recent years in Massachusetts. The time

required for being retained in pure water should b e more than

ample for the clam to purify itself under adverse conditions,

and in the case of the oyster and quahaug the period should

be regulated in accordance with the temperature of the water.

The success of chlorine method of purification is not

based primarily upon the sterilizing effect of the chlorine

treatment, but upon the cleansing ability of the feeding clarri

when placed in pure water. Bacteriological tests indicate

that there is a decrease in the number of organisms after a five

and one half hour period of "drinking” in pure water but that

the results are extremely variable, ranging from 75 to 100 'b

reduction. The extent to which a clam can cleanse itself from

bacteria depends upon the number of organisms with which the

clam is infested. The clam, in contrast to the rou'h shelled

oyster is smooth and can be readily cleansed by the hose. It

possesses the additional advantage over the oyster of freeing

itself of bacteria at low temperatures, which insures the

effectiveness of the chlorine treatment during the winter .

A. Methods of Chlorine Treatment

The purification of shellfish by the chlorine treatment

is based primarily upon their own biological activities and

secondary upon the sterilizing effect of the chlorine.

History : The development of the chlorine method of treatment

is of interest. The idea was first advanced in the United

States _!y_ Wells in 1916. although at jlngland^ tanks -for.
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mussel purification were installed in 1914, The original

method consisted in treating oysters placed in tanks with

lorinate . ) int of chlorine which was placed

directly in the water over the oysters depended upon the quan-

tity of organic material in suspension, V/hen the strength of

the solution fell below a minimum of chlorine, the oysters

began to feed and purify themselves.

This method proved effective, but was subject to certain

limitations, chief among which was the inhibition of active

feeding by chlorine. Even 0.5 parts per million of chlorine

has a slight inhibitory effect upon the rate of fedding. Tith

the 07/s ter, the temperature of the water interfered when near

the hibernation limit. Single la^rers of oysters were found morg>

efficient. One hundred per cent efficiency was not attained.

In England. since 1914 extensive and careful experiments

on mussel purification have be< n in operation. The final

methods which are based upon self purification of the mussel

in sterile water and the final chlorine sterilization of the

exterior of the shell, were elaborated from a detailed biol-

ogical study of the mussel.

No work has been done with the clam until the experiments

of the Massachusetts Department of Health at Newburyport in 192 r

,

in which baskets of clams were held in chlorinated water for

various periods. The results were surprisingly satisfactory

and indicated that the clam readily adapts itself to self

purification when aided by the chlorine method.
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E English Method

The procedure employed at Conway, England is as follows :

I The mussels are first cleansed with a hose from all superficial

' mud and are placed in a single layer in a tank. Here they are

given a first bath of sterile sea water into which they dis-

charge all foreign matter and oacteria over a twelve hour

period. The tanks are drained and flushed and the mussels

receive a second bath of sterile sea water for twelve hours to

permit the discharge of bacteria not removed by the f irst bath.

Again they are subject to draining, flushing and one hour’s

treatment with three parts per million of chlorine.

The cleansing is achieved by the mussel itself. The

chlorine only sterilizes the outside of the shell and the

material discharged by the mussel. Since no appreciable amount

of chlorine penetrates inside the shell, no chlorine taste is

detected on eating.

The physical outlay of a plant for treating clams by the

English method would consist of tanks so constructed as to be

readily cleaned and sterilized, facilities for the production

of sterile salt water by chlorination, chlorine for steriliz-

ation, and sanitary facilities for the handling and the ship-

ment of the finished product. ( Ref. 1 & 22 )

(1.) Sterilization of Sea V’ater ; As a rule impure salt

water can only be obtained, and it is necessary to sterilize

this water in holding tanks by treating with approximately

three parts per million of chlorine over night, thus destroying

all pathogenic bacteria. Befor e the water is used by gravity
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19 .

flow for the tanks containing the clans, it is de chlorinated

by adding a small amount of sodium thiosulphate *

(2.) Chlorine ; Chlorine may be added to the water either

in the form of gas fed from small pressure tanks by an auto-

matic apparatus set to deliver the necessary amount* or by the

use of bleaching powder (hypochlorite of lime) which is added

from a stock solution in calculated amounts. Chemical tests

are made from time to time to determine the parts per million

of available chlorine, since the amount of organic material

in the water tends to destroy some of the chlorine.

(3.) Holding Tanks ; The holding tanks, preferably of

smooth concrete or tile surface, or even of wood are fitted

with racks for holding the clams and are connected wi th the

tanks containing the sterile water and the chlorine v/ater.

The floor of the tank usually slopes so that it can be readily

;

cleaned and flushed.

(4.) Procedure : The clams are first subjected to a thor-

ough washing with the hose and water before or after they are

placed in the holding tanks. They then receive their first

bath of sterile salt water, pass through the procedure outlined

above and may then be removed under sanitary conditions for

shipment to market appropriately labeled and sealed.

C, Mas sachusetts Method

The first work upon the purification of clans with chlorine

on a reasonably large experimental scale was carried on at Plum

Island during 192 r
' • Air and water were pumped into two gal-
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vanized iron tanks, 2 feet wide, 4 feet long and 3 feet deep
,

holding 180 gallons each.

The procedure was as follows :-The upper tank was filled

with sea water and sufficient calcium hypochlorite solution add-

ed to leave a residue of 0.5 part per million free chlorine at

the end of fifteen minutes. Usually from 4 to 5 parts chlorine

were necessary to achieve this result. Clams were washed with

a hose when reaching the plant. and were then placed on a wire

rack several inches above the bottom of tank no. 2. After being

placed upon the rack they were again thoroughly washed. The

chlorinated water from tank no. 1 was then run into tank no. 2.

j he chlorine was tested and if necessary more was added in order

to maintain 0.5 part per million in the water in the tank no. 2

for at least fifteen minutes after the tank was filled. No more

was added until the next filling of the tank. Experiments

showed that some free chlorine generally persisted for from four

to six hours. Tests were made for the volume of dissolved oxygeh

present in the water during the treatment of clams and it was

found at the start to be generally about 0,5 part in 100,000.

At first the tanks were emptied and filled again each

twenty-four hours. It was found, however, that better results

were obtained if the water in the tank was changed every twelve

hours. Usually clams were kept under treatment for forty-

eight hours although good results were occasionally obtained at

t?ie end of twenty-four hours. The experiments were carried on

from late summer until the middle of November and the temper-

ature of the water pumped to the tank varied from. 70° p to 33° y
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The lowest temperature of the water actually used was 41° F.

and at this temperature the clams fed as freely as at the

higher temperatures.

During 1920 further work was done on a semi-commercial scale

at a different location on Plum Island. Larger tanks weru use£

10 feet long, 4 feet wide and 5 feet deep, with a capacity of

1,500 gallons. This Y/ork was carried on under the direction

of the Newburyport Board of Health with some supervision from

the Department of Public Health. As in the previous work, the

clams were thoroughly washed with a ho3e and then placed in the

tank in half bushel baskets supported upon iron racks. At time!

from four to five layers of these baskets were in the tanks.

A solution of calcium hypochlorite was added from time to tine

as the tank was being filled with water and, as before a total

of from 4 to 6 parts per million of chlorine was added. At the

end of fifteen minutes the amount present in the water of the

tank was usually 0.5 part per million. As the clams were

treatdd a dilute solution of hypochlorite was added in such

quantity that generally from 0.2 to 0.5 part free chlorine was

maintained in the water. Experience showed that with chlor-

ine over 0.5 part per million present, the clams had a tendency

to remain closed. The water in the tanks was vigorously aeratec'

during treatment but rarely contained over 0.3 part in 100,000

of dissolved oxygen. The water in the tank was changed each

tide and the baskets of clams thoroughly Y/ashed with a hose

after each emntying of the tank.
( Ref. 23 )
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Y)
Analysis of Present Method of Purification Used

at Plum Island Purification Plant «

There are several significant, positive Vaxues that must

he credited to the method of soft .clam purification employed

at the Newburyport ’ s Plum Island Plant:

1. The method has been In use for about 20 years and a con-

siderable background of experience in operation and control has

been obtained. The behavior of soft clams from various areas

is roughly predictable in it, and the limits of pollutional

loadings that may be admitted to the plant are clearly defined,

2. The plant is comparatlvly economical to run. The process

is mechanically done and a minimum of handling is Involved.

Laboratory control Is limited and simple. The technical dir-

ection of the process is straightforward, and largely of a

routine order, requiring little scientific training in the

staff.
( Ref. 15 )

3 . The plant may be expanded with snail increases in area or

volume requirements. Since the tanks are deep, the roofing

required to cover the operation is less than that demanded by

shallower tanks of the sane capacity. The building is simple

to maintain and to heat because of its minimum size.

There are also critical limitations to the Newburyport

process :

1 . Only clams from lightly polluted areas may be successfully

treated. When the initial concentrations of coliform bacteria

exceed ten times the present provisional United States

.Public Health Service limits ( 2400 coliform organi-ann. per -
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100 ml. They must be excluded from the plant, --any highly

productive areas in the Commonwealth, estimated at roughly

50 % of the total bed area, contains soft clams that cannot

be put through the Newburyport plant with the expectations that

they will come out meeting the present biological standards for

edible clams.

g. The Newburyport process is adopted for soft clams only.

Other species of shellfish will not cleanse themselves in sea

water containing low concentrations of chlorine

•

In summary, it may be said that the Newburyport process

may be used successfully and economically to purify soft clans

from lightly polluted areas.

The clams entering the process should not contain more

than 25,000 organisms per 100 ml. In the past, roughly 10 %

of the total soft clam production of the Commonwealth has been

treated in the Newburyport Plant.

At present, many areas, including the Newburyport Harbor

flats, themselves bear soft clams with coliforn. loads exceedin

the limits for treatment in the Newburyport plant. It has been

estimated that the total soft clan production may be increased

from 50 o to 100 % If soft clams, from areas now cut off by

moderate and heavy pollution could be treated efficiently.

Characteristically, these areas lie close to the larger coastal

areas and could be of value to the Commonwealth if there were

a way to exploit them without endangering health. Since they

are restricted and since no method for successfully treating
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them is available, they must be policed constantly at a cost

of money and men to the Commonwealth* This does not create

a food resource. Further, the temptation to dig such clams

from such areas represents a hazard to public health, and a

threat to the integrity of the shellfish industry itself.
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D

Investigation of the Shellfish Problem

By the Mass. Pep, of Public Health under Dr, Gharles Renn 1944

In 1944, the Division of Sanitary ’Engineering of the bass.

Dept, of Public Health, began a program of research to determine

how the purification process for soft clams could be improved.

In summary the findings of the 1944 investigation were:

1. The presence of concentrations of 0.2 PPM residual chlorine

and even lower than these used at Plum Island interferes with

the- normal feeding mechanisms and retards the natural discharge

of pollutional material.

2 . Chlorine in concentrations used at the Newburyport plant re-f

duces the bacterial content of sea water in the feeding tanks,

and in the shell liquor of the clams, but does not destroy

bacteria in the meats or in the mud on the clam shells.

3. Soft clams feed more actively and discharge pollutional

material more rapidly in clean sea water than in water contain-

ing 0.2 PPM or less residual chlorine.

4. Under favora- le conditions soft clams may be expected to

purify themselves in clean sea water in 8 to 12 hours. This

limit is indicated .by studies of the rate at which tracer

materials pass through the intestinal tract.

5. Low water temperatures favor the purification process in

clams. At high temperatures, in the order of 75° F. to 79° F.

purification is irregular and uncertain, and clams deteriorate

appreciably on holding. Low temperatures 60° F. to 68° F. favoi*

regular feeding and more efficient purification.

6 » A significant fractlon_of the total pollutions! load o

£
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polluted soft clams is derived from mud and silt adhering to

the shells, exposed tissues and neck.

7. Under favorable conditions relatively heavily polluted

soft clams may be purified by allowing them to feed in cold

unpolluted sea water. In several experiments, soft clams

containing in excess of 230,000 coliforms per 100 ml were

cleansed in 24 to 48 hours.

In all, twelve bacteriological experiments were run, of

which four were carried out with heavily polluted clams. In

this group of twelve, eight experiments were made in early

September when the tank temperatures at the Woods Hole Marine

Biological Station ranged between 75°F and 79°F. This group

showed irregular rates of bacterial reduction, ranging from

90 io to 99 % in 24 to 36 hours.

Four tests were made late in October and November with

heavily polluted clams at a water temperature ranging between

60° F and 66° F. In these cases, reults were much more favor-

able. One group of clams containing 230,000 coliforms per

100 ml yielded less than 190 coliforms per 10U ml, and one

group bearing more than 300,00 coliforms per ml showed less

than 19 per 100 ml after 36 hours feeding in slowly changing

sea water. ( Ref. 15 )
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?, Experimental Study for Development of an Improved l'ethod

of Purification of Soft-Shelled Clam ,

Early in August 1947, the Division of Sanitary Engineering

of The Massachusetts Department of Public Health proceeded to

construct and operate a pilot clam purif ication plant for the

purpose of investigating the feasibility and practicability of

more adequate methods of purification of the soft shell clan*

preferably by the use of plain unchlorinated sea water as

suggested by Dr. Charles E. Renn in his experiments of 1944.

A small pilot plant was installed at the clam plant at

Newburyport to utilize the polluted clams from TJewburyport flats

for study.

Concurrent with the studies in the pilot plant, it was

planned to conduct certain parallel studies in clam purificatior

by simply placing clans in baskets directly in certain clean

sea water#

The pilot plant experiments were widely varied for the

purpose of gaining pertinent information pertaining to soft

shell clam purification, and how such is affected by the use <6f

chlorinated versus chlorinated & dechlorinated sea water, con-

ditioning of the water used, direction of the flow of the water

over the clams, quantity of water necessary, depths of layers

of clams during treatment* length of treatment required, pre-

washing and final washing of clams, and other modifications that

might suggest themselves. The baskets in sea water experiments

were conducted off Plum Court, Gloucester, and in Plum Island

River at Nelson's Island Rowley,
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The pilot plant consisted of a wooden plain tank 29 x 54

t)
x 30 inches deep with necessary baffles, shelves, overflow outle

drains, piping manifold, recording water meter, control valve,

a small 10 gallon per minute centrifugal pump with electric

motor and power source, suction hose with foot valve to water

storage tanks, and the storage tanks themselves. For the

storage tank, two of the regular 5 x 5 x 16 foot treatment

tanks at the clam plant were used, and these were filled at

high tide with sea water, using the regular . facilities of the

plant •

t

Records kept on each experiment consisted of:

1. Dug age of clams at start.

2. Size of clams by number per bushel.

3. Pretreatment (washing) received.

4. Direction of the flow of water.

5. Rate of flow of water.

6. Condition of water (bacterial and temperatures).

7 0 Type of water used in pilot plant.

8. Length of treatment period.

Conclusions

A. Pretreatment :

Culling of all clams prior to and after treatment must be

complete. All damaged or dead clams should be removed and

discarded. Although an injured clam may heal itself under

normal conditions, its vitality is sufficiently impaired to

hinder its satisfactory purification in the comparative short

time and process of a purification plant.

28 .
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To remove pollution on the outside of the clam, an initial

bath of at least ten minutes duration of all clams in chlorinate

sea water containing 30 PPM of residual chlorine is essential.

B •
VTater to be Used in Treatment Plant ;

Tater should be as low as possible in coliform organisms

consistent with adequate treatment without seriously affecting

the vitality of the shellfish. If satisfactory water cannot

I

be obtained direct from the sea, the water as pumped may be

conditioned by first chlorinating it to 0.5 3?PM , holding for

15 minutes and then dechlorinating by use of sodium thiosulohate,

prior to use in the processing.

Alans, as do fish, obtain their necessary oxygen from the

dissolved oxygen in the water. It has been shown that the

water must have an oxygen content of at least 30 t saturation .

Aeration in the tank holding the clams Irritates the clams

and prevents their feeding and pumping. It was therefore

recommended that oxygen be added to the water outside of these

tanks. ( Ref. 10 )

39 .

The experiments were conducted using on the average, at

different times, from 1 to 20 gallons of water per clam per

day, as greater rates wore considered to be extremely iimpractic

Bacterial analysis of the effluent water from the pilot plant

showed relatively little or no increase in the coliform content

of the water after passing through the clams, although at times

considerable reduction in the clam score was obtained.

It is believed that rates as low as one half to one gallon

of water per clam per day may be sufficient for cleansing
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purposes .

The results of these experiments were not too conclusive

because too many things were attempted and because factors

affecting the clams were variable. However, some of the result^

showed that this type of treatment has possibilities if many

of thw wrinkles can be ironed out. ( Ref. 14 )

Included in this thesis are some charts showing some of th i

bacterial reduction by this method.
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STANDARDS FOR GROWING- AREAS

Surveys

•

All shellfish growing areas in any State shall have been

examined by sanitary and bacteriological surveys, prior to the

approval of interstate shipments of shellfish from such areas.

Shellfish grow in bodies of salt water receiving fresh

water run-off. Frequently, the rivers or smaller streams en-

tering shellfish growing areas carry contamination which may

either have been washed into them from the land areas drained

by such rivers, streams, or tributaries, or may have been

conveyed into them through artificial structures such as drains,

canals, or sewers. Many times the:/ receive sewage originating

in cities, towns, villages or isolated houses. Unless careful

surveys, supplemented by bacteriological examinations of the

water are made to ascertain whether areas from which shellfish

are shipped to market are at times exposed to serious contam-

ination of human origin, such shellfish may become a medium

through which disease may be conveyed. Periodic bacteriological

examination of samples of water does not take the place of

sanitary surveys but is an integral part of such surveys

•

Satisfactory Compliance

»

This item shall be deemed to have been satisfied if,- a

thorough examination of the watershed tributary to the shell-

fish growing area has been made by technically trained persons

competent to evaluate the probable effect upon the shellfish

growing area of the discharge of sewage into tributary streams

taking into account the following factors;
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(1) The quantity of pollution from all sources, including

sewage of domestic origin.

(2) The degree of treatment (if any) given the sewage

before being discharged, particularly as concerns the probable

destruction of pathogenic organisms.

(5) Hie degree of dilution of the sewage with clean water

(4) The relative freshness of sewage as determined by

the lapse of time between such discharges and their arrival in

the shellfish area.

(5) The opportunities afforded for natural self-purif-

ication of the area.

(6) The bacteriological examinations of water samples

collected from predetermined stations in the area on different

days sufficient to give a bacteriological picture of the water

under various stages of tide and under varying weather conditio

Classification of Shellfish Areas .

All shellfish growing areas in any State shall be class-

ified as approved or restricted. Restricted areas may be

further subdivided and designated as either moderately polluted

or grossly polluted. In order to confirm or modify tentative

classifications based on the sanitary survey, moderately poll-

uted shellfish growing areas should be examined rather inten-

sively for the presence and density of coliform organisms,

particularly in those portions of the area bordering on the

approved areas. Only occasional bacteriological samples are

necessary from areas which the sanitary survey indicates are

obviously free from pollution or are .gro3sjggj^jUait£id^.
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The probable presence or absence of pathogenic organisms

in shellfish waters and therefore, the probable contamination

of shellfish contained in such waters is of the greatest im-

portance in deciding- whether or not shellfish obtained from

such areas may be marketed directly without submitting them to

further treatment or whether the shellfish obtained from such

areas should be subjected to purification or cleansing processei

before granting permission to market them. There is no practi-

cable process on which to base judgment regarding the probable

freedom of such areas from the presence of pathogenic organisms

other than by making a careful inventory of all the actual

and potential sources of pollution which might affect the area,

carefully weighing the probability that natural purification

will protect shellfish areas and testing any conclusions thus

reached by a series of bacteriological examinations of samples

of water to determine the most probable number of coliform

bacteria present (organisms associated with sewage pollution).

Approved Shellfish Areas.

Approved shellfish areas shall satisfy the following

conditions :

The sanitary survey shall disclose no likelihood that hunar

fecal discharges reach the area in dangerous concentrations or

before sufficient time has elapsed to render such discharges

innocuous •

The median bacteriological content of samples of water

collected from these portions of the area determined by sanitary

survey to be most probably exposed to fecal contamination shall



,

.

.

.

f

.

T

-

f
I'

.



38

not show the presence of organisms of the coliform group in

excess of 70 per 100 ml, of water expressed in terms of most

probable numbers (MPN ) in a series of samples from each station

f

sufficient to determine the conditions existing. These samples

shall have been collected throughout the suspected area during

one or more active shellfish seasons during which conditions as

I disclosed by the sanitary survey shall have remained practicall r

unchanged. The samples shall have been collected under various

stages of tide and with due consideration of varying weather

conditions •

Bacteriological re-examinations of the area must be made

whenever periodical sanitary surveys, made not less than once

every 2 years, indicates that there may have been a significant

increase in the quantity of sewage entering the area since the

last bacteriological examinations were made.

Permanent sampling stations shall be located on a chart of

the area showing principal hydrographic and topographic data,

(Charts of the TJ.S, Coast and Geodetic Survey should be used

whenever they are available for the area under consideration.)

The spacing of the sampling stations shall take into con-

sideration the location of shellfish areas, the depth of water

at low tide, and the proximity of probable sources of pollution,

A larger number of the samples shall be taken into that portion

^
of the area bordering on the moderately polluted area than in

that portion of the area bordering on areas free from pollution ,

In order to establish a line between the approved area and a
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moderately polluted area, sampling points should ordinarily he

spaced no further apart than approximately 1,000 feet in any

direction*

In such bacteriological surveys a proportional number of

samples should be collected under various tidal conditions, and

with heavy rainfall and dry weather run-offs, to obtain an ad-

equate picture of the possible pollution of the area.

Grossly Polluted Closed Areas

.

If the sanitary survey discloses that the area is either

obviously subject to gross pollution by direct discharge of

sewage and other wastes, or demonstrably exposed more or less

continuously to even slight direct contamination with human

fecal discharges from nearby sources ashore, or if an area

usually of good quality is exposed to occasional direct and

immediate contamination with human fecal discharges, or if

bacteriological examinations indicate that the degree of con-

tamination is greater than the tolerated for moderately pollutec

areas, then such area may be declared to be a grossly polluted

area from which the taking of shellfish for market purposes

shall not be permitted.

Moderately Polluted Res tricted Areas •

After making sanitary and bacteriological surveys the area

may be declared to be a moderately polluted restricted area if

it is shown thatjl

(1) The area is intermediate between approved and grossly

polluted areas as regards expos\ire to and protection against

fecal pollution.
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(2) The bacteriological survey discloses that the median

bacteriological content of the water expressed in terms of the

most probable number (KPN ) of coliform organisms per 100 ml*

lies between 70 and 700,

(3) The sanitary survey shows that such contamination is

is probably of human origin.

When an area has been classified as a moderately polluted

restricted area bacteriological re-examination of the water in

that portion of the area adjacent to the grossly polluted area

shall be made at least every year if a partial sanitary re-

survey indicates that an increase in contamination may have

taken place. Partial sanitary resurveys consisting at least

of a review of maps, office records, or data regarding signif-

icant changes in population, sewage systems, sewage treatment

facilities, or of other factors which might tend to cause an

increase in the pollution of the area shall be made at least

yearly. Complete sanitary surveys shall be made whenever the

State regulatory authority issuing interstate shippers cert-

ificates deems such survey to be necessary. Information ob-

tained from such surveys 3hall be made available to the Surgeon

General of the United States Public Health Service whenever

data on a particular area are desired. A decision as to

whether any given areas in this class may be used for the taking

of shellfish, and if so, under what conditions should be based,

in each instance, upon a careful and thorough study of the area

which would take into account all factors which miaht affect

the decisions , namely ^ the findings on sanitary survey one] nn
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bacteriological examinations of the water.

Policing of Closed Areas .

All shellfish areas which have been closed as a result of

unsatisfactory findings following sanitary or bacteriological

surveys, shall be posted, warning the public that the shell-

fish are unsafe for human consumption and shall not be removed

except for re-laying or transplanting. Notice shall also state

the penalty to be imposed on those convicted of removing

shellfish illegally from these areas. Closed areas shall be

patrolled by the agency of the State government possessing

authority at frequent intervals to make certain that no shell-

fish are removed illegally. This section shall apply both to

areas used for the production of seed as well as to areas used

for the production of market shellfish. ( Ref. 8 )

Note

A sketch illustrating classification of shwllfish growing

areas is included in this thesis.

A map showing the restricted sh&llflbh areas in Massachusetts

is also included.
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YTT BACTERIOLOGICAL EXAMINATION OF SHELLFISH

Collection and transportation of Sample

In general, ten or more oysters, clams or mussels judged

to be representative of the lot and of the average size of the

lot under examination, with deep bowls, short unbroken lips,

and shells tightly closed, shall be selected and prepared for

transportation to the laboratory.

Not less than l/2 pint of shucked shellfish shall be

collected for this examination.

Shellfish selected as samples should be placed in a suit-

able sterilized container (such as a can with watertight lid

or canvas bag) which shall be marked for identification. This
j

samemrk shall be placed in its proper place on the descriptive

form which accompanies the sample. All shellfish for bacteriol

ogical examinations shall be handled aseptically.

Shellfish samples should be kept at or below 10°C. (50°P)

until examined, but under no conditions should they be per-

mitted to come into direct contact with ice.

A sample shall be considered unsatisfactory which has

been improperly handled after collection. Samples of shell

oysters should preferably be tested within 12 hours from the

time of collection, and in no case should ’samples which have

been held for more than 30 hours be tested. Samples of shucked

oysters should be handled with special care and should, if at

all possible, be analyzed within 4 hours after collection.

Field Record

A record of environmental conditions made at the time of _
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collection of the sample should accompany all shellfish samples

taken directly from growing* waters. The record should include

the following essential information:

Exact location and depth from which they were collected.

Date and hour of collection.

Where possible the following supplementary data should

be obtained:

1. state of tide

2. temperature, and

3. density of the water

4. whether there has been heavy, moderate or

very little rain during or immediately pre-

ceding the period of collection

5. careful notes on any unusual sources of

pollution such as boats, privies, sewers,

pasture lands, animals, etc., which might

affect bacteriological results.

When samples are collected fronpacking plants or from the

market, records shall be made of:

1. date and hour of collection

2, name and address of the place from which the

samples were collected

3. exact location of the water in which the shell-

fish were dug

4, identification of the digger, shipper and re-

shipper and the respective dates ' on which these

transactions took place





5. conditions of storage prior to collection of

the sample

6. sanitary conditions in the packing plant

7* temperature at which shellfish were being held

Procedure

Preparation of Samples for Examination

1 • Unopened Shellfish

a. Scrape off excessive growth and loose material from the

shellfish and scrub with a stiff brush in running water of

known purity until shells are clean and free of all mud, es-

pecially in crevices at junction of shells.

The hands of the examiner should be thoroughly washed with

soap and water and the brush used for scrubbing the shells

snould be sterilised by boiling or autoclaving.

b. Either (1) immerse the scrubbed shellfish for 15

minutes in the chlorinated v/ater which will not contain less

Lli - 1
-

1 p»p»m* iree chlorine at the end of the treatment, as

determined by the orthotolodine test and watch the shellfish

during treatment and discard any which open and cause bubbling:

rinse in v/ater free of chlorine and of known purity, place on

clean paper towels and dry in the air: or (2) place the clean

shellfish on clean paper towels and dry in the air. Immediately

before opening carefully flame the lip of the shellfish.

c. Open the shellfish v/ith an oyster knife or other

suitable instrument which has been sterilized by flaming or

immersion lor 3 minutes in boiling water. The point of the

oyster knife can be inserted be tween the shell after some



.

%

.

. c

.

.

.

.

. . .

.

.

.

. 'll'.



experience, or a snail opening can be made with nibbling forceps

Cut the adductor muscle of the upper flat shell if examining

oysters and pry the shell apart just wide enough to drain off

the shell liquor.

d. Drain off the shell liquor into a sterile bottle, then

lay the oyster on a clean paper towel and pry the shell loose

at the hinge. By holding the lower (deep bowl) shell down with

the oyster knife and using the knife at the same time as a

lever to pry open the upper shell, the anterior edge may be

grasped with the left hand and removed with the minimum chance

of contamination. The removal of the shell is the most diffic-

ult part of the procedure and calls for careful technic to

avoid shell liqour running on the hands, and contamination of

the shellfish.

e. Cut the body of the shellfish into approximately 10

equal pieces with scissors of oyster knife, previously steri-

lized by autoclaving, flaming, or immersion in boiling water

for 3 minutes, and empty into the bottle containing the shell

liquor. This bottle should be a heavy-walled glass or rubber

stoppered bottle graduated at 200 ml and 400 ml. Not less than

200 ml. of shellfish, with the shell liquor should be used,

bu£, in no case, should less than 6 shellfish constitute the

sample.

. f. Add about a tablespoon of sterile 5 mm. imperforate

glass beads to the sample and shake vigorously 50 times, each

shake being an up and down excursion of 1 foot, time interval

not exceeding 30 seconds.
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g. To 200 ml. of this well mixed sample, add 200 ml. of

sterile distilled water. Shake vigorously to mix the sample.

Allow the sample to settle for 2 minutes.

2. Shellfish Removed from the Shell

The examination of shucked shellfish shall be made in an

analogous manner to that for shell stock, that is, 200 ml. of

the sample (both shellfish and liquor) shall be added to 200 ml.

of sterile distilled water after the bodies of the shellfish

have been cut up as in step (e) on the previous page.

Examination for member s of the Coliform group and Es- •

cherichia Coli

Examination of shellfish shall be made in a manner similar

to that used for the examination of shellfish water samples.

1. Presumptive Test:

Using plain lactose broth fermentation tubes, inoculate:

a. Each of 5 tubes with 2 ml, (1 ml. of composite shell-

fish sample) from sample as prepared under section 1.

b. Each of 5 tubes with 1 ml. from a 1 in 10 dilution of

the composite sample (2 ml. prepared Sample 1 plus 8 ml. of

sterile distilled water )and

c. Each of 5 tubes with 1 ml. from a 1 in 100 dilution

of the composite shellfish sample (1 ml. of 1 to 10 dilution

plus 9 ml. of sterile distilled water).

If desired, further decimal dilutions may be carried out.

Incubate at 37°c. for a total of 48 hours . Examine after 24

and 48 hours for the presence of gas in the tubes.

The presence of aas in anv amount, or the -.appearance—of

—
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effervescent gas on shaking a tube, shall constitute a positive

presumptive test; the absence of gas, a negative presumptive

test .

2 . Confirmation Coliform Group

All positive tubes must be confirmed for bacteria of the

coliform group by transfer to brilliant green lactose bile broth,

Expression of Results

The number of bacteria of the coliform group shall be

expressed as the most probable number (MPN ) per 100 ml. of

sample. The H.P.iT. shall be determined from the tables of the

most probable numbers.

An MPiT value of 2,400 or more coliform organisms per 100

ml. occurring in successive samples of shellfish, other than

oysters, as taken from the growing area, at point of shucking

or after cleansing should be interpreted as an indication of

unfavorable conditions or practices surrounding the production

and handling of the product and should necessitate investigation

and further control activities on the part of t he regulatory

agency. ( Ref. 8 )
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VlTl EXPERT!,TENTAL WORK OF THE WRITER

At present, thw writer is running some experiments on

purification of clans.

As can be seen from the foregoing presentation, the present

method of treatment employed at Newburyport is too limited in

its scope for clans dug from polluted areas in this state.

Consequently, it is necessary to substitute a method for the

present procedure.

Beginning with Dr. Renn’s work in 1944, we have a starting

premise. Clams will purify themselves better in clean sea water

than they will in sea water containing chlorine. Dr. Renn’s

work presented a promising basis for a new method, namely, using

m
0

clean sea water for treatment instead of chlorinated water.

However, Dr. Renn did not run enough experiments to completely

satisfy this premise. The experimental work per 'orned by the

Mass. Dept, of Public Health in 1947, attempted to corroborate

Dr. Renn’s premise. This work did add some substance* to Dr.

Renn’s original work, but if fell down in its work for a number

of reasons. The main reason for the inconclusiveness of this

work was the presence of too many variables. For one, temper-

ature was not constant throughout the exweriments , and the

temperatures at which the clams were purified was much lower

than that recommended. It can be seen from the charts that the

few experiments rim at a temperature of 60°F showed much quicker

purification. The rate of the water pumping was not constant,

the feeding of the clams was not constant. Consequently, when

failure resulted, it was not known wl ich of these factors wore
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influential.

It is felt by this writer, that the proper approach to

this problem is the elimination of these variables, one at a

time, if possible. For example, it has been stated that clams

will purify themselves best at a temperature between 60° and

70° p.

The plan of the writer is to exploit the temperature

variables first, and then to tackle the other variables.

This experiment is being run at the Marine Aquarium at 40

Farragut Street in South Boston. The Aquarium is under the

juridiction of the Park Department of the City of Boston.

The Aquarium exhibits tropical and subtropical fish, and

of necessity the water used for the fish tanks is preheated.

The temperature of the water is constantly within the range of

68° to 70°£

The water used at the Aquarium is sea water which is pumped;

into the plant once a year. The water is pumped to a cement

underground tank of a capacity of some 120,000 gallons. Some

settling takes place. The water is then passed through a gravel

filter where it is aerated, and then distributed to the various

tanks at the Aquarium. The cycle from underground storage tank,

to gravel filter, to fish tank is of 24 hour duration.

The experiments are being run in a tank of approximately

300 gallon capacity. There is a continuous flow of water

through this tank, and the volume can be controlled by an inlet

valve •

Bacteriological samples run on the wa t er showed-^tha^th^

BOSTON UNIVERSITY
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water had a score of 23 coliforms per 100 ml* which indicated

that the water is of fairly good quality for this work.

A half a bushel of clans is to be treated at one time

and each bushel will be treated a maximum of 48 hours.

These bacteriological examinations will be made on each

lot of clams: one when the clams are first put into the tank,

and one at the end of 24 hours, and one at the end of 48

hours. These will be examined by a process described nreviouslt".
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