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ABSTRACT 

Fifty-eight male monkeys (Macaca mulatta) were trained by shock avoidance 

conditioning to work a simultaneous visual discrimination problem.   Trained subjects 

were irradiated in either a nuclear reactor-produced neutron field (incident neutron 

to gamma ray ratio of about 10) or a similarly produced gamma ray field (incident 

neutron to gamma ray ratio of about 0.1).   In all exposures the midbrain dose rate 

was about 2000 rads/minute.   The midbrain dose most likely to cause early transient 

incapacitation (ETI) in 50 percent of the irradiated subjects was 2186 * 1.16 rads in 

the gamma ray field and 3215 | 1.25 rads in the neutron field;   the relative effective- 

ness of the neutron field for producing ETI was, therefore, 0. 68.   The signs and 

symptoms of ETI were the same whether the monkey received gamma or neutron 

radiations. 
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I.   INTRODUCTION 

It has been established that some degree of early transient incapacitation (ETI) 

usually occurs in trained monkeys that receive 1500 to 10,000 rads of pulsed mixed 

5 8 
gamma-neutron radiation.  '     Similarly, ETI occurs after irradiation of trained mini- 

ature pigs.     For both species the incidence and severity of ETI are directly related 

to dose.   However, in miniature pigs, the head is primarily involved in the ETI 

7 
response as indicated by partial body irradiation studies   and by the fact that signs of 

severe central nervous system (CNS) damage (convulsions, coma, etc.) are clearly 

present during ETI.   By contrast, convulsions are rarely seen during ETI in monkeys, 

and the results of partial body irradiation studies" indicated that irradiation of either 

head or trunk structures can produce  ETI in monkeys.    Gamma irradiation was 

more effective than neutron irradiation for causing ETI and severe CNS damage in 

4 
miniature pigs when high dose rates (approximately 2000 rads/minute) were used. 

The purpose of this study was to evaluate the relative effectiveness of neutron 

irradiation for causing ETI in monkeys, 

II.   PROCEDURE 

Fifty-eight male monkeys (Macaca mulatta) that weighed between 3 and 5 kg 

were used in this study.   Each monkey was trained by shock avoidance conditioning to 

work a simultaneous visual discrimination problem.    The monkeys were restrained in 

primate chairs for the entire period of training, exposure and postexposure testing, 

generally about 25 days. 

The discrimination problem consisted of the simultaneous presentation of a cir- 

2 
cle and a square on two illuminated keys of a console in front of the monkey.     The 



relative positions of the circle and square were switched in a random fashion.   The 

correct response was to press the key illuminated with the square. 

Each trial lasted 10 seconds.   It was initiated by simultaneous illumination of a 

house light in the testing chamber and the stimulus kevs on the console.   The monkey 

had 5 seconds to respond.   A correct response extinguished both house light and 

stimuli for the duration of the 10 seconds.    However, for an incorrect response or for 

no response the stimuli extinguished, the house light remained on, a tone was initi- 

ated, and the animal received a brief electrical shock.   Before irradiation, each sub- 

ject was trained to a proficiency of 90 or more correct responses in 100 trials. 

The monkeys were irradiated with the AFRRI-TRIGA reactor.   Shielding meth- 
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ods described elsewhere '    were used to modify the ratio of neutron to gamma ray 

tissue kerma, free-in-air, to produce either a "neutron field" or a "gamma ray 

field".   The neutron to gamma ray ratios were approximately 10 and 0.1 for the neu- 

tron and gamma ray fields, respectively. 

Depth-dose patterns across the brain of a monkey cadaver were measured with 

miniature tissue-equivalent ionization chambers.   Dosimetry was similar to that 
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reported for related research with miniature pigs.  '      The dosimetry results are 

summarized in Table I. 

Trained monkeys were irradiated individually with the reactor operated in the 

steady-state mode.   Each subject sat upright and faced away from the reactor core 

with its center line about 100 cm from the core vertical center line.   As in the mini- 

4 
ature pig study,   the dose rate at the midline of the brain was approximately 2000 

rads/minute for all exposures (the highest practical rate attainable for the neutron 



Table I.   Results of Dosimetry in Monkey Cadaver 

Percent of m idbrain dose Neutron to 

Probe location 
gamma ratio* 

in Gamma Neutron 
ray field field neutron field 

Head entrance 
(posterior) 

107 117 9 

Midbrain 100 100 8 

Head exit 
(anterior) 

71 45 5.7 

Mldthorax 82 58 4.3 

* Determined by methods described by Shosa 

field).   Each irradiation was monitored with miniature ion chambers and sulfur 

pellets.   Irradiation and testing were initiated simultaneously.   The monkeys were 

tested continuously for approximately 600 trials. 

To achieve the objective of this research, the ED     of the neutron field was com- 

pared to the ED     of the gamma ray field.   ED     is defined as the most probable dose 
50 50 

that would cause 50 percentof the animals to experience ETI.   The "up-and-down" design 
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or "Bruceton" method   was used for this evaluation.   For this experimental design, the 

midline tissue doses to the brain were 1600,  1800, 2100, 2400, and 2700 rads for the 

gammarayfield and 2200, 2500, 2900, 3300, 3800, and 4400 rads for the neutron field. 

The occurrence of ETI was considered as a yes or no response rather than 

a graded response.   Therefore, data from earlier studies  '    were compiled and 

reviewed to decide what constitutes ETI and to estimate the best doses to use in the 

experimental design of this study.   It was decided that any subject with three or more 

consecutive omissions during the first 30 minutes after the onset of irradiation would 

be considered to have experienced ETI. 



III.   RESULTS 

The doses used and the performance of irradiated animals are summarized in 

Tables II and III.   There was no apparent difference between the ETI observed after 

Table II.   Performance of Neutron-Irradiated Monkeys 

Dose group allotment* t 
(rads)* Postirradiation performance Midbrain 

dose 
(rads)* 2200 2500 2900 3300 3800 4400 Correct Incorrect Omission 

+ 581 7 13 2700 
+ 584 14 2 3400 

0 525 16 59 3800 
+ 592 1 7 3300 

0 576 4 27 3800 
+ 594 1 5 3100 

0 447 1 152 3900 
0 551 20 30 3400 

+ 594 2 4 3000 
+ 601 1 6 3300 

+ 592 2 7 3800 
0 20 1 579 4200 

0 389 4 207 3700 
0 274 61 266 3300 

0 575 2 24 2900 
+ 589 4 7 2600 

+ 574 17 9 2800 
+ 591 4 5 3200 

0 485 1 114 3900 
0 563 24 14 3300 

0 403 19 178 3000 
+ 584 6 10 2600 

0 561 29 10 3000 
0 305 4 291 2600 

+ 590 4 6 2100 
+ 572 3 26 2600 

+ 293 3 4 3100 
+ 392 0 8 3300 

* Each succeeding animal was tested at the dose level one step below the dose used 
in the preceding test if it resulted in ETI, or at the dose level one step higher if 
performance was satisfactory. 

+ Satisfactory performance is indicated by "+", ETI is indicated by "0". 
i The midbrain dose reported is the dose derived from measurements during the 

exposure.   The "dose group" to which an animal was assigned indicated the dose 
the animal should have received according to experimental design.   The dose 
measurements have an estimated accuracy of better than - 5 percent. 



Table III.   Performance of Gamma-Irradiated Monkeys 

Dose group allotment* * 
(rads)* 

Postirradiation performance Midbrain 
dose 
(rads)* 

1600 1800 2100 2400 2700 Correct Incorrect Omission 

+ 583 9 8 1700 
0 502 7 91 2400 

0 545 1 55 2000 
+ 595 0 5 1900 

0 276 4 24 2200 
+ 590 2 8 1900 

+ 546 0 58 2000 
0 558 8 34 2400 

0 591 3 6 2200 
+ 598 1 1 1900 

+ 597 3 0 2100 
+ 494 20 26 2400 

0 563 4 33 2600 
+ 535 2 3 2400 

0 565 7 28 2600 
0 465 11 124 2500 

0 589 1 10 1900 
0 542 6 52 1800 

+ 574 20 6 1700 
+ 594 0 6 1900 

0 391 16 93 2100 
+ 572 28 0 1900 

+ 588 3 9 2300 
0 186 25 389 2500 

+ 560 34 6 2300 
0 563 1 36 2500 

+ 394 1 6 2300 
0 514 1 36 2400 

+ 583 12 5 2100 
0 19 1 380 2300 

* Each succeeding animal was tested at the dose level one step below the 
dose used in the preceding test if it resulted in ETI, or at the dose level 
one step higher if performance was satisfactory except for the second 
animal. 

t Satisfactory performance is indicated by "+", ETI is indicated by "0". 
t The midbrain dose reported is the dose derived from measurements 

during the exposure.   The "dose group" to which an animal was assigned 
indicated the dose the animal should have received according to experi- 
mental design.   The dose measurements have an estimated accuracy of 
better than + 5 percent. 



gamma ray exposures and that which occurred in the neutron field. For both types of 

irradiation, the ETI was similar to that described earlier for a mixed gamma-neutron 

field (incident neutron to gamma ray ratio of about 0.4). ' Among the neutron- 

irradiated animals, the lowest dose at which ETI occurred was 2600 rads, and that 

was in only one of four monkeys (Table 11). By contrast, ETI occurred in one monkey 

at a gamma ray dose of 1800 rads, and ETI always occurred in monkeys that received 

more than 2500 rads in the gamma ray field (Table III). 

From the data presented, it was calculated that the ED n for the gamma ray 
50 

field was 2186 * 1.16 rads (midline tissue dose to the brain), and the ED     for the 
o u 

neutron field was 3215 1 1.25 rads (Table IV).   With a confidence of 95 percent the 

gamma ray field ED     was within the range of 2028 to 2356 rads while the neutron 

field ED     was within the range of 2867 to 3606 rads.   The difference between the two 
50 6 

ED     's was highly significant (p< 0. 01).   The relative effectiveness of the neutron 
50 

field for causing ETI (gamma ED^. -f neutron ED,.,,) at the EDcn point was 0. 68. 
50 50 50 

* 
All calculations were based upon the logarithm of dose versus response. 

Table IV.   Results of Data Analysis of Neutron and Gamma Ray Exposures 
with Monkeys (based upon midbrain doses) 

Gamma ray field Neutron field 
(rads) (rads) 

ED  „ 50 
2186 | 1.16 3215 | 1.25 

95% confidence limits 

Lower 2028 2867 

Upper 2356 3606 

*   Statistical analyses accomplished by S.  G. Levin, mathematical statistician. 
Head, Mathematical Analysis Division, Physical Sciences Department. 



IV.   DISCUSSION 

To elicit ETI in trained monkeys, significantly higher midbrain doses were 

required in the neutron field than in the gamma ray field.   Therefore, it was con- 

cluded that gamma irradiation was much more effective than neutron irradiation for 

causing ETI as defined in this study.   The ED^ for causing ETI with pulsed mixed 

gamma-neutron radiation was estimated to be about 2200 rads in results published 

earlier.5'8   The incident neutron to gamma ray ratio under those conditions was 

about 0.4.   Although the irradiation conditions were somewhat different for the 

earlier studies, the results tend to support the conclusion that gamma rays are more 

effective than neutrons for causing ETI. 

It has been shown that irradiation of either head or trunk structures can produce 

ETI in monkeys, with head structures being more important than the rest of the body. 

By using the factors 0. 58 and 0. 82 as appropriate (Table I), the midthorax doses at the 

ED50 and 95 percent confidence limits were calculated (Table V).   The ED50 midthorax 

doses were approximately equal, but they were much lower than either the associated 

Table V.    Midthorax Doses for ED50 and 95 Percent Confidence Limits 

ED 
.50 

95% confidence limits 

Lower 

Upper 

Gamma ray field 
(0. 82* x midbrain dose ) 

(rads) 

* Table I 
t Table IV 

1792 

1662 

1931 

Neutron field 
(0.58* x midbrain dose") 

(rads) 

1864 

1662 

2091 



midbrain doses or the 2200-rad dose estimated to be the ED     for whole-body expo- 
50 

sures with pulsed mixed gamma-neutron radiation.5,8   Therefore, for the current 

study, it was concluded that doses to the thorax were far less important than those to 

the head for causing ETI.   For that reason, it was concluded also that the difference 

in relative effectiveness of neutrons as compared to gamma rays for causing ETI 

must reflect some difference between the two types of irradiation in their ability to 

disrupt the CNS. 

It is not clear why gamma rays should have a greater effect than neutrons upon 

the CNS.   However, it is postulated that much of the absorbed energy from neutron- 

produced high linear energy transfer (LET) particles is "wasted";  a more thorough 

discussion of this concept can be found in an earlier report.4 

The relative effectiveness of neutrons for causing ETI was much lower for 

4 
miniature pigs (0.23)    than for monkeys (0. 68).    Before discussing reasons for the 

difference, it is important to recognize that the end points of performance changes 

were somewhat subjectively established in both cases.   Other observers, by using 

different end points or different means of determining the end points, might have 

found either larger or smaller differences between the response of monkeys as com- 

pared to that of miniature pigs.   The fact that the value for neutron relative effec- 

tiveness was significantly less than one in both monkey and miniature pig experiments 

supports the conclusion that gamma rays are more effective than neutrons for causing 

early postirradiation CNS disturbances. 

If the values for relative neutron effectiveness are truly different for the two 

species, there are at least two possible reasons for the difference.   One possibility 



is that the mechanism of ETI is different in miniature pigs than in monkeys.   As 

mentioned earlier, primary involvement of head structures and CNS damage in ETI 

has been more clearly demonstrated for the pig '    than for the monkey.  '     Another 

possible reason for the difference is that dose rate factors could have been more 

4 
important for the miniature pigs   than for the monkeys.   In both studies, the mid- 

brain dose rate was 2000 rads/minute.   However, the range of total exposure times 

was from less than 1 to greater than 9 minutes for the pigs compared to a range of 

exposure times that generally fell between 1 and 2 minutes for monkeys.   It is not 

clear how these and other factors interrelate to cause the apparent differences 

between monkeys and miniature pigs, but they should provide fruitful areas for 

research to explain the differences. 

There is one other unexplained difference between the response observed in 

miniature pigs and that observed in monkeys.   Convulsions and coma as evidence of 

CNS involvement were much more frequent in gamma-irradiated pigs than in neutron- 

irradiated pigs.   There was no apparent difference between the type of ETI observed 

in gamma-irradiated monkeys and that observed in neutron-irradiated monkeys. 

Neither group of monkeys appeared to experience convulsions or other obvious signs 

of severe CNS damage. 



REFERENCES 

1. Chaput, R.  L. and Wise, D.   Miniature pig incapacitation and performance dec- 
rement after mixed gamma-neutron irradiation.   Aerospace Med. 41:290-293, 
1970. 

2. de Haan, H. J. , Germas, J. E. and Kaplan,  S. J.   Visual discrimination perfor- 
mance:  A training procedure for the restrained monkey (Macaca mulatta). 
Bethesda, Maryland, Armed Forces Radiobiology Research Institute Technical 
Note   TN68-5,  1968. 

3. Dixon, W. J. and Mood, A. M.   A method for obtaining and analyzing sensitivity 
data.   J. Am. Statist. Assoc. 43:109-126,  1948. 

4. George, R. E. , Chaput, R.  L., Verrelli, D. M. and Barron, E. L.   The relative 
effectiveness of fission neutrons for miniature pig performance decrement. 
Radiation Res. 48:332-345,  1971. 

5. McFarland, W. L. and Young, R. W.    Performance of the monkey following two 
unequal pulses of radiation.    Bethesda, Maryland, Armed Forces Radiobiology 
Research Institute Scientific Report   SR71-6,  1971. 

6. Shosa, D. W.   Reactor dosimetry with paired miniature ionization chambers. 
Bethesda, Maryland, Armed Forces Radiobiology Research Institute TechnicaT 
Note   TN71-7,  1971. 

7. Thorp, J. W., Chaput, R. L. and Kovacic, R. T.   Performance of miniature pigs 
after partial body irradiation.   Aerospace Med. 41:379-382, 1970. 

8. Thorp, J. W. and Young, R. W.   Monkey performance after partial body irradi- 
ation.   Aerospace Med. 42:503-507,  1971. 

9. Verrelli, D. M.   Dosimetry for neutron radiation studies in miniature pigs. 
Bethesda, Maryland, Armed Forces Radiobiology Research Institute Technical 
Note   TN71-2,  1971. 

10 



DISTRIBUTION  LIST 

AIR  FORCE 

The Surgeon General, U.S. Department of the Air Force, Washington, D. C.   20314   (1) 
Executive Officer, Director of Professional Services, Office of the Surgeon General,  Hq. USAF  (AFMSPA), 

Washington, D. C.    20314   (1) 
Headquarters, U. S. Air Force (AFMSPAB), Washington, D. C.   20314   (1) 
Office of the Command Surgeon (ADCSG), Hq. ADC, USAF, EntAFB, Colorado   80912   (1) 
Air Force Weapons Laboratory, ATTN: WLIL (1), ATTN: WLRB-2 (1), Kirtland AFB, New Mexico   87117   (2) 
Chief, Nuclear Medicine Department, P. O. Box 5088, USAF Hospital, Wright-Patterson AFB, Ohio  45433 (1) 
USAFSAM (RA),  ATTN: Chief, Radiobiology Division, Brooks AFB, Texas   78235   (1/ 
USAFSAM, ATTN: EDAD, Brooks AFB, Texas   78235   (1) 

ARMY 

The Surgeon General,  U. S. Department of the Army, Washington, D. C. 20314   (1) 
Surgeon General, ATTN: MEDDH-N, U. S. Department of the Army, Washington, D. C. 20314   (1) 
USACDC CSSG, Doctrine Division,  Fort Lee, Virginia 23801   (1) 
Commanding Officer, USACDC CBR Agency, Fort McClellan, Alabama 36201   (1) 
Commanding Officer, U. S. Army Combat Developments Command, Institute of Nuclear Studies, Fort Bliss, Texas 

79916   (1) 
CG, USCONARC,  ATTN: ATUTR-TNG (NBC), Fort Monroe, Virginia 23351   (1) 
Nuclear Branch AMCRD-DN-RE,   U. S. Army Materiel Command, Washington, D.  C.   20315   (1) 
Commanding Officer, U. S. Army Medical Research Laboratory, Fort Knox, Kentucky 40121   (1) 
Commanding Officer, USA Nuclear Medical Research Detachment, Europe, APO New York, N. Y.   09180   (2) 
Chief of Research and Development,   ATTN: Nuclear,  Chemical and Biological Division, U. S. Department of the 

Army, Washington, D.  C.   20310   (1) 
Army Research Office,  ATTN: Chief, Scientific Analysis Branch, Life Sciences Division, 3045 Columbia Pike, 

Arlington, Virginia 22204   (1) 
Division of Nuclear Medicine, Walter Reed Army Institute of Research, Walter Reed Army Medical Center, 

Washington, D.  C.   20012   (5) 
Commanding, Officer, U. S. Army Environmental Hygiene Agency,  ATTN: USAEHA-RP, Edgewood Arsenal, Mary- 

land 21010   (1) 
Commandant, U. S. Army Medical Field Service School,  ATTN: MEDEW-ZNW, Fort Sam Houston, Texas 78234 (1) 

NAVY 

Chief, Bureau of Medicine and Surgery,  U. S. Navy Department, Washington, D.  C.   20390   (1) 
Chief, Bureau of Medicine and Surgery,  ATTN: Code 71, U. S. Navy Department, Washington, D.  C.   20390   (1) 
Commanding Officer, Naval Aerospace Medical Institute, Naval Aviation Medical Center,  ATTN: Director of 

Research, Pensacola, Florida 32512   (3) 
Commanding Officer, Nuclear Weapons Training Center, Atlantic, Nuclear Warfare Department, Norfolk, Virginia 

23511   (1) 
Commanding Officer, Nuclear Weapons Training Center, Pacific, U. S. Naval Air Station, North Island, San Diego, 

California 92135   (1) 
Director, Biological Sciences Division, Office of Naval Research, Washington, D.  C.   20360   (1) 
Commanding Officer, U. S. Naval Hospital,  ATTN: Director, REEL, National Naval Medical Center, Bethesda, 

Maryland 20014   (1) 
Head, Animal Behavioral Sciences Branch, Naval Aerospace Medical Institute, Naval Aerospace Medical Center, 

ATTN: Dr. John S.  Thach, Jr., Pensacola, Florida 32512   (1) 
Commanding Officer, Naval Submarine Medical Center, Naval Submarine Base, NL,  ATTN: Medical Library, 

Groton, Connecticut 06340   (1) 
Commanding Officer, Naval Submarine Medical Center, Naval Submarine Base, NL,   ATTN: Code 53, Nuclear Medi- 

cine Training Division,  Groton, Connecticut 06340   (1) 

D. O. D. 

Director, Defense Nuclear Agency, Washington, D. C.   20305  (1) 
Director, Defense Nuclear Agency, ATTN:   DDST, Washington, D. C.   20305   (1) 
Director, Defense Nuclear Agency, ATTN:   Mr. P. H. Haas, DDST, Washington, D. C.   20305    (1) 
Director, Defense Nuclear Agency, ATTN:   Chief, Radiation Directorate, Washington, D. C.   20305  (1) 

11 



D. P.P.    (continued) 

Director, Defense Nuclear Agency, ATTN: Technical Library (APTL), Washington, D. C. 20305   (2) 

Commanding Officer,  Harry Diamond Laboratories, ATTN: Nuclear Vulnerability Branch   Washington   D   C 
20438   (1) 

Commander,  Field Command, Defense Nuclear Agency, ATTN:  FC Technical Library, Kirtland AFB   New Mexico 
87117   (1) 

Commander, Headquarters Field Command, Defense Nuclear Agency, ATTN:  FCTG8, Kirtland AFB   New Mexico 
87117   (2) 

Director, Armed Forces Institute of Pathology, Washington, D. C. 20305   (1) 
Administrator, Defense Documentation Center, Cameron Station, Bldg. 5, Alexandria, Virginia 22314   (12) 

OTHER GOVERNMENT 

U. S. Atomic Energy Commission, Headquarters Library, Reports Section, Mail Station G-17   Washington   D   C 
20545   (1) &      .     •     . 

U. S. Atomic Energy Commission, Division of Biology and Medicine, Washington, D.  C.   20545   (1) 
U. S. Atomic Energy Commission, Bethesda Technical Library, 7920 Norfolk Avenue, Bethesda, Maryland 20014 (1) 
National Aeronautics and Space Administration,  Manned Spacecraft Center, ATTN:  Dr.  Charles M.  Barnes, 

Code DC7,  Houston,  Texas   77058 (1) 

National Aeronautics and Space Administration, Manned Spacecraft Center,  ATTN:  Dr.  B.  D. Newsom,  Code DB4 
Houston,  Texas   77058  (1) 

National Bureau of Standards,  ATTN: Chief, Radiation Physics Division, Washington, D.  C.   20234   (1) 
U. S.  Public Health Service, Bureau of Radiological Health, Division of Biological Effects,  12720 Twinbrook Park- 

way, Rockville, Maryland 20852   (1) 

U. S. Public Health Service, Bureau of Radiological Health, Library, 12720 Twinbrook Parkway, Rockville   Mary- 
land 20852   (1) 

U. S.  Public Health Service, Northeastern Radiological Health Laboratory,  109 Holton Street, Winchester    Massa- 
chusetts  01890   (1) 

U. S. Public Health Service, Southeastern Radiological Health Laboratory, P. O. Box 61, Montgomery   Alabama 
36101   (1) 

U. S. Public Health Service, Southwestern Radiological Health Laboratory, P. O. Box 15027    Las Vegas   Nevada 
89114   (1) ' 

OTHER 

Argonne National Laboratory, Library Services Department, Report Section Bldg. 203, RM-CE-125, 9700 South 
Cass Avenue, Argonne, Illinois  60440   (1) 

Dr. Donald G. Baker, Radiobiology Department,  Zellerbach Saroni Tumor Institute,  1600 Divisadero Street, 
San Francisco, California 94115   (1) 

Dr. J. T. Brennan, Radiology Department, University of Pennsylvania, 3400 Spruce Street, Philadelphia   Pennsyl- 
vania 19104   (1) 

Brookhaven National Laboratory, Information Division, ATTN: Research Library, Upton, Long Island   New York 
11973   (2) 

Dr. J. S. Burkle, Director of Nuclear Medicine, York Hospital, York, Pennsylvania 17403   (1) 
S.  C. Bushong, Department of Radiology, Baylor University College of Medicine, Houston, Texas 77024   (1) 
University of California, Lawrence Radiation Laboratory, Library, Bldg. 50, Room 134, Berkeley    California 

94720   (1) 

Director, Radiobiology Laboratory, University of California, Davis, California 95616   (1) 
University of California, Lawrence Radiation Laboratory, Technical Information Division Library L-3, P. O. Box 

808, Livermore, California 94551   (2) 

University of California, Laboratory of Nuclear Medicine and Radiation Biology, Library, 900 Veteran Avenue, 
Los Angeles, California 90024   (1) 

Dr.  C. Jelleff Carr, Director, Life Sciences Research Office, Federation of American Societies for Experimental 
Biology,  9650 Rockville Pike, Bethesda, Maryland 20014   (1) 

Cdr. William H.  Chapman, USN(Ret.), Bio-Medical Division L-523, Lawrence Radiation Laboratory, University of 
California, P. O. Box 808, Livermore,  California 94551   (1) 

Director, Collaborative Radiological Health Laboratory,  Colorado State University, Fort Collins, Colorado 80521(1) 
Dr. L. W. Davis, Radiology Department, University of Pennsylvania, 3400 Spruce Street, Philadelphia, Pennsyl- 

vania  19104   (1) 
Professor Merril Eisenbud, New York University, Tuxedo, New York 10987   (1) 
Dr. T.  C.  Evans, Radiation Research Laboratory, College of Medicine, University of Iowa, Iowa City, Iowa 52240 (1) 

12 



OTHER (continued) 

Dr. Arnold Feldman, Institute of Radiology, School of Medicine, Washington University, 510 South Kingshighway, 
St. Louis, Missouri 63110   (1) 

Mr. Orin Gelderloos, Division of Literature, University of Michigan, Dearborn Campus, Dearborn, Michigan 48124 (1) 
General Dynamics/Fort Worth,   ATTN:  Librarian,   P. O. Box 748, Fort Worth, Texas 76101   (1) 
Gulf General Atomic Incorporated,  ATTN: Library, P. O. Box 608, San Diego, California 92112   (1) 
Dr. James E. Huff, Department of Pharmacology and Toxicology, School of Medicine and Dentistry, University of 

Rochester, 260 Crittenden Blvd. , Rochester, New York 14620   (1) 
IIT Research Institute,  ATTN: Document Library, 10 West 35th Street,  Chicago, Illinois 60616   (1) 
Johns Hopkins University, Applied Physics Laboratory, ATTN: Document Library, 8621 Georgia Avenue, Silver 

Spring, Maryland 20910   (1) 
Dr. R. F. Kallman, Department of Radiology, Stanford University, Palo Alto,  California 94305   (1) 
Dr. L. S. Kelly, Donner Laboratory, University of California at Berkeley, Berkeley, California  94720   (1) 
Dr. Robert Landolt, Bionucleonics Department, Purdue University, Lafayette, Indiana 47907   (1) 
Los Alamos Scientific Laboratory,  ATTN: Report Librarian, P. O. Box 1663, Los Alamos, New Mexico 87544   (1) 
Director, Nuclear Science Center, Louisiana State University, Baton Rouge, Louisiana 70803   (2) 
Lovelace Foundation for Medical Education and Research, Document Library, 5200 Gibson Blvd. , S.  E., 

Albuquerque, New Mexico 87108   (1) 
Dr. Ross A. McFarland, Guggenheim Professor of Aerospace Health and Safety, Harvard School of Public Health, 

665 Huntington Avenue, Boston, Massachusetts 02115   (1) 
Dr. J. I. Marcum, Rand Corporation, 1700 Main Street, Santa Monica, California 90401   (1) 
Massachusetts Institute of Technology, M.I.T. Libraries, Technical Reports, Room 14 E-210, Cambridge, Massa- 

chusetts 02139   (1) 
Dr. Charles W. Mays, Physics Group Leader, Radiobiology Division, University of Utah, Salt Lake City, Utah 

84112   (1) 
Ohio State University, Nuclear Reactor Laboratory, 1298 Kinnear Road, Columbus, Ohio 43212   (1) 
Dr. Harvey M. Patt, Laboratory of Radiobiology, University of California, San Francisco Medical Center, San 

Francisco, California 94122   (1) 
Purdue University, Nuclear Engineering Library, Lafayette, Indiana 47907   (1) 
Dr. S.M. Relchard, Director, Division of Radiobiology, Medical College of Georgia, Augusta,  Georgia 30902   (1) 
Dr. H. H. Rossi, 630 West 168th Street, New York, N. Y.   10032   (1) 
Dr. Eugene L. Saenger, Director, Radioisotope Laboratory, Cincinnati General Hospital, Cincinnati, Ohio 45229 (1) 
Sandia Corporation Library, P. O. Box 5800, Albuquerque, New Mexico 87115   (1) 
Scientific Committee on the Effects of Atomic Radiation,  ATTN: Library, United Nations Room 3267, United Nations 

Plaza, New York, N. Y.   10017   (1) 
Scope Publications, Franklin Station, P. O. Box 7407, Washington, D. C.   20004   (1) 
Texas A and M University, Radiation Biology Laboratory, Texas Engineering Experiment Station, College Station, 

Texas 77840   (2) 
Texas Nuclear Corporation,  ATTN: Director of Research, Box 9267 Allandale Station, Austin, Texas 78756   (1) 
University of Rochester, Atomic Energy Project Library, P. O. Box 287, Station 3, Rochester, New York 14620 (1) 
University of Southern California, Nuclear Physics Laboratory, University Park, Los Angeles,  California 90007  (1) 
Western Reserve University, Department of Radiology, Division of Radiation Biology, Cleveland, Ohio 44106   (1) 
Mr. Lionel Zamore, 601 Brightwater Court, Brooklyn, New York 11235   (1) 

FOREIGN 

International Atomic Energy Agency, Karntnerring 11, Vienna I.   1010, Austria   (1) 
European Atomic Energy Community, C. E. E. A., Library, 51 rue Belliard, Brussels 4, Belgium   (1) 
Dr. L.  G. Lajtha, Paterson Laboratories, Christie Hospital and Holt Radium Institute, Manchester, England   (1) 
Dr. L. F. Lamerton, Biophysics Department, Institute of Cancer Research, Surrey Branch, Belmont, Sutton, 

Surrey, England   (1) 
National Lending Library for Science and Technology, Boston Spa, Yorkshire, England   (1) 
Directorate of Medical and Health Services, FAF (Federal Armed Forces), Bonn, Ermekeilstrasse 27, West 

Germany   (1) 
Abteilung fiir Strahlenbiologie im Institut fur Biophysik der Universitat Bonn, 53 Bonn-Venusberg, Annaberger Weg 15, 

Federal Republic of Germany   (2) 
Prof,  Dr. H. Langendorff, Direktor des Radiologischen Instituts der Universitat, 78 Freiburg im Breisgau, Albert- 

strasse 23, Germany   (1) 

13 



FOREIGN   (continued) 

Priv.-Doz. Dr. O. Messerschmidt, Radiologisches Institut der Universitat, 78 Freiburg im Breisgau, Albert- 
strasse 23, Germany   (1) 

Dr. Helmut Mitschrich, Sanitatsamt der Bundeswehr, 53 Bonn-Beuel, Zingsheimstrasse 5, Germany   (2) 
Prof. Dr. F. Wachsmann, Gesellschaft fiir Strahlenforschung m.b.H., 8042 Neuherberg bei Munchen, Institut fiir 

Strahlenschutz, Ingolstadter Landstrasse 1, Munchen, Germany   (1) 
Dr. M. Feldman, Section of Cell Biology, The Weizmann Institute of Science, Rehovoth, Israel   (1) 
Dr. G. W. Barendsen, Radiobiological Institute TNO, Rijswijk, Netherlands   (1) 
Dr. L. M. van Putten, Radiobiological Institute TNO, 151 Lance Kleiweg, Rijswijk 2 H. Netherlands   (1) 
Puerto Rico Nuclear Center,  ATTN: Reading Room, College Station, Mayaguez, Puerto Rico 00708   (2) 
Dr. H. Cottier, Pathological Institut der Universitat, Bern, Switzerland   (1) 

14 



UNCLASSIFIED 
Security Classification 

DOCUMENT CONTROL DATA -R&D 

 (Secvnty  dassilication at tllle.   body of absirar! nnd irdexmg snno,aUon vmal be entered ggj  pLSS^L^Ll^^B^i. 

1.  ORIGINATING   ACTIVITY  (Corporate author) 

Armed Forces Radiobioiogy Research Institute 
Defense Nuclear Agency 
Bethesda, Maryland   20014 i  

2a.  REPORT   SECURITY   CLASSIFICATION 

UNCLASSIFIED 
2b.    GROUP 

N/A 
3.    REPORT   TITLE 

NEUTRON  EFFECTIVENESS FOR  CAUSING 
INCA PA CITATION IN MONKEYS 

4.   DESCRIPTIVE NOTES (Type of report and inclusive dates) 

5.   AUTHOR(S) fFifsf name, middle initial,  last name) 

J. W. Thorp and R. W. Young 

6-    REPOR T   D A TE 

April   1972 
aa.    CONTRACT   OR   GRANT   NO. 

b. PROJECT NO, NWER XAXM 

c Task and Subtask A 904 

d. Work Unit 07 

7a.    TOTAL   NO.   OF  PAGES 

22 
7b.   NO.   OF   RE FS 

9 
9a.   ORIGINATOR'S   REPORT   NUIvlBER(S) 

AFRRI   SR72-5 

lb.   OTHER  REPORT  NO(S) (Any other numbers  that may be assigned 
this report) 

10.   DISTRIBUTION   STATEMENT 

Approved for public release;   distribution unlimited 

11.   SUPPLEMENTARY   NOTES 12.   SPONSORING   MILITARY    ACTIVITY 

Director 
Defense Nuclear Agency 
Washington, D. C.   20305 

13.    ABSTRAC T 

Fifty-eight male monkeys (Macaca mulatta) were trained by shock avoidance 
conditioning to work a simultaneous visual discrimination problem.   Trained subjects 
were irradiated in either a nuclear reactor-produced neutron field (incident neutron 
to gamma ray ratio of about 10) or a similarly produced gamma ray field (incident 
neutron to gamma ray ratio of about 0.1).   In all exposures the midbrain dose rate 
was about 2000 rads/minute.   The midbrain dose most likely to cause early transient 
incapacitation (ETI) in 50 percent of the irradiated subjects was 2186 | 1.16 rads in 
the gamma ray field and 3215 1 1.25 rads in the neutron field;   the relative effective- 
ness of the neutron field for producing ETI was, therefore, 0.68.   The signs and 
symptoms of ETI were the same whether the monkey received gamma or neutron 

radiations. 

DD,FN0oRvMe51473 UNCLASSIFIED 
Security Classification 


