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Sanltary engineering is more than water, sewage, garbage
and rats. Its aim 1s to controll certain aspects of environ-
ment in the interest of public health. To acnlieve this ain,
the sanitary engineer must have broad engineering skills, with
knowledge in chemistry, biology and the social sciences,

Sanitary engineering is relatively new and still in the
transitional process of evolution., The impact of modern tech-
nology in such fields as radiological nealth, air pollution
and industrial wastes offers one of thne most challenging fields
of engineering, Tnere is ample opportunity for every level of
education and experience, Figure 1 shows the distribution of

sanitary engineers by educational background.l

Flgure 1

NO DEGREE-T5

MASTER-331

BACHELCR=-647

DOCTOR-43

Distribution of Sanitary Engineers
by Educational Background

1 "Sanitary Engineers--Their Earnings and rrofessional Attitudes,"
by J. C. Rumstead and 4. D. Coster, Proceedings American Soclety
of Civil Engineers, Separate No., 773, p. 3 (August, 1955)



Of the sanitary englneers represented in this survey,

59% have a bachelor's degree, 30.,2% have a master's degree and
3.9% have a doctor's degree; but 6.9% have no degree at all,
Sanitery engineers require more graduate education as a whole
than most of the civil engineering profession.

The unprecedented need for sanltary englneers is due to
thelr services in many new and expanaing fields of endeavor,
Senitary engineers are increasingly concerned with the industrial
developrments in the field of nuclear energy. Due to the secrecy
‘limitations for national security, the lack of full excnange of
ideas and developments has limited the number of engineers
faemiliar with this work. This has placed the burden for develop-
ment on government employed and assoclated research groups. The
Atomic Engergy Act of 1954 hes aroused the concern of many state
and local health groups through its encouragement of peaceful
uses of atomic energy. It 1s predicted that industry will
make widespread use of atomic energy in the next few years,
Therefore, the sanitary engineer will have to think in terms of
radioactivity, as well as cihnemical, bacteriological and physi-
cal factors, In order to do this, most sanitary engineers
will have to take short courses and do considerable study on
the side to familiarize tnemselves with radiological terus,

This use of atomic energy will also create an additional
demand for sanitary engineers, Many of the water and industrial
waste plant engineers will have to be alced by additional
trained personnel in order to carry out the operational tests

necessary.



It was originally thought that conventional water and
sewage treatment methods would possibly handle most radiologi-
cal health problems but this has not been borne out in the
laboratory. These radioactive materials may be in the form of
liauid, solid or gas and of extremely minute concentration.,

The treatment process must be varied according to the sub-
stance that is to be removed. The removal of radioective cal-
cium or barium could be handled by conventional softening pro-
cesses, as the removal of calcium i1s a softening process and
radloactive elements act chemically as non-radloactive elements,
First, it would be necessary to determine the radioactive sub-
stances and then to work out & treatment that would precipitate
out this substance., This would not be a very dilfficult Jjob
normally 1f there was only one radicactive element in one com-
pound. This would not ordinarily be the case, as there would
probably be several elements in varying compounds, The removal
. process woul@. be moreAcomplicated and considerable laboratory'
:.work would be necessary to arrive at a treatment process and
then toc test and control it during operation. The interfering
radloactive substances would be subject to change in the raw
'supply and the whoie treatment process would have to be reworked
accordingly. This change_bduld take place in minutes or weeks
and would have to be watched constantly, |

: The‘radiological waste treatment program 1s teking a simi-
lar path to what the sewage and industrial waste disposal has
passed over in the last forty years, Dilution in rivers and

oceans or burial under the ground was consldered adequate and



1s stlll being used by many large cities today. The damage
ffom_atomic wastes will be less evident to the human sense but
will be with us for a greater period of time, The problém is
complicated and much manpower and study will be necessary for
its solution. One of the problems 1t poses 1s how to dispose
of the concentrated radioactive substances recovered in the
waste treatment process, Other complexities come into the pic-
ture, such as plants and microorganisms that concentrate cer-
tain elements many times the concentration in their environ-
ment,

It will not be necessary for the sanitary engineer to
become a radiological physicist or cnemist. He is not expected
to be a bacteriologiét or cﬁemical engineer today -- only to
be familiar with some of the basic informétion directly concerned
with sanitary engineering and to be acquainted with the termin-
olosy;

In April, 1955, questionnaires were sent by the civil
engineering department of New Mexico A. and M. to fifty-four
B8élected sewage plants in the United States., The purpose was
to collect general informétion on type and frequency of test-
ing, number and kinds of employees, leboratory eguipment, type
of treatment and numbef of persons sefved. From this informe-
tion the following grapn was made, Figure 2 shows the relaﬁive
number of pefsons served and the number of people directly em-
bloyed at the éewage treatment plants., The values range from
1 for about 10,000 to 1 for about 4,500 peopie served, Tnis

represents the municipal sewage treatment plants and in many
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large industrial aress there will be private plaﬁts with their
onerators. Based upon tne 1950 census and an average of 1
vplant emrloyee for every 6,000 persons in cities of over 2,500
porulation, there are zbout 17,000 people employed at sewage
treatment plants by municipallties in the Uniteda States, Due
to the large number of communities with only 1 or 2 employees
at the sewage plants, the number of technically trained person-
nel form a nigh percentage of the total employees, Tnere is
probably a similar relationship between water treztment plant
employees and number of persons served, ExXxvpand these values
with the needs of industry, state and federal regulatory agen-
ciles, teachlng and research; the number of sanitary engineers
needed in the foreseeable future is far greater tnan tae nuam-
ber belng graduatec today.

In 1949, 8.0% of tune college students were taking engineer-
ing and by 1954 this had dropped to T.5%. 4aAgain, in 1949,
12,87 of the new freshmen in encineering were tazing civil
engineering and by 1954 only 10.5% of tne freshmen engineers
were taking clivil engineering. Froi the number of fresnmen
enrolled in civil engineering, the indication is that tne number
of civil enscineerinc sradcuates will decrease in tne next four
years, 3We are probably sracuating now fewer civils trnan are
necessary to reblacevlosses by retirement, deatn anc caanges in
occunation.

The senitary ensineerins branch of civil engineering 1is
the only branch of enzineering wihich aepends on tine biolosical

sciences as well as the physical sciences, Stucents with an



interest in biology, as well as a competence 1in 6hemistry and
physics, should find this fleld of endeavor of interest to them.

There is an unprecedented need for sanltary engineers,
College students should be informed of the need and of thils
general field at an early stage in their education so that pro-
per guldance can be given in the selection of electives to
those interested.

Colleges must re-appralse thelr sanitary engineering offer-
ing and expand their programs to meet the needs of soclety.

One of the most difficult jobs faclng an expanded sanitary
engineering program 1is securing the students with proper back-
ground., Most of the freshmen entering college have some ideasas
to what vocatlion they want to strive téward. This idea of theilr
future might be the product of parental influence, an article
in the newspaper or a thnorough search on the part of the pros-
pective student., Many of the rapidly expanding fields of engl-
neering have conslderable glamor attached to them from all}the
phblicity of atomic energy, Jet planes and electronicé. Sani-
tary englneering has had little publicity in lay publications
and few people have any ldea as to what sanitary engineering
means. Most people have visions of grandeur when they assoclate
the terms "electrical engineer, engineering physicist, aero-
nautical engineer or chemical engineer", They have read arti-
c¢les in their dally newspapers, seen pictures in the magazines
and read promising recrulting posters put out by the major
industries, Sanltary engineers are hired by these same lndus-

tries, and indirectly by most of the people, but they are spread



through the nation and not in large enough concentration to
attract attention., Sanitary engineering educators have the
task of informing potential students, as well as expanding
their offerings, in order to satisfy future needs. Much of this
publicity should be directed at nigh school seniors. A good
contact should be through high school science teachers,

Sclence teachers have close assoclation with students inter-
ested in englneering. This contact sinould be made through dir-
ect associlation with the science teachers if possible. They
shouwld be told of the need and opportunities in sanitary engl-
neering and freguently supplied with literature. Xach school
should engage in a well planned publicity program. Tnis is a
portion of the school's Job because one must first secure stu-
dents in order to educate them, This type of advertising pro-
gram would arouse the student's interest before college and
glve saniltary englneering departments a chance to compete with
the other fields on a more egueal besis.

The main problem facing the small college is usually money.
Money 1s a problem with most schools regardless of size, but it
is Qspecially true of the small engineering school, It is pos-
gible to do an outstanding job in many fields of education,
including engineering, with a high caliber faculty and little
physical plant. Gréduate study in engineering requires labora-
tory facilities and these facillities are becoming more special-
1zed and costly every day. The large college or university cean
show a favorable cost per student hour because of large classes

and multinle use of laboratory facilities. The small college,



in order to be competitive, must have baslically the same facil-
ities and use them one or two times a week., The large school
can have the same lnvestment in plant and use i1t to its fullest
advantage.

In the fall of 1953, the civil engineering department of
New Mexico College of Agriculture ana iMechanic Arts felt theat
more eumphasls should be placed on sanlitary engineering. Tils
conclusion was brought about after a study of the area needs
which were not belng supplied by A. and M. or nearby colleges,
It was necessary to travel over 800 miles from State College
to obtain a course in sanitary engineering other than the
beginning water supply and sewage disposal courses., {Figures
3 and 4)

The cilvil department was faced with the usual problems,
- small equipment and operating budget and extremely old labora-
tory bulldings. The first major problem was to secure labora-
tory space. The problem wes fﬁrther compliceated by preliminary
kplans for a new engineerinsg bullding being drawn up at this
time, with considerable uncertainty as to when -or how much build-
ing would be built. The over-all engineering enroilment was
going up at a rapid rate (Figure 5) and additional space was
needed by all departments. It was decided to go anead with
plans to build a sanitary laboratory, but on a temporary basis
so that a maximum of the money spent could be incorporated into
the laboratory in the new building when it became a reallty.
A section of the hydraulics laboratory was p&rtitioneda off,

18' x 38', and work space, chemical storage, sinks, reagent
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shelves, blackboard and analytical balance space made around
the walls. The long rectangular room with all work space at
the walls was decided upon after studying several laboratory
furniture arrangements at colleges and in industry, uost
designs use the island arrangement with most of the wall space
clear but that is probably a carry over from chemistry labora-
tories., Careful study was being glven the temporary laboratory
in order to work out maximum efficiency in design of the lab-
oratory in the new building, After moving tables and other
pleces of equipment around in the room, a final arrangement was
decided upon for the temporary laboratory and for the new lab-
oratory. The arrangements for the two are not the same, as 1t
was found that the laboratory should be a minimum of 20 ft,
wide in order to accomodate center computatioh tables and have
laboratory work space along the walls., In order to accomodate
sixteen students in a lab section, the minimua insice dimen-
sions of 20' x 40' was decided upon. Four 4-man parties are
the maximum number of students that one instructor can properly
handle in the laboratory and four 3-man parties seem to be

best from the student standpoint.

After the temporary laboratory was constructed, the next
problem was eguipment. Nothing was on hand and everytning nad
to be secured from the civil cepartment budget except 31,400,
that came from the president's personal account. These expendi-
tures micht seem small to most college personnel but llew iexico
is a snarsely vpopulated state and has the common problem of

many states, too many state supported institutions of nhigner
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learning. Considerable savings can result if all cinemicals
are ordered at the same time with the chemistry, chemical
engineering and other departments., The chemicals should be
ordered in containers sized for each department and not in one
large container, The time spent in packaging and possibility
of contamination is greater than the savings from bulk lots.
Ten to twenty-five percent can be saved on glassware orders
placed with other departments to make up case lots., On most
of the other equivment no apparent savings would result in
combination of orders, Some savings resuit from placing the
order out for bid but the time spent on more exact specifica-
tions and delays about eats up any geins., The main items of
equipment outside of glassware and chemicels needed are as
follows:

Autoclave

37°C Incubator

20°C B.O.D. Box

Colony Counter

Microscope

Analytical Balances
Precision Balances

Welilghts

Centrifuge

Hand Operateda Centrifuge
Pivpette Boxes

Cylinder of Chlorine Gas

p - Meter-Line Voltage
Turbidity Meter (Jackson)
Jar Test Equipment (coaguletion)
Geas Meter

Imhoff Cones

rRefrigerator

Muffel Furnace

Hign Temperature Qven
Photo-Spectrometer (witan Flame Attachment)
Vacuum rump

Water-still (good--no copper)
K Jjeldahl Nitrogen apparatus
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Permanént Chlorine Standards
De. C. Sampler Assembly
Membrane Filter Apparatus
Steam Bati

An autoclave is necessary for the sterilization of organic
aubstances and liquide, as well as sample bottles and some
glassware., A large twenty quart pressure cooker, eguipoed
with & temperature and pressure gage, l1ls satisfactory for emer-
gency use, It was declded for economy's sake not to purchase
a regulaer autoclave and use a pressure ccoker. After three
semesters?! use, the need for a regular.autoclave nes been evi-
dent 2nd o nev 3arasteed electric one ($l205.) is in the pro-
cess of belng purchased,

A good 37°C incubator is necessary for routine guantita-
tive and qualitative bacteriologicezl examinations of potable
ana nbnpotable waters, The incubetor should maintain & uni-
Torm and constant temcerature in all parts of the chamber. It
should accomodate 140 to 180 petri dishes with at least a
1 inch srace between adjacent stacks of disnes. "Stendara
ethods" recomuends minimum dlumensions of 20" x 20" at the
bese and 24" nigh. Hot sypots cause tne media to dehydrate witha
consecuent fallure cf colony formations., Improperly insulated
incubeators cesuse uneven teuaerzsture dlstribution andé vaeriation.
in colony formations.: Incubators suitable for sanitery engi-
neerins work can be nurcnasec from 4500, upe. If tne laboratory
3 "stendard ethods for tne Exemination of Jater, Sewage and

Industriel Vastes", U, S. Fublic Healtn Service, Waverly iress,
Pe 363,
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plans to be certified or 1if important research tests are
planned, the incubator should have a recording thermometer
immersed in &a liquid on a middle shelf, We are using a Denver
Fire Clay incubator, inside dimensions 24" x 24" X 30" nigh
without a temperature recording mecnanism: Thié willaade-
quately handle a sixteen man laboratory but the tests run for
a period of 48 hours, so that the incubator is tied up for a
minimun of two days by one class., Tnls incubator is not suit-
able for graduate work and a larger one 1s hoped for at a later
date, |

Blocnemical Oxygen Pemand, B.O.D., Of polluted water and
sewage 1s probably the most important single test run for sew-
age and industrial waste treatment., The test determines the
amount of oxygen recguired during stabilization of organic
material by aerobic digestion. Tne complete test requires
more than 100 days at 20°C but the usual test i1s 5 days at
20°C., The B.C.D. test has many interferences such as free
chlorine, mineral acids and copper. The difficulties enéoun-
tered have caused many prejudices for and against the two com-
mon B,0.D. boxes, A regular refrigerator tyve box with air
circulating fan and neating coll is used and relied upon by
meny exnerienced personnel, Others like a water batn with
cooling and heating coils with water circulation egquipment,
Comparable results can be obteined with eithner type of box if
directions are followed properly and the temperature 1is con-
trolled at 20°C I 1°C, We purchased the air incubator type

box because it could double for refrigerator media storage.
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wnen not in use as & B.C.D. DoX. A B.C.D. box of some type
that will hold the temperature at 20°C % 1°C and exclude light
is necessary for a sanlitary engineering undergraduate or grad-
uate laboratory.

A colony counter is a device to provide a dark field lignt
source and'grid to feacilitate in the counting of bacteris
colonies in petri dishes, Some form of magnification is nec-
essary to plck out the smaller colonies. A4 counter could be
nome made by any one handy wlth tools. Thnis would not be
practicel however, as a serviceable Luebeck counter can be
purchesed for 55,00, 4 colony counter is necessary for grad-
uate and undergrsdusate lebvoretories,

A mlcroscone ig used in sanitary engineering to identify
and/or count coliform organisms, plankton samples, bottom
faune, microscopic orgenisms and differentiation and counting
of colonies by use of amembrane filter tecnnigue., sost com-
pound binocular or monoculear microscopes would find some use in
a laboratory. Tne following oculer and objectives suoulda be

provided in the undergraduate laboratory:

Ocular
10 X
Objectives
1.8 mm (oil immersion) 98 X
4 mm 44 X
15 mm 10 X

The microscovne snould nave a mechanical stage and source of
artificial liznt., In addition, tue graduste microscope snould

have & 7.5 X Ocular and an 8 mm Objective and be fitted witn a
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reticule for calibration purposes, An attachment for showing
microscoplc lmages on a screen would be beneficial. rhoto-
graphic attachments would be very desirable for researcin work,
We use a monocular microscope with mechanlical stage and arti-
ficlal light with 980, 440 and 100 magnification and find
that this satisfles most normal needs, Rebullt microscopes
are avallable from several manufacturers that incorporate all
the necessary features and effect a 50 to 60% savings. The
undergraduate microscope as listed is necessary but the other
features are optional equlipment, dependent upon the type of
research planned,

Analytical balances are necessary to welgh the minute
quantities of material in some quantitative analysis and gen-
eral laboratory preparations, Most standard analytical bal-
ances would be sultable for undergraduate laboratories. The
type of research work undertaken would vary the balance re-
quirements but most work could be properly accomplished on
standard balances 1f proper procedure was used. We find that
3 balances are satisfactory for sixteen students in an under-
graduate laboratory. One amalytical balance per slix men in
the laboratory should work without undue interference.

Precislon balances of the triple beam or straight balance
type with a sensitivity of at least 2 grams at a load of 150
grams are useful for rough welghts in preparation of standard
solutions. One balance per party of 3 or 4 people is satis-
factory.

A hand operated centrifuge with a 15 to 1 gear ratio is



22

all that is needed for undergraduate work, It is convenient
and necessary for certalin procedures to have an electric
céntrifuge. It is useful for fast settling of particles,
concentrations of plankton, and separation of certain ligquids,
We have an International #2 centrifuge that goes up to 6,000
R.P.M.‘and was originally bullt for a soils laboratory. The
centrifuge has declined in its use with soills and so it was
transferred to the sanitary laboratory. The only modification
necessary was to Cchange heads and buckets to accomodate test
tubes., The centrifuge cost about %800.00 and 1s not warranted
unless speclfic researcn utilizing the instrument is being done,
A one pound cylinder of chlorine gas is useful for rapid
preparation of chlorine solutions., A larger cylinder is not
recommended as the small cylinder is cgulte sasy to handle and
not so apt to be damaged or to cause injury to the students,
The rent on the small bottle is nil and one pound of chlorine
wlll normally handle four laboratory sections for a semester.,
Larger bottles would be warranted if research work reguired it,
pH is the reciprocal of the hydrogen-ion concentration in
moles per liter, It is used extensively in chemical analysis
and plant operation in both sewage and water treatment plants,
The electric pH meter is belng put to more uses every day and
1s necessary in both the graduate and undergraduate laboratory.
The line voltage operated meter is best suited for general
work in the laboratory. If voltage fluctuatlons are common,

a voltage regulator might be worth while. Usually the instru-

ment can be standardized so easily that the regulator is not
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warranted, If 1t 1s desired to take the meter into the fielg
the battery operated set could be used. We use a Beckman line
voltage regulator and find 1t gquite satisfactory for both
graduate and undergraduate work. Care must be exercised in
cleaning and using the electrodes for best results,

Turbldity is an expression of the optical property of a
liquild which causes light rays to be scattered and absorbed
rather than transmitted in straight lines through the liquid.,
The Jackson turbldity meter makes use of the depth of liguid
necessary tn»make the light from a standard candle disapper,
It 1s inexpensive ($30.0o)~and more dependable than instru-
mental methods using photoelectrio cells. Turbidity is a pro-
rerty normally checked in water analysis and the equipment
should be avallable in all laboratories,

| The Jar test 1s a procedure for determining the most
efficient and economical dosages of coagulants, It is a zood
operational test for water plénts and some sewage plants
where chemical precipitation is used. The apparatus consists
of & series of glass Jars (usually greater than liliter) with
equal interconnected stirringpmeChanism. Varylng dosages of
coagulant are added to each jar and jointly stirred for a
period of time., The stirring is stovped and the jars are ob-
served to calculate the coagulant dosage necessary to produce
the desired results in the treatment plant., Makeshift stir-
ring avparatus can be made in several ways or student powef
can be used individually on each jar to demonstrate the pPro=-.

cedure. The cost of the equipment (150,00) is not justified
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unless it is to be used in connection with research,

A laboratory gas meter of the positive displacement type
ié necessary Ifor many 1nveStigations on digestion and aefa-
tion. It is not necessary for uhdergraduéte instruction. A
gas meter 1s one of the pleces of equipment that go to meake
up the research laboratory and should be placed on the "must"
list, for it will be used in connection with many researcn pros=
blems,

Inmhoff cones are a standard fixture around sewage plants
of all sizes., Thney are used to measure the settlable matter
in sewage but their results are of dountful value, altinough
that would raise an argument from old timers and plant opera-
tors, ZEvery laboratory should have a pair in a stand, if for
no other reason than appearance' sake,

All water and sewage treatment laboratories should nhave
a refrigerator for storage of medla, water blanks, certain
reazents, samples prior to testing and as a source of ice
cubes, Any standard domestlic refrigerator is sulitable for
laboratory use.

A muffle furnace is necessary for a graduate laboratory
and fine but not essential for undergraduate laboratories,
The muffle furnace snould be electric and produce & tempera-
ture of 600°C. The volatilization of organic matter is sub-
Ject to a great many errors, e use a bunsen burner and
comparable results can be had witn practice.

A hign temperature oven (170-180‘6) is necessary for

the sterilization of glassware. .ost any electric oven that
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will produce and hold the desired temperature ls satisfactory.
One inside dimension saould be 20 inches or more in order to
héndle conveniently pipette cylinders for sterilizing pipettes.
The temperature should be taken at the exhaust air vart so
that the minimum temperature would be observed., 4All labora-
tories should have some type of oven for dry sterilizations.

In addition, each party of 4 students snould have a small

103°C drying oven,

Many laboratory ppcedures depend upon thne matcning of
colors either by eye or with a photoelectric instrument. Both
methods have taelir place in analysls and each has advantages
and disadvantagzes,. Thotoelectric ecuipment i1s more versatile
than eye comparison and usually more accurate, as they do not
depend upon an outside light source., rhotoelectric instru-
ments will usually give a reading wnhether it 1is meaningful or
not. Therefore, they must be used with care aund freguently
checked, Flame photometry is becoming an important analytlical
tool in water and sewage analysis, Tne use of arc and spark
spectrograpny 1s cuite helpful in determining trace elements
and for certeain determinations not easily done by otner metnods,
The colorometer type instrument 1s suitable for undergraduate
use and should be a standard piece of equipment (4256.00),

The spectrophotometer ié necessary for many graduate class
analyses and & time saver ana versatile tool on many research
vrojects, They are rapidly coming down in cost and we are in
process of purchase of one ($1200,00) suitable for flame attach-

ment and plan to purchase tne flame attachment at a later
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date (§$800.00).

A porteble combination vacuum pump and alr compressor 1is
necessary for certain filtrations and aerations. If a labora-
tory has central vacuum and compressed air piped around, that
would serve the purpose but the portable apparatus is consid-
erably léss expensive ($55,00) and just as serviceable for
low pressures and vacuum ranges. If high volumes of air or
low vacuum ranges are necessary, the larger eguipment would
have to be installed. We‘find the portable equipment indis-
pensable in both the undergraduate and graduate laboreatory,

Distilled water 1s used in varying amounts for many
different purposes in the sanitary laboratory. Distilled
water 1s necessary for the preparation of standard solutions,
rinsing of glassware and equipment and general use in all
phases of laboratory work. It is necessary and one of the
basic items on the reagent shelf, Some purposes reguire doubles
or triple distilled water, as some of the colorometric tests
respond to even the minute traces of impurities which may be
found in ordinary distilled water. For many purposes water
which has been demineralized by passing through ion exchange
mixed bed resins will serve in place of distilled water,

Every laboratory should contain a still that does‘not have any
copprer in contact with the water., The still should be in the
sanitary laboratory because it is necessary to distill the
water under varying conditions, dependent upon its use,

Amonia can be removed by distillation from acld solution,

carbon diloxlde can be removed by distillation from an alkali
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hydroxide solutlion or by boiling. If ammonia and carbon
dioxlde are both present at the same time, bolling 1s not
effective, The still need not be too large, as 1l gallon per
hour 1é ample capacity for a small department,

Kjeldehl apparatus for both digestion and distillation is
convenient if many nitrogen determinations are to be made,
For just an occasional test, makeshift equipment can be used
without additiohal cost, The complete apparatus is an excel-
lent plece of equipment and quite suitable for a gooa grad-
uate laboratory where much sewage research is going on. It is
costly ($1800.00) and occupies considerable space and the
exhaust is semi-permanently attached. We do not have the
complete apparatus but plan to make the purchase wnen funds
become avallable,

Permanent chlorine standards are standard equlpment in
the smallest of laboratories, The permanent standards are
inexpensive ($15.00) for the normal ranges and additional
color disks can be purchased at nominal cost to extend the
range. Every laboratory party should have acceess to a set of
standards and thney should be checked in the laboratory each
semester by comparison wilth fresh temporary standards. Some
of the plastic disks tend to change color slizhtly and effect
the results,

A dissolved oxygen sampler assembly should be in every
laboratory. This equipment can be purchased or home made.
There is not much difference in a factofy model and a good

home made set and comparable resultis are easily obtained.
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The problem is to obtain & sample of liquid without aeration and
the least disturbance. Every laboratory should make_.or pur-
chase & dissolved oxygen sampler,

Membrane filter equlipment would be excellent for under-
graduate demonstration and graduate research. Much remelns
to be done in this field but to be acti#e, the graduate pro=-
gram must keep up with this sort of thing. We do not have
the filter equipment but plan to purchase Millipore Fllters
and accessories, Thelr value in the laboratory will dspend
upon the research being carrled on.

There are many other pleces of specilalized equipment and
glassware that would be convenlent to nave. A research
laboratory snould have a large backlog of odds and ends of
equipment that can be used to expedite preliminary experlments
on research projects, Much time 1s lost by competent research
personnel because of the necessity to order or improvise pre-
liminary equipment in the initial stage of an 1n#estigation.

The college owns ahd operates its sewage alsposal plént.
The plant is primary sedimentation with standard rate trickl-
ing filter and sludge digester designed for 0.3 million gal-
lons per day. This plant was completed in 1951 and serves
only the college campus, with an average time of concentration
of 1% minutes. In the fall of 1953 we decided to do some
research at the sewage plant, The first phase of study was
centered around the digester, In this soﬁthwest portion of
the United States, the days are warn and the nights are cold

(3,900 feet elevation) but most small digesters in this
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vicinity are designed without heat exchangers. The purpose

of the study was to determine the rise and fall in digester
efficlency with the seasons and to calculate deslign capacitles
of unheated digesters in this locale,

The glester temperature tends to follow the average
daelly temperature with léad or lag depending on the seéson»of
the year., The gas producﬁion varlies as the temperature and
the amount of sludge 1in the digester. From tne preliminary
research thus far, the present digester capaclty could be
reduced by 50% if heating equipment were installed.

Besldes the investigations at the sewage plant, the
writer isvengaged in a laboratory problem. Many stﬁdies have
been carrled out on anerobic digestion along conventional
lines and the maximum efficlenclies have probably been achiequ,
Bacterié seem to offer the most economical means of waste dis-
posal, High temperature and pressure chemical oxidation eiper-
- iments have been run but the equipment and energy reguire--
ments are far beyond economical limits, Many types of sludge
incinerators are in operatlion, both in industrial and munici-
pal plants. The high cost of sludge dewatering ana drying,
plus the occasional smdke and odor problem, nhas limited its
use. Many experiments are being carried on using composting
methods 1in the laboratofy and on & full plant basis. The most
difficult task 1s to dewater tne sludge and handle 1t tarough
the compostling process., The amount of water in compost
aprears to be one of the most critical factors,

The work currently belng carried on at New Mexico



32

T Y
pn 8 INPHE EPSIERES B)
13 S 1335
: PR o w b s
3 STy
- +
B 0 8 o
(R s gl
B PG EEnan
IOBES 5 Savn
’
SR PEP =L PP : P PP (PR S5 P s PEPY [P
A....u s § i ot 33 DA LT h T dg wfedgs of wes st Gd
Fioie it Pt n B8 SR SRR A REAES by o h pupte S
PRRES PRBae i [SESERS SRTPERE NS RpShE B ol
— -
IBE DY EBE B 13 T4 fadia
MSDSS Babd N Bt
-+t - i PRI RRERE2 B!
T T, DO B IBBSS ks uT
ERE AN Emias s TR AR =t
pieides 1034 PPU I S RE WS
: + o
P08 F) K A SRS ERETRSRRES PEE: :
L JAAT Tadd dibe 1ids SIS 13 Fesh
Lo RSIRISEEI SERCE EaaoRsRust 408
s [GBES n e bOREs oo R S Frodie
-+ + - +
BN B REe JQERE SOBLE EHGE SRNESEBRESE BRNEE B
.A.w B2 01 vihad ERR S A...M(.‘:W.:@.v
Hok s | RESOUSRELE BRSNS pUghuEpatsRRSRANE
3315350 ISEOS SRPON REN IS SESw e by
O30 IReesEl:
el PR PR
SRS DOERT ki S B S0
$4tbe 313 Aadayies

Esawy Fuaas

C o4 fop et a 4n 1 ' I
i Rl oo g G i : :
RO apbis 5 ]
b o) 1
N ¥ g YT r
i K phe b -
' i g i 4/
. . . .4 L)
132 :
s pan T g QI
Tegy i SR RRES
i o851 5 16 B0 DG T o
SESSS U i6 §{ B 54 i ipid
S EeEss: 135
IR EEEEE EEEER IR prare G B PO
IS ERG I DRSS RADES § e b i1 e s bl o
i bydun dhial i ae Eunow Al b8 & (g
R e s Res ey E58 S gau!
4t . -
D RO B 0 P I IR ROSS SN
R REs Se Rl AR S e e s (RO B Sy
IR pES s aa gl RASES dpayne; s FREI
IRRbEns Capnaniign nhdgne s iy b,
: N ’P BRDRS S g
1 ] ; e el i
ol in et

B i

b ot
t4 i

- PRI EERGN
i R
P PP Sppaa
R IRE SRS P

B T iy

i
oi

i )
T :
et ¥ SR ol 3
i . v i e
H Lo i g
. v . ~te- 3 3
. : i : 2
S S E D S : & s
! # § 2 § g2 14+ ¢W
s iy b fr o e o e w o, k2 1 *
- 3 ; ; S HE 1 1
) {rose i
" 1 1 gy - +




3 '
4 .
va: ERBEHEE) pos: e .
it JEBHS R i is i
1~ 114 +3337%0 1 : +d :
J3IH PORSRSEE] — + Vi ]
. IS ReES| 0 =1
13 taempEapan yapm SRpUSY pEEE 1
iE 131457 joun [REHE BRSS! i
-+ R i ERGNE G EW £
o 11 o st :
pe -~ + b4q L ie che n
I EEeREE] i 1H o !
il I 1 e Il ! Iy
113 1 I P i
T T T 144
M S & SLETTESY
w3 1T RS RS BE 8P
i Tis S g b 8
i s IR ERERE Sons:
mpesane: 8 i 1
agatiat 33 ey (a3 +
S35 P i
IMERSHS R T HE ) 1:
it PEBE1
<d7 iy 8
i }
13 vt e

M g 5 » - 1
i35 1 B8 SEEHEE
i : SERes! |
e 184 3 iy
B SERE i + bt
PR ok 13 BRESS SRS RNt .
N BNt fne i toratdod iy %
453 42 ¥ IR DHGN z
i REEE sri
: 10 8 pE rmee B e
+ 4437 MBI S
1 6 B B8N SRS Epn=
13i412 e toshed Fn
B4 |ROREDS I FRETH BIwE
. 5 SRSSH Rl b e
B I8 SpGh1 BRI W e
1 ) PR £ 7 s o 4 3
:
+

et e

|
i

RS DPOE1

v
it
il

+

e ey Py b

I e

B 5 T
Bs shehy +4 4
31154 iy
BEES fun g
L8 0 05 B T
IBDE PEEBE & i
e 1Y o
ISP 5 GEE G Pl ot
BRI G BB ¢
ey i
BRS S8 B8 :
DO SORBE :

{

SSESESELES

e o

R R pe MSEPP G




34

LIFHNIHH VS S334930

25 30

S 38 R Y °

%

i ]

e

25 30

. 3
(N St

15 20

December

10

i I B T Db il R R SHoS shing ERGND Ralel S b2 - i 3
SFo EEh e T o : : : i ] P
ol o4 il ; . Ly o

=
T~

15 20

10

5

E e Epas ¥ s Sy

310

November

25

SIS IS Do

20

15

.;__,r_._—j

10

BREY SLGAE ERREE K
|

—r

30

AT T

Y B e &
1
L

October

5

310

25

| ~

BSOS SN SURSRI. S——

20

Septermber

ﬁ |
[ P s ! , _ !
EEE el BTl B FE e * T ! "w . ST _ e,
v e i . !
._,| SdSE SR, - ”lt.i ‘H4| .M - - =
|

- 4 - S, S S S AN SRR
| i { : | { ! | | | '
i H i | . i . : i t .
i v H | i | |
R B et T B T e R oy [ o= SRR NN RSSAS. AR, T S (peu: e e e S e
i w1 | i : i i ! 3 i i i T | ! i | A
! 1 ! b | 2 . i | ' + f {
> ) ! ! ! o S UL SR
. T ' e . - ] 1 1 e =
! i ! “ ! ! ! +— :

1

August

July
1015

5

!
!
= O] St . |wr....|..i

:

10

—t
AP, SR L N

|

i

L

i

|

)

4

C

o
,-.,é,;' el
S ' ROES
—tT

3{0

30

June
15 20

13

‘
K

. It S A_ ——e
1}

|
i

25

P - g p et

i

RS
T
SN S IS I
f |
I \
E . VARI
E-FET. SEPSURY RN g

T

R

!
L
i

1

|

—
_ ]

25 30

20N

!
f

May

15

MPE ﬂAw_

e
e

Y
|
|
|
i i
T__, — N . | i
A
i |
-+
i
I
i ]
i
i
AR
i

15

April

10

N4

N
K
el

UW’ \J
|

30

. B
1
,-..}__-,4 SHNS IENE S S

25

0

Marci
l'l Vi

10

T

25

20

15

February

10

T T

30

)

/

15

January

10




35

A, and M., sanitary éngineering laboratory 1s based on aerpbic
digestion but in a liquid state, This is not new in sewage
disposal because 1t is the basis for the activated sludge
process that has been in use nearly fifty years., It 1s the
most common method of waste treatment in large domestic. and
industrial plants, Basically, the process 1is to bubble‘air
through the raw sewage in order to increase aerbbic.bacterial
digestion of suspended and dissolved organic.material. This
is more variable ahd glves a finer end product tnan the con-
ventional triékling filtér process.‘ The plan being studied
in our laboratory is to use aerobic digestion in the liguid
state in closed digesters, In order to establisin the high
oxygen gradiént necessary to keep dissolved oxygen in the
liquid, the use of oxygen gas is necessary. Very little
oxygen 1is absorbed by a liquld from bubbling gas through 1t
and most of the gas passes off at the surface, In order to
gain the greatest efficiency from the oxygen, it is being re-
circulated.

The‘end products of aerobic digestion are carbon dioxide
end water., The carbon dioxide gas can be absorbed by seversal
methods. Sodium hydroxlde either in power or licuid form is
suitable. The oxygen and carbon dloxide gas are passed
through a scrubbing tower and thekcarbon dioxide gas 1is ab-
sorbed by the sodium nydroxide anda the oxygenlis recirculated
back through the liguid sludge. Some other substances offer
difficulty, such as the introduction of methane gas from

anaerobic digestion tnat takes place in areas of poor
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circulation, the draining off of nitrogen from the liquid

in the early stages of operation and the accumulation of
nitrogen from the commerclal oxygen, as 1t only runs about
95% pure, It 1s necessary to vent off all of the recirculated
oxygen mixture in the early stages of operation at decreas-
ing intervals in order to maintain a high oxygen balance to
keep the sludge from goling septic,

The writer is working one quarter time for the spring
semester, 1956, oh this project and a request has been sent
to the National Institute of Health for & research grant of
47,000 per year for a four year period. The project will be
continued from department funds as long as it apvears feasible
if the grant is not received,

We found that it was difficult to carry on properly
controlled research witnout complete control of tne opera-
tion of the sewage plant., In july,vl955, the sewage disposal
plant was pléced under the civil engineering department as a
sanitary engineering laboratory. A program 1s underway to
instrument the plaﬁt completely and operate 1t as & model for
the area, as well as a laboratory. The Jjob of operetion 1s
demanding and occasionally inconvenient wnen mechanical fail-
ures occur, but the advantages the plant offers as a labora-
tory far exceed the disadvantages. We feel that thne sewage
treatment plant serves as an excelient purpose for bota the
undergraduate anda graduacte program. Tae plant 1s witnin a
five minute walk from tne englneering bullding and definitely

a part of tne 1aboratory. Sewage stuales can be set up with
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Figure 17

Flow Recorder Installation
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e minimum of effort and without inconvenience or nuisance.
This plant is small enough to be used as a pilot plant and
large enough for intelligent design discussion, If at all
possible, the sanitary engineering department should operate
a small sewage plant or have large pilot plant facilitieg.
Access to a plant, regardless of its size, is far short of
complete operation for the conduct of research.

Wwater in our immediate area is from deep wells., The Rlo
Grande River is not a dependable supply as it is dry for six
months out of the year, The river water is impounded 1in
Elephant Butte and Caballo Dams for release during the irri-
gatlion season. The reclamation of sewage plant effluents for
use as irrigation water or for domestic use is being studied.

Money was allotted in the current engineering budget for
a graduate assistantship in each of these studies but the
positions are not filled at tnls time. It is hoped that suit-
able students will be located in the near future so that the
problems may be started this summer., The procurement of quali-
fied graduate students to flll assistantshnips is difficult
in this area. We are so far away from densely populated
areas that the 1lnitial move. is prohibitive to many potential
students.

We have one of the highest sunshine areas in the United
States and this being an agricultural college, it seems like
a logical place to carry on algae experiments, especially on
cattle feeding. In view of this we are building oxidatlon

ponds for the growth of algae, in hope that some cooperative
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experiments will develop through the agricultural people.,
There are two ponds, each 25 feet wide by 50 feet long by

3 1/2 feet deep. They are constructed as flow through ponds
and empty into a large earthen lagoon used as irrigation
storage. No results are avalillable at present on tnls problen,

Sanltary engineering is quite new in New Mexico and we,
as a state, lag the more densely populated areas in organized
programs. Our problems are not as acute as they are in most
places, A majority of the sewage treatment plants in New
Mexico have been constructed since 1945, In order to provide
a service, being a state supported school, a program was
launched last year to operate an annual water and sewage sihort
school at State College. There was some opposition to tnis
move from supporters of the State University at Albuguerqgue
but that was short lived, as they were not willing to promote
and support the program actively. The first New Mexico Water
and Sewage Short Course is planned for March 26-28, 1956, at
State College, with the writer a general chairmen and organ-
izer,

The snort course 1s a good way to advertise the sanitary
engineering department over the state. Sponsoréd research 1s
usually necessary for the proplgation of an active research
program. It 1s helpful to snow the people over tne state tnat
are engeaged in water and sewage work that ycu are interested
and capable of doing a Jjob. It is bellieved that thelr support
will eventually bring tne problems to State College for study |

and in so dolng, help bulld a solid graduate program,
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Preliminary Schedule
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Monday, March 26
8:30—Registration—Lounge, Milton Hall
9:30—Assembly—Sun Room, Milton Hall

Welcome—Dean Thomas
Introductions

10:15—Health Aspects of Water and Sewage—Holy

11:45—Lunch

1:15—Fundamentals of water and sewage Treatment—Cald-
well & Lowe

2:30—Arithmetic Review—Bromilow
3:45—Water Course
Fluoridation—Striffler
Sewage Course
Sewer Maintenance—S. W. Sewer Tool Company

°
Tuesday, March 27

8:30—Hydraulics—Clark

10:15—Chlorination—Holy

11:45—Lunch

1:15—Chlorinator Operation and Repair—Henley

2:30—Water Course—U. S. P. H. S. Drinking Water Stand-
ards—Holy

Seivage Course—Operation of Sewage Treatment Plants
—Lowe

4:00—Laboratory Terminology and Demonstration—Street

[
Wednesday, March 28
8:30—Water & Sewage Activities at New Mexico College of
A&MA—Clark
9:30—Maintenance and Repair of Water and Sewage Systems
—Price & Miller
10:45—Inspection and Discussion of the College Water & Sew-
age System—Clark
11:45—Lunch
1:15—Public Relations—Panel
Umbenhauer
Gonzales
Martinez
McGillis
McClean
Eaton
2:45—Maintenance of Pumps and Motors—Cannon
4:00—Presentations of Certificates—Caldwell -

Banquet — Tuesday Evening, March 27

Know Your Speakers

Frank Bromilow—Professor and Head, Civil Engineering De-

partment, New Mexico College of A&MA.

Charles G. Caldwell—Director, Environmental Sanitation Serv-
ices, New Mexico

Malcolm O. Cannon—Industrial Supply Company, Albuquer-
que

J. W. Clark—Associate Professor of Civil Engineering, New
Mexico College of A&MA

Tom Eaton—Superintendent, Construction, Public Service Com-
pany, Santa Fe

Conrad Gonzales—Chief Water Engineer, Albuquerque
Charles P. Henley—Wallace and Tiernan Representative

William E. Holy—Assistant Regional Engineer, U. S. Public
Health Service, Dallas, Texas

Robert P. Lowe—Associate Engineer, Environmental Sanitation
Services, New Mexico

Ernest Martinez—Manager, Taos Municipal Water and Sew-
age System

F. McClean—Water and Sewage Superintendent, Carlsbad
J. D. McGillis—Manager, Board of Public Works, Raton

Chester L. Price—Superintendent, Sewerage System, El Paso,
Texas

Fred Miller—Superintendent of Water Distribution, El Paso,
Texas

Haskell R. Street—Superintendent, Water and Sewage Treat-
ment, El Paso, Texas

Dr. David Striffler—Director of Dental Health, New Mexico

M. A. Thomas—Dean, School of Engineering, New Mexico Col-
lege of A&MA

E. J. Umbenhauer—Superintendent, Water and Sewage Depart-
ments, El Paso, Texas
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A

The small college is faced with a continual uphill battle
in order to estabiish a growing sanitary engineering depart-
ment, Every advantage must be taken in ordér to accomplish
this on limited funds,

The outlook for sanitary engineering 1is very promising,
It 1s necessary for sanitary englneering departmenté-at all
educational institutions to expand their‘operétions in order

to meet soclety's needs in the immediate futurse,.
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VITA

Jonn William Clark, Jr. was born on May 29, 1920, at
Centralia, Illinois, the son of John William and Ida (Bozarth)
Clark.

He received his elementary and high school education in
the public schools of Centralie, Illinois, graduating in
1938,

After graduation from high school he worked as an
electric welder for the R. G. Le Tourneau Company, reoria,
Illinois, until August, 1940,

In September, 1940, ne enrolled in tne Centralia Jr.
College and graduated in 1942, completing two years of pre-
engineering.

He entered the U. S. Navy as a Seaman in June, 194é,
and served four years during the war as Seaman 2d class,
Aviation Cadet, Ensign, Lieutenant Jr. Grade ana Senior
Lieutenant, Twenty—se#en months were spent ovérseas, during
which time he wes awarded the Nevy D. Fe C. for aerial action
of f Guadalcanal;

Upon receliving orders to inactive duty in the Navy in
April, 1946, he returned to Centralia, Illinois, and purchased
half interest in a local hardware store and worked in that
capacity until November, 1947, at which time he sold ais
hardware interest,

In April, 1946, nhe was elected Finance Commissioner of
the City of Centralia, Illinols, for a four year term, during
which time conslderable progress was made by the city in

public improvement,
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He helped organize the Clinton County Sand and Gravel
Company to dredge sand and gravel from the Kaskaskia Rlver
near Posey, Illinois, in the spring of 1948. This coupany
was severely crippled by summer floods in 1948 and 1949 and
was dissolved in-August, 1949,

He entered the Missouri School of Mines, Rolla, ilssouri,
in Sepntember, 1949, and completed the requirements for the
degree of Bachelor of Science in Civil Engineering in
January, 1951, 'He immediately started working on the regquire-
ments for a Master's degree.,

He received the Mid-ilissourli Section, American Society
of Civil Engineers award for the outstanding civil engineer-
ing graduate in 1951,

He was employed as a hydraulic engineer by the U. S.
Geologlical Survey, Water Resources Division, Rolla, Missouri,
in August, 1951, and served in that capacity until August,
1953..

He received the Master of Science Degree in Civil Engi-
neering from the Missouri Scnool of Mines, Rolla, iMissouri,
in June, 1953.

In August, 1953, he resigned from the U. S. Geological
Survey to accept a position with the New Mexico A. and M.,
State College, New Mexico, as Assistant Frofessor of Civil
Engineering teaching eanitary engineering aﬁd hydraulics,

He was registered as a Professional Engineer and Land
Surveyor in New Mexico, Number 1784, in Mey, 1954,

During the summere of 1954 and 1955, he did research on
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the Elephant Butte Irrigation System, New Mexico,

He was promoted to Associate Professor of Civil Engil-
neerling at New Mexlico A. and M. in June, 1955, in which
capaclty he 1is still working,

He was unlted 1in marriege on May 19, 1946, in St. Louils,
Missouri, to Jacqueline Delores Milz, Their children are
Douglas William, born June 7, 1949, and Scott Hurley, born

January 23, 1953,
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