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DEVELOPING AN UNCONVENTIONAL FOOD, ALGAE, BY 

CONTINUOUS CULTURE UNDER HIGH LIGHT INTENSITY 

Introduction 

Both farm and factory are required in the production of conventional 

foods. To produce unconventional foods, like algae, would require only 

a factory since growing and manufacturing would be done under the same 

roof, skipping the agricultural step with all of its problems and heavy 

labor. To the U. S. Army, which has to provide foods for every con¬ 

ceivable military situation, unconventional foods are of great interest. 

A successful, continuous, high-volume operation could be used in feeding 

indigenous populations of other nations in a siege situation, or to 

supplement the food supply of our own nation in the event of atomic or 

biological warfare with its inevitable result - widespread damage to 

conventional food production and storage facilities. Closed ecological 

systems based on unconventional foods will be applicable to other 

situations - two quick examples are military operations in non-agri- 

cultural areas such as the Arctic and Antarctic and non-military uses 

such as space exploration. 

At the Armed Forces Food and Container Institute, the emphasis of 

the algae studies has been placed on the production and development of 

algae as a food. Several progressive steps are required to convert 

waste products into palatable nutritious food. If, as in a closed 

ecological system, human waste products are to serve as the source of 

nutrients for the culture of algae, sterilization by heat or radiation 

of the wastes will be required. The algae will then be culture „ 
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photosynthetically. It has been successfully demonstrated that human 

urine can be used as the sole nitrogen source in a medium for algae 

grown in a high intensity light steady state continuous culture system. 

Presently, the algae is harvested by differential centrifugation. Work 

is progressing on the destruction of the cellulose cell wall so as to 

free the nutritious protoplasm held within the cell. Of the several 

methods developed by the Armed Forces Food and Container Institute for 

the removal of the bitter principle from algae, methanol extraction, 

ethanol extraction, and the preparation of a roux have proved most 

successful. The debittered algae has been used as an extender of con¬ 

ventional foods. A complete meal could be prepared from some of the 

algae recipes developed. Such a meal would include an onion soup 

appetiz* shed potatoes, hamburgers, an algae spread for use on an 

algae bread with fruit bars as a dessert and algae tea as a beverage. 

In Figure 1, the pathway for conversion of waste products to nutritious 

palatable food is depicted. The NASA civilian in space, the sailor 

aboard a submarine, the G. I. or Air Force Serviceman in isolated Arctic 

situation may all find use for this system. 

In early stages of the algae work, one of the authors became 

interested in developing a small compact algae culture system. Follow¬ 

ing a suggestion to use a completely mixed continuous system for the 

culture of algae, made by Burk of the National Institute of Health, 

Koch began work on such a system. The culture system to be described 

is based on the general concepts of Burk and Koch. 

2 
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Description of Units Comprising System 

A schematic diagram of the culture chamber is shown in 

Figure 2, a schematic of the cooling system in Figure 3, and a diagram 

of the complete photosynthetic algal culture system in Figure 4. 

Chamber 

The chamber was made of an 11-inch piece of five-inch diameter 

acrylic plastic tube having a wall thickness of 1/4-inch. The top 

and bottom flanges were made of one-inch plastic. 

Mixer 

Mixing was accomplished using a General Electric synchronous 

motor/ 1/20 H.P., 1750 RPM, 115V, 1.6 A, which drove a 1/4-inch stain¬ 

less steel shaft containing two 4-blade 1-1/4-inch diameter by 1/4-inch 

stainless turbine impellers. A superior Electric Type 116 powerstat 

was used to control the speed óf mixing. 

Light and Cooling 

Four General Electric 1500 T3Q/CL-277V, 1500 watt tungsten fila¬ 

ment lamps were used for illumination. 

A superior Electric Powerstat Model 1156C-2S, 0-280 watt, 45 amp 

was used to regulate the voltage to the lamps. When operating at full 

voltage (277 volts) each of these lamps give off 33,000 lumens which 

is approximately three times the illumination of sunlight as measured 

on the surface of the earth. Unfortunately, light in the infrared 

spectrum comprises 85 to 87 percent of the total energy output from 

the lamps and had to be absorbed as heat by distilled water in a cod¬ 

ing jacket around the lamp. This jacket was made of an inner 19 mm 
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Pyrex glass tube and an outer 25 mm tube between which 4°C. distilled 

water was circulated. This comprised the primary cooling system. 

The cooling water to the primary cooling system was pumped from a 

heat exchanger using an Eastman E-7 pump. The flow rate was controlled 

by a Superior Electric Type 116 powerstat. A powerstat was used rather 

than a throttling valve in order to reduce wear on the motor brushes. 

All the connecting piping was 5/16-inch stainless steel. The secondary 

cooling system consisted of a coil of stainless steel tubing through 

which cooling water was pumped from the heat exchanger by an Eastman 

E-7 pump, the flow rate again was regulated by a powerstat. The dis¬ 

charge gas from the'-unit was cooled by water from the pump serving the 

secondary cooling system. A portion of the absorbed moisture was con¬ 

densed and returned to the culture through the foam breaker. TVo 

Honeywell Versa-Tran transistorized amplifier relays Model R7081A-C 

with thermistor L7038-C probes were used for temperature control. One was 

used to actuate a ¥4 inch Skinner stainless steel solenoid velvu (No. 

V5D-9900S) in the secondary cooling system and the other was used as a 

control to the light circuit to prevent the temperature of the culture 

from exceeding a specific value. 

The heat exchanger was made of a double coil of 3/8-inch copper 

tubing, painted with a bitumastic paint, which served as the refrigera¬ 

tion coils connected to a 5 H.P. Coplamatic condensing water cooled unit 

Model W5000. The distilled cooling water was continuously stirred by 

a Lightning Model XP mixer. The gross volume of the polyethylene tank 

serving as the heat exchanger was 30 liters. 
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A »eston stainless steel dial thermometer »as used to measure the 

average temperature of the culture. 

Nutrient 

The nutrient »as pumped from a 10-liter reservoir by means of a 

Ke. Brunswick peristaltic pump, Model PA 53, through 1/8-lnch surgical 

tubing to a capillary tube which discharged at mid-depth In the culture 

The peristaltic pump was actuated by a Delmar Scientific Laboratory 

four-minute timer. 

Harvest 

The harvest system was merely an overflow device made from a 

5/16-inch stainless steel tube bend which could be set at any desired 

level. An open end tygon tube carried the harvest into a 10-liter 

carboy reservoir. 

Gas System 

The carbon dioxide and air were filtered, dried, metered, and 

mixed prior to distribution to the various experimental cultures in 

the laboratory. The flow to the culture chamber was metered using a 

Pyrex glass flowmeter which is calibrated with a Precision wet test 

meter and by positive displacement. The orifice inlet was directly 

under the eye of the turbine blade mixer. The gas was carried from 

the top through a 3/8-i„ch orifice through a short bend of tygon tubing 

into the side of an 1-1/2-lnch diameter plastic tube which served as 

a foam breaker. 
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Foam Breaker 

In the foam breaker good separation of gas and foam were attained 

by means of a vortex formed in the liquid culture medium. The vortex 

was formed using a Labline 1250 magnetic stirrer. The liquid was 

returned, actually moved back and forth, through a side outlet located 

at the bottom of the foam breaker which in turn was connected to the 

culture chamber 1-3/4 inches below the surface of the liquid. 

Operation 

Capacity of Culture Chamber 

The total liquid capacity of the culture chamber and foam breaker 

was 2.85 liters. However, a space of 150 ml was required for gas hold¬ 

up and a gas collecting dome. This left a net culture volume of 2.7 
• 

• • • ' • 

liters. 

Mixing 

Effective mixing served several necessary functions; gas 

exchange, dissipation of heat, development of effective on-off time 

for photosynthesis, intimate contact between nutrients and the cells, 

and uniform distribution of cells and nutrients throughout the culture 

chamber. 

The impeller-design and location and the speed of mixing were 

chosen based on the experience of Rich (1), Rushton (2,3), Oldshue (4), 

and Gaden (5). Although the speed of mixing was chosen more or less 

arbitrarily, the effect of small changes in RPM was not found to affect 

production. The four lamps which supplied light served as baffles 

thereby eliminating formation of a vortex. 
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Light 

The maximum light intensity at which the system could be operated 

was 13,000 lumens per lamp attained at 210 volts. This maximum inten¬ 

sity appeared to be limited by the capacity of the primary cooling 

system to dissipate the heat of the lamps. 

Cooling System 

The temperature of culture was maintained at 38°C. +.5°C. The 

maximum light intensity which could be used without cooking the algae 

by the infrared light rays was found to be limited by a gradual in¬ 

crease of 1°C. over a period of no less than 20 seconds. The primary 

cooling system was operated continuously. When the temperature rose 

to 38.5°C., a solenoid valve was opened allowing 4°C. water to circu¬ 

late through the secondary cooling system (5/16-inch stainless steel 

tubing coils). The secondary cooling system cooled the culture medium 

to 37.5°C. in five seconds. The solenoid valve was actuated by one of 

the Honeywell Versa-Tran relays with its thermistor probe. When the 

flow of cooling water was not being circulated through the secondary 

cooling system, it was pumped through the outlet gas cooling condenser. 

Nutrient Feed 

The nutrient feed was regulated by adjustment of the pressure on 

the tubing in the peristaltic pump and by adjustment of the timer which 

actuated the feed pump. Nutrients were fed at least once for an in¬ 

terval of six seconds in every four minutes. 
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The feed rates were obtained by measuring the harvested volume 

corrected for moisture lost through the gas and quantities of samples 

taken for analysis. A 40 ml sample was taken for pH, packed cell 

volume (PCV), and dry weight determinations. 

Gas 

A mixture of 10 percent carbon dioxide and 90 percent air (by 

weight) was used throughout the experiment. The gas flow was held 

constant at 30 liters per hour. 

Nutrient Formula 

A problem in regard to the media to be used was encountered in 

growing algae under high intensity lighting (52,000 lumens). When 

media that supported growth under low intensity lighting (700 lumens) 

were used, the growth response was not satisfactory. A comparison of 

growth on various media led to the finding that as the concentration 

of magnesium and phosphorus was increased, the growth of algae improved. 

A study of the media suggested by Burk (6) to Electric Boat and that 

suggested by Meyers to Arthur D. Little, Inc. (7) indicated that higher 

concentrations of magnesium and phosphorus could be used. Using the 

same proportions of macro-nutrients as suggested by Burk (6), it was 

found that algal concentrations up to 8.5 gms. per liter (dry weight 

basis) could be attained in batch. 

With further study and experimentation, a new approach to the 

development of nutrient formulas was proposed. Krause (8) had re¬ 

ported in 1953 that algae could use 100 percent of the available 

nitrogen from a medium but never 100 percent of the magnesium or 

phosphorus. Based on this finding it was assumed that a certain 
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minimum concentration of nutrients was required by algae to develop a 

concentration gradient for rapid transport of nutrient across the cell 

wall and/or for cellular metabolism. What the precise concentrations 

were was not as important as finding out the maximum production attain¬ 

able under our system. To determine this maximum, we assumed first 

that the T-4 medium contained sufficient nutrients for 8.5 gm. growth .- 

plus the basic minimum concentrations. If additional growth were 

required it was postulated that only those nutrients consumed in pro¬ 

ducing cellular tissue needed to be supplied. An analysis was made 1 

of the Chlorella 71105 grown on T-4 medium under high light intensity, 

with results as given in Table 1. Sufficient macro-nutrients were 

therefor added to the T-4 medium to support an additional 11 gm. dry 

weight of algae. This new formula has been designated T-6. Media T-4 ' 

and T-6 are given in Tables 2 and 3, respectively. 

Figure t>, presents graphically the concept on which criteria for 

the design of the medium was based. Assuming for simplicity of explana¬ 

tion, that growth vs. concentrations of nutrients is a straight line 

function, it can be deduced that the slope of the line represents grams 

of nutrient required per gram of cell tissue; the ordinate intercept 

therefore indicates the minimum concentration of nutrients required. 

Measurements 

Only four measurements were required to control the system: pH, 

packed cell volumes (PCV), dry weights and quantity of harvest. A 

Beckman Zeromatic pH meter was used for pH determination. Packed cell 

volumes were run in duplicate using 10 ml, tubes of the type usually 

used for Wasserman tests. These tubes were centrifuged for 20 minutes 

10 
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at 2660 rpm in a Clay-Adams centrifuge. The duplicate dry weights of 

algae were made on the packed cells from which the nutrient solution 

was discarded. The cells were suspended and dried in a Moisture Teller 

for 38 minutes (by which time a constant weight was attained) at 250°F. 

The mean moisture content of 27 samples of the Chlorella was determined 

to be 70 percent, 

The feed rates were obtained by measuring the harvested volume 

corrected for moisture lost through the gas and quantities of samples 

taken for analysis A 40 ml. sample was taken for pH, packed cell 

volume (PCV), and dry weight determination. 

Production of Algae 

The culture chamber was started With approximately 10 gm. dry 

weight of Chlorella 71105 suspended in T-4 medium,’ The pH of the 

medium was ¿djusted to 6.0. The algae harvested from a batch culture 
• • • 

Was then suspended in 2;7 liters of medium with the aid of a Waring 

Blender, The T-6 medium with a pH of 5,7 was used as feed nutrient. ' 

The feed rate was held constant until the cell concentration as 

measured by PCV remained relatively constant for a.minimum period of 

•47 hours,. The feed rate was then changed and the cycle repeated. 

Table 4 presents the pertinent data.' 

The pH of the culture varied between 6,3 and 7.2 usually holding 

in a range of 6,4 to 6 8. When the pH of the culture medium rose 

above 6,5 for light algal concentrations (4 gm/1) and 7.5 for dense 

concentrations (7.0 gm/1 or more), precipitation of the nutrient salts 

occurred. A study of the data indicated that no correlation existed 

15 



between pH and either growth or feed rate. 

Figure 6 is a graph of the effect of feed rate in ml/hr upon the 

dry weight concentration of algae in the culture. High concentrations 

at low feed rates cannot be interpreted as producing maximum yields. 

If the daily yields are computed, using the feed rates and their 

corresponding algal concentrations as: 

drv wt in em/dav - (dry wt in gm/l)(feed rate in ml/hr)(24 hr/day) ry wi m gm/uay - 1()()0 ml/1 

the values of the daily yield column of Table 4 are obtained. These 

are the values plotted in Figure 7. It may be inferred from the graph 

that the maximum daily production occurs at feed rates ranging between 

150 and 190 ml/hr. At a feed rate of 170 ml/hr, 36 gm/dny were attained. 

The longest continuous operation of the system was 76 days; during 

this period only short periods of shutdown were required (for replacement 

of burned-out lamps and cleaning). On the 76th day, however, a bearing 

on the mixing shaft failed, requiring a major shutdown for repairs, 

The culture-was kept under refrigeration during the shutdown, and used 

again when the mechanical failure was repaired and the system again 

was in operable condition. 

Discussion 

The T-6 medium was designed to support approximately 19.5 gm/1 

of algae. The maximum concentration of algae attained was 23.78 gm/1 

for a feed rate of 26.6 ml/hr. This concentration was a single 

measurement for which equilibrium was not established in the system. 

For the same feed rate the concentrations increased from an initial 

19.38 to 23.78 gm/1, and then decreased to 20.00 gm/1 over a five-day 

16 
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period. The same relative conditions existed for the 21,08 gm/1 con¬ 

centration. As the T-6 medium supported algae concentrations in the 

neighborhood of 21 gm/1, the results are in good agreement with the 

proposed value. The evidence strongly supports the validity of the 

proposed concept, and it is strongly believed that a fully adequate 

nutrient formula can be designed thereupon. 

Herbert (9) studied the steady state continuous culture of aerobic 

bacteria in a system similar to ours with the exception that his cultures 

were not illuminated. When the nutrients were maintained in such excess 

that nothing required for growth was limiting, the plot of bacteria 

concentration as a function of feed rate became asymptotic to a line 

parallel to the abscissa axis as the feed rates decreased. This relation¬ 

ship does not hold for the continuous photosynthetic culture of algae. 

As shown in Figure 6, the plot of algal concentrations as a function of 

feed rate increases as the feed rate decreases. One possible explana¬ 

tion for the algae curve differing from the bacteria curve is light 

limitation. As the culture becomesdenser light becomes limiting. 

Another possible explanation is that the kinetics of the photosynthetic 

process may be different from those of the respiratory process. It is 

appreciated that the culture of algae in our system was both a respira¬ 

tory and photosynthetic process. However, the photosynthetic process 

was primarily responsible for algae growth as the only carbon sources 

in the medium other than carbon dioxide was urea and EDTA. Even if 

these carbon sources could support the heterotrophic culture of algae, 

their concentrations were too low for algal concentrations attained. 

19 



Summary and Conclusions 

A completely mixed continuous steady system having a net volume 

culture of 2.7 liters has been developed using a high intensity light 

source (52,000 lumens) for the photosynthetic culture of algae. In 

the culture medium the concentrations of Chlorella 71105 were varied 

between 6.83 and 16.36 gm/1, dry weight basis, at respective feed rates 

of 201 and 67 ml/hr. A maximum daily yield of 36 gm/day was attained 

at an algal concentration of 8.98 gm/1 with the feed rate maintained 

at 170 ml/hr. 

A new concept for the design of the nutrient formula made the 

growth at high concentrations possible. This concept was based on 

supplying the minimum concentration of nutrients required for growth 

plus that required to produce algal cells. 

Future Work 

Five general concepts have been chosen for further study: more 

precise definition of the optimum illumination, mixing, and gas ex¬ 

change characteristics of the system; study of the nutrient require¬ 

ments of algae and their effect on algae as a food; a definitive study 

of human waste products as nutrients in the system; the advantages or 

disadvantages of symbiotic relationships between algal strains and be¬ 

tween algae and bacteria, and the culture of other algal strains in 

the system. Work has been initiated on all five concepts. The four 

lamp system, which has been described, cannot maintain algal cultures 

free from bacteria contamination. Two new six lamp systems which are 

now being designed will allow sterilization of nutrient reservoir, 

20 



culture chamber, and harvest system as a single unit. These new units 

should maintain an algal culture of 4,2 liters under 198,000 lumen 

light intensity. 
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Table 1. Mineral Compoaition of Chlorella 71105 
Grown on T-4 Medium 

Element 

N 

P 

K 

Na 

Mg 

Fe 

S 

Cu 

Cl 

Ca 

Percent Element of 

Weight Algae 
Dry 

9.81 

1.30 

1.09 

Trace 

0.524 

0.0314 

0.935 

0.01078 

0.146 

0.0103 
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Table 2 T-4 Medium 

Cone, of 

Source of Stock Sol. 

Nutrient Element_gm/L 

(NH^gCO 

KH2PO4 

MgS04 

CaCl2 

NaCl 

FeCl3 

THgO 

2H20 

6H2° 

Trace #1 Elements 

H3BO3 

CuS04 * 5H20 

MnCl2 * 41^0 

ZnS04 ‘ TllgO 

M0O3 

Trace #2 Solution containing 

2.416 

2.858 

0.079 

1.801 

0.2200 

0.0190 

MCr(S04)2 * 121^0 0.0098 

NH4V03 0.0023 

NaW04 ' 21^0 0.00179 

KTi(C204) * 2^0 0.00740 

K0H 28.075 

EDTA 50 

ml of 

Stock/L of gm/L of 

Medium Medium 

0.4 

2.5 

5.0 

0.0294 

2.0 

1 

1 

1 

1 

1 

1 

10 

Potassium hydroxide and acetic acid used for pH adjustment. 

The main nutrient elements are in the same proportion as those recommended 

by Dean Burk to Electric Boat. However, a more complete trace nutrient 

formula than that recommended by Dean Burk has been used. 
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Table 3, T-6 Medium 

Source of 
Nutrient Element_ 

(NH2)2C0 

KH2PO4 

MgS04 * 7H20 

CaCl2 ’ 2H20 

k2so4 

NaCl 

FeClg * SHrjO 

Trace #1 Elements 

H3BO3 

CuS04 * SHgO 

McC12 * 41^0 

ZnS04 * THgO 

M0O3 

Trace 02 Solution containing 

KCr(S04)2 • 121^0 

Nl^VOg 

NaW04 ' 21^0 

NiS04 * 6H20 

KTi(C204)2 * 21^0 

Co(N03)2 * 6H20 

KOH 

EDTA 

Potassium hydroxide and acetic acid 

Cone, of ml of 
Stock Sol. Stock/L of gm/l0etT 

gm/L_Medium Medium« 

2.71 

3.055 

5.6655 • 

0.0335t S 

0.1430 

2.0 

T.416 7.875 

2.858 2 

0.079 2 

1.801 2 

0.2200 2 

0.0190 2 

20 

0.0098 

0.0023 

0.00179 

0.00448 

0.00740 

0.00495 

20.075 

50 

used for pH adjustment. 

24 



♦D
r
y
 
w
e
i
g
h
t
 
b
a
s
e
d
 
o
n
 
s
i
n
g
l
e
 
m
e
a
s
u
r
e
m
e
n
t
 
w
h
e
n
 
e
q
u
i
l
i
b
r
i
u
m
 
w
a
s
 
n
o
t
 
e
s
t
a
b
l
i
s
h
e
d
 



Bibliography 

1. Rich, L. G. Unit Operationsof Sanitary Engineering, 1st Edition. 

New York, Wiley, 1961. 

2. Rushton, J. H. How to make use of recent mixing developments. 

Chem. Engr. Progr., Vol. 50, 1954, 

3. Rushton, J. H. The use of pilot plant mixing data. Chem. Engr. 

Progr., Vol. 47, 1951. 

4. Oldshue, J. Y. Aeration of Biological Systems Using Mixing 

Impellers. Biological Treatment of Sewage and Industrial Wastes. 

Edited by McCabe, J. and Eckenfelder, W. W., 1st Edition, New York, 

Reinhold, 1956. 

5. Gaden, E. L. Aeration and Oxygen Transport in Biological Systems — 

Basic Considerations. Biological Treatment of Sewage and Industrial 

Wastes. Edited by McCabe, J. and Eckenfelder, W. W., 1st Edition, 

New York, Reinhold, 1956. 

6. Unpublished report by General Dynamics Corporation, Electric Boat 

Division, Groton, Conn., to U. S. Navy, Feb. 1960. 

7. Arthur D. Little, Inc., Pilot Plant Study in the Production of 

Chlorella, Algal Culture from Laboratory to Pilot Plant, Publ. 600. 

Edited by Burlew, J. S. Carnegie Institute of Washington, Washington, 

D.C., 1953. 

8. Kraus, R. W. Inorganic Nutrition of Algae, Algal Culture from 

Laboratory to Pilot Plant, Publ. 600. Edited by Burlew, J. S., 

Carnegie Institute of Washington, Washington, D.C., 1953. 

9. Herbert, D., et al. The continuous culture of bacteria: A 

theoretical and experimental study. J. Gen. Microbiol., Vol. 14, 

1956. 
26 



DISTRIBUTION 

Chief, Research and Engineering (D 
Department of the Army 

The Pentagon 

Washington 25, D.C. 

Chief, Research Analysis Division (D 

Army Research Officer 

Office, Chief, Research and Development 

Department of the Army 

Washington 25, D.C, 

Officer-in-Charge 

U.S. Naval Supply Center 

Naval Supply Depot 

Bayonne, New Jersey 

Chief, Bureau of Supplies and Accounts (1) 

(W/2) 

Department of the Navy 

Washington 25, D.C. 

Commanding Officer (1) 

U.S. Navy Subsistence Office 

Naval Weapons Plant 

Washington 25, D.C. 

Chief, Bureau of Supplies and Accounts (1) 

(O/W) 

Department of the Navy 

Washington 25, D.C. 

Commanding General 

ATTN: Tech. Information Branch 

Tech. Services Division 

QMR&E Command, U.S. Army 

QMR&E Center, Natick, Hass. 

Commanding Officer 

QMR&E Field Evaluation Agency 

ATTN: Technical Library 

U.S. Army 

Ft. Lee, Va. 

Commanding Officer 

U.S. Army Medical Research and Nutrition 

Lab., Fitzsimons General Hospital 

Denver, Colo. 

The Library 

U.S. Army Leadership HRU 

P.Q. Box 787 Presidio of 

Monterey, Calif. 

Defense Research Member 

Canadian Joint Staff 

2450 Massachusetts Ave. N.W. 

(40) Chief, Signal Corps Packaging Standards (1) 

Office 

U. S. Army Signal Supply Agency 

Tobyhanna Signal Depot 

Tobyhanna, Penn. (Container Reports) 

(D Librarian (D 

QM Technical Library 

Ft. Lee, Va. 

(1) Commandant (D 

Hq., U. S. Marine Corps 

Washington 25, D.C. (O.I.C. Supply Br.) 

Dr. Alan G. Kitchell (3) 

(1) British Joint Services Mission (Army Staff) 

British Embassy Annexe 

Washington 8, D.C. 

Major L. G. Clark (3) 

(4) Australian Military Mission 

2001 Connecticut Ave., N.W. Box 4837 

Washington 8, D.C. 

Washington, D.C. 

Mr. James P. Malkames (D 
Food Technician, Services Division 

Depts. of The Army and Air Force 

Hq., Army and Air Force Exchange Service” 

8 W. 14th St., New York 11, N.Y. 

Dr. Donald Young (1) 

Human Performance Requirements Br. 

National Aeronautics and Space Adm. 

Ames Research Center, Moffett Field, Calif. 

Dr. Charles M. Schoman, Sr. (D 

Chief Scientist U.S. Naval Supply RfcD 

Facility, Naval Supply Center 

Yvonne, N. J. 

Mrs. Bertha B. Huber O) 

Archives and Documents Librarian 

Hq., Medical Field Service School Library 

Brooke Army Medical Center 

Ft. Sam Houston, Tex. 

AFFCI 
Commanding Officer, Executive Officer, Tech. Director, Ass't. Tech. Director, All office 

division and branch chiefs (1 each). Library, Navy Liaison Officer (2 each). Air Force 

Liaison Officer (6). 
27 



DISTRIBUTION 

(CONTINUED) 

Dr. Richard Benoit 

Gen. Dynamics/Elec. Boat 

Groton, Conn. 

Dr. Richard Eppley 

Northrop Space Lab. 

Hawthorne, Calif. 

Dr. Robert Gafford 

Martin Marietta Corp. 

Denver, Colo, 

Dr. L. G. Golueke 

Univ. of Calif. 

Richmond Field Sto. 

Richmond, Calif. 

Mr. Thomas Maloney 

Dept, of Health, Education & 

Welfare 

Cincinnati, Ohio 

Dr. Jack Myers 

Univ. of Texas 

Austin, Tex. 

Mr. R. W. Okey 

The Boeing Co. 

Seattle, Wash. 

Dr. L. G. Rich 

Clemson Univ. 

Clemson, S. C. 

Dr. Robert G. Tischer 

Miss State College 

State College, Miss. 

Dr. C. H. Ward 

Sam Broos AFB, Texas 

Dr. Doris Calloway Dr. W. R. Herndon 

Stanford Research. Inatitute Univ. of Tenn. 

Santa Clara, Calif Knoxville, Tenn. 

28 



UNCLASSIFIED 

UNCLASSIFIED 




