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When you see the Blue Stripe and the
embossed brand on a length of raw milk
hose you know it's genuine TRANS-
FLOW M-34R —the glass-clear, flexible
tubing that provides a combination of
absolute safety, long service life, easy
handling and low cost found in no other
milk hose.

Available in bore sizes from 38" to 4",
TRANSFLOW M-34R is the product of
a unique cooperation between research
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eW: TrANSFLOW
VACUUM HOSE

Longer lasting, more attractive, easier
to clean and keep clean. The ideal
milking machine companion for TRANS-
FLOW M-34R. Ask your dealer.

St

scientists and practical, working dairy-
men at the TRANSFLOW Test Farm.
It is manufactured with specially-
developed equipment under extremely
precise Quality Control procedures.

All ingredients used in TRANSFLOW
M-34R Tubing meet FDA (Food and
Drug Administration) requirements.
The hose meets or exceeds all criteria
for raw milk service, including those in
the 3-A Plastics Standard.

In truth, TRANSFLOW’s quality is
unsurpassed.

So . .. be sure it's genuine. ALWAYS
Look for TRANSFLOW’S

“BLUE STRIPE OF QUALITY"

Bulletin RM-60 gives complete information on
TRANSFLOW M-34R Raw Milk Hose. For your
free copy, write Chamberlain Engineering Corp.,
Akron, Ohio 44309.

Plastics and Synthetics Division

engineering corporation
AKRON, OHIO 44309
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KenpALL

NON-GAUZE

MILK FILTERS

Stop More
Sediment

KENDALL’s laboratory-
created fabric traps the fine
sediment that passes through
coarser filters . . . has the
strength to handle even large
volumes of milk. These non-
gauze filters are consistently
even, with no thick spots to
clog, no weak spots to tear.
And they save dairymen up
to 25%, in filter costs on disks,
socks, rolls, squares, tubes, or
strips.

! KenbpalLL

THE KENDALL COMPANY

FIBER PRODUCTS DIVISION
WALPOLE, MASSACHUSETTS

Makers of KENDALL Calf Scours Tab-
lets, KENDALL Udder Cream, and
KENDALL Animal First Aid Spray

Facts for the Sanitarian about

THE MILKING MACHINE
AND ITS RELATIONSHIP
TO MILK QUALITY

VACUUM |
CONTROLLERS
OR

REGULATORS

.. T. “Bill"” Pickavance
Sales Engineer and
Sanitation Coordinator
Universal Milking Machine Division

Vacuum Controllers or Regulators are precision
instruments that control the milking vacuum or
the vacuum to which the teat is: exposed. There
is a mistaken notion by many that vacuum con-
trollers or regulators can increase the capacity
of the vacuum pump. Not true!

The purpose of the Vacuum Controller is to
admit air, or to close off admittance of air to
maintain the proper vacuum level recommended
by the machine’s manufacturer. It must be given
proper maintenance and kept clean. Sticky or
worn out vacuum controllers, or those which are
improperly located, are as much a problem as
inadequate vacuum pumps.

The greater the distance air must travel from
the controller to the pump, the greater the friction
the air encounters. Consequently, it takes longer
for the pump to remove air from the system and
create proper milking vacuum. When this happens,
the milking machine is not efficient and is sub-
jecting the dairy herd to possible udder injury
and can affect the quality of the milk.

Universal recognizes the wide variety
of problems faced by the dairyman,
sanitarian and manufacturer. Con-
tinuous testing and product improve-
ment are some of the ways we serve
the total industry. Encouraging better
understanding of mutual problems
through information such as this is
another.

niversal

MILKING MACHINE DIVISION

NATIONAL COOPERATIVES, INC.
ALBERT LEA, MINNESOTA
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A PHYSICIAN LOOKS AT THE PUBLIC HEALTH PROFESSION'

Otis R. Bowen®

Bremen,

I suspect that a physician’s opinion of the profession
of public health may differ from a layman’s opinion
in that he may be more critical but, I hope, more
understanding. The physician usually is more inter-
ested in matters of personal health rather than mat-
ters which impose restrictions on people’s activities
in the guise of health protection to the public. Act-
ually, the subject of my talk is so broad that it per-
mits me to ramble a little and offer some praises
sprinkled with some criticisms of your profession.

When it comes to criticisms, remember you have
asked for them and I hope that you will take them
as they are meant — in a friendly constructive man-
ner. It is easy to resent such scrutiny and criticism
— even to dismiss it as unnecessary. But criticism,
if informed and objective, is good for all who work
to serve the public and in any case we have to ex-
pect it. In a society as ours, changing so rapidly,
every franchise and every right and every dividend
is to be continually re-earned.

It was my pleasure a couple of sessions ago to
work closely with members of your organization in
your behalf to help add some stature to your pro-
fession through creation of some requirements and
licensure provisions in the Legislature. It is grati-
fying to note the progress you have made and 1
congratulate you for your efforts to maintain high
standards.

I want to stress in my remarks today the import-
ance of public relations in your job — what people
think of what you are doing — your public image.
I want you to sit back and pretend you are sitting
on the fence watching yourself go by. My comments
will be directed more to you who are representatives
of public agencies; however, I trust that my view-
points will be of interest to others also.

Probably the physician’s opinion of public health
is not as important as that of the general public
because there are relatively few of us. From the
public standpoint, however, you are a part of the
government being maintained by tax funds and any-
thing supported by public funds deserves close
scrutiny and close accounting down to the last
penny.

i

1Presented at the 15th Annual Meeting of the Indiana Associ-
ation of Sanitarians, Indianapolis, October 7, 1965.
*Practicing physician and member of the Indiana State Legis-
lature.

Indiana

NEep For RESPONSIBLE AcCTION

Sometimes I get the feeling that this is the age
of the goof-off. So many of us are willing to settle
for something less than the best — the age of the
half done job. We seem to be stampeding away
from responsibility. We find laundry men who
won’t iron shirts, waiters who won’t serve, carpenters
and electricians and plumbers who will come around
someday — maybe, executives and professional men
whose minds are on the golf “course, teachers who
demand a single salary schedule so that achievement
cannot be rewarded or poor work punished, students
who take easy snap and cinch courses because the
hard ones make them think and work, spiritual de-
linquents of all kinds who triumphantly are enjoying
their so-called leisure time in less than honorable
\V'ﬂys.

I am hoping that our people soon become sick of
this goofing off and improve their sense of responsi-
bility. We don’t show much responsibility or stability
when we have a two hour lunch period, a three-
day weekend, the all day coffee break, or when we
buy a $500 jeweled pill box with a built-in musical
alarm to remind us that it’'s time to take our tran-
quilizer.

It is your job and my job to teach and influence
those over whom we are given responsibility and
supervision that work can be fun and that the only
real reward that life offers is the thrill of achieving
something and that where achievement amounts to
most is on the job. People must realize, regardless
of whose payroll they are on, that they are still
working for themselves. If we as a total population
in a nation of responsible people do not assume such
responsibilities and stay hard at work, a stronger
nation might emerge that could put us to work.

InPORTANCE OF A Goop IMAGE

Many people resent your public health profession.
To them your image is poor. I doubt that one could
change the minds of.these particular people, regard-
less of attempts to try. They suffer from too little
knowledge, too much excitability and too little judg-
ment. At the other extreme there is a group which
is over-enthusiastic about public health. These
folks suffer from too much knowledge and frenzy
and from too little judgment poorly directed.
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Somewhere in between these two extremes is where
the majority of us stand. Yet some are just luke
warm about the public health program and just
tolerate it while others are enthusiastic over only
certain phases of it and hostile towards others. 1
must confess to having been less willing many years
ago to accept the necessity of so many public health
rules and regulations whereas I am today more
knowledgeable about them. I think I am rather
average in ability and understanding and I believe
that your image in my eyes has improved through
gaining more knowledge of the needs and how you
administer to them. Most people will react the same
way if you can reach them with the truth. Let the
people know the truth and they will be reasonable.

The success and effectiveness of any public health
program depends on the public’s confidence. This
is so hard earned and so easily damaged. If one
were to measure the length of time it takes to earn
the public’s confidence it would require a calendar;
but if one were to measure the length of time it
takes to destroy the public’s confidence it would re-
quire only the second hand of a stop watch.

I have experienced the same misunderstandings
serving in the Legislature. I have given a great
many talks to various groups concerning many phases
of legislation. I believe without exception I could
sense the chips on the shoulders of almost every
member of the audience before starting to talk. How-
ever, after trying to explain the reasons, the needs,
and the places for which the tax monies were to be
used and perhaps after explaining that I did not
agree with all that was done but this represented the
best that could be accomplished under the political
situation at the time, the chips seemed to fall harm-
lessly to the floor. I still have had many who dis-
agreed but not so violently after proper information
was given.

The only way to improve the public image of pub-
lic health programs is to bring information to the
people as to needs and as to how you are attempting
to solve them so that they will get their money’s
worth. The image of an entire program can be
ruined by improper dissemination of information or
from a single ill-considered act by any one of the
employees of any one of the county departments or
the State Department of Health.

I want to call your attention to an occurance after
the horrible tornados last April. In an honest at-
tempt to prevent mass illness from mass feeding,
many county departments of health restricted use
of foods that were home canned and home prepared.
People had taken pride in giving these foods for use
and their feelings were hurt because their food was
turned down. Perhaps attempts were made to ex-
plain the reasons but apparently they were inade-

quate for it snowballed into rumors that picnics,
church carry-in suppers, home baked wedding cakes,
and club money-making projects such as smorgas-
bords and even communion wines, if home made,
were to be abolished. I had numerous nasty letters’
for the writers thought that the Legislature had
passed laws to do away with these longstanding,
pleasant customs. So, in your work, go to all kinds
of trouble to get the proper information disseminated
and it will save much grief and time later trying to
get it straightened out.

We in Indiana and in the United States are still,
in spite of many problems, a very fortunate people.
On the whole we live well—in fact, better than any
other nation. We have enough to take care of our
health and our educational needs and still are able
to afford many conveniences and luxuries. In fact,
it seems even with my children that the family who
doesn’t have two cars, a Honda, a lake cottage, a
boat and a couple of horses are underprivileged.

Sometimes I get disturbed at the image of our
country when I see and hear so much about poverty
in the United States. We have people arguing for
aid to cover every conceivable situation and demand-
ing all sorts of welfare type programs that involve
public health. Some have good arguments and mean
well but one can get the impression of an America
made up largely of the poor, the sick and the illiter-
ate, the undernourished and halfstarved, unhealthy
slums and the unemployed.

Those in the field of public health need to be
careful not to give the image that public assistance
is the answer rather than individual initiative. The
best public relations picture that can be made is to
show how you are trying to help people help them-
selves through the various programs. Education of
the tax paying public is essential. Education of
recipients is just as important. The one thing more
expensive than such education is ignorance. It is
better to be known to the public that you are there
as an advisor or an encourager for the lower echelon
to do things for themselves.

CARRYING OuT YOUR RESPONSIBILITIES

Of all the careers, few can match yours for sheer
variety; the field of public health can never grow
dull for you are connected directly with problems
of people who are undergoing life’s greatest crises
and dramas—birth, illness, epidemics, handicaps, re-
covery, poverty, rearing of children, marriage diffi-
culties, broken homes, problems of the aged, the
migrant worker and many others. Helping people
swept up in these dramas is one of life’s greatest satis-
factions.

Your duties and your responsibilities are numerous.
You must be responsible to your employer, the unit
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of government for whom you work directly. You
must also be responsible to the people who need
and receive your public assistance. Let’s not ever
turn this around and think that the people are there
to do as you say. You are a servant of the people.

In carrying out your responsibilities you have to
be fair but firm, sympathetic and generous but de-
cisive. You have to have plain common sense. You
need to know the rules and regulations that govern
your actions. You must have integrity and you must
be a good investigator, fearless and able to do what
is right whether it is popular at the moment or not.
In short, you must have the qualities of a minister
to counsel, a business man to get the most for the
dollar spent, a doctor to diagnose, a district attorney
to ferret out the truth and the chiseler, and a nurse
to soothe and comfort. You must be a good listener
and a good persuasive talker and you must also
be a taxpaying citizen to understand the feelings of
those who pretend not to understand.

To have all of these qualities is impossible; yet
I'm sure the most of you have the majority of these
attributes.  We all get discouraged at times and
feel that our best is not good enough. We all ex-
perience feelings of inadequacy—except for those too
smug to do so. But were it not for this feeling of
inadequacy, there would be no progress and no
human betterment.

As the population of our state and nation grows
and hours in a work week lessen, so does the activi-
ties of more individuals and groups grow. Our lives
become more complex and more hectic. With this
combined increase in population and activities there
are in turn more problems, more crime, more juvenile
delinquency, more chance for epidemics, more stream
and air pollution, more aged people, more needs for
recreational, educational and health facilities. All
of these needs are directly or indirectly related to
your field of endeavor. Our advancing technology
is directed toward solving these problems and you
as members of the public health profession are an
integral part of this advancing technology.

Ways AND MEANS oF GETTING THINGS DONE

There is no question that one of the public health
worker’s problems is and always shall be a constant
battle with the legislature, the county councils,
county commissioners and city councils for enough
money to carry on the programs that our expanding
society dictates is necessary if we intend to continue
té keep an ever older population healthy and happy.
Yet in spite of financial handicaps, there still are
ways and incentives to function properly. When
problems arise that seem insurmountable at the
moment, we can’t make the situation more difficult

by becoming a part of the problem by throwing up
our hands or dragging our feet. We need to ask
ourselves “Do we come with a solution or are we
becoming a part of the problem?” When solutions
seem elusive it’s no time to become propelled into -
an increasing state of frustration or anxiety. No
substitute has yet been found and probably never
will be for the confidence engendered by a sound
relationship between you and the community that
you serve, whether it be at the township, city, county
or state level. You have at your disposal many
valuable tools, and much valuable knowledge to help
society cope with these stresses of modern living.

People in the field of public health have to do a
lot of inspections and are often labeled as snoopers
and trouble makers. But in my book, and in any-
one’s book who is conscientious about the importance
of public health work, the man looking for a possible
violation is not necessarily a pessimist but is a man
doing his duty. The inspector who is frequently
a little unsatisfied and who continues to look the
situation over carefully even when things are going
pretty good is a man “on top of his job”. He is
looking for hidden faults and can ferret out weak-
nesses before they can do any serious harm. He
knows that beneath an apparently calm surface,
there can be faults that won’t be uncovered without
digging for them. So, when someone accuses you
of being a troublemaker, calmly but effectively ex-
plain the “why” of what youre doing. When they
understand the “why”, even though they disagree
with your answer, they not only will respect you
for your conscientious - attention to duty but, more
important, will respect you for your courtesy of
explanation. It is time consuming, it takes a little
extra effort and it takes a little more patience, but
it surely does a lot for your public image and builds
respect for your profession.

An axiom voiced by physicians on innumerable
occasions states that it is not always the illness but
also the patient that is to be treated. Public health
officials could do well to apply that, too. Often the
tault or the illness you find that needs correction can
be corrected or treated easier if you consider the
feelings of the people on whom you are imposing
restrictions or penalties. Finding the problem and
knowing the scientific treatment or solution are only
two parts of your work. Application of the correct-
ive treatment with sympathetic understanding is just
as important.

Public health activity can breed good will if it is
in harmony with the community; it helps no one
if it is ugly. There is always the danger of going
too far too fast and, possibly by doing so, getting
into areas that really should be left alone for the
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time being. I had this brought home to me when a
surgery patient jokingly but with some seriousness,
handed me his poetic warning not to go beyond my
realm of necessary duty. The note read:

I am a young man with a hernia.
I'm telling you doctor, gol dernya.
When improving my middle,

Be sure you don't fiddle

With matters that don’t concernya.

In spite of harrassments from within and without,
you members of the public health profession are
respected and indispensible elements of our society
and are greater contributors to the health, happiness
and economy of mankind than almost any other
profession. Public health is accused of cynical op-
portunism. It is embroiled often in legislative con-
troversies and is the subject of attack and rebuttal,
claim and counterclaim to an extent unparalleled in
history. One needs only to think of such things as
cigarette smoking versus cancer, fluoridation, choles-
terol, air pollution, stream pollution and detergents,
milk inspection, nursing homes and hopsital con-
struction and’inspections, migrant worker camps, etc.,
etc., etc.

Now, I'm sure that your profession is not without
blemish; like any other profession it too is plagued
by some irresponsible members whose malfeasances
have been attributed to the profession as a whole.
As a result, sometimes its magnificent achievements
and its monumental role in prevention, cure and
treatment and alleviation of disease and lengthening
of life have been obscured in the public’s mind.

PusrLic HEaLTH CONTRIBUTIONS
Towarp A BeETTER WORLD

There have been great strides in the field of
preventive medicine and public health. An old
patient of mine recalled the influenza epidemic of
1918. Today people get flu shots. The real break-
through was in the sulfa drugs, then came penicillin
and now the mycins. About three fourths of pre-
scriptions  today are for drugs that weren't even
known in 1950.

Before the sulfa and antibiotic days, pneumonia
used to be a big killer. Besides that it took weeks
to recuperate and even then complications such as
lung abcesses and empyema were common. Now,
if an otherwise healthy person gets pneumonia and
isn’t back to work in a week or ten days, they con-
sider the doctor no good. Twenty-five years ago
New York City reported over 12,000 cases of whoop-
ing cough with 105 deaths; last year there were 212
cases and no deaths. In 1935, 70,080 Americans
died of tuberculosis; in 1963, 9,311.

There are hundreds of such figures and the fig-
ures, in turn, have been plotted on hundreds of
graphs to show the relationships of disease to lost
work time, to gross national product, to average life’
span, to cost of treatment and medication. In
virtually every category, the records show dramatic
gains over the comparable statistics of less than a
generation ago.

No one asserts that the credit' belongs exclusively
to the public health officials but no one denies the
important part that they have played in this success
story. These figures alone should tell you that the
physician as well as any thinking citizen has a high
opinion of public health. But, let's not get too
elated and impressed with ourselves. There is still
much to be done—sclerosis, heart diseases, psycho-
logical and emotional disturbances, diabetes, geriatric
problems, cancer and the population explosion.

I want to dwell for a moment or two on this last
mentioned problem—the population explosion. It has
become increasingly evident that neither the church,
voluntary service organizations, nor private philan-
throphies have been able to keep up with the many
needs of a rapidly growing population. For this
reason municipal, state and federal agencies have
taken increasing responsibilities for the people’s
welfare. This has been all well and good but there
are inherent dangers of over expansion of govern-
mental programs to take over too many of the in-
dividual’s responsibilities. There must remain a bal-
ance between governmental and private efforts.

Other than all out war, the greatest threat we face
is that of unrestrained population increase on our
resources and social structure. Apathy and opposi-
tion are diminishing and deep concern is being ex-
pressed by more and more people. Yet progress is too
slow to avert the danger of suffocation by numbers.
This is a real challenge for your leadership. As we
work toward population stabilization, we still have
to combat hunger, disease, and ignorance which con-
demn so many millions to degradation and misery
and still tax a multitude of others for their support.

Frankly, I do not know if the public health pro-
fession should assert more leadership in this field,
but there are other areas where there is great need.
There are many problems without solutions as yet
and I feel compelled to state that your work has only
begun. Your profession deserves much commenda-
tion for its past accomplishments and certainly war-
rants encouragement for the tasks yet to be under-
taken. Keep up the good work.

This brings me back to the title of my talk, “What
is a physician’s opinion of people in public health?”
My answer is, “I think youre great.”
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SOME FACTORS RESPONSIBLE FOR VARIATION IN COUNTING
SOMATIC CELLS ON PRESCOTT-BREED SMEARS OF MILK'

R. ScuNEmER aND D. E. JASPER

Department of Clinical Pathology, School of Veterinary Medicine
University of California, Davis, California

(Received for publication April 9, 1965)

SUMMARY

By means of direct microscopic observation of cells in
stained smears and projection of a series of color trans-
parencies, differences in criteria used by individuals for
identification of cells to be counted in Prescott-Breed smears
were discovered and described. Extensive studies revealed a
unique pattern of cell distribution within smears which can
materially affect the outcome of a cell count depending upon
the area selected for cell counting. Among other factors,
variation in size of the smear was found to have a marked
affect upon resultant sample count.

The current widespread trend toward screening
of total herd milk (bulk tank samples) for market
suitability by means of estimated leucocyte numbers
has brought a new phase of application for the Pres-
cott-Breed or direct microscopic cell count method
(6) which emphasizes the importance of accuracy.
In a critical examination of the Prescott-Breed meth-
od for counting somatic cells in milk (9) the highest
counts were observed to be as much as three times
the lowest count for some groups of counts, the
average high count being 1.9 times the average low
count. Others have also shown large differences in
results when duplicate smears were counted (4, 5).

Cell numbers have been observed to be distri-
buted in a 3:4:3 ratio through the central 1/3 area
of smears which had been divided into three equal
parts (3). The numbers of bacteria per field in milk
smears have been shown to decrease in proportion
to the distance of a given field from the center of
the smear (2).

Thus a likely source of error would involve the
areas of the smear selected for counting as related
to the distribution of cells within a smear. A second
source of error could involve differences in criteria
used for cell recognition by the counter. Some of
the factors affecting cell distribution were therefore
critically examined in this study and uniform cri-
teria for cell recognition were explored.

MATERIALS AND METHODS

Criteria for determination of cells to be counted were
studied subjectively utilizing 6 counters. Direct microscopic

1This work was part of a thesis submitted by R. Schneider
to the Graduate Division, University of California in partial
fulfillment of the requirements for the M.S. degree.

observation of cells in stained smears and projection of a
series of color transparencies selected to illustrate the variety
of visual objects seen in milk films served as a basis of dis-
cussion between participants. Differences in criteria used by
individuals were thereby discovered and reconciled into sub-
stantial agreement.

Samples of milk at room temperature in 1l-oz bottles were
used for smear making. Mixing was assured by shaking
through an arc of 180° and back again at least 25 times
over a period of 30 to 45 seconds (8). Smears were made
on precleaned glass microscope slides placed over templates
delineating round or square l-cm? areas. A clean movable
sheet of plate glass made level on a laboratory table pro-
vided a uniform surface for the slides during smear prep-
aration and drying. Smears were dried at room temperature
and were fixed and stained within a few hours using the
Broadhurst-Paley triple step process (7). Adequate observa-
tions on cell distribution required counting of representative
microscopic fields from one edge of the smear to the other.
Other than the above, procedures as outlined in Standard
Methods for the Examination of Dairy Products (1) were
followed.

In order to minimize any bias resulting from smear mak-
ing in studying the distribution of cells in a smear, the
main factors affecting smear making were varied in trials
1, 2 and 3A. Using both a 0.01-ml loop and a syringe®, mul-
tiple round and square smears were made from various milk
samples at separate times by different smear makers. Care
was taken to keep the loop in a vertical position when with-
drawing it from the milk.

In Trial 1 separate horizontal and vertical counts of 25
fields each through the center, were made on 6 smears. The
number of cells in each of the parts of arcas B and E
(Figure 1) was calculated. The 3:4:3 ratio was thus tested
by comparison of parts 4:5:6 and 2:5:8 (Figure 1).

Trial 2 tested whether the 3:4:3 relationship was constant
across all areas of the slide. Thirty-two smears were utilized.
To test whether cell numbers affected cell distribution, the
smears were so selected that the cell counts were reasonably
spaced within a range from 80,000 to 14,000,000 cells per
ml of milk. By use of the substage calibrations the smears
were divided into thirds, both horizontally (Figure 1, areas
A, B, C) and vertically (areas D, E, F) and counts of 25
equally spaced fields across the entire smear were made
through the center of each of the 6 resulting areas. The
3.4:3 ratio was tested by comparing counts of A:B:C and
D:E:F.

The pattern of cell numbers throughout the smear was
studied in trial 3A using 26 smears each of which was
divided into 9 equal parts (Figure 1). The smears were
first divided and the counts were made as in Trial 2, except
that every field in sequence across the smear was counted

East 23rd

2Available from Applied Research Institute, 2
Street, New York 10, N.Y.
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FIG.1.
SMEAR DIVIDED INTO 6 AREAS (A-F) AND 9

PARTS(1-9),SHOWING THE ORIGIN OF AREA
ESTIMATES AND OF THE HORIZONTAL AND
VERTICAL ESTIMATES FOR EACH PART.

and recorded. The fields in sequence for the 6 area counts
on each smear were then divided into equal thirds and the
number of cells in each part was totaled. There was thus
one horizontal estimate and one vertical estimate from which
the per cent of cells in each of the 9 parts was derived for
each smear.

Since the tendency of the smear makers had been to
start and stop in the upper portion of the smear, the possible
effect of this practice was examined in Trial 3B utilizing 4
square smears in which the area of starting and stopping
was in a different corner (Figure 1, Parts 1, 3, 7, 9). The
smears were made by the same smear maker using the
syringe.

In view of the errors in smear making (8) and variations
in the distribution of cells found in smears 100 mm?2 in area,
the possibility that another smear size could produce more
accurate and umiform results was explored. Square smears
were made covering areas of 49, 72, 100, 144 and 196 mm?2.
Smears covering 289 and 400 mm?2 were also tried, but it
was concluded that representative smears could not be made
that large in size because portions of such large smears tended
to dry before all of the spreading took place.

Two trials were conducted. Trial 4A included only smear
sizes, 100, 144 and 196 mm?2. Trial 4B included all 5 smear
sizes. In both trials, 5 separate milk samples ranging from
high to low known cell counts were utilized. A syringe
was used by the same smear maker to make 4 smears of
each size in pairs from each sample in a set order.

Counts on the smear pairs were made in random order.
In trial 4A, 25 field counts of both horizontal and vertical
counts through the center were made on each smear regard-
less of size. The WF thus varied between 2,500 and ap-
proximately 5,000, dpending on the size of the smear. In
trial 4B, 2 separate series of counts were made on all of
the smears using a WF of 2,500 for each series, hence, when
the 2 separate series were combined counts with a WF of
1,250 were produced.

To determine if the cell distribution was the same for all

smear sizes, the 4 smears made for each size from the highest
cell count sample of trial 4B, were counted as outlined for
the Trial 3 study above.

ResuLts

From the observations and discussions, variation
in criteria for cell recognition could be placed in 5
general categories. These involved the disposition
to be made of ghost cells or’ cytoplasmic masses
without a nucleus, cells in various stages of degen-
eration, nuclear and other particles or portions of
cells, clumps of cells, and cells only partially within
a field. The criteria for the recognition of cells to
be counted was established as follows:

1. All stained material recognizable as containing
more than 50% of a cell nucleus was counted as a
cell. This applied also to cells only partially seen at
the margin of a field.

2. Smaller cell fragments and cytoplasmic material
were not counted as a cell.

3. All individual cells in cell clumps or masses
were counted providing the total count of the field
did not exceed the highest count obtained in any
of the other fields without clumps. If the highest
field count without clumps was exceeded, a count
for that field equivalent to the highest count attained
without clumps was recorded.
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TOTAL CELLS COUNTED(WF |, 250)
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FIG.2

TRIAL 4B, LINES OF "BEST FIT" VIA THE LEAST
SQUARES METHOD FOR 5 SMEAR SIZES AND 5
MILK SAMPLES.
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TasLe 1. TuE Per CEnNT oF CELLs Founp N EacH AREA
oN 32 SMEARS

Horizontal counts Vertical counts

An B Cc D B r

% of total cells counted” 33.4 38.5 28.1 31.8 37.7 305
Mean % when equal weight
given each smear 31.9 378 30.3 31.0 348 342

“Letters refer to area designations in Figure 1.
®Chi Square on 3:4:3 ratio prior to conversion to % for each
was P>.001.

TaBrE 2. Tue Meax PEr CeENT oF CELLS AND STANDARD
DEviaTions iN EacH oF NINE PARTs' FOR 26 SMEARS

104 = 2.3 11.7 = 3.3 109 = 2.5
112 = 1.7 151 = 2.1 11.2 = 3.6
8.6 = 2.5 11.0 = 1.5 10.0 = 2.4

“Parts refer to those designated in Figure 1.
"Significantly different from other outside corner parts P>.01.

TaBLE 3. THE EFFECT OF STARTING AND FINISHING THE
SPREADING OF A SMEAR IN DIFFERENT CORNERS OF THE SMEAR

Part* started and

stopped and the 2 Opposite % Cell parts
Smear adjacent parts® 3 parts Col’'m 2 Col’'m 3
1 6, 9, 8 2,1, 4 36.8 28.5
3 2.1, 4 6, 9, 8 354 31.8
2 2, 3, 6 4,17, 8 33.0 32.8
4 4,17, 8 2 3, 6 33.8 32.6

>

“Parts refers to those designated in Figure 1.
"The part in which the smear making started and stopped is
the center figure.

The pattern of cells found in Trial 1 by counting
horizontally and vertically through the central areas
of the smears (Figure 1 parts 4:5:6 and 2:5:8) con-
firmed the presence of a 3:4:3 ratio. No significant
variations from this ratio was found in Chi Square
tests. The 3:4:3 ratio for distribution of cells
through the center was also verified in trial 3A
(Table 2) and trial 4B (Table 5¢).

The relative inconsistency of the 3:4:3 relation-
ship when comparisons were made of counts across
the entire smear (‘Trial 2) is shown in Table 1.
A total of 16,410 cells were counted in the horizontal
counts (Figure 1, areas A:B:C) and 16,546 cells on
the vertical counts (Figure 1, areas D:E:F) on the
32 smears. It was found that the ratios of A:B:C
and D:E:F varied significantly from the 3:4:3 ratio
(P>.001). The effect of cell numbers on cell dis-
tribution is also illustrated in Table 1. Because
smears with fewer cells tended to vary the most from
a 3:4:3 ratio, such variability had a greater effect
when equal weight was given to all smears.

The mean proportion of cells and standard devi-
ations in each of the nine parts (Trial 3A) is shown
in Table 2. Overall, approximately 15% of the cells
were in the center ninth (Figure 1, part 5), and
generally between 10 to 12% in each of the other
parts. It was noticed that on the average there
seemed to be more cells in the 4 middle outside parts
(2, 4, 6 and 8) than in the 4 corner outside parts (1,
3,7 and 9). On the 26 smears, the average propor-
tion in each of parts 2, 4, 6 and 8 was 11.3%. The
average in parts 1, 3, 7 and 9 was 10.0%. Part 7
varied significantly from the other corner outside
parts (P>.01) and if it was excluded, the average
for parts 1, 3 and 9 was 10.4%. Hence, on the aver-
age, each of the middle outside,parts contained about
8% more cells than the corner outside parts, part
7 excepted.

Table 3 illustrates the effect of starting and finish-
ing in different corners. There was always a higher
proportion of cells in the total of the parts in which
the smear was started and finished and those on
either side, as compared to the total proportion of
cells in the 3 opposite parts.

Trials 4A and 4B were comparisons of cell counts
derived from smears of different sizes. Table 4
indicates the results of counts through the center
for all smear sizes. The means of the ratios of the
cell counts are also given for the different smear sizes

TasLE 4. Torar CeELLs COUNTED' ON DIFFERENT SIZE SMEARS
FOR 10 SEPARATE MiLk SAMPLES AND THEmR MEAN
RaTios To 100 S@. My COUNTS

Smear size in mm?2

Sample No. 49 72 100 144 196
Trial 1
1 - - 851 984 1174
2 - - 637 677 811
3 - - 422, 471 586
4 - - 228 251 280
5 - - 19 23 20
Mean of ratios - - 1.00 1.13 1.26
Trial 2
1 314 349 345 - 392 429
2 236 292 326 354 308
3 178 202 210 230 264
4 104 121 138 127 163
5 50 44 56 66 62
Mean of ratios .82 91 1.00 1.09 1.15
Combined mean
of ratios .82 91 1.00 1.11 1.21

2Cells counted adjusted to WF of 2,500 and rounded to the
nearest whole cell.

studied using 100 mm? as the standard smear size.
It is seen that the larger the smear, the higher will
be the cell count.

Figure 2 shows the counts for each sample and
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TasLe 5. Tue Mean Per Cent' oF CeELLs IN EACH OF THE
NINE PARTS” FOR DIFFERENT SIZE SMEARS

a. 49 Sq. Mm. b. 72 Sq. Mm.

10.2 11.1 9.0 9.1 11.7 10.3
14.2° 13.6 11.1 12.9 144 11.5
9.5 11.2 10.2 9.6 11.7 8.9
c. 100 Sq. Mm.

7.7 12.6 8.8

13.0 16.0 12.1

8.9 12.5 8.5

d. 144 Sq. Mm. e. 196 Sq. Mm.

6.9 11.8 8.6 101 11.1 8.3
11.7 20.2 12.2 11.2 22.8 10.9
7.8 12.3 8.6 7.8 10.6 7.1

*Mean of counts on 4 smears for each size.

"Parts refer to those designated in Figure 1.

“Significantly different from the other middle outside parts
P>.001.

“Significantly different from the other outside corner parts
P>.01.

TaBLE 6. PER CENT VARIATIONS IN COUNTS MADE THROUGH
DIFFERENT AREAS OF A SMEAR

Area? 6 Smear group 32 Smear group 26 Smear group All smears
A — — 24 — 1.0 — 1.8
B +95 +15.4 +122 +13.5
C — — 74 —11.2 — 9.1
D — — 8.9 — 9.5 — 9.2
E +59 + 26 +13.4 + 7.3
F — + 7 — 3.8 — 1.3

“Letters refer to areas designated in Figure 1.

smear size in trial 4B and the line of “best linear
tit” for the counts on each sample computed via
the least squares method. It is apparent that the
higher the cell count, the steeper is the line of “best
linear fit.” This increased steepness appears to be
due to a relatively constant per cent of change of
cell count between the different smear sizes, regard-
less of sample cell content. Hence, the higher the
cell count of a sample, the larger will be the differ-
ence in number of cells between smear sizes.

The pattern of cell distribution for different smear
sizes is shown in Table 5. As also observed in Trial
3 there is a pattern of cell distribution with the out-
side corner parts, 1, 3, 7 and 9, comprising one
group, the outside middle parts, 2, 4, 6 and 8, com-
prising a second group, and the center part, 5, com-
prising a third group. It is seen that with increased
size of smears, there is an apparent decrease in cell
concentration in the outside parts, with subsequent
increase in concentration of cells in the center part.

Discussion

The distribution of cells in smears indicates a ten-
dency for cells to migrate from the outer parts, 1,

3, 7, 9 towards the inner parts, 2, 4, 5, 6 and 8, as the
smear dries. The last part to dry is usually part 5,
hence it has the most cells. This appears to be true
regardless of the size of a smear. This pattern ha
also been observed for bacteria in milk smears (2).

There is apparently a consistent variation in the
distribution of cells in a smear. In general, a 3:4:3
distribution of cells can be expected if a smear is
divided into equal thirds and counts are made either
horizontally or vertically through the central third
(Tables 2 and 5¢). If a smear is divided into ninths
(Figure 1), then approximately 15% of the cells are
in the center ninth (part 5), and generally between
10 and 12% in each of the other outside parts (Table
2), with the outside middle parts containing an aver-
age of approximately 8% more cells than the outside
corner parts. Since no differences in total count were
obtained between smears dried at room temperature
and at 37 C it would appear that differences in dry-
ing temperature within this range did not greatly
alter migration patterns (§).

Table 6 illustrates that counts made through dif-
ferent areas of a smear will not agree. Counts made
through the center of the smear (Figure 1, B and E)
will generally overestimate cell numbers by about
10.4%. This, of course, is due to the high proportion
of cells in the middle ninth (part 5) and to a lesser
extent the higher proportion of cells in the middle
outside part, 2, 4, 6 and 8.

Theoretically, the area of the smear selected for
counting should be based on the pattern of the cell
distribution found on smears when the smear is
divided into ninths (Figure 1 and Table 2), so rep-
resentative fields are counted in each part. This,
however, is not practical. In the interest of a good
routine method that is repeatable and accurate, it
is suggested that counts be made through the center
as stated by Standard Methods for the Examination
of Dairy Products (I1). Although counting in this
fashion will overestimate by approximately 10%, a
downward adjustment of 10% could be made when-
ever a more accurate estimate is needed. This ad-
justment could be built into the routine by adjusting
proportionally either the WF or the number of fields
to be counted. In most instances, this correction can
be ignored but it is important that standard counting
procedures be followed so that all counts in a group
will be comparable.

Application of the Prescott-Breed method to any
smear size other than 1 cm? (100 mm?) would pro-
duce counts markedly different from those made
on 1 cm? smears. Within the limits of the sizes
examined, if larger smear sizes are counted through
the center, the counts will be higher; if smaller smear
sizes are used, the counts will be lower (Table 4).
The change in cell count with change in smear size
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is apparently due to the change in the pattern of
cells found in smears (Table 5). With increased
size of smears, there is a larger proportional con-
centration of cells in the center of smears, with a
corresponding decrease of cells in the outside parts.
The pattern of cell migration appears to be the same
in all smear sizes, that of movement from parts 1,
3, 7 and 9 into parts 2, 4, 5, 6, and 8, with con-
centration of cells in the center part, part 5.

Results in Trial 3 had indicated that part 7 was
unexplainably significantly lower than the other
outside corner parts, 1, 3, and 9, (Table 2). It is
noticed in trial 4B (Table 5) that part 7 did not
vary significantly from the outside corners for any
of the smear sizes, although the method of making
and counting smears was not knowingly varied be-
tween the 2 trials. There is no reason to expect that
part 7 should consistently differ from parts 1, 3, and
9.

CONCLUSIONS

1. Uniform criteria are necessary for recognition
of somatic cells to be counted.

2. The number of cells counted in any given smear
can vary considerably depending upon the area of
the smear selected for counting.

3. Cells tend to migrate toward the center of the
smear. This resulted in a 3:4:3 ratio for cell num-
bers in equal thirds of the smear when counted
through the center, either horizontally or vertically
on smears dried at room temperature.

4. Cell numbers also tend to increase in that por-
tion of the smear where the making of the smear
is started and stopped.

5. Higher cell counts are obtained for counts
through the center if the smear area is increased.
This results from a heightened tendency of cells to
migrate toward the center. By the same token, smear

areas of less than 1 cm® tend to give lower total
cell counts by the same counting method.

6. Standardized procedures for counting cells are
essential if uniform results are to be obtained. These
include the follow'mg:

a. Uniform procedures for smear making.

b. Uniform smear size standardized at 1 cm?

c. Uniform criteria for cell recognition as de-
scribed herein.

d. Uniform procedures for field selection. It is
recommended that every other field be counted as the
objective is moved through the center from one edge
of the smear to the other.
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PROGRAM FOR CERTIFYING
BAKERY EQUIPMENT UNDER WAY

The Baking Industry Sanitation Standards Committee,
through its Office of Certification, began on January 1, 1966
its program to certify bakery equipment conforming to
BISSC sanitation standards. Information supplied on regis-
tration and application forms furnished bakery equipment
manufacturers and others interested forms the basis of certi-
fication.

A distinctive BISSC certification symbol has been ap-
proved and application for appropriate registration of the
symbol has been filed. The BISSC program will require
that the symbol be affixed to certified equipment in juxta-
position to the manufacturer’s name plate or be a part there-

of.  Where this is impracticable it shall be stamped, etched
or embossed on the equipment.

BISSC was established in 1949 and is comprised of rep-
resentatives from six national trade organizations, four na-
tional sanitarian organizations, and FDA and USDA and
USPHS. Twenty-three sanitation standards for bakery equip-
ment have been developed, approved and published to date
and a number of other standards are nearing completion.
It is planned to continue the program until all bakery equip-
ment and machinery has been covered effectively by BISSC
sanitation standards.
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HOW THE FOOD SERVICE INDUSTRY LOOKS AT THE SANITARIAN'

VeErnoN E. CORDELL

National Restaurant Association

Chicago, Illinois

Please accept greetings from the National Restaur-
ant Association. I recognize you as the misunder-
stood, underestimated,  long suffering, deserving,
ground slogging doughboy heroes of the fight to
keep our restaurant customers safe and healthy.
There isn’t a thing wrong with you that a little more
cooperation and adequate recognition by both res-
taurateurs and the general public won't cure. Recog-
nition of trained, qualified public health sanitarians
by states and municipalities through registration,
realistic pay structures and opportunities for pro-
fessional improvement is certainly merited. Recog-
nition by the restaurateur of the very important part
you play in the successful operation of his business
and the protection of both his customers and his
employees is certainly deserved. And, finally, the
public owes you much for the thorough job you are
doing under a myriad of difficulties in safeguarding
them from an infinite number of dangers.

You need a good press agent or two. It is my
intention to see that you get “good press” as far as
the restaurant industry is concerned. If I am to do
a good job for both of us I must know that we under-
stand each other so let’s talk about the food service
industry and you.

Over a half million food service establishments of
all types in this country utilize 3,000,000 employees
in providing 15 billion meals annually. Thirty-four
billion pounds of food is required for these meals,
constituting about one fourth of the food produced
in the United States. About 375,000 of these estab-
lishments are public restaurants employing over
2,000,000 persons.

What a terrific management responsibility and
what a multiplicity of exposure to hazards of health
and safety! Added to the tremendous magnitude of
the industry itself is the fact that no other industry
operates with establishments which contain so many
varied elements of danger to health and safety. Not
only are we faced with the problems of safeguarding
perishable food from contamination in storage, prep-
aration and serving and with the protection of both
customers and employees from illness and infection,
but we must also cope with numerous hazards to
life and safety.

Years ago, most Americans ate at home except for
the drummer who “took his meals” at the local

Presented at the Interstate Sanitation Seminar, University of
North Carolina, Chapel Hill, August 12, 1965.

travelers hotel or boarding house. Now America
eats out in ever-increasing numbers—in a hurry by
necessity or leisurely for pleasure and adventure—
in the city, on the highway, on the ground, on the
water, or in the air. All kinds of establishments have
sprung up to meet these varied demands. The cafe-
teria, the drive-in, the sandwich shop, the snack
bar, the atmosphere restaurant, supper clubs and
theatre restaurants, specialty houses such as pizzarias,
barbeque stands, etc. are just some of the many
types of establishments which were unknown in
earlier days. The kitchens of these are equally varied
in many ways. Some restaurant kitchens are small,
some are very large, some are simple with little
equipment and some filled with complex equipment
of many types.

SomMmE ProBLEMS OF THE Foop SERVING INDUSTRY

From all these variations in types of food service
and types of facilities, equipment and procedures
come increased problems in safeguarding both cus-
tomers and employees from infection, illness and in-
jury. You as sanitarians and we of the food service
industry have justifiable reason to be concerned with
food protection, restaurant sanitation and employee
hygiene.

The accelerated availability of preprocessed foods
of all types, the greatly increased use of perishable
foods from distant points, the lengthened lines of
food in transit and increased requirements for re-
frigeration and freezer storage have heightened our
dependence on you to insure the arrival of these food
supplies at our kitchen door free from harmful con-
tamination of any kind. With your cooperative
assistance, we'll then take it from there.

The international situation brings new dangers
into the picture. We face the spector of reduced
and changing manpower and a reduced availability
of equipment. We must move further toward sim-
plified operations which make more efficient use of
equipment and greater use of convenience and pre-
prepared food necessary. With the increase use of
more kitchen-ready foods come changed procedures
and new dangers.

We need your help more than ever before to make
certain safeness in our food handling and preparation.
We look to the team of the public health officer, the
sanitary engineer and the sanitarian—all qualified in
overlapping fields, to give us the guidance and assist-
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ance needed to assure the protection of both our
customers and our employees. We look to you to
determine the causes of illness outbreaks and to guide
us in initiating corrective steps or procedures. We
hope for equal support from you in disproving cases
that are falsely laid at our door.

How can the protection of the dining public be
most effectively accomplished? Three paramount
points which come to my mind are: (a) uniform regu-
lations, (b) qualified health inspectors, and (¢) sani-
tarians who know the problems of food service opera-
tions. Let’s take these points one at a time.

UntrorM REGULATIONS

I believe that effective food protection nationwide
can best be accomplished through the application
of uniform regulations based on substantiated health
requirements understood by both public health of-
ficials and the restaurateur.

The model ordinance and code of the U. S. Public
Health Service stands as the cornerstone for achiev-
ing uniformity, with the National Sanitation Founda-
tion’s standards of food service equipment adding
essential form to the base structure. The research
accomplished and guidance material prepared by
these and other organizations and individuals con-
stitute an assist toward reaching our objective.

The National Restaurant Association’s meeting last
year with the nation’s leading public health and sani-
tarian organizations and other such meetings to come
are important to the purpose of achieving meaning-
ful communication with each other, an understanding
of mutual problems and objectives and an under-
standing of what is actually required to successfully
achieve the complete protection of the public.

Given the nationwide acceptance of these sub-
stantiated requirements, reflected at state and local
level in the regulations and ordinances which uni-
formly state these requirements, we are next con-
cerned about the fairness and impartiality of their
application and interpretation. This must be ac-
complished by a sanitarian who knows exactly what
must be done, dealing with a restaurant operator
who recognizes its necessity.

The new system of evaluating food protection pro-
grams through the use of certified survey officers
is believed to be the most effective method of assur-
ing uniformity in the application and interpretation
of requirements. It is of great importance to the
food service industry that uniformity in regulations
be achieved.

‘The most significant trend within the food service
industry is toward multiple unit operations, the
franchized operation and food service performed by
management contractors. Each of these types has
greater capabilities and resources for providing econo-
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mical and efficient food service to meet the tremen-
dously increased dining-out requirements. The econo-
mies and business efficiencies of centralized pro-
gramming and planning, control over the develop-
ment and use of food and equipment standards and
purchase specifications, and standardization of fa-
cilities, equipment, layout, menus and recipes and
operating procedures are generally recognized. Well
engineered facilities and effective procedures are
assured. Competent supervision by qualified, prop-
erly trained and motivated supervisors is the final
touch. But the operator who tries to extend the
efficiencies of the multiple-unit operation faces varia-
tions in restaurant sanitation regulations, concepts
and interpretations regarding construction, equip-
ment installation and operational procedures which
frequently nullify and obstruct his efforts.

DESIRABLE FEATURES

What are the desirable features which should be
embodied in food establishment sanitation regula-
tions? T think they can be summed up in this man-
ner:

1. They should consist of provisions which, being
self explanatory or backed-up by sound and con-
vincing explanation, are recognized by the operator
himself as being necessary for the protection of
both the dining public and the establishment’s em-
ployees.

2. They should contain requirements which are
the minimum necessary to adequate protection. En-
courage the operator who can afford and see the ad-
vantages of making improvements above and beyond
the minimum but do not force them on him. Busi-
ness funds don’t grow on trees. Our margins are
small and tight and can vanish quickly.

3. They should not include provisions which are
more or less stringent than have been substantiated
as necessary. Overly stringent requirements, intro-
duced into the documents as additional margins of
safety, unnecessarily increase operational costs, make
compliance more difficult and undermine mutual
trust and understanding bewteen the health depart-
ment and the restaurateur.

Conversely, provisions which are not sufficient to
insure adequate protection not only endanger the
safety of all, but deprive the operator of the con-
trols and guidance he needs for effective manage-
ment. The progressive restaurateur most certainly
will deplore slack regulations as he resents unreason-
able ones.

4. They should include only provisions which re-
late to sanitation and food protection. The aesthetic
and requirements designed to enhance customer and
employee comfort are prerogatives of management.
Only in the case of the aesthetic does the health
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officer have any concern at all and this is when
there is indication of a shabby, ragged, inefficient
appearance which suggests an unwholesome and un-
sanitary operation to the customer.

All of these provisions must, however, be com-
patible with capabilities of the food service opera-
tion. No protection program can be successful un-
less it is based on proven necessity and it within the
realm of practicability. Ordinances built in accord-
ance with these guidelines will, even then, be accept-
able only when applied and interpreted with fairness
and uniformity and with the exercise of good judge-
ment.

We strongly hope that the complexities which
exist with respect to regulations and inspection sys-
tems will be resolved to eliminate conflicting and
confusing requirements, and to insure a strengthen-
ing of food protection program across the country.

Quartriep HEALTH OFFICIALS

The protection of the dining public can best be
accomplished through the enforcement and guidance
activities of qualified public health officials. By this
I mean that inspections of our facilities should be
accomplished by trained, experienced sanitarians who
know their jobs and have the wisdom and good
judgement to deal effectively with the food service
operator. The man who truly knows his business
usually exhibits the flexibility and reasonableness
which are necessary to get results.

It is for the reasons mentioned that the National
Restaurant Association has gone on record in sup-
port of the move to register and certify sanitarians
on the basis of qualification. During the past six
months we supported the sponsors of such a measure
in Illinois and last week we wrote the Governor of
that state urging his approval of the bill which
recently passed both houses of the legislature. We
stand ready to give similar support elsewhere. We
hope that legislation for this purpose will not result
however, in the permanent inclusion of non-qualified
incumbent food establishment inspectors.

We believe that the worth of sanitarians is meas-
ured in their knowledge and capabilities, not in mere
numbers. One good sanitarians far outweights any
number of bad ones. For this reason we feel that
a fair share of the tax dollar should go for the pro-
tection of the dining public and that the health de-
partment pay structure should be adequate to at-
tract and hold the professionally trained sanitarian.
It is in the further interest of the public that this man
be given the opportunity to improve himself pro-
fessionally, that he may keep fully abreast of new
findings in illness causatives, changes in food service
procedures, products and equipment and develop-
ments in food protection.

Kxowine Foop ServiCE OPERATIONS

And finally, the protection of the dining public
can be far more effectively accomplished if the sani-
tarian knows the food service operation and its prob-
lems.

What daily thoughts plague the average operator?
He thinks constantly of his business—its success and
survival. He must face up to his competition. He
is constantly sensitive to what he must do to attract
and hold his customers. He fears changing situ-
ations and conditions which will catch him short.
He worries daily over the problems and costs of food
procurement; equipment and equipment mainten-
ance; of personnel—meeting the payroll, coping with
absences, turnover, training and supervision; and of
financing, taxes, insurance coverage and rates and
so on. Is it any wonder that the sanitarian fre-
quently finds the operator preoccupied and difficult
to approach?

Yet the progressive operator knows that his busi-
ness success is built on volume of patronage and that,
in turn, is built on customer confidence in his es-
tablishment and the tangible evidence of manage-
ment efficiency. He knows that good food in gen-
erous quantities, served efficiently and with a smile
in a clean, wholesome, sparkling establishment will
insure that public confidence and his success. He
also knows that sick and absent cooks and waitresses
won’t help him get that good food out of the kitchen
and into the dining room.

How can you reach this busy man? By learning
as much as you can about his operation and its prob-
lems and by convincing him that you are as import-
ant to his business success as anything he is doing.
You must approach him through his own point of
view by being a helpful partner rather than a police-
man.

What are the various thoughts which the average
operator may have about the local food sanitation
ordinance and about recommendations made during
the course of the sanitarian’s inspection visits? 1T
think you will find them to be many and widely
varied but essentially they boil down to the following:

1. How much will it cost?

2. Are they practicable and within operational
capabilities or do they constitute an obstacle to oper-
ational efficiency?

3. Are they worthwhile?

4. Are they necessary to the protection of customers
and employees?

5. Will they aid in keeping employees on the job?

6. Will they actually help business and improve
the operator’s image in the eyes of his customers?

No operator has respect for, or will work willingly
with, a health department representative whom he
feels is finding fault or levying requirements just to
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prove to his superiors that he is doing a good job.
The man who arbitrarily makes unreasonable, overly
stringent and costly demands will face rough and un-
pleasant going. Any businessman, working to suc-
ceed, will welcome fairness, honestly and integrity
and, particularly, the interested and sympathetic
assistance which a qualified official can and should
give. When you have convinced him of your ob-
jective interest, you will find him a willing listener
and eager to benefit from your advice.

We are particularly pleased with the results of
one sanitarian’s efforts to improve his effectiveness
with restaurateurs. Donald Day of Appleton, Wis-
consin recently initiated an in-service training pro-
gram which requires that a sanitarian work as a
restaurant employee for one month. It’s first phase
has already been completed with the training of one
of his staff.

The training took plaée in a supper club, a counter
service establishment, a drive-in, a vending opera-
tion and a catering service. The total time involved
was four weeks. The amount of time spent in each
establishment varied depending on the volume of
business. A minimum of eight hours per day was
spent in each establishment. The work week was
varied so that the sanitarian could work on Satur-
days. The times of the day were varied so that he
would work early hours and also late hours.

The conditions under which the work was per-
formed were duplicated as nearly as possible with
those of a regular restaurant employee so that the
sanitarian could observe how their work was affect-
ed by their physical and mental attitudes. The act-
ual work performed included washing dishes, pre-
paring chicken for freezing, making baked goods,
operating French friers, maintenance work, waiting
on customers, assisting in catering for a party of one
hundred twenty people, and assisting in servicing
vending machines—vending hot and cold food, pop
and candy.

The employers who took part in this program were
pleased in that they felt the department would, as a
result, be in a better position to help them with their
problems. One reported benefit was increased res-
pect from employers and employees toward the
Health Department. Appleton restaurateurs and
Public Health people consider this a step forward
in strengthening the cooperation of an official agency
with industry.

WHAT SHOULD SANITARIANS EXPECT
FROM THE OPERATOR

What do you have a right to expect from the food
service operator? You should be assured that:

1. He recognizes his obligation to his customers
and his employees as far as protection is concerned.

9. He has read and understands local food estab-
lishment sanitation regulations and the explanations
which make plain the reasons for the various require-
ments. You must help him on this one. In some
states there is such a gallimaufry of regulations that
he can’t be expected to understand them all.

3. He proves by his actions his willingness to meet
the sanitarian at least half way in making food pro-
tection work.

Solid understanding must certainly be reciprocal.
We recognize that resistance to change and the de-
sire to receive before giving are universay obstacles
to understanding. Only through frankness and hon-
esty in discussing problems and their solutions can
real progress be made.

We are working with our Association members to
motivate and guide them in the direction of their
best interests. We are working to help bridge the
gap in understanding which exists between some
operators and some health departments. With your
cooperative assistance we’ll both succeed, to the
ultimate benefit of restaurateur, sanitarian and
American public alike.

DAIRY AND FOOD ENGINEERING
CONFERENCES AT MICHIGAN STATE

Michigan State University has scheduled its 1966 Dairy
Engineering and Food Engineering Conferences and the pro-
grams have been announced. Detailed information is avail-
able from the Continuing Education Service at the Univer-
siy at East Lansing.

The Dairy Engineering Conference will be held on March
1 and 2 and is sponsored by the Departments of Agricultural
Engineering and of Food Science. The program is being
planned around the following topics: New Methods for Hand-
ling Milk and Milk Products; Transportation and Trucks; New

Equipment and New Processes; Plant Layout Developments;
and Closing the Automation Loop.

The Food Engineering Conference is scheduled for April
4 and will emphasize the use of microwave energy in food
processing. Microwave energy appears to be on the threshold
of a major expansion into many phases of food processing.
The 1966 Conference will attempt to present the engineering
background necessary to the selection of an energy source
and equipment followed by a discussion of the application of
microwave energy to specific food processing operations.




14

GROWTH OF CERTAIN PSYCHROPHILIC BACTERIA IN PASTEURIZED
MILK AS INFLUENCED BY PREVIOUS EXCESSIVE PSYCHROPHILIC

GROWTH IN THE RAW MILK

W. W. Overcast AND GEORGE A. Apams'

Department of Dairying, Tennessee Agricultural Experiment Station, Knoxville

(Received for publication July 9, 1965)

SUMMARY

The effect of excessive psychrophilic bacterial growth in
raw milk on the growth of psychrophilic bacteria reintroduced
into the milk after pasteurization was studied. The results
indicated that excessive psychrophilic growth in raw milk had
a stimulatory effect on the ability of Brevi. lipolyticum and
a psychrophilic isolate to initiate growth after pasteurization
and grow more rapidly than in the normal pasteurized milk
for one or two days, the effect becoming slightly but in-
significantly inhibitory by the end of three or four days. The
effect was inhibitory on the growth of P. fragi after one,
two, three and four days in pasteurized milk. There was a
slight but insignificant stimulatory effect on the growth of
P. fluorescens in pasteurized milk in four days. Analysis
of the means of the logarithms of the psychrophilic counts
in each series of trials on the fourth day after inoculation
indicated a slight inhibitory effect on growth from excessive
pre-pasteurization psychrophilic growth. However, this ef-
fect was not pronounced enough to be statistically significant.

The importance of psychrophilic bacteria in the
dairy industry is linked to their ability to grow at
refrigeration temperatures and has been accentuated
by increased emphasis on flavor and increased hold-
ing times of both raw and pasteurized milk. These
organisms invariably constitute a part of the normal
flora of raw milk supplies (14) and are responsible
for the deterioration of quality when the milk is sub-
jected to conditions that permit their growth.

Even though the natural habitat of psychrophilic
bacteria is soil and water (7, 15), pipelines, milk cans,
holding tanks, pumps, valves, and milking machines
have all been cited as sources of contamination of
milk. Likewise, the preponderance of evidence in-
dicates that the commonly encountered psychrophiles
in milk are destroyed by proper pasteurization. Yet,
Elliker et al. (4) believe that the presence of psychro-
philic bacteria in pasteurized milk may well be the
major sanitation problem confronting the dairy in-
dustry. Thomas (14) cited improperly cleaned dairy
equipment’ as the main direct source of contamin-
ation; while Erdman and Thornton (5) concluded
that the presence of psychrophilic bacteria in freshly
pasteurized milk indicated inefficient plant sanitation.
Elliker et al. (4) concluded that contaminated equip-
ment between the pasteurizer and the final container

'Present address: State of Alabama Department of Public
Health, Montgomery, Alabama.

was the most important source of bacteria in pas-

teurized milk.

Many reports on the growth of psychrophilic bac-
teria are available (2, 3, 6, 8, 9, 11). However, the
growth characteristics of these organisms have not
been fully determined. El-Farekh (3) determined
the generation time for three common species in
milk held at 4 C. Gyllenberg et al (6) studying the
growth characteristics of the most frequently occurr-
ing saprophytic bacteria in milk observed that the
rapid growth of pseudomonads was the prerequisite
for an accelerated multiplication of acidogenic bac-
teria. Some dairy plant operators have expressed the
opinion that psychrophilic growth in milk prior to
pasteurization also influenced the growth of these
organisms after pasteurization. Experimental data
to further characterize the nature of psychrophilic
bacterial growth in milk, particularly regarding the
latter thesis seemed to be appropriate.

EXPERIMENTAL PROCEDURE

The four bacterial species used in this study were Pseu-
domonas  fluorescens, Pseudomonas fragi, Brevibacterium
lipolyticum and an unidentified psychrophilic isolate from
bulk raw milk. Stock cultures of these organisms were main-
tained on Milk-Protein Hydrolysate agar slants held at 5 C.
Working cultures were transferred daily in Trypticase Soy
Broth and incubated at 21 C. The number of organisms
in each working culture was determined by diluting one part
of working culture with ten thousand parts of sterile skim
milk and counting by standard microscopic procedure (1).

The inoculum for each sample was prepared by suspending
1 ml of the working culture in an appropriate volume of
the diluent so that 0.5 ml would provide approximately 1000
cells per ml in the milk sample.

Fresh raw milk for the study was collected aseptically
from a bulk farm cooling tank. A Standard Plate Count (1)
was made on the raw milk using M-PH agar and an incu-
bation temperature of 35 C. The milk sample was then
divided into two 50-ml portions, placed in sterile bottles and
designated as A and B for comparison. The control (sample
A) representing high quality raw milk was pasteurized at
63 C for 30 min in a constant temperature water bath.
After pasteurizing and cooling a total baceria count was made
and the sample stored at 0 C. Sample B was inoculated
with approximately 1,000 psychrophiles per ml, plated for
the Standard Plate Count (1), and incubated at 7 C. Growth
of organisms in Sample B was determined daily, beginning
one day after inoculation, by microscopic examination (1)
until the count exceeded 400,000 per ml. Sample B was
then plated for the Standard Plate Count (1) and pasteurized
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TasLE 1. GrowtH OF Pseudomonas fluorescens 1N PasTEURIZED MiLk PrIOR TO AND AFTER EXCEssIVE PsycmropHiLic
GrOwWTH IN THE Raw MiLk

Counts® after inoculation® and storage at 7 C

1 day 2 days 3 days 4 days
Trial A B A B A B A B
(in thousands)
1 NG*® NG 3.0 NG 46 21 2,000 1,400
2 2.3 0.7 170 3.2 29,000 154 50,000 9,500
3 1.1 1.7 14 18 4,300 370 29,000 20,000
4 4.2 3.6 43 2,000 8,100 3,400 27,000 10,000
5 5.9 5.3 640 570 3,000 660 11,000 4,500
6 0.3 0.8 500 490 81,000 130,000 12,000 11,000
7 0.7 0.8 34 20 12,000 520 35,000 49,000
8 9.3 10 110 330 10,000 9,200 15,000 43,000
9 0.1 0.1 5,100 480 150,000 150,000 18,000 76,000

10 2.2 2.3 15 2.4 170 140 4,100 32,000

11 2.0 2.2 6.0 9.8 730 4,200 50,000 78,000
*Average of duplicate surface plates with incubation at 7 C for 5 days.

"Samples were inoculated with approximately 1,000 organisms per milliliter.

“Pasteurized prior to excessive growth and held at 0 C until inoculated.

‘Pasteurized after excessive growth and then re-inoculated.

“No visible growth on agar plates.

at 63 C for 30 min. Total plate counts were then perform-  Time Involved

ed on both samples A and B. Sample A was inoculated and T T T T Thaw milosnimele o . - -
s " . 5 aw milk sample from

sample B re-inoculated with approximately 1000 psychrophiles tarm bulk cooling tanl

per ml and both samples stored at 7 C. For four successive

days, beginning one day after the final inoculation, psychro- Standard Flate Count

philic plate counts were made on both samples using the . o

surface plate method described by Punch and Olson (12) i A ...

with incubation at 7 C for five days. Figure 1 presents the 1 day 50 ml 50 ml.

procedure graphically and the approximate time involved in [ . )

. . ) Pasteurized Inoculated with approximate-
handling of the designated samples. The logarithms of the 1y 1,000 psychrophiles per ml.
psychrophilic counts, four days after the final inoculation, Total plate count! I|
were analyzed statistically using the F test as described by | | Standard }"1“‘9 Count
Steel and Torrie (13). Stored at 0 C I

Incubateld at 7 C
Resurts anp Discussion 3 _74__*47_774___L¥__~
|
A series of trials was perfomed with each of three | ) ) -
I - Direct Microscopic Count
pure cultures of psychrophilic bacteria and one psy- 4 to 3 days performed daily until in
i B ; excess of 400,000 per ml.
chrophile isolated from bulk raw milk. In the B
sample, where psychrophilic growth in excess of - S A P
400,000 organisms per ml was desired, some variation {
in the total count at the time of pasteurization oc- Shudard 3l Coun
curred. This resulted primarily from the very slow Pasteurized
growth of some of the cultures for one to three days
and exceedingly rapid growth during the next 24 5 ftoi6 days Total plate count Totalnlate covnt
hr, Into,clulaltt[a]((]mwith f}xl'mrlo:\ii_ Inoculated with approximate-
. . mately 1, psyc hiles 1y 1,000 psyct 1
The data in Table 1 represent a series of eleven for oA, wrietaredat .  gew il ani sares ot TG

trials performed with Ps. fluorescens. Growth for this
species was quite limited at the end of the first day
xi.vith trials 1, 6, 7 and 9 actually showing a decrease
in numbers of organisms in both samples A and B.
At the end of the second day considerable growth had
occurred in many of the trials, yet, in trial 1B there
was still no visible growth on the agar plates. Also
in trials 1A, 2B, 7A, and 10B only limited increases

6 or 7T days

Psychrophilic Count

' Psychrophilie Count
performed daily

performed daily

to
10 or 1]1 days

iTotal plate count differed from the SPC in that plates containing less
than 30, colonies per plate were counted.

Figure 1. Experimental procedure used for comparing psychrophilic
growth in pasteurized milk samples prior to and after excessive psychro-
philic growth in the raw milk.
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TABLE 2.

PsycaropPHILIC BACTERIA

GrowTH OF Pseudomonas fragi 1N PASTEURIZED MIiLK PRIOR TO AND AFTER EXCESSIVE PsycuropHILIC GROWTH

IN THE Raw Mirk

Counts* after inoculation® and storage at 7 C

1 day 2 days 3 days 4 days
Trial Aec Bd A B A B A B
(in thousands)
1 0.4 0.3 15 12 25,000 570 110,000 34,000
2 57 4.1 4,700 420 61,000 38,000 180,000 95,000
3 5.0 5.7 16,000 12,000 91,000 79,000 240,000 180,000
4 240 140 8,700 6,700 75,000 46,000 210,000 150,000
5 0.5 55 38,000 18,000 170,000 97,000 250,000 140,000
6 55 6.0 5,700 1,500 100,000 25,000 180,000 100,000
7 NG* 0.6 79 240 28,000 21,000 120,000 92,000
8 0.2 2.2 140 130 26,000 7,500 130,000 56,000
9 18 36 13,000 6,500 130,000 144,000 250,000 270,000
10 88 35 7,600 16,000 171,000 169,000 270,000 350,000
“Average of duplicate surface plates with incubation at 7 C for 5 days.

"Samples were inoculated with approximately 1,000 organisms per milliliter.

“Pasteurized prior to excessive growth and held at 0 C until inoculated.

"Pasteurized after excessive growth and then re-inoculated.
“No visible growth on agar plates.

TaBLE 3. GrowtH OF Brevibacterium lipolyticum 1~ PasTEURIZED MIiLK PRIOR TO AND AFTER EXCESSIVE PSYCHROPHILIC
GrOWTH IN THE Raw Mk

Counts?® after inoculation? and storage at 7 C

1 day 2 days 3 days 4 days
Trial Ac Bd A : B A B A B
(in thousands)
i NG* NG 6.5 1.5 180 93 34,000 3,100
2 5.0 17 1,400 3,700 98,000 94,000 110,000 160,000
3 1.7 6.1 50 230 1,000 2,000 30,000 50,000
4 0.1 1.2 380 1,600 48,000 26,000 180,000 110,000
5 0.6 0.8 210 18 7,000 270 150,000 36,000
6 8.7 18 850 1,800 5,100 20,000 85,000 160,000
7 29 21 2,000 1,300 19,000 7,900 98,000 170,000
8 5.4 20 870 1,800 29,000 23,000 240,000 200,000
9 8.9 26 830 1,500 30,000 35,000 230,000 270,000

*Average of duplicate surface plates with incubation at 7 C

for 5 days.

"Samples were inoculated with approximately 1,000 organisms per milliliter.
“Pasteurized prior to excessive growth and held at 0 C until inoculated.

“Pasteurized after excessive growth and then re-inoculated.
“No visible growth on agar plates.

in number of organisms occurred. However, in
trials 4B and 9A the number of organisms had in-
creased to over a million. During the following two
days the number of organisms in all trials increased
rapidly and by the fourth day all counts were over
a million. The growth of this species was more
erratic than for the other species used and there ap-
peared to be no difference in growth between the
samples A and B on any day. The logarithms of
all counts obtained on the fourth day were deter-
mined and statistical analysis applied using the F test
(13). These data are presented in Table 5 and no

statistically significant difference at the 0.10 level
of probability occurred between the two samples.
Ten trials with Ps. fragi are presented in Table 2.
Although a wide variation existed in the growth of
this species after the first day, growth was generally
more pronounced than with Ps. fluorescens. After
the second day 13 of the 20 samples had counts in
excess of a million indicating the very rapid growth
of this species. The counts on sample A were greater
than those on sample B in the first eight trials on
the third and fourth days after inoculation but the
reverse was true in trial 9. Also, sample A trial 10

L




GrowTH OF CERTAIN PSYCHROPHILIC BACTERIA

17

TABLE 4. GROWTH OF THE PSYCHROPHILIC ISOLATE IN PASTEURIZED MILK PRIOR TO AND AFTER EXCESSIVE PSYCHROPHILIC
GrowTH IN THE Raw MiLk

Counts?® after inoculation® and storage at 7 C

1 day 2 days 3 days 4 days
Trial Ac Bd A B A B A B
(in thousands)
1 250 2,500 29,000 27,000 120,000 120,000 220,000 190,000
2 39 730 45,000 41,000 130,000 100,000 240,000 200,000
3 6,200 6,000 22,000 26,000 110,000 71,000 160,000 190,000
4 440 1,000 22,000 23,000 79,000 100,000 170,000 170,000

“Average of duplicate surface plates with incubation at 7 C for 5 days.
"Samples were inoculated with approximately 1,000 organisms per milliliter.
“Pasteurized prior to excessive growth and held at 0 C until inoculated.

"Pasteurized after excessive growth and then re-inoculated.

TasLeE 5. LocariTHMIC MEAN VALUES AND STATISTICAL SIGNIFICANCE OF PsycHRrRoPHILIC COUNTS

Four DAys AFTER

INOCULATION OF PASTEURIZED MILK SAMPLES PRIOR TO AND AFTER ExcEssive PsycuropHiLic GROWTH IN Raw MLk

Statistical

Organism As BY F valuec Significance
Ps. fluorescens 7.21 7.24 0.04 NS¢
Ps. fragi 8.26 8.06 3.33 Lid
Brevi. lipolyticum 8.02 7.90 0.25 NS
Psychrophilic isolate 8.28 8.27 0.14 NS
Average mean value 7.94 7.87 0.05 NS

“Pasteurized prior to excessive growth and held at 0 C wuntil inoculated.

"Pasteurized after excessive growth and then re-inoculated.

“The ratio of the variances for among treatments and within treatments.

INo significant difference at the 0.10 level of probability.
“Significant difference at the 0.10 level of probability.

had a higher count after the third day than did samp-
le B but the reverse was true after the fourth day.
In most, but not all, cases throughout this series the
sample inoculated prior to excessive psychrophilic
growth (sample A) had counts higher than the samp-
le inoculated after excessive psychrophilic growth
in the raw milk (sample B). Statistical analysis (13)
of the logarithms of the psychrophilic counts after
the fourth day gave an F value of 3.33 (Table 5)
which indicated a significant difference at the 0.10
level of probability. Eight of the 10 trials after 2
days had higher counts in sample A than in sample
B indicating that Ps, fragi initiated growth in milk,
pasteurized prior to excessive psychrophilic growth,
at a very rapid rate. Post-pasteurization contamin-
ation of milk with this species could lead to lowered
quality and possibly off-flavors in two or three days
even though the milk was stored at refrigeration tem-
peratures.

The data of Table 3 present a series of nine trials
performed with Brevibacterium lipolyticum. No
growth was evident in either sample A or B in trial
1 but in samples B2, B6, B8 and B9 the counts

ranged from 17,000 to 26,000 per ml and sample A7
had a count of 29,000. The counts were higher on
the first day after inoculation in the samples inocu-
lated after psychrophilic growth (sample B) than
those inoculated prior to excessive psychrophilic
growth in the raw milk (sample A) in all trials ex-
cept 1, where no visible growth occurred, and trial
7. This was true also on the second day after inocu-
lation except in trials 1, 5 and 7. Even though these
counts appear to be considerably higher they were
not statistically significant at the 0.10 level. Like-
wise, the mean logarithmic counts (Table 5) after
four days incubation were not significantly different
(13).

In trials with the psychrophilic isolate (Table 4)
counts were quite high even on the first day after
inoculation. Also the counts were higher in sample
B on the first day than in A. This possibly could
appear as a slight stimulatory effect on the initiation

of psychrophilic growth in pasteurized milk but there
was no significant difference after four days (Table
5).
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From the results of this study with four species
of psychrophilic bacteria it is evident that excessive
pre-pasteurization psychrophilic growth in milk is
not stimulatory for post-pasteurization growth of
these organisms. In fact with Ps. fragi the excessive
growth prior to pasteurization proved to be inhibi-
tory. The necessity for sanitary handling of milk
after pasteurization to avoid all possible contamin-
ation with these organisms becomes apparent from
these results as all four species increased sufficiently
in two or three days to bring about deterioration of

milk quality.
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PUBLIC HEALTH SERVICE REPORT
ON FISH KILL

Approximately 18.4 million fish died in 1964 as a result
of water pollution, according to a report released by the
U. S. Public Health Service. Industrial pollution accounted
for about two-thirds of the number. Municipal wastes were
responsible for some 22% and toxic substances from agricul-
tural operations approximately 9%. The remainder were
killed by various causes including transportaion operations.

This is the largest number of fish deaths reported since
the Public Health Service began its annual census in 1960
and represents some 10:5 million increase over the 1963 re-
port. However, it is highly likely that the total represents
little more than a sampling of the actual kills. Part of this
is due to the differing reporting procedures followed by
various states and part to the obvious difficulties in monitor-
ing the country’s thousands of miles of fish streams and
millions of acres of lakes and marine waters.

About one-third of the fish killed were considered to have
some commercial value and about 15% were game fish. The
loss of fish is doubly significant in water pollution control
and it often signals a hazard affecting other users of water
and a danger to public health. A kill occurs because of
some sudden and deadly change in the aquatic environment
and a stream may be expected to recover its fish population
if given sufficient time. Serious kills seldom occur in badly
polluted water because there are usually few or no fish in
the stream to die.

A total of 485 official reports were received from the states
reporting in 1964. Fifteen of the fish kills were classified as
major disasters involving more than 100,000 fish each. Over

one half of the incidents and two-thirds of the number of
fish killed were reported in the July through September
period.

Of the fifteen major disasters the largest took place in a
stream near New Miami, Ohio, where some 7.8 million fish
were reported killed due to industrial pollution. The second
largest loss was 2 million fish attributed to pollution from the
municipal sewerage system at Santa Barbara, California. The
third largest, amounting to nearly 2 million, occurred near
Slippery Rock, Pennsylvania, apparently from pollution from
mining activities.

A wide variety of polluting substances were cited as the
cause for the fish kills. These included drainage from a
cannery, accidental spillage of muriatic acid into a storm
sewer, acid mine drainage, strip mine pumpings, whey from
a cheese factory, wet cement grindings from a cement plant,
ammonia from a refrigertion system, excessive wastes from
a slaughterhouse, poorly treated city sewage causing low
dissolved oxygen and high concentration of ammonia, and
miscellaneous contamintion from the use of insecticides and
agricultural sprays.

The Public Health Service report indicates the difficulty
in obtaining adequate data. Usually a report is received
from a State fish and game agency or water pollution control
agency investigating an occurrence but other sources and
individuals are encouraged to send in data. The report form
available to the various states is designed to provide as much
significant information as possible.

! |
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SUMMARY

Donnelly, C. B. (Robert A. Taft Sanitary Engineering Center,
Cincinnati, Ohio), James T. Peeler, and Luther A. Black. Evalu-
ation of state central milk laboratories by statistical analyses of
standard plate counts.—Standard plate counts reported by ana-
lysts in 54 state central laboratories for “normal” milk samples
sent out in 1961, 1962, and 1963 revealed that an incubation
temperature of 32 C produced more colonies than 35 C, and
that the overall variance, s, of counts for any sample should not
greatly exceed 0.012. Based on this variance, s* = 0.012, 80%
of the analysts should agree within 1.3 standard deviations of
the logarithmic mean of 75% of the normal samples. A method
for detecting outliers and judging the performance of individual
analysts is described.

A procedure of splitting milk samples for agar plate
counts by several analysts in different locations was
utilized by Breed and Stocking (1) almost 50 years ago.
As currently used, the split milk sample procedure gen-
erally requires that a sample of fluid milk be divided
into portions, which are shipped to participating lab-
oratories for examination by the agar plate and other
methods (2). Although not a substitute for periodic sur-
veys of laboratory procedures and facilities, many states
have found that an effective split sample program is a
valuable supplement in improving the accuracy of
results reported by milk laboratories. Participation of
analysts in the examination of split samples promotes
an increased awareness of the need for standardized
methods and results in a more critical technique in ex-
amining routine as well as split milk samples. For lab-
oratory administrators, the results also identify analysts
or laboratories that report extremely high or low counts,
and with this information the causes of extreme varia-
tion (e.g., media, dilution water, incubation tempera-
ture, and reagents) may be more readily determined
and corrected.

The Public Health Service conducted its first split
milk sample evaluation of state central milk labora-
tories from December 1957 to April 1958 (2). In these
initial evaluations only a small number of insulated
shipping cases were available, and so the 42 participat-
ing states were divided into five groups and each group
examined a different series of samples. From 1958

through 1960 a larger number of shipping cases per-
mitted sending samples to half of the states at one time,
and a month later the other half received a different
set of samples. Beginning in 1961 all state central labo-
ratories (54 laboratories in 49 states and the District of
Columbia) were sent an identical set of the same split
samples in a single mailing, and this same procedure
was followed in 1962 and 1963. This paper describes the
statistical analysis of the standard plate counts for 1961,
1962, and 1963. The growth of bacteria, as indicated by
number of colonies, from “normal” milk samples at 32
and 35 C were compared, and variances among analysts
over the 3-year period were estimated. In addition,
statistical methods for determining the performance of
individual analysts and detecting outliers (extreme
values) are described.

MATERIALS AND METHODS

Split Milk Samples. )

The samples examined were “normal” milk samples. That is,
they were fluid milk samples, which had not been heated in the
laboratory and to which nothing had been added except raw
milk (to the pasteurized and homogenized milk to provide
phosphatase-positive samples) or mesophilic bacteria added to
produce a desired range of counts. Six of these samples (dupli-
cate raw, pasteurized, and homogenized milks) with a range of
counts varying from 5,000 to 300,000 per ml were sent out in
each of the 3 years. The preparation and shipment of the samples
was essentially as described in Evaluation of Milk Laboratories,
(6). In most instances the samples were received and examined
the day after they were shipped. Standard plate counts for each
of the 3 years were reported for each sample by approximately
100 analysts who made and counted duplicate 1:100 and 1:1000
plates, which had been incubated at 32 or 35 C. For the statis-
tical analysis, the standard plate counts were transformed to
logarithms.

Statistical Methods.

The colony counts of the “normal” milk samples at 32 and 35
C were compared statistically by the Students t test, which tests
for average differences between two populations means (4).
Variation of results between analysts was estimated by means
of well known formulae found in most statistical texts. Methods
for detecting outliers and judging performance of the individual
analyst, based on the extent of the variation of his results from
the logarithmic mean, were developed.
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Resurts AND DiscussioN

Effect of incubation temperature on standard plate
counts.

The standard plate counts reported for 1961, 1962,
and 1963 by analysts who incubated their plates at 32 C
were compared with the counts reported by analysts
who incubated their plates at 35 C to determine
whether there was an average overall difference in
colony counts of plates incubated at the two tempera-
tures. For this comparison, the counts, transformed to
logarithms to the base 10, were assumed to be Gaus-
sian! distributed under this transformation. There were
768 observations from data obtained at 32 C, with a
logarithmic mean of 2.17162 (geometric mean 148),
and a variance of 0.01757 with 767 degrees of freedom.
From data obtained at 35 C there were 1,292 observa-
tions, with a log mean of 2.11843 (geometric mean
131), and a variance of 0.01335 with 1,291 degrees of
freedom. Thus, there was a total of 2,060 observations
with 2,058 degrees of freedom. Let & = 0.01, and per-
form the t test as follows:

(1)

where:

X = Sample mean
s? = Sample variance
n = Number of observations in sample

e == 0.05319
0.01737 + 0.01335
768 1292
tagss = 9.25

The value togzs = 9.25 is significant at the o = 0.01
level and in fact would occur less than 1 in 1,000 times
by chance (4) if the two incubation temperatures ac-
tually yielded equal colony counts. It can be concluded
that there is more growth, as determined by colony
count at 32 C than at 35 C.

Estimate of variance.

Estimates of variation between analysts were calcu-
lated from the logarithms of the standard plate counts
reported for plates incubated at 32 or 35 C for the six
normal samples (duplicate samples of homogenized,
pasteurized, and raw milk) for each of the years 1961,
1962, and 1963. Thus, there were 18 normal samples for
the 3-year period, which yielded 2,080 observations

*The words “Gaussian distribution” are used here in place of the
more commonly used “normal distribution” so as not to create
confusion between biologically normal samples and normal dis-
tribution theory.

TaBrLe 1. LoGARiTHMIC VARIANCE AMONG ANALYSTS AS INDI-
CATED BY STANDARD PLATE CounTts IN 1961, 1962, AND
1963 ror THREE TyPES OF MILK

32 C 35 C
Yeur  Homor Pt pey  Homer Pt oy
1961 0.021 0.005 0.020 0.019  0.007 0.019
1962 0.066 