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REPORT OF THE SPECIAL COMMISSION ESTAB-
LISHED FOR THE PURPOSE OF MAKING AN
INVESTIGATION AND STUDY RELATIVE TO
EDIBLE SHELLFISH, THE PROPAGATION
THEREOF AND THEIR RECLAMATION FROM
CONTAMINATED AREAS BY MEANS OF
PURIFICATION PLANTS.

Boston, March 1, 1947

To the Honorable Senate and House of Representative

Under chapter 77 of the Resolves of 1946 the General
Court revived and continued the special commission es-
tablished to investigate and study edible shellfish and
shellfish purification which was created under chapter 65
of the Resolves of 1945. The time for filing a supplemen-
tary report of the Commission was extended to March 1,
1947, by House Order adopted January 9, 1947.

The authority for the Commission to act and the sub-
ject matter of its investigations and study are set forth
in the text of the resolve, as follows;

Cfec Commontocalti) of QSJassacinisetts

Chapter 7'

Resolve reviving and continuing the Commission established to
make an Investigation and Study relative to Edible Shell-
fish and Shellfish Chlorinating Plants.

Resolved, That the unpaid special commission, established by chapter
sixty-five of the resolves of nineteen hundred and forty-five, is hereby
revived and continued for the purpose of continuing its investigation
and study relative to shellfish in areas determined under section
seventy-four of chapter one hundred and thirty of the General Laws,
or corresponding provisions of earlier laws, to be contaminated, and
relative to the reclaiming of shellfish from such areas by means of
purification plants. Said commission shall, in the course of its in-
vestigation and study consider the subject matter of current house
document numbered sixteen hundred and fifty-nine, relative to pro-
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viding for the establishment and maintenance of plants for the purifi-
cation of shellfish, and the subject matter of current house document
numbered sixteen hundred and sixty-one, relative to providing for the
improvement of the shellfisheries of the commonwealth. Said com-
mission shall confer with the state departments of conservation and
public health relative to the matters referred to it for investigation
and study hereunder, and may expend for the purposes of this resolve
such sums, not exceeding, in the aggregate, five thousand dollars, as
may hereafter be appropriated therefor.

Said commission shall make a supplementary report to the general
court of the results of its investigation and study, and its recom-
mendations, if any, together with drafts of legislation necessary to
carry its recommendations into effect, by filing the same with the clerk
of the house of representatives on or before the first Wednesday of
December in the current year. Approved June 13, 191,6.

Re-organization.

The re-organization of the Commission was effected at
a meeting held September 25, 1946, in Room 304, Ford
Building, at which the following officers were elected:
chairman, Senator Richard I. Furbush of Waltham;
vice-chairman, Representative John A. Armstrong of
Plymouth; and secretary, William Griffin of Dorchester.

Other members of the Commission were Representative
James O’Brien of Fall River, Representative Francis W.
Lindstrom of Cambridge, and Earnest W. Barnes of
Roslindale, biologist in the Department of Conservation.

REPORT.

This report of the Commission should be considered as
supplementary to its initial report (House, No. 1475 of
1946), as the recommendations and analysis of the sub-
ject matter under investigation contained in its first re-
port were fully supported by later research and study.

The Commission decided at its first meeting to con-
centrate the major part of its efforts upon problems con-
nected with shellfish in contaminated areas, giving special
attention to the purification of soft shell clams. Meetings
were held in Boston, to which were invited local officials
and individuals interested in local contaminated shell-
fish problems. Later the Commission traveled to Balti-
more, Maryland and Freeport, Long Island, New York,
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two state-financed shellfish stations of outstanding promi-
nence. Still later the Commissioner of the Department
of Sea and Shore Fisheries of the State of Maine was in-
terviewed relative to organizing the clam-producing
States for co-operative efforts to improve contaminated
procedure.

It is still the opinion of the Commission, as emphasized
in its initial report, that most if not all of the problems
connected with shellfish in the contaminated areas would
be solved if an adequate method for the purification of
shellfish should be devised and put into operation.

The Commission was not unmindful of the fact that all
shellfish producing States along our North Atlantic
seaboard were equally concerned with the same problems,
and therefore any improved method or new facts ob-
tained from research would be a contribution to the
welfare of this entire section. The Commission therefore
unanimously supported the plan of the biologist on the
Commission to interest the officials of neighboring States
in forming an organization for the mutual exchange of
information and co-ordination of efforts.

Employment of a Specialist.

Because it realized the far-reaching importance of
shellfish purification, the Commission at its first meeting
voted to employ a sanitary specialist in good standing
with the public health groups, realizing that regardless
of the conclusions of the Commission, or even of the
General Court, any new method of shellfish treatment
which might be devised must first pass the tests and
standards of the U. S. Public Health Service and be
approved by it.

Furthermore, in the judgment of the Commission, any
attempt to make use of clams from the more heavily
polluted areas would of necessity greatly increase the
hazards to public health and make it all the more neces-
sary to proceed with extreme caution.

The Commission accordingly voted to engage Dr.
Charles E. Renn to make an analysis of certain problems
connected with shellfish purification. Dr. Renn is in
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charge of the Sanitary Laboratories, School of Engineer-
ing, Johns Hopkins University, Baltimore, and had
recently been employed by the Massachusetts Depart-
ment of Public Health as an Associate Biologist in
research on shellfish. He is exceptionally well qualified
to make the required analyses. His excellent paper is
appended to this report and should be read by all who
are concerned with the problems of shellfish in con-
taminated areas. (See Appendix A.)

Certain questions and problems, given in the index to
his report, were submitted to him by the Commission to
be used merely as a guide to his analyses, so that the
main points studied by the Commission would be cov-
ered. The.development of the thesis was his own.

On the basis of his report and from its owm findings
the Commission presents this summary:

The Newburyport Purification Plant, although inex-
pensive to construct and operate, wr as designed to be
used and is effective only for clams coming from lightly
polluted areas.

It has served its purpose well, but should be replaced
by a more efficient method which will purify shellfish
from any area however much polluted.

Such a method would result in the salvage of clams
from extensive and highly productive areas now barred
from public use, which represent more than 40 per cent
of the total polluted areas of the Commonwealth, and
which have a present potential annual harvest value of
approximately 8500,000. To obtain this additional an-
nual revenue which would make possible the employment
of additional hundreds of citizens, an appropriation of
$lO,OOO will be needed to develop the new purification
method. (See Appendix D.)

For all practical purposes the opening of these grossly
polluted areas would remove the temptation for illegal
taking, with its menace to public health, in that such
taking places quantities of polluted clams into consumer-
use unpurified. The temptation to “bootleg” naturally
becomes more acute as the quantity and market value
increases.
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Aggravating the situation and making it all the more
necessary to develop a new method of shellfish purifica-
tion, and to conduct research looking toward a revision
of the standards of analysis, is the new method of shell-
fish analysis and the tentative standards adopted by the
U. S. Public Health Service, made effective January 1,
1945. These have resulted in closing many areas in this
State hitherto considered as lightly polluted and therefore
suitable for purification.

Studies made by Dr. Eenn clearly demonstrate what
had been suspected for the past few years, namely;
that the purification of clams is a natural process de-
pending for its effectiveness upon the vigorous feeding
of the clams in sea water free from bacteria.

That the role of residual chlorine as at present in use
at the Newburyport plant is merely to provide the purity
of the sea water in which the shellfish feed and maintain
it against re-infection during the process of purification.

That the concentration of chlorine which will appar-
ently best accomplish this and still permit the clams to
appear to “drink” freely (0.2 p. p. m.) unfortunately
irritates the digestive apparatus of the clam and restricts
the process of self-purification, or purging, so that a
considerable amount of the polluted material is undis-
turbed and remains a hazard to public use.

That in pure sea water, free from chlorine, clams will
purify themselves more effectively than in sea water
containing even slight traces of chlorine.

In carefully conducted tests clams from very heavily
polluted areas now barred from purification with
scores in excess of 300,000 coliforms per 100 milliliters,
have reduced their bacterial load in 36 hours to only
19 per 100 ml. (99 per cent purification) when feeding in
clean sea water free from chlorine, whereas under the
chlorine treatment the highest coliform load that can be
successfully treated is 25,000 per 100 ml., and approxi-
mately 48 hours is required to reduce the coliform load
to 2,400, which is the maximum allowed for interstate
shipments. The difference between the reduction from a
score of 300,000 to 19 in 36 hours in clean sea water as
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compared with a reduction from 25,000 to 2,400 in 48 hours
in chlorinated sea water clearly represents the ineffectiveness
of the chlorine method.

This ineffectiveness has resulted in barring each year
from treatment plants and therefore from consumer-use
shellfish to the value of many thousands of dollars.

The new method while designed for clams could in all
probability with slight modifications be applied effec-
tively to other shellfish.

The problems of improving the present processes of
purification are twofold:

A. Mechanical improvements
In initial cleansing to provide more effective

removal of bacteria-laden soil from the exterior
of the clam.

In the treatment tanks so as to provide proper
circulation of sea water to satisfy the biological
needs of the clams, minimize the chance of re-
infection, permit vigorous uninterrupted feeding,
etc.

B. Chemical improvements
To provide the most effective means of purifying

the sea water used, and maintaining this purity
without inhibiting the rapid and complete removal
of the polluted material concentrated within the
clam.

The plan of the Division of Marine Fisheries to include
in any new or remodeled purification plant a research
laboratory separate from the maintenance unit, so as to
provide continual study of all operations with a view of
progressive refinement, is strongly recommended by the
Commission.

In view of the many changes that will in all probability
be made in the construction of the new purification tanks,
and therefore in the size and shape of the buildings used
to house the new purification procedure, the Commission
advised the Director of the Division of Marine Fisheries
to delay for a limited time the construction of the new
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plant in the vicinity of Boston which was authorized
by the General Court in its 1946 session.

The Commission enthusiastically supports the program
for developing a new purification method. Furthermore,
it believes that as a result of the anticipated simplifica-
tion of the process it is quite probable that commercial
dealers may find it profitable to apply the method in a
slightly modified form to the conditioning of shellfish
from certified areas to the satisfaction of their customers,
with increased assurance to public health.

The Commission, however, does not recommend per-
mitting private firms to engage in the purification of
shellfish from contaminated areas. The hazard to public
health would be too great.

Disease Traceable to Shellfish.
While the analysis of the records of disease traceable

to shellfish as given in Appendix A is not too impressive,
due, perhaps, to insufficient records, nevertheless,

it is the opinion of the Commission that the hazard is
very great and the menace must by no means be over-
looked in any plan for the utilization of shellfish from
contaminated areas.

Previous Recommendations Supported.

As recommended in its previous report (House, No.
1475 of 1946), and without repeating the arguments con-
tained therein, the Commission urges attention to the
following items which in its judgment are vitally needed
for the improvement of the shellfisheries of the Common-
wealth :

1. Expansion of the co-operative service in the Division
of Marine Fisheries, known as “Shellfish Assistance to
Coastal Cities and Towns.”

The specific needs of this service are: liberalized appro-
priations, increased personnel and a total appropriation
of $40,000 annually for a period of three years.

2. The continuance of local control of shellfisheries
under such supervision by the Division of Marine Fish-
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eries as will assure the assumption of responsibility by
the local authorities to properly develop and protect the
fishery.

3. The establishment of at least two shellfish experiment
stations for the purpose of developing and demonstrating
improved methods of propagation and management. The
fisheries station at Solomon’s Island, Maryland, visited
by the Commission, is an outstanding example of the
benefits which can come to a fishery from such a station.
(See Appendix B.)

4. The development of an improved method for the
purification of shellfish taken from areas determined to
be contaminated. In the opinion of the Commission, as
previously stated in this report, this should be the first
step to be taken in any program looking toward the
salvage of shellfish in polluted areas, and should, so far
as practical, precede the building of purification plants.
Legislation recommended to accomplish this purpose is
given in Appendix C.

5. The eventual establishment of at least three purifica-
tion plants to be operated by the Director of the Division
of Marine Fisheries, with provision for recovering both
the capital investment and the expenses of operation
through a reasonable charge for use of the facilities of
the plant. It is recommended that in this program con-
sideration be given to the taking over and operation by
the Commonwealth of the plant at Newburyport, the
facilities of which have for many years been used largely
and almost exclusively for the treatment of shellfish
outside of the Merrimack River areas for which it was
built. (See Appendix D.)

Plum Island Sound Flats.

In view' of the general depletion of clams brought on

by intensive war-time taking in all clam flats of the
Commonwealth, and the fact that Plum Island Sound
flat is one of the few remaining large unpolluted areas,
the Commission is disturbed by the fact that the U. S.
Fish and Wildlife Service has seized these flats and pro-
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pose to include them in the Wildlife Refuge for waterfowl,
to the great detriment to the citizens of this area.

The Commission, having given as full consideration of
the intricate problems which are the subject matter of
the creating resolve as time permitted, recommends the
legislation which is appended to this report.

It further recommends that the Commission be re-
vived and continued in order to complete its investiga-
tion and assist in the development of the new purification
method and in obtaining approval after its development
from the U. S. Public Health Service. (See Appendix E.)





I REPORT SUBMITTED TO SPECIAL COMMISSION TO IN-
VESTIGATE THE SHELLFISHERIES OF THE COM-
MONWEALTH, DECEMBER 31, 1946, BY CHARLES E.
RENN, Ph.D, IN CHARGE OF SANITARY LABORA-
TORIES, SCHOOL OF ENGINEERING, THE JOHNS
HOPKINS UNIVERSITY.

Appendix A

IMPROVED PROCESSES FOR THE PURIFICA-
TION OF SOFT-SHELL CLAMS.
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Analysis of Present Method of Purification used

at Plum Island Purification Plant.

There are several significant, positive values that must
be credited to the method of soft clam purification em-
ployed at Newburyport’s Plum Island plant:

A The method has been in use for about eighteen 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.

B. The plant is comparatively economical to run. The process is
mechanically crude, and a minimum of handling is involved.
Laboratory control is limited and simple. The technical direc-
tion of the process is straightforward, and largely of a routine
order, requiring little scientific training in the staff.

C. The plant may be expanded with small increases in area or vol-
ume requirements. Since the tanks are deep, the roofing re-
quired to cover the operations is less than that demandedby
shallower tanks of the same capacity. The building is simple
to maintain, and to heat because it is of minimum size.

There are also critical limitations to the Newburyport
process:

REPORT ON THE POSSIBILITIES OF IMPROVING
THE PROCESS FOR PURIFYING SOFT CLAMS.

A. Only clams from lightly polluted areas may be treated success-
fully. When the initial concentrations of coliform bacteria in
the clams exceed ten times the present provisional U. S. Public
Health Service limits (2,400 coliform organisms per 100 milli-
liters) they must be excluded from the plant. Many highly
productive areas in the Commonwealth, estimated at roughly
40 per cent of the total bed area, contain soft clams that can-
not be put through the Newburyport plant with the expecta-
tion that they will come out meeting the present bacteriological
standards for edible clams.

B. The Newburyport process is adapted to soft clams only. Other
species of shellfish will not cleanse themselves in sea water
containing low concentrations of chlorine.
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In summary, it may be said that the Newburyport
process may be used successfully and economically to
purify soft clams from lightly polluted areas.

The clams entering the process should not contain 'more

than 10,000 to 25,000 organisms per 100 ml. 1 In the
past, roughly 10 per cent of the total soft clam production
of the Commonwealth has been treated in the Newbury-

At present, many areas, including the Newburyport
Harbor flats, themselves, bear soft clams with coliform
loads exceeding the limits for treatment in the Newbury-
port plant. It has been estimated that the total soft
clam production may be increased from 50 per cent to
100 per cent 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 cities, and could be of value to the Common-
wealth if there were a way to exploit them without en-
dangering health. Since they are restricted, and since
no method for successfully treating them is available,
they must be policed constantly at a cost of men and
money to the Commonwealth. This does not create a
food resource. Further, the temptation to dig soft clams
from such areas represents a hazard to the public health,
and a threat to integrity of the shellfish industry, itself.

Basic Limitations to the Application of the New-
buryport Method to more Heavily Polluted
Soft Clams.

The Newburyport process wr as originally designed to
make it possible for shellfishermen to dig and sell clams
from the extensive, and, as considered at that time, lightly
polluted Joppa Flats of Newburyport Harbor. It was
never developed as a process to be applied to grossly
polluted shellfish, and the extension of the plant’s facili-
ties to such material unjustly discredits the very great

port plant.

1 The official method of enumeratingpollutional organisms is in terms of “most probable
number per 100 ml.” One hundred ml. (milliliters) represents the approximate volume of
clam meats in a small portion of fried clams. “Most probable number” is a statistical term,
commonly abbreviated, m. p. n.
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service that the plant has performed in maintaining the
independence of many shellfishermen during the de-
pression years.

Shortly after the United States entered the recent war,
and during the war, pressures to use the purification
plant were of a different order. The rising prices of all
shellfish, induced in part by the heavy purchases of the
U. S. Army and Navy in the Boston area, created a
demand to open previously closed beds for treatment.
At about the same time, it became evident that certain
productive coastal sections were becoming more heavily
polluted with sewage. In the case of the Newburyport
flats, this was related to (1) changes in the channels
through the flats, which directed larger volumes of
Newburyport sewage upon the beds, and (2) increasing
industry and rising populations in the towns of the
Merrimack Valley.

Attention was also directed to the prevalence of pro-
hibitively high coliform bacterial loadings of soft clams
by the use of new official methods for bacterial examina-
tion.

The “Old” and the “New” Methods of Bacterio-
logical Analysis op Shellfish.

The controversial “new” method was published in the
report of the Committee on Bacteriological Methods for
the Examination of Shellfish of the American Public
Health Association in May, 1943, and was made the
official procedure for analysis by the U. S. Public Health
Service on January 1, 1945. In the interval, the New
York State Department of Conservation, Division of
Shellfish Sanitation, and the Massachusetts Department
of Public Health, Division of Sanitary Engineering, had
subjected the method to a series of critical tests.

It became clear, early in 1944, during the period that
the Division of Sanitary Engineering was checking the
new, proposed method, that soft clams showed much
higher coliform loadings than quahaugs and oysters from
comparable waters. This caused the Division to insti-
tute an experimental program of research into the causes
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and meanings of the more frequent indications of pollu-
tion obtained by the new method than by the previous
official tests.

There has been much confusion concerning the relative
values of the “old” and the “new” methods of bacterial
analysis, and a clarification of the essential differences in
the two techniques should be helpful in understanding
both present and projected methods for shellfish purifi-
cation.

1. 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 of its technical simplicity
and it was deemed adequate because there appeared to
be a reasonably good relationship between the degree of
pollution of waters over the beds, the bacterial content
of the shell liquor, and the bacterial content of the
stomach, liver, gills and other soft parts used for food.

2. The “new” method, official with the beginning of
the year 1945, 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 Waring 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 are 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.

One of the most disconcerting findings obtained during
the period that the “new” method of analysis was under
test was the discovery that there were wide differences in
the numbers of specimens declared passable by the “old”

Application op the “New” Method of Bacterial
Analysis to Clams Treated at the Newburyport
Purification Plant.
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method and standards, and by the “new” method and
standards. When treated clams were examined by the
“old method” that is, when the shell liquor was tested

very satisfactory improvement in the bacteriological
condition of soft clams was commonly indicated. But
when treated clams were examined by the “new method ”

by which the bacterial content of both shell liquor and
meats were determined, only a small fraction of the soft
clams admitted to the plant were found to have bacterial
loadings that would have allowed them to pass into in-
terstate shipment by the tentative standards that were
projected for 1945.

After a series of intensive investigations, and conferences
with the U. S. Public Health Service, the Massachusetts
Division of Sanitary Engineering was able to secure a
provisional standard for soft clams, permitting a coliform
loading for this group of ten times that for oysters. This
was obtained by demonstrating that the original new
standard had been developed from data on the bacteri-
ology of oysters, and that soft clams, largely because of
their association with bacteria-rich muds, and because
of the relatively .great amounts of bacteria taken in with
silt that forms part of the food of the soft clam, have an
inherently high bacterial content.

Nevertheless, the finding of unanticipated high coli-
form content in many specimens of treated clams from
the Newburyport plant made it necessary to completely
close some soft clam producing areas, and to bar these
from the plant.

During the life of the purification plant, a voluminous
log of data upon the effectiveness of purification was col-
lected in the routine reports to the Department of Public
Health, required by law. The method of analysis em-
ployed at the plant, since its opening, has been the “old”
method. In addition to these data, control, check, and
experimental analyses were made by the Division of
Sanitary Engineering’s Lawrence Experiment Station.
All of the data collected prior to 1944, however, was de-
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rived by the “old” method, and when high coliform
loadings were encountered by the “new” method, there
was no background for determining the causes.

Of more immediate importance, there was no informa-
tion from which improvements in the process could be
made quickly. Anticipating further restrictions when the
“new” method of analysis and more exacting sanitary
standards were to become official, the Division of Sanitary
Engineering undertook intensive experimental investiga-
tions of the purification process.

Effectiveness of Process in the Newburyport
Plant.

Early in 1945, evidence began to accumulate from
routine check analyses performed by the Lawrence Ex-
periment Station, using the “new” official method of
analysis, that soft clams from the Newburyport flats
were coming from the plant with coliform loadings greatly
exceeding the standards set for soft clams. The coliform
scores by “old” methods of analysis continued to be
passable by old standards, in most cases, but an increas-
ing number of high scores were also evident. The causes
of the high coliform loadings were not established till
late in the year, when a series of intensive float studies
showed direct pollution of the areas by Newburyport
sewage, and a study of the cumulated records of the
Merrimack River demonstrated steadily rising pollu-
tional loads from this source.

Before formal notice of the closing of the flats was
served, an experimental study was made of the efficiency
of the purification plant, using the “new” methods of
analysis throughout. Soft clams of varying degrees of
pollution from four separate areas of the Commonwealth
were studied, and it was established that the reduction
of coliform loading during the standard twenty-four to
forty-eight hour holding times in the purification tanks
ranged in the orders of 75 per cent to 90 per cent; seldom
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more than 25 per cent of the original bacteria remained,
and only infrequently were less than 10 per cent of the
original bacteria recovered. Numerous tests were run
under the most favorable conditions. These experiments
furnished, for the first time, a clear, quantitative picture
of what could be expected of the Newburyport purifica-
tion process.

Since soft clams acceptable for interstate shipment
must not contain more than 2,400 coliform bacteria per
100 ml., this means that soft clams containing more than
10,000 to 25,000 coliform organisms per 100 ml. cannot
be successfully treated. If it is determined on field
examination, that soft clams from a selected area contain
more than 25,000 coliform bacteria per 100 ml., it is
practically certain that these shellfish will go through
the present purification process retaining more than the
allowable limit of coliform bacteria. As an example of
the meaning of this limitation, the Newburyport Flats
at the time of closing were producing soft clams with
loadings exceeding 100,000 coliforms per 100 ml., and
some areas within the harbor, formerly dug, contained
soft clams with loadings in excess of 250,000 coliforms
per 100 ml.

In retrospect, it can be seen that the “old” method of
bacterial analysis, applied to the purification process,
measures the rate at which the shell liquor is improved,
but does not directly indicate the changes within the
meats of the soft clam. The drawback to the “old”
method of bacteriological analysis is that it only measures
the degree to which the shell liquor has been disinfected
by the chlorine in the system, and affords an imperfect
indication of the loss of bacteria from the soft clam’s
intestine.

In face of this, there would seem to be little reason for
making or continuing to make bacteriological analyses
by the “old” method at the purification plant. How-
ever, the “old” method has another value that recom-
mends its use. This was discussed with officers of the
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U. S. Public Health Service early in 1945, and it was
agreed that the procedure should be continued. A
bacterial analysis of the shell liquor is a direct check
upon the activity of the chlorine in the tanks. If the
recommended chlorine concentrations are not main-
tained, the bacterial score rises. Further, grossly polluted
clams will show a high shell liquor score, and when these
are found in samples of clams submitted for treatment,
the clams are held in treatment for longer periods, or, if
persistent, they are rejected.

When the limitations of the bacterial analysis of shell
liquor were recognized, arrangements were made to have
more frequent check analyses made by the new method
at the Lawrence Experiment Station, rather than to
impose the technique upon the limited staff of the Puri-
fication Plant. The “new” method involved considerable
additional equipment, and would have been too time-
consuming to be used as a routine method of control with
the facilities and personnel available at Plum Island.
Indeed, the bacteriologist-chemist in charge of the plant
would have been able to analyze only a small fraction of
the samples taken daily, and it would have been im-
possible for him to continue any of the administrative
and maintenance operations.

Investigations to Determine the Cause of High
Coliform Scores in Treated Soft Clams.

In June, 1944, the Division of Sanitary Engineering
began a program of research investigations to determine
how the purification process for soft clams could be
improved. This work extended to the close of the year,
and culminated in a joint resolution to the Legislature
of 1945, requesting funds for a co-operative program of
research by the Department of Conservation and the
Department of Health to develop new methods for
increasing the yield of shellfish in the Commonwealth,
(1) by studies of propagation, and (2) by improvement of
the purification process.
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In summary the findings of the 1944 investigations
were:

1. The presence of concentrations of 0.2 p. p. m. 1 residual chlorine
and even lower than those used at Plum Island interferes with
the normal feeding mechanism and retards the natural discharge
of pollutional material.

Chlorine in concentrations used at Newburyport reduces the bac-
terial 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 mud on the clam shells.

Soft clams feed more actively and discharge pollutional material
more rapidly in clean sea water than in water containing 0.2
p. p. m. or less of residual chlorine.

4. Under favorable conditions, soft clams may be expected to purify
themselves in clean sea water in Bto 12 hours. This limit is in-
dicated 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., purifica-
tion is irregular and uncertain, and clams deteriorate appreciably
on holding. Low temperatures, 60° F. to 68° F. favor regular
feeding and more efficient purification.

6. A significant fraction of the total pollutional load of polluted soft
clams is derived from mud and silt adhering to the shells, exposed
tissues and neck. Thorough superficial washing is an essential
prelude to successful purification.

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 ex-
cess of 230,000 coliforms per 100 ml. were reduced to less than 23
per 100 ml. in 24 to 48 hours.

Effects op Low Concentrations of Chlorine on
the Self-purification of Soft Clams.

The 1944 experiments demonstrate the same adverse
reactions in soft clams that other investigators have
noted in research on the purification of mussels and
oysters; i.e., that low concentrations of chlorine irritate
the clams and cause them to feed irregularly and ineffi-
ciently, so that pollutional material is not discharged
from their intestinal tracts. The shellfish purification

p. p. m. (“parts per mill:
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processes that have been studied have uniformly shown
that bacteriological improvement requires that the shell-
fish feed vigorously so that the initial pollution bearing
meals will be discharged or displaced from the shellfish
intestines. The addition of a disinfectant is justified
only as a measure for maintaining the water in which
the shellfish feed free of bacteria, and for preventing
re-pollution.

There are several exceptional features in the behavior
of the soft clam that lead to the misconception that this
species is more tolerant to chlorine, and that low con-
centrations of chlorine might be maintained in the puri-
fication tanks without loss of effectiveness. In the cases
of oysters and mussels, the reactions to chlorine are very
evident; these close their shells, often snap vigorously,
and open and drink only irregularly if any chlorine is
present. Soft clams, on the other hand, “drink” actively
in 0.2 p. p. m. residual chlorine in sea water. The error,
demonstrated in the 1944 studies, lies in presuming that
it also feeds and ejects fecal material normally.

This is emphatically not the case. On the contrary,
soft clams appear to be as sensitive to chlorine as any of
the other shellfish species studied. Although water is
pumped vigorously in the presence of chlorine, the
elaborate ciliary mechanism and fine integration of the
gills and palpus movements by which food is separated
from the water, sorted, and directed to the mouth is so
disturbed that little if any of the food materials strained
from the water enters the clam’s stomach. For some
reason, the rate at which the gut empties itself is retarded,
a considerable amount of pollutional material is held in
the stomach, and the process of self-purification is in-
hibited rather than facilitated by chlorine.

Status of Investigations on Improved Methods
of Self-Purification of Soft Clams.

The studies of 1944 were directed toward understanding
the physiology and internal anatomy of the soft clam, Mya
arenaria, as it related to the process of purification. There
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is comparatively little scientific literature that is directly
applicable, and most of the present background was de-
veloped by the immediate investigators. Most of the
available time was spent in microscopic, X-ray and
tracer studies to find out how the soft clam captured its
food, and sorted, ingested and excreted it. Very satis-
factory studies were made, establishing the minimum
time required to pass silt and micro-organisms through the
intestinal tract of the soft clam. In addition, studies on
the feeding behavior of the species in the presence of
varying low concentrations of chlorine in sea water were
made, and irregularities, not discovered in earlier in-
vestigations were demonstrated.

Only during the later months of the study was it possible
to compare the actual efficiencies of purification with and
without chlorine. This type of study is very time-consum-
ing, and with limited resources, it was possible only to
confirm, bacteriologically, the findings of the physiological
and anatomical studies; i.e., that the soft clam eliminates
its pollutional bacterial load more efficiently when no chlorine
is present, than when a minimum residual chlorine is
maintained.

The experiments also demonstrated the necessity of
washing the clams from heavily polluted muds very
thoroughly before starting them through the purification
process.

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 water 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 per cent to 99 per
cent in 24 to 36 hours.

Work was discontinued for several weeks following the
hurricane. When it was resumed in late October and early
November, the four tests with heavily polluted clams
were made at lowered water temperatures of 60° F. to
66° F. In these cases results were much more favorable;
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one group of clams containing 230,000 coliforxns per
100 ml. were reduced to 23 per 100 ml. in 48 hours, two
groups bearing in excess of 300,000 coliforms per 100 ml.
yielded less than 190 coliforms per 100 ml., and one group
bearing more than 300,000 coliforms per 100 ml. showed
less than 19 per 100 ml. after 36 hours feeding in slowly
changing, clean sea water.

At this stage the work was discontinued. Biological
assistants engaged with the work returned to school, and
further technically trained personnel could not be found.
It had become clear, also, that further work should be
done on the bacteriological aspects of purification at
pilot plant levels. The scale of operations necessary in
the laboratory was too small, and moved too slowly for
the development of a practical plant. It was felt that a
much more extensive program of research involving a
group of specialists would be necessary to develop new
methods of treatment along the lines indicated by the
physiological experiments in time to relieve the pressures
that would grow from further restrictions of polluted
areas made necessary by stricter sanitary standards.

Two years have passed since these initial experiments
were completed. In the interval, the following develop-
ments of value in planning future purification processes
have taken place:

1. We have obtained a clear picture of the uses and limitations of
the Newburyport purification process, and can say with assur-
ance that this type of treatment cannot be applied to most of
the moderately and heavily polluted soft clams of the Common-
wealth.

2. A number of fundamental studies upon the properties and be-
havior of chlorine and other water disinfectants have been made.
The investigations of new types of disinfectants should be ex-
tremely helpful in further work on shellfish purification.

3. The U. S. Fish and Wildlife b'ervice has completed tests on the
purification of oysters in clean sea water and in sea water con-
taining low concentrations of chlorine, and has shown that
oysters clean themselves readily in pure water, but perform
irregularly when chlorine is present.

4. There is growing interest among the agencies in charge of shellfish
sanitation in the development of simpler, more rapid, and more
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reliable bacteriological tests for pollution of estuarial water and
ihellfish. The test for “fecal streptococci” has been improved

to the point where it may be used to check the findings from
aliform examination. It appears possible that this technique

may be used for more rapid examination of shellfish and that
findings may be more consistent. The re-survey of areas in the
Commonwealth and other New England States is being planned.

The major gains from the 1944 experiments lie in the
development of the necessary detailed scientific back-
ground on the feeding mechanism of the soft clam under
normal and abnormal conditions. Nevertheless, the
comparatively limited number of bacteriological experi-
ments performed at that time, strongly suggest that a
considerably higher degree of purification can be ob-
tained than is now possible. All of the purification ex-
periments were carried out with small batches of clams
under a limited set of conditions.

There is sufficient promise in the work already done to
recommend the extension of the investigations to small
pilot plant scale studies. In a pilot plant the necessary
large number of bacteriological tests may be carried out
under conditions that may be modified to explore the
problems that may be met in the development and op-
eration of a practical system. It is necessary to know,
for example, how changes in water temperature, salinity,
alkalinity, microscopic food content, and oxygen and
carbon dioxide concentrations will effect purification.
The best method of handling the clams must be dis-
covered, and the effects of long holding, damage to shells,
chilling during transport, and many other factors must
be studied. Better methods for washing the shells must
be devised.

Since it is anticipated that the more heavily polluted
soft clams will be treated in any ucav type of plant that is
developed, the hazard of failure is much greater. For
this reason it is most important that every factor that
might cause the system to break down be discovered and
eliminated.

It is very desirable, too, that the pilot plant experiments
be carried out at a site projected for any future new type
plant, so that detailed information relative to the waters
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to be used can be obtained, and necessary adjustment
anticipated.

Purification Processes for Other Species oi

Shellfish

It is fortunate that the unfavorable response of oysters,
quahaugs, and mussels to chlorine was noted early in the
studies of shellfish purification. As a result, investigators
were not misled by the apparent suitability of diluted
chlorine-sea water as a purification medium, and were
able to proceed directly to methods of purification in clean
water. There are already available very satisfactory
descriptions of methods for purifying the common black
mussel (Mytilus edulis), the eastern oyster (Ostrea vir-
ginica), and the quahaug (Venus mercenaria).

If the plant ultimately developed for the more efficient
purification of soft clams utilizes the principle of per-
mitting the shellfish to feed in clean, chlorine free water,
one major modification will be necessary to convert it for
the purification of mussels, oysters and quahaugs. A
heating system may be required to maintain the tank
water at higher temperatures perhaps in the range of
50° F. to 60° F. The soft clam is particularly well adapted
to feed at low temperatures; it pumps, filters and takes
food at temperatures close to the freezing point of sea
water. Oysters and possibly quahaugs, on the other
hand, are sensitive to low temperatures, and cease feed-
ing when the water drops below 41° F. They feed and
purify themselves at higher temperatures; the optimum
range seems to be between 68° F. and 77° F.

The practical questions to be considered in adapting
a soft clam purification plant for treatment of other
economic shellfish is whether or not the cost of heating
the necessary amounts of water during the winter months
of its operation can be justified.

Relative Costs or New Methods of Purification.
It seems likely that any process for the efficient treat-

ment of moderately or heavily polluted soft clams will
cost more to construct, and possibly, to operate than the
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present plant at Plum Island. Several necessary con-
ditions indicate this:
1. It may be desirable to use shallow treatment tanks of large areas,

rather than deep tanks of less area. This improvement requires
more land and greater building volume. It also increases heat-
ing costs for the building.

2. More frequent changes of water should be made. This means
more pumping, and may possibly require storage tanks for in-
tertidal charges of water.

Since no residual chlorine would be maintained in the tanks, provi-
sion must be made for emergency chlorination and dechlorination
in event the source of water for the plant becomes polluted.
Stand-by equipment must be provided.

4. More exacting laboratory control of purification will be necessary.
Since the clams will be more heavily polluted, supervision must
be rigorous, and bacteriological examinations must be frequent
and critical. The laboratory alone, will require at least one well-
trained bacteriologist, and a bacteriological assistant.

These increased costs may be offset to some degree by
1. Constructing larger plants to handle the greater volume of moder-

ately and heavily polluted soft clams.
Design of the plant to permit the use of labor-saving mechanical

equipment.
3. Locating the plant close to major clam producing areas, or to

shucking plants to reduce hauling costs.
4. Using more durable materials in the construction of tanks, trays,

waterlines, floors and platforms to reduce maintenance costs.
Meeting part, or all of the cost of purification through assessments

on the towns or communities polluting the shellfish areas.

Use of the Purification Process for ‘'Condition-
ing” Soft Clams.

There is every reason to believe that the quality of
soft clams from sticky clay and sandy flats may be made
more acceptable to the retail trade by “conditioning”
them in a purification plant where they may be washed
and allowed to eject sand and grit. Conditioning is
generally practiced for these purposes. As commonly
applied, the best sanitary practice involves letting the
clams feed for a few hours or overnight in pure sea water,
but very frequently a hazard is induced by placing bac-
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teriologically satisfactory shellfish in live cars, pounds
or tanks fed with water polluted by the habitations about
the market. Very close supervision is essential to control
this type of pollution, which is in many ways more
dangerous than the more diffuse contamination of natural
beds.

The advantages offered by large, central plants where
shellfish may be either purified or conditioned lie in the
quality of supervision. Constant bacteriological check of
quality, as a supplementary service, may prove of value
to dealers and to the public, in the same manner that
sanitary inspection of milk processing has proven.

While no alterations in design appear necessary to
convert the purification system to a conditioning process,
it is obvious that the two processes should be kept
separate if they are practiced in the same plant. Ade-
quate protection of the public health would probably
require that the purification system be state operated
and therefore separate from "conditioning” processes
which might be privately operated. This will be neces-
sary to prevent the erroneous substitution of soft clams
in the process of purification for clean clams undergoing
conditioning.

Conditioning may be practiced very successfully also,
by allowing soft clams to drink in water containing low
concentrations of chlorine; about 0.2 p. p. m. residual
chlorine. The U. S. Public Health Service and other
health agencies, aware of the possibilities of local pollu-
tion in “wet storage” have recommended this as a
measure to reduce this hazard. For conditioning, low
concentrations of chlorine seem to have a positive ad-
vantage in irritating the clams, causing them to secrete
mucus more abundantly, to slough sand from the gills
and mantle more readily, and to contract their shells
more vigorously to eject gritty materials pocketed in
them.

While some larger operators do comply with this
recommendation, practically no small markets have
equipment for measuring the chlorine dosage or to other-
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wise control the process. A central conditioning' service
should be of value to them, since it is unlikely that they
will wish to set aside the necessary space, equipment and
help in their own establishments. There is an undeniable
preference for sand-free shellfish.

Application of the Purification Principle to In-
dividual Wet Storage Plants.

It seems unlikely that small shellfish dealers can
profitably justify the inclusion of the purification process
together with wet storage or conditioning of shellfish.
The operation, while technically simple, requires the
time of a man trained in bacteriology, and a minimum
investment of $BOO to $1,200 for laboratory equipment
for routine, check analysis of the treated soft clams.
Practically, the limit to the size of the plant that may be
operated by individuals or companies will be set by the
wages of at least one bacteriologist of college graduate
calibre, and the cost of administrative relations with the
state and federal control agencies.

It is possible that large shucking houses and canneries
may build and operate purification plants profitably, and
it may be possible for the individual shellfishermen of a
locality producing many soft clams to set up co-operative
plants.

Individually owned, or co-operative purification plants
should be subject to construction, maintenance and op-
eration standards set by the state shellfish certifying
agencies.

Desirability of Research Laboratory in Purifica-
tion Plants now Planned.

The suggestion has been made in several legislative
committees, and by individuals interested in shellfish
purification, that plans be made to carry out a program of
research in the improvement of the purification process in
the current plant, or in those to be constructed. This
method of procedure has advantages if it can be carried
through whole-heartedly.
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1. The establishment of a plant or plants designed along the Newbury-
port plan makes available more purification facilities in a short
time. The necessary delay in planning an entirely new system is
less limiting.

2. Placing a research group close to the operation of a plant gives
the investigators a practical background in the problems to be
met. It also places an unlimited supply of experimental material
at their disposal.

3. Developments suggested by the research work may be given a
field trial quickly in the operating plant.

4. Shellfishermen will be aware that work in their interest is being
carried on.

5. The cost of attaching a research laboratory and research group to
the established plant should be less than that of building a
separate research plant. Although the two functions will require
separate personnel, the sharing of the building, heating, lighting
and other common facilities should save money.

6. Operators of the plant will have access to expert advice and better
facilities for solving problems relating to the process in use.

It should be emphasized that separate staffs, budgets
and quarters for work must be provided for the purifica-
tion plant, and for the research unit respectively. The
problems that the two must solve are different, the kind
of men required are different, and the schedules under
which they must work are also different. The relations
between the two should be informal, for it is certain that
combining their functions, in interest of economy, or
other expedient, will reduce the efficiency of both treat-
ment and research.

Since both groups will use certain basic, large equip-
ment, it may be possible to make some savings through
installing larger, common incubators, incubator rooms,
sterilizers, autoclabes, etc., and a small amount of money
might also be saved through the purchase of larger unit
orders of glassware, media and chemicals.

The cost of a research laboratory, together with ap-
proximate operating costs, attached to a treatment plant
is given in the Appendix; Method No. 2.

For the general advancement of the shellfisheries, it is
important that the research unit serve as a training ground
for the specialized, scientific personnel for the Common-
wealth. There are at present extremely few young men,
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either in civil service, or in the universities, with the
necessary biological background to solve the technical
problems of the shellfish industries. This is particularly
true for the soft shell clam. While this species is of great
economic importance in New Etigland and in Canada, no
current zoologist has concerned himself with it.

When Mr. Barnes, the present marine biologist of the
Division of Marine Fisheries retires, there will be no
active scientist in Connecticut, Rhode Island, New Hamp-
shire or Maine with the necessary special knowledge of
soft clams. Further, none of the New England universi-
ties or colleges will be able to furnish men to take over
his duties immediately. The Canadian fisheries, our
strongest competitor, have been much more foresighted,
and have attached outstanding young specialists to their
staffs.

It will be necessary to attract promising and resource-
ful young men into shellfishery investigations. Oppor-
tunity to begin work through a research project, such as
purification investigations, will give these men an excel-
lent introduction to the shellfisheries. There is hope
that the purification investigations will reach a satisfac-
tory development in two or three years. By that time
the staff should be familiar with many other phases of the
industry, and by progressing from problem to problem
they would have developed the experience necessary to
advise the conservation and administration of the Com-
monwealth’s shellfisheries.

Personnel of a Research Group attached to the
Purification Plant.

A research unit attached to a shellfish purification
plant should consist of two full time scientifically trained
men, a laboratory assistant and occasional mechanical
help. In addition, facilities should be available to in-
terested co-operating investigators from universities or
from state and federal departments. The senior mem-
ber should have a graduate degree from a recognized uni-
versity, and should have demonstrated ability to set up
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and carry out experimental investigations. He should
have had training in marine zoology, limnology, general
ecology, fisheries biology and, if possible, bacteriology.
He should also have a good fundamental background in
chemistry, including organic chemistry and physics. The
junior full time member should have completed a college
degree, and although he need not have proven his research
ability with a published thesis, he should be inclined
toward experimental work and should have facility in
laboratory methods. It is desirable that he be trained in
bacteriology, general biology, chemistry and physics. The
laboratory assistant should have had a good high school
background in chemistry and biology, so that he will
be familiar with the terminology and common properties
of laboratory equipment.

In addition to the permanent staff, space and facilities
should be provided in the laboratory for visiting in-
vestigators, who may be invited, or who may wish to
come to work on shellfish problems. Aside from the
values contributed directly by members of other state
department staffs, and by university specialists, there is
the gain that comes through the continued interest of
the visitor when he returns to his regular work. One
reason that shellfish problems left the class room is be-
cause professors stopped going to the flats and lost touch
with the industry. To encourage the redevelopment of
this interest, summer fellowship funds, covering living
expenses at least, should be set up.

New" Sanitary Surveys.

Sanitary surveys of shellfish producing areas should
be made in sufficient detail and repeated frequently
enough to establish the fitness or unfitness of shellfish
for human consumption. A properly conducted survey
necessarily requires considerable technical manpower,
time and materials. For this reason it is not possible to
recommend more extensive examinations than are really
necessary to clearly indicate the quality of material taken
from the studied area.
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One important function of the sanitary survey and
bacteriological sampling program is to discover if pro-
ducing areas are subject to occasional heavy pollution
from floods, seasonal industries, resorts, storms, broken
sewers, boats, etc. As a general rule, this will require
that samples of water and shellfish be taken from all
areas open to such occasional hazards, (1) during the
spring flood season to establish if pollution has occurred,
(2) at one or more intervals following the flood, to dis-
cover if pollution persists or if it has subsided, (3) at the
opening of seashore resorts, to check pollution from this
source, (4) at the close of the resort season, one or more
times, to establish cessation of pollution, and (5) at
notice of fresh discharge of sewage and human waste
into polluted areas, or with the change of concentration
or character of sewage discharged into waters reaching
the area. If it is hoped to utilize more shellfish producing
areas lying between the “obviously clean” and the
“obviously polluted” zones, a much more detailed and
careful system of sanitary survey will be necessary than
that now available. The standards for examination set
by the U. S. Public Health Service are virtually minimum
standards, and local and state health departments lack
facilities for extending the survey beyond this level.
As a result, there are undoubtedly conditions of im-
provement and of deterioration that do not reach the
notice of regulating authorities.

The ultimate extension of the detailed sanitary survey
is limited by men and money, but it would seem reason-
able to require that routine samples of sea water and
shellfish be taken at each of the intervals described in
the previous paragraph, or at a minimum of four times a
year. Aside from the immediate values of the bacterio-
logical examination in indicating the condition of the
beds, the cumulated records should also show progress in
pollution abatement, or progressive deterioration. Such
cumulated data have been of great value in analyzing
the effects of changing industries and populations upon
the rivers and streams of the Commonwealth; but we
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have no comparable history of the quality of the estuarial
and coastal waters.

In addition to the improvement of sanitary surveys
within the Commonwealth, it is highly desirable that all
of the soft clam producing states join in a common
program for re-examining their shellfish areas. In the
past there has been considerable variation in the fre-
quency with which the separate states inspected waters
and shellfish, and also in the techniques of examination.
Uniform procedures and methods should be used.

Assignment of Certifying Powers to the Depart-
ment of Conservation.

There are undoubted advantages, and a number of
disadvantages, in re-assigning the authority for sanitary
survey and certification to the agencies and divisions
concerned with the production and conservation of
shellfish.

The advantages that might be expected are these:

1. Efforts will be made to keep as much of the potentially productive
area available as possible.

2. Therewill be less delay in making examinationsand re-examinations,
and the time demanded for correspondence and official exchanges
will be reduced.

3. There will be a more active exchange of information between the
sanitary officers, wardens and conservation officers.

4. Improved shellfish sanitation is closely related to improved han-
dling and marketing practice and may be more effectively propa-
gandized through an affirmative than through a restrictive agency.

The disadvantages which may develop from a re-
assignment are ■ —
1. Changing conditions within the Department of Conservation may

restrict the activities of the sanitation unit. Public health
values may be lost under the pressure of the shellfish industry
to open questionable areas.

2. Unpopular activities and regulations established by the sanitation
unit may adversely affect other conservation divisions.

The choice is not easy, and no recommendation for
changes in the machinery of sanitary control should be
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made without a very careful survey analysis of the needs,
gains and losses. Inevitably, sanitary certification in-
volves other authorities ;

1. The sanitation unit, wherever located, must comply with require-
ments of local, state and federal health regulations.

2. The Division of Sanitary Engineering maintains plans and current
records of sewer outfalls discharging into coastal waters. All
plans for additions or changes to sewage systems must be sub-
mitted to this Division for approval before they are made. To
obtain this information, active contact must be maintained be-
tween the sanitation unit and the Division of Sanitary Engi-
neering.

3. The interstate shipment of shellfish requires certification by the
IT. S. Public Health Sendee. Official relations with this authority
must be maintained.

It is certainly desirable that the Department of Con-
servation have an active interest in sanitary programs,
since the improvement of sanitary quality is, itself, a
conservation measure. Faced with increasing post-war
competition, the larger fishery industries have begun to
take a lively interest in the values to be gained by sani-
tary practices. For example, a large committee has been
set up in the Atlantic States Marine Fisheries Commis-
sion to develop codes for sanitary regulation within the
industry. We may shortly see much higher sanitary as
well as chemical and physical standards set for grades of
fish.

The primary function of sanitary control should be put
first; the protection of public health. If the certification
of sanitary quality should be assigned to a division within
the Department of Conservation, every attention must be
given to protecting the personnel and their program from
pressures that interfere with public health values. It
should be free to work with local, state and federal agencies
on problems of sanitation. There are a number of posi-
tive gains to the cause of conservation that may be made
through good sanitary propaganda, but these will take
time to realize. In the early stages, particularly, the re-
action of shellfishermen may be adverse. A parallel be-
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tween the growth of the now generally popular milk
sanitation program may be expected.

A very valuable type of sanitation unit, particularly
well adapted to investigational and educational work, is
the mobile laboratory. This is a trailer unit, fitted with
apparatus for bacteriological examination of waters and
shellfish, and the various processes of shucking, shipping
and canning. With the trailer laboratory it is possible to
bring equipment to the site that needs attention and to
make intensive observations and examinations. At the
same time, the unit may be directly helpful in demon-
strating improved handling methods, testing plant equip-
ment, checking plans and in other positive ways. An
organization of this sort will gather much more useful in-
formation than men travelling from a central office and
carrying samples to a distant laboratory can obtain. In
Budget No. 4, estimates are given for a two-man unit.

Ownership and Management of Purification
Plants.

From the standpoint of public health it is highly desirable
that purification plants he chartered by State agencies. This
is at present necessary to establish the certification of
shellfish required by the U. S. Public Health Service.
Such a device also brings the operation of the plant into a
recognized code of sanitary practice, and facilitates the
traffic of shellfish under the various city codes. It should
free the operator from adverse local pressures to make
exceptions or reduce standards. Only the State has the
practical machinery for tracing shellfish in interstate
movement, and in event of epidemics from shellfish the
records which they require producers, shippers and dealers
to keep are the only device by which the source may be
determined and eliminated.

The ownership of purification plants involves problems
in economics, and is only remotely related to public health.
The latter simply requires that the plant be capably run,
and that inadequately treated shellfish not leave it. There
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may be excellent reasons for either state, municipal, or
private ownership, but the qualifications of personnel,
process and maintenance of the plant itself should meet
the approval of state departments concerned (1) with
public health, and (2) the conservation and improvement
of the shellfish industry.

Organization for Pilot-Plant Research on New
Methods of Purification.

There are several methods by which a research pro-
gram directed toward the development of more efficient
purification plants may be projected:

1. A research unit may be established with a staff engaged for in-
tensive study of purification problems only, facilities and equipment,
located at the site of the projected plant, and operating independently
of other laboratories.

Advantages of this organization are that authority and facilities
are centralized, responsibilities are clearly established, and the
group will be free of demands from other department functions.

Disadvantages are primarily financial. The establishment of a
complete detached unit requires a full set of facilities and a separate
staff.

2. A research unit may be set up in an existing purification plant
if quarters and experimental facilities can be provided.

Advantages here are the ready availability of some facilities.
Most, such as incubator space, autoclaves, sterilizers, and bacteri-
ological equipment must be expanded, however. The problems of
practical purification will be evident to the research group. Prog-
ress in the investigations may be tested in large scale trials. Plant
and research staff may profit by exchange of ideas and services.
The cost should be reduced for facilities that are shared. Location
at an operating plant will bring the research to the attention of
shellfishermen.

Disadvantages are, (1) limited space at Newburyport, and (2)
the Boston plant has not been built.
3. Establishing a research contract with a university or non-profit

research institution to undertake the work.
Advantages are large and varied background of university staff,

and high quality of worker. Bacteriological equipment and facili-
ties more rapidly available. Cost not established, but probabh
not as high as other methods. Judgment by an impartial organ-
ization.
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Disadvantages are, (1) difficult at present to obtain graduate
students interested in this field, (2) most graduate students are
anxious to get their degrees and get established as rapidly as possible.
Very much depends upon getting the right type of graduate students.

4. Further research to establish basis for recommending extensive
program.

Advantages are more complete documentation of possibilities for
improving the process. Cost is relatively low, and if unforeseen
developments take place there is less loss. Exploration at this
stage may give clues for more intensive studies later.

Disadvantage is primarily the loss of time; at least one year
will be required for study and report.
5. Joint research with other soft clam producing States, with or

without federal assistance.
Advantages are lower costs of investigation to Commonwealth,

more complete and intensive study through having greater facili-
ties and wider range of conditions available. Gain to all States.
It is to be expected that if Massachusetts develops a successful
improved process that other States will duplicate it.

Disadvantages are primarily administrative. Difficulties in find-
ing test areas representing conditions in all States.

In projecting research at the present time it is necessary
to consider the postwar shortage of nearly all types of
laboratory equipment and the shortage of biologists and
bacteriologists with experience in sanitary research. The
shortage of equipment is especially acute in bacteriological
glassware, sterilizers and apparatus now demanded by
the expanding universities and hospitals. It can be ob-
tained, however; though at least ninety days should be
allowed, in planning, for assembling a laboratory from
new stock. Men should be scouted well ahead, too.

This puts the short-term investigation at great dis-
advantage. With the large loss of time at the beginning
of work, and the demand for an early report, only about
half of a one-year term is available for intense study.
Further, it is difficult, at present, to secure scientific per-
sonnel on a one-year contract.

It is also highly desirable to carry on purification ex-
periments through the warm summer months. If this
opportunity should be lost in the first half of a one-year
program, due to slow deliveries of materials, to early



HOUSE No. 1850. [Mar_44

failures in learning necessary techniques, or to other
causes, only the more favorable cold months will be
available for work. The 1944 experiments indicate that
the most critical period for purification is the warm water
season, and special attention should be given to discover
if this will limit the possibilities of better purification
processes to the cold months only, and to find ways of
overcoming the difficulty. The fiscal year and the clam
year do not coincide. A much better work year is that
extending from September to September.

Five different methods of setting up the research pro-
gram are outlined above. The first two should yield the
largest amount of practical information. They operate
under direct control of the State, and involve setting up
specialist units. There will be left at the end of the work,
trained personnel available for further research in shell-
fish problems, and this group may represent the beginning
of a general shellfish investigation unit. This gain should
be balanced against the greater cost of research by these
methods.

Method No. 3 is especially adaptable to Massachusetts.
There are two large, privately endowed, non-profit
marine research laboratories in the State. The Woods
Hole Oceanographic Institution at Woods Hole, Cape
Cod, has a permanent staff of outstanding marine biolo-
gists, and is eminently fitted to undertake research of this
type. The Woods Hole Marine Biological Laboratory,
with limited permanent staff but superb equipment, is
available to visiting investigators, and rents space and
equipment for special work. The distant location of both
institutions from centers of the shellfish industry is a dis-
advantage. Considerable transportation of test material
is involved. A great range of apparatus and equipment
is available in both institutions, and it is unlikely that
their facilities can be matched in a special shellfish in-
vestigations unit. If a short term research to further
explore the possibilities of improved purification methods
is|favored, contracts with these institutions will greatly
reduce the time required to set up a laboratory, and the
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commissioning of the staff already available at the
Oceanographic Institution may solve the personnel prob-
lem.

The problems of soft shell clam purification and of shell-
fish pollution are by no means limited to Massachusetts.
All of the New England States have suffered great losses
of potential shellfish production through coastal pollution,
but their efforts to improve conditions have been scattered
and poorly integrated. There has been little exchange of
useful information. Much more extensive investiga-
tions might be undertaken by a larger and more amply
supported co-operative research group, backed by the soft
shell clam producing States. The U. S. Fish and Wildlife
Service is at present conducting sanitary investigations,
and it is possible that the U. S. Public Health Service and
the U. S. Food and Drug Administration may be invited
to join in a thoroughgoing examination of current sanitary
problems.

The advantages to be gained include the greater value
to be attached to the findings of joint investigations.
Data from individual Massachusetts investigations must
be checked and screened by other authorities, and much
valuable time might be saved by making it possible for
all of the responsible state and federal agencies to form a
common plan of work, and to attach the research on a
wide front.

RECENTLY REPORTED OUTBREAK OF SHELLFISH
BORNE DISEASE

Current Prevalence of Intestinal Disease from

Shellfish.
The potential yield of soft shell clams from areas legally

closed because of evidence of sewage pollution is large.
Unless active measures are taken to reduce estuarial pol-
lution, it may be expected that the restrictions will be in-
creased with further loss of production. Because of this,
it is necessary to consider the need for sanitary regulation
of the shellfish industry as a safeguard to public health.
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Shellfish, like many other foods, may become polluted
with pathogenic micro-organisms during production or
marketing. The fact that polluted estuarial waters, fer-
tilized 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.

This hazard is well established by the history of shellfish
borne intestinal disease.

In this country, fortunate economic, aesthetic and sani-
tary standards have combined to reduce the risk from
polluted shellfish, and the number of cases of typhoid
clearly attributable to this source has been relatively
small. According to the best records there were 680 re-
ported cases in the interval between 1894, the first epi-
demic, and 1925, when federal regulations 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 in-
testinal disease is, from the nature of the problem, in-
complete. It is informative, however, to note the high
prevalence of shellfish borne disease in two other shellfish
favoring countries where sanitary standards are not nor-
mally on levels comparable to ours: France and Japan.
In France the eating of shellfish floated or fattened in
polluted shallows is a major cause of endemic typhoid.
In Japan, even in recent years, single epidemics involving
more than a thousand cases have occurred; two outbreaks
in Kumamoto, in 1924 and in 1926, involved 813 and 1,411
cases, respectively.

The role of polluted raw oysters in epidemics of in-
testinal disease is especially notable. The outbreak of
1924, when oysters from a single Maryland source caused
310 cases of typhoid in New York, Chicago and Wash-
ington, is still unhappily remembered by the industry.
Following this epidemic the organized shellfish industry
and the U. S. Public Health Service carried out investiga-
tions that led to the co-operative establishment of sanitary
standards and regulations.
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A survey of recently reported epidemics of shellfish
borne intestinal disease shows two facts, (1) that adher-
ence to the established sanitary standards does safeguard
the shellfish consuming public, and (2) failure to regard
sanitary regulations still causes intestinal disease. To
illustrate; In the interval 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 was due to pollution during floating, one to
pollution by a carrier during shucking, and the cause of
one outbreak was undetermined. There were no demon-
strated epidemics from shellfish dug from approved areas
and handled in an approved manner.

Soft Shell Clams and Intestinal Disease.

It is extremely unfortunate that the term “clams” is
loosely used in reporting shellfish outbreaks, to designate
both the common soft shell clam, Mya arenaria, and the
hard clam, quahaug, little neck, or cherrystone, Venus
mercenaria. The latter 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. There is a single English report
of 1900 of an epidemic of ten cases of typhoid from eating
raw soft shell clams. 1 Beyond this, the circumstances
strongly suggest that epidemics of typhoid from “clams”
have been due to eating polluted cherrystone quahaugs
(Venus), rather than to eating cooked soft shell clams.

Experiments conducted at the Lawrence Experiment
Station of the Division of Sanitary Engineering, Massa-
chusetts Department of Public Health, show, however,
that only those methods of cooking shellfish that insure
thorough heating of all parts of the meats can be de-
pended upon to kill pathogenic organisms that they may
contain. Slow cooking for long periods, as in home style
stews; or high pressure, high temperature cooking as in

1 Cited in Report of the Committee of the Public Health Engineering Section (Shellfish
American Public Health Association Yearbook, 1936-1937, pp. 180 to 196.
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commercial canning, do effectively pasteurize or sterilize
the product. The more rapid and lighter processes of
cooking such as frying, steaming, and short order stews,
cannot be depended upon for making polluted soft shell
clams fit to eat. Such factors as the thickness of batter,
size of the meat, position of the clam in the steam bath,
purity and type of frying fat and frying temperature of
the meats when introduced into the frier, and stirring
during cooking affect the degree of sterilization.

Long cooking does not generally improve the flavor
or texture of shellfish, and there is a widespread prefer-
ence for lightly cooked soft shell clams in New England.
For this reason, it is unwise to place complete reliance
upon table preparation as a sanitary measure. It is
recognized that heavily polluted clams are dug and eaten
by careless individuals, and that some heavily polluted
clams reach the commercial market. In the writing of
this report, inquiries were sent to the public health de-
partments of all the coastal states north of Maryland to
discover if outbreaks of intestinal disease due to soft shell
clams had been recorded. The replies were uniformly
negative. While this cannot assure that individual cases
of intestinal disease or small outbreaks are unlikely, it
does indicate that heavily polluted soft shell clams do
not reach the commercial market in any significant quan-
tity.

Food Poisoning from Shellfish.
As pointed out earlier, shellfish may be polluted during

production, shucking, transportation, marketing or prepa-
ration for the table. Gastroenteritis, due to unsanitary
preparation, handling or storage of shellfish, is much more
common than typhoid. A number of bacterial species
may cause food poisoning, but the common condition
required is a period of incubation at room temperatures
or slightly below. Warmed over stews, poorly refrigerated
raw shellfish, and pre-cooked frozen mixed sea-food
dishes have been most commonly implicated. During
holding at too high temperatures, bacteria introduced by
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human carriers or other polluting sources grow and pro-
duce toxic substances. The gastric symptoms appear
within a short time after the shellfish are consumed, and
while death from this form of food poisoning is extremely
rare, the experience is excruciating and temporarily debili-
tating. The shellfish causing the gastroenteritis may or
may not have been polluted during production. The
point to be considered here is that clean handling and
good refrigeration are also essential parts of the shellfish
sanitation program.

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 a marine dino-
flagellate, Gonyaulax catenella. When shellfish ingest
large numbers of this dinoflagellate, during the periods
when it abounds, they become highly toxic. The com-
mon black mussels, Mytilus edulis and Mytilus califor-
nianus and the infrequently eaten ribbed mussel, Modiolus
modiola, are especially efficient in concentrating the toxin
in their tissues. All recorded outbreaks of “mussel
poisoning” have been associated with eating these species.

Unlike shellfish borne typhoid and gastro enteritis food
poisoning, umussel poisoning” is not in any way related
to sewage pollution of the water, or to pollution in the
subsequent handling of the shellfish.

A conservative attitude should be taken toward the
data on incidence of shellfish-bome disease presented here.
The nature of shellfish-borne outbreaks makes it difficult
to obtain a clear picture of the way in which polluted shell-
fish affect the public health. It is obvious that only the
more clear cut and larger epidemics can be verified, and
health agents and departments vary widely in their interest
in the problem. It would appear from the tables given in
this appendix, that New York City and New York State
have more trouble with polluted shellfish than other parts
of the country. In fact, however, their departments of

Unreported Shellfish-borne Intestinal Disease.
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public health are outstandingly alert and diligent, and it
is likely that a comparable incidence of shellfish borne
disease occurs in other coastal states.

Findings on shellfish borne typhoid are likely to be
more complete than the more common gastroenteritis
food-poisoning outbreaks. Public health laws require
that typhoid cases be reported. There is wide variation
in the reporting of gastroenteritis outbreaks, and it can
be assumed that only relatively large groups and epidem-
ics of special interest will reach the records; individual
and single family incidents will not be recorded.
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Tabulation of Recent Epidemics of Intestinal Disease transmitted by
Shellfish

Typhoid II Fever.

Number
of

Cases.
of Conditions associated with Epidemic.Shellfish.Year,

23 Greenwich and Stamford, Conn., West-
chester County, N, Y., and New
York City. Clams dug by a single
shellfisherman in a polluted portion
of Greenwich Harbor, and sold
through a certified dealer to a retail
market and two reputable restau-
rants. 1 2 3

1945 Cherrys cone clams (Venus?)

Rochester, N. Y., clams and oysters1944 Oysters and clams (sp.?)
Probably quahaugs (Venus eaten raw in restaurant. Shellfish

furnished by a single, out-of-state
firm. No carrier found. 1

4 Buffalo, N. Y., due to eating raw clams
in restaurant. Examinations showed
heavy pollution of the shellfish.
From an out-of-state source. l 2

1943 Clams (sp.?)
Quahaugs (Venus?

New York City, eating mussels from
an unapproved, polluted area. 3

Mussels

66 Hillsborough, Pnellas County, Fla.,
oysters distributed from a single
Florida shucking plant where one
shucker was found to be a typhoid
carrier. l

1942 Oysters

Carteret County, N. C., oysters
takenfrom a closed area polluted by
sewage. l

1941 Oysters

11 Vero Beach and Fort Pierce, Fla., oys-
ters from an unapproved area in a
heavily polluted section of Indian
River. l

Oysters

4 Daytona Beach, Fla., oysters taken
from an unapproved and polluted
area in the Halifax River. l

Oysters

87 Jefferson, Lafourche and St. Charles
Parishes, Louisiana. Bootlegged oys-
ters polluted by carrier during wet
storage in waters receiving wastes
from dwelling. 4

1939 Oysters

1 From files of U. S. Public Health Service.
2 Communicatedby State of New York, Department of Public Health.
3 From city of New York, Department of Health.
4 Old, H. N., and S. L. Gill, 1940, American Journal of Public Health 30, 633-640.
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Tabulation of Recent Epidemics of Intestinal Disease transmitted by
Shellfish Continued.

11. Food Poisoning (Gastroenteritis).

Conditions associated with Epidemic.

Epidemicof food poisoning from clams
sold in Webster, Mass.; 200 cases in
high school where clam chowder had
been served. l

17 Shucked oysters cooked and held at
50° F. for 4 days, hospital in the
Bronx. N. Y. These oysters were
cooked at a previous meal without
ill effects: 42 gallons of same lot dis-
tributed to otherinstitutions without
complaint of illness. l

16 Raw oysters from an approved source.
Possibly contaminated by a food
handler who showed gastrointestinal
symptoms before outbreak. Insti-
tution in the Bronx, N. Y., Salmo-
nella typhimurium demonstrated. 1

1943 Oysters

38 Raw oysters, Sacramento, Cal. Cases1942 Oysters
occurred in two groups of guests en-
tertained by a company demonstrat-
ing a particular brand of frostedfood

oysters served as oyster cocktail.
Improper handling before freezing or
incubation during overlong thawing
period. l

300 Preparation not described. U. S. Mili-
tary Academy, West Point, N. Y.
Maryland oysters. 2

1941 Oysters

60 Shucked oysters servedas oyster cock-
tail, private school at Manlius, N. Y.
Manner in which oysters became con-
taminated not determined. Investi-
gation of all oysters shipped from
same source showed no similar out-

Oysters

breaks. 1 2

30 Clams dug fromapproved beds became
contaminated during shucking,
Hamilton, N. Y. Clams from Great
South Bay, N. Y. 1 1

Cherrystone clams (Venus)1940

15 Eaten as oyster cocktails at fraternity
banquet. Cause of contamination
not determined. Hamilton, N. Y. 1

Oysters

60 Clams eaten raw at a clambake. Re-
port that clams were of deep yellow
color and bitter taste; clams dis-
carded by most. Hastings, N. i.

Clams (sp.?) (Venus?)

8 Clams eaten in a private club. Pur-
chased from licensed dealer who
claimed that they came from ap-
proved source. Manhasset, N-
Hempstead, N. Y. 1

Clams (sp.?) (Venus’,

Suspected oysters were reported to
come from an approved source.
New York City. 2

1939 Oysters

2 From files of U. S. Public Health Service.
. p Hoolf.

I Communicated by State of New York, Department of Public Health

Oysters
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In the Year One Thousand Nine Hundred and Forty-Seven.

An Act providing for the establishment and main-

tenance OF TWO MARINE FISHERIES EXPERIMENT
STATIONS.

Be it enacted by the Senate and House of Representatives
in General Court assembled, and by the authority of the
same, as follows:

1 Section 1. Chapter 130 of the General Laws is
2 hereby amended by inserting after section 17, as
3 appearing in section 1 of chapter 598 of the acts of
4 1941, the following section:
5 Section 17A. The director shall, to the extent of
6 the appropriations therefor, establish and thereafter
7 maintain at least two marine fisheries experiment
8 stations, at such places as in his judgment seem
9 suitable therefor, for the propagation of lobsters and

10 shellfish, for the investigation of problems affecting
11 the marine fisheries, and for the demonstration of
12 methods for the better management of such fisheries.
13 The activities at such stations shall be for the general
14 purposes, and in accord with the pertinent provisions,
15 of sections seventeen, twenty, forty-two and forty-
-16 three.

PROPOSED LEGISLATION.

Appendix B.

Ctic Commontoealtji of
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1 Section 2. For the purposes of section one, there
2 is hereby appropriated from the general fund or
3 revenue of the commonwealth the sum of fifty-eight
4 thousand, five hundred dollars for the establishment
5 and construction, and the sum of ten thousand dollars
6 for maintenance, of the experiment stations referred
7 to in said section, which sums shall be available in
8 whole or in part during the fiscal years ending June
9 thirtieth, nineteen hundred and forty-eight, and

10 June thirtieth, nineteen hundred and forty-nine.

1 Section 3. The commissioner of conservation is
2 hereby authorized and empowered, with the approval
3 of the governor and council, to accept, in behalf of
4 the commonwealth and for the purposes of section
5 one, from any municipality or person, any gift of
6 land, with or without buildings thereon, which in his
7 opinion seem suitable for such purposes, and, with the
8 approval of the governor and council, may acquire
9 by purchase or otherwise or take by eminent domain

10 under chapter seventy-nine of the General Laws,
11 and may hold such real property and such rights and
12 easements as may be considered necessary for such
13 purposes.
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In the Year One Thousand Nine Hundred and Forty-Seven.

Resolve providing for an investigation and study by

THE STATE DEPARTMENT OF CONSERVATION RELATIVE TO

METHODS OF PURIFICATION OF SHELLFISH.

1 Resolved, That the division of marine fisheries in
2 the department of conservation shall investigate and
3 study methods for the purification of shellfish taken
4 from areas determined under section seventy-four of
5 chapter one hundred and thirty of the General Laws,
6 or coresponding provisions of earlier laws, to be
7 contaminated, for the purpose of developing an
8 improved method of such purification. Said divi-
-9 sion may expend for expert, clerical and other services

10 and expenses such sums, not exceeding, in the aggre-
-11 gate, ten thousand dollars, as may hereafter be appro-
-12 priated therefor. Said division shall report to the
13 general court the results of its investigation and
14 study, and its recommendations, if any, together
15 with estimates of the cost of putting such purifica-
-16 tion method in operation, and drafts of legislation
17 necessary to carry its recommendations into effect,
18 by filing the same with the clerk of the house of
19 representatives on or before the first Wednesday in
20 December of the current year.

Appendix C.

Cl)e Commontucaltf) of 00assac|msctts
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In the Year One Thousand Nine Hundred and Forty-Seven.

An Act providing for the establishment and main-
tenance OF plants for the purification of
SHELLFISH.

1 Section 1. Chapter 130 of the General Laws is
2 hereby amended by inserting after section 79, as
3 appearing in section 1 of chapter 598 of the acts of
4 1941, the following section:
5 Section 79A . The director may establish and there-
-6 after maintain, at such places as in his judgment seem
7 suitable, three plants for the purification of shellfish
8 taken from areas determined under section seventy-
-9 four, or corresponding provisions of earlier laws, to be

10 contaminated.
11 The construction and operation of such plants shall
12 be in accord with the pertinent provisions of sections
13 seventy-six, seventy-seven and seventy-eight. Shell-
-14 fish accepted by said plants, if taken from the public
15 waters of the commonwealth, may be treated for
16 purification free of charge to the producer and the
17 cost thereof assessed to the cities and towns, or private
18 sewerage corporations, contributing to the pollution

Be it enacted by the Senate and House of Representatives
in General Court assembled, and by the authority of the
same, as follows:

Appendix D.

C&e Commontocaltfc of
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19 of such shellfish in accord with the pertinent provisions
20 of said section seventy-seven, or such shellfish may
21 be treated at a charge not less than the cost of the
22 purification.

1 Section 2. One such shellfish purification plant
2 shall be established in the vicinity of metropolitan
3 Boston within one year from the effective date of this
4 act, and, as soon thereafter as in the opinion of the
5 director seems practical, one shall be established in
6 Essex county and one in Bristol county; provided,
7 that in lieu of constructing new plants or the direct
8 purchase of sites for such construction, the commis-
-9 sioner of conservation is hereby authorized and em-

it) powered, with the approval of the governor and
11 council, to accept from any municipality or person,
12 any gift of land with or without buildings thereon
13 which in his opinion is suitable for such purpose.
14 With the approval of the governor and council, said
15 commissioner may contract for the temporary lease of
16 such property, or, with such approval acquire by pur-
-17 chase, or otherwise, or take by eminent domain under
18 chapter seventy-nine of the General Laws, and may
19 hold such real property and such rights and easements
20 as may be considered necessary for the purposes of
21 section one.

1 Section 3. For the purpose of the establishment
2 and construction of the plants authorized by section
3 one, the sum of forty-five thousand dollars is hereby
4 appropriated from the general fund or revenue of the
5 commonwealth, which sum shall be available in whole
6 or in part during the fiscal years ending June thirtieth,
7 nineteen hundred and forty-eight, and June thirtieth,
8 nineteen hundred and forty-nine.
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1 Section 4. Pending the establishment of the first
2 of the purification plants authorized by section one,
3 the director may, if occasion arises, take over the
4 operation of the purification plant in the city of
5 Newburyport in behalf of the cities and towns con-
-6 tributing to the polluting of the shellfish treated
7 thereat. For the purpose of defraying the cost of
8 such operation, the sum of ten thousand dollars is
9 hereby appropriated from the general fund or revenue

10 of the commonwealth.
11 The cost of such operation and maintenance shall
12 be assessed to the cities and towns or private sewerage
13 corporations contributing to the pollution of the
14 treated shellfish in accord with the pertinent pro-
-15 visions of sections seventy-seven and seventy-eight
16 of said chapter one hundred and thirty.
17 If, and so long as, said plant is operated by the
18 director, the employees of said plant shall continue
19 to be employees of said city of Newburyport and not
20 of the commonwealth; provided, that nothing in
21 this section shall be deemed to affect the salary or

22 rights or privileges of such employees while so em-

-23 ployed, except that, during the period of such opera-
-24 tion by the director, the salaries of such employees
25 shall be paid in the first instance by the common-
-26 wealth and not by said city, and shall be paid at
27 the same rate.
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In the Year One Thousand Nine Hundred and Forty-Seven.

Resolve reviving and continuing the commission

ESTABLISHED TO MAKE AN INVESTIGATION AND STUDY

SHELLFISH AND SHELLFISHRELATIVE TO EDIBLE

CHLORINATING PLANTS.

unpaid special commission,
sixty-five of the resolves of
forty-five, and revived and

1 Resolved, That the
2 established by chapter
3 nineteen hundred and
4 continued by chapter seventy-seven of the resolves
5 of nineteen hundred and forty-six is hereby further
6 revived and continued for the purpose of continuing
7 its investigation and study relative to shellfish in
8 areas determined under section seventy-four of chap-
-9 ter one hundred and thirty of the General Laws, or

10 corresponding provisions of earlier laws, to be con-
-11 taminated, and relative to the reclaiming of shellfish
12 from such areas by means of purification plants. Said
13 commission shall, in the course of its investigation,
14 confer with the state departments of conservation
15 and public health relative to the matters referred to
16 it for investigation and study, and may expend for
17 the purposes of this resolve such sums, not exceeding,
18 in the aggregate, five thousand dollars as may here-
-19 after be appropriated therefor.

Appendix E.
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20 Said commission shall make a supplementary report
21 to the general court of the results of its investigation,
22 and its recommendations, if any, together with drafts
23 of legislation necessary to carry its recommendations
24 into effect, by filing the same with the clerk of the
25 house of representatives on or before the first Wednes-
-26 day of December in the current year.


