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RESEARCH AND TECHNOLOGY WOR K UNIT SUMMARY (DD Form 1498) (Page 2)

Title: (U) Analysis of Cytotoxic Reactions Project No. 3E762720A835
Produced by MUST-Water Constituents

Cel l image data is recorded in format appropriate for input to analytic
subsystem software which will perform image measurements and statistica l
ana lysis. Development of image analysis subsystem in progress.
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BODY OF REPORT

Project No. 3E762720A835 Title: Analysis of Cytotoxic Reactions
Produced by MUST-Water Constituents

Task No. 00

A computer assisted scanning light microscope for obtaining digital
cytologic images has been completed and is now in full operation at the
Department of Cellular Pathology of the AFIP. This scanner is a subsystem
of a full system for the analysis of cytotoxic redctions to noxious agents .
The complete system is under development for testing the feasibility and
sensitivit y of a cytologic assay for non-specific detection of water
impurities.

The scanner (subsystem) is currently applied to the acquisition of cel l
images from experiments with Mouse-L cells exposed to varying concentrations
of model toxicant in cell culture . Digital images of such cells are obtained
by using the scanner , which ultimately enables the recording of such cells on
nine track magnetic tape. These images will subsequently be analysed for
morphol ogic differences among cells exposed to varying concentrations and for
different amounts of time in culture.

The Mouse-L cells being scanned at this time have been exposed to
dinitropheny l hydrazine (DNPH) for periods ranging from one to four days . After
removal from culture and fi xation , the cells are stained with Feulgen and Napthol
Yellow and scanned. Included among the various cells are those which have been
exposed to culture media without toxicant. These serve as control s for compari-
son with those exposed to toxicant.

Laboratory technical personnel , having backgrounds in histotechnology and
cytotechnology , have been trai ned in the operation of the scanning subsystem.
Such individuals have been able to learn scanner usage in approximately ten
training days, during each of which instruction is given for a period of about
three hours . After such training, the individua l is capable of operating the
scanner, assisted only by occasional instruction from the Chief Operator. The
latter individua l is specially tra i ned in greater depth for trouble shooting
and system operations not absolutely required in the repertoire of those
actually scanning cells.

Further experiments are planned, including the testing of different water
samples and reducing the concentration of model toxicant against which cellular
morphol ogic reactions are assessed . At present, the principal production
activity is the scanning of cells exposed to DNPH, and thi s wi ll be followed
by the scanning of those exposed to RO Permeate concentrate. Cells from time-
concentration experiments with the latter are already availabl e in fixed and
stained form.
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Title: Analysis of Cytotoxi c Reactions rroduced L~ M1Sf -Wa ter Constituents

The principa l devel opment activity still required is the implementation
of computer software for the making of morpholociic measurements and certain
control programs for the performance of the statistics required in anal ysis
of data . The detailed statistical coniputations will he carried out usi n~ ascientific softway

~ package supplied throu gh the user ’ s group of the ‘lini-
computer ’s manufacturer. This package includes necessary statistic a l and
mathematical programs in the form of subroutines. The centro l prc ’rarns
alluded to are for selection and sequencin g statistical subroutines which
comprise the particular analysis, the input of da ta for analysis from maLi netic
tape , and the printout of results. Whil e development of this software is
taking place , cells are being scanned and the images alon g with pertinent
associated data are stored in a la bora tory s tandar d forma t on n i ne t rac k
magnetic tape. When the analytic portions of the system software are av ailable,
the cellular imaaes currentl y bein g acquired and stored on tape will be
appropriately analysed.

THE SCANNING LIGHT MI CROSCO P E SU BSYSTEM (SC A NNE R )

The scann ing subsystem consists of three i~a~ior components: 1) a .‘eiss
universal microsco pe equipped with C’.b micr on m~tori:od steppin g stage, ~ a
microdensitometer and associated anal~~ue-to-J i .:ita1 (~~‘D’ con vers i on
electron i cs , and 31 an Interdata Model ~ (Perkin Elme r ~1ata Svstems

’1, lb -hit
minicomputer equipped with magnetic disc and tape . The magnetic tape used is
nine track , industry (IBM ) compatible an d total disc capacity on two drives is
20 megabytes (~O mission characters). One electrost atic line printer/plotter
is available and two teletype terminals are used for interactive communication
with the system. Further details on the anato,r~ of this system , which has been
developed specifically for the purpose of this in~est iqa tion , are not presented
here. Such detail may be found in a previous AF IP report (1).

The operation of scanning selected cells from cultures in which they have
been exposed to model toxicants begins by placin g the glass microscope slide
on the stepping stage of the scar.lin q microscope and orienting the scanner ’s
eyepiece crosshairs on anyone of four iiiarks impressed on the slide by an
objective containing an industrial diamond . A me chanica l devi ce for making
such impressions standard in microscope slides has been designed and fabricated
in this laboratory .

Once oriented on a mark and having informed the system of the mark chosen
by teletypewriter, the operator may move about the slide while observing for
cells to scan. Such movement may he acco mplished in a variety of ways which
involve either a keyboard command on the teletypewriter or manipulation of a
joystick to which the stepping stage responds. In any case , the system keeps
constant track of l ocation with respect to the selec ted mark . Facilities are
Included which allow the random choice of cells , thus avoiding bias in the choice
of those for scanning. Since a clone is being used asa test species , all cells
are presumed equally valid candidates for assessment. Therefore, the selections

5
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Title: A ii~i)~~S1S of Cytot oxi c Reactions ~‘r~du ccd by ~t~ T-Wa ter Const ituents

made are from an un i form, biva riate distri bution over the slide area containin ~
cells . Suitable random coordinate .~eneratin~ software is in cluded in the
scanning subsystem to allow tkis method of ce l l selec tion .

Random selection need not he utilized. ~nv term of directed search , by
joystick or teletypewriter command , r~~ be utili ze d. Further , even in the
random se lec ti on of ce l l s , one exce pti on to random sel ec ti on i s made . Cel ls
in observable niito sis are not sampled . It is , therefore, more accura te to
say that , for these s tudi es , ce lls not in ~bservab le ni t o sis are randomly
selected for scann i ng .

Once a cell is chosen for sc ann ini , its lccati on i s  recorded along with
its di iita l 1~1age. In fact , a large number of associated da ta items are
recorded with ~ne image. In addition to the cell ’ s loca tion on the slide ,
such stern s as the scannin g date , the operator ’ s name , the slide identifier ,
the stains used , the cell ’ s ident itier , the cell t’,pe , the optics used
(mul~ irle i erns~ , tox icant exposure and time of exposure are recorded. Over
60 j S S C C ~~3 t CL ~ data items are currentl’~ being recorded with each cell ’ s digita l
image. Software for defining new data i tems and removing old ones is ava ilable
as rart of the utility subsystem.

Though a lar ge number of data items is maintained , onl y th ose wh i ch change
from cell to cell are updated . The others are simply recorded with each image.
Any item may be updated , but the ones which change from cell to cell must he.
The system forces such mandatory updates from cell to cell in one of two ways:
1) The operator is not allowed to proceed with the next cell unless the updated
data are entered , or ~) the system au tomat i cal l y performs the update w i thout
any requirement for input from the operator. Which method is used depends
upon the specific i tem requiring update . If the system can determine the updated
va l ue for a par ticular item , then the update is autom atic. Otherwise , the
operator mus t input the new information . After the actua l scan of any cell is
complete d , all data i tems requiring update for the next cell are erased from
the system memory . Scanning and record i ng of the next cell is not permitted in
the presence of incomplete data , so the erased items must he filled. At various
points in the processing of the next cell selected , the system will either update
an i tem automatically or the operator will be prompted to input the needed data.

In an entirely analogous manner , information which changes from slide to
slide (e.g., slide identifier , reference mark number , etc.) is erased when
orienting on a mark with new slides. This forces update of the l evel of in-
formation , since scanning in the presence of incomplete data of any level is
not permitted. Sim ilarly, information which changes from scanning session to

L 

session (e.g., date and operator ’s name) is purged when the system is logged
out after completion of a scanning shift. Update of this level of i nformation
is also forced.

Thus , a large amount of information is maintained and recorded with each
digit al image . However, the operator is concerned with maintenance of only
a small portion when passing among the cells. Errors and time are reduced ,
while information usefu l or necessary for analysis is consistently recorded .

6

_________________ ~~i. :.i~~ ::_.. ~~~~~ —.— ~~~~~~~~ ~~
—--

~
-
~— --—. —



r

T i t l e :  ‘~n~il s is  of c y to t ox i c  Re~c t i e n s  Preduced ~v ~ ~T— ~~ter 1~ons t it ut ’nt s

In add ition to date recorded in alphanum eric forma t, the s~stem requires
certain ~:raphic items best considered tra cin~s. This data takes the fUrL of
curves or po i nts , drawn ni and about the scene with joystick and crossh airs ,
con si st in e of the selec ted cell and its immediate slide neighborhood. Abso-
lu tel y required is a cl ’sed loop curve , c a l le d a scann i ng per ime ter , aroun d
the selected cell which separates it f:-oni all neighbors. Additional graphic
a nnotat i on ~f cellula r morpholoa~ is both per~u iss ih le and optional. Currentl y,
cel lu l a r a nd nuc l ear bor ders are t race d by th e opera tor . The var i ous gra phi c
annota ti ons a re used during ~h~sical scannin g and subsequent ana l y sis of the
cell. The number and nature of these tr acin g s arts alterable by using software
fa cilities built int e the systen’. The operator is prompted to complete every
required tracing for the cells in question. Any attempt to scan in the presence
of incomplete graphic da ta is rejected and , upon successful completion of any
cel l  scan , the graphic da ta is erased from system memory - provided it is also
successful l y recorded on magnetic tape. Thus the system prevents accidenta l
dupl icat ion ~f the same graphic data for different cells. If , a t the opera tor ’ s
option , the c e~ lular data is not recorded on ~‘a~m ne t ic tape , then no assoc iate d
data is purged and the cell may be repeated l y scanned without repetitious
completion cf the associated data .

For ev ery ce ll , the assoc i ate d a nd sc ann i nq da ta are f i rst recorded on
magnetic disc. This enables computer operations w h~ch make use of direc t data
ac c ess , as di stinct from the sequential access typical of magnetic tape operations.
When both associated and scanning data are completed on disc , the scanning sub-
system transfers i t , in appropriate format for future anahsis , to magnetic tape .
This process assures tha t all da ta required to 1) read the magnetic tape ’s
information back to disc , ~ ana l yse the cellular iina~e, and 3) display results
appropri atel~ identified as belonging to a particular cell is recorded . Similarly
assured is an iriaoe da ta forma t which facilitat e s computerized examination of
the cell picture.

Wh ile the cell is being scanned , the da ta obtaine d is p laced on magnet ic
disc in a manner which breaks the picture into rectangular sections , each of
which consists of a partial di gita l image having dimensions 16 by 16 pixels.
The image is subsequently recorded on tape in sequential , section oriented
format. When read back onto disc at analysis time , the d igita l image w i ll be
transferred in this sectiona l form and require no additional sort to achieve
this arrangement. Thus, though physical scanning provides image data in scan
line order , the system sorts each image point value into the proper image section
during scanning. Once in this form, the image is ma i nta i ned as such on both
disc and tape. The data is transferred between tape and disc, when necessary ,
but no rearrangement is required . Such reformating wou d require additiona l
time on any occasion a cell’ s image is transferred between disc and tape. Since
such transfers are performed at analysis time , unnecessary repet itions of scan
line to section sort are avoided by performing this operation once at time of
scan. The scanning time per cell is increased , but the price is paid only once .
Subsequent utilization of any digita l image requires no sorting of this type.
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Title: Analysis of Cytotoxic Reactions Produced by MUST-Wa ter Constituents

If it is desired to scan a particular cell(s) using filtered light in
different passbands , up to five spectrally distinct image versions of the same
cell may be recorded with the same set of associated data items . This cap-
ability permits assessment of various staining techniques at different wave
lengths of visible transi llumination . For each spectrally different version
required , the p~’sical scan must be repeated . It is not , however , necessary
to repeat either the required tracing or enter any updates to alphanumeric
data . If multiple images are desired , the system can be informed and the
operator is both prompted and required to scan the appropriate number of
times, chan ging filters appropriately (as prompted) prior to each scan.

CURRE NT DATA ACQUISITION

The scanning subsystem is dedicated lOOfl to the acquisition of data
testing the feasibility of a cytotoxicity assay for water purity . At this
writing, the scanning of Mouse-L cells (clone 939) exposed to varying
concentrations of Dinitropheny lhydrazine (DNPH) is being performed. The cells
are exposed to toxicant on 1 x 2 cm glass coverslips for differing an ounts of
time in culture . When a coverslip containing test cells is removed from
culture , it is immediately fixed in ethyl alcohol and subsequently stained.
For current DNPH experiments , the Feul gen nuc l ear reaction is being used with a
Napthol Yellow counterstain.

The Feu l gen staining reaction is used for the stoichiometric coloration
of DNA and renders the cell nuclei a magenta color which absorbs light at a
peak wave l ength of approximately 560 nanometers. Similarly, Napthol Yellow
stains protein and absorbs at a peak of approximately 435 nanometers . Although
the scanner permits the digitizing of multiple image versions for each cell ,
only a single image at 560 nanometers is being recorded for initial experiments .

The grey scale being used is deri ved from optical density . For each pixel
(picture element) in the di gital cell image , the datum recorded is 100 x OD
where OD is the optical density of the point measured . Such optical densities
range, in practice , between 0.00 and 1.80 so the data recorded lie in the
range 0 to 180. For Feulgen and Napthol Yellow stai ned Mouse-L cells, blank
slide and coverslip are calibrated (near every cell scanned) to 0 grey value .
Under these calibration conditions , cytoplasm measures in the range of 3 — 12
grey value unit s and nucleoplasm varies between approximately 23 and 50 grey
va l ue units. Thus , the Feulgen and Napthol Yellow stains give sufficient nucleo-
cytoplasmic contrast for utility in subsequently intended image analysis - which
will require approximately 5 grey value units of contrast to assure distinction
between two cellular regions on the basis of grey level . Generally, grey va l ues
are measurable to +/~ 2 units reproducible. A contrast of 5 units, therefore,
gives sufficient margin for variations in staining. In actua l experience , the
Feulgen and Napthol Yellow staining reactions give ntcleocytop lasmic contrast
of 10 or more units.

Cells currently being scanned are exposed to DNPH for 1 , 2, 3, or 4 days
against concentrations of 0.0, 0.10, 0.32, 1.00, 3.20 and 10.00 milli grams
per liter. Thus , for each duration of exposure in culture and each concentration
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lit 1 t ’ : An a ly s is  o I Cytot ox Ic I~t’ac t I oti s Produced by MUST—Water 1on~ t i tuents

there is a t least one covers l ip ( frequent] v rep lic a t c~ ) con ta in i ng a population
of cel ls  similar ly exposed . ror the exper iment  descri bed , there are 24 suc h
populations from which 2~ cells are randomly selected for image capture . Thus ,
a tota l of 600 cell images must be captured for the one experiment. Similar
exper iments using other mode l toxicants are planned. lurther , if cytolo gic
int ox i c ation can be detected by quantitatively measur able morpholo gic alterations ,
experiments w ith DNPH in l ower concentrations and for shorter culture times wil l
be conducted. The objective of such reduction of exposure time and toxicant
concentration is the determination of practica l sensitivity limits in the sense
of both duration and intensity of exposure to noxious agents. In a l l  cases ,
acute tox icity assessment is the goal.

As cells are scanned , the corresponding images are recorded on nine track ,
i ndustry compatible magnetic tape . The forma t utilized has been deve l oped at
th is labora tory for the data bankin g of cell images . The data are arranged
in such a manner that pertinent associated information is recorded with each
image. In particular , the cel l  identifier , the t ime of exposure in culture ,
the concentrat ion and nature of tox i cant (s )  $ the staining reactions emp loyed
the light microscopic o pt ica l  parameters regarding magni fi cation and resol Ut ion ,
and the spa t ial resolution at which the physical scanning of the cell  is actually
carried out are among the data recorded. In all, over 60 associated items are
recorded with each ce l l  image. The scanning subsystem permits expansion of
these as required.

Certa in graphic annotations are interactively generated and stored among
the associated data for each ce l l .  Speci f ical ly ,  three tracings are performed
by the scan operator i n  the course of scan. A perimeter is traced about the
cell to separate it front its neighbors . Univ the i nter i or of such a perimeter
is included in the acquired digita l cell image . Therefore , each cell image
captured i s  cleaned (edi ted ) to free it from unwanted detail . Also traced are
the cel lula r and nuclea r borders . These tracin gs are recorded for use during
ana l y s is  of the image . Such tracings are made using a joyst ick and the micro-
scope ’ s eyepiece cross ha irs . By joy st ick manipulation the operator (via motori zed
stage ) can track the crossh alr intersection through any desired path. The
traj ectory of this path is memorized and recorded w ith the rest of the image data .

Not al l  data changes front cell to cell during scan ning for a given experiment .
Only such da ta items wh i c h  require update front cel l to ce l l  are actually altered
between scans . This upda te, where necessary , i s  c a r r i e d  out by either the
operator or auto ma t ical ly by the sys tem — depending upon the nature of the data
item. Generally, if the system can know the va lue for an updatable Item , then
the  operator ’ s Input is not required and the update is perfo rmed automat ically.
An example of this Is cell location on the slide . The scanner always ma intains
the co-ordinates of any current location by continuously altering appropriate
Indicators during movement of the slide. It is , therefore, not necessary for
the operator to supply (or even know) such information .

The size of cell being scanned .the data forma t used for recording on
magnetic tape and the amount of associated data recorded for each image are such
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that approximately 750 cells may be recorded on each 2400 foot reel of
magnetic tape. Assuming continued experiments of approxima tely 25 different
cell populations (by toxicant concentration and duration of exposure in
culture ) and scanning of 25-30 cells per population (coverslip), one reel of
magnetic tape shall contain the cells from each complete experiment.

The acquisition of cell images occupies 4 hours of each laboratory working
day. During the remaining 4 hours of the norma l duty shift and any additional
time required , the minicomputer system is used for the development of programs
performing the extraction of quantitative morphologic measurements (features)
from the cell images which have been recorded. When these programs have been
prepared (preparation now in progress), they will be run using the mass of
scanned cells as input. Statistical analysis of resulting feature data will
be based upon usage of a scientific subroutine libra ry obtained from the user ’s
group of the minicomputer manufacturer. When such software is ready, no
scanning will be performed on days it is run. Such analytic runs on previousl y
captured images will occupy 100% of the minicomputer resovrces until successful
run completio’i.

Additiona l tests will be performed using RO Permeate concentra te in place
of DNPH . Preliminary qualitative results by both light and scanning elec tron
microscopy indicate that RO Permeate causes morphologic alterations in Mouse-L
cells which are at least as severe as DNPH effects.

TECHNICAL PROBLEMS

Durino the reporting period , various problems have arisen. Some have
been solved and others are in the process of being solved . None of the technica l
considerations discussed below interfere with scanning of cells. Principall y
effected are scanning rate and data security.

Initially, an attempt to calibra te the microdensitometer at a single
position over clear microscope slide was made. At such a position , the
microdensitometer is adjusted to register 100% transmission , which is a grey
val ue of 0. It was subsequently learned that an apparently clear slide can
vary between 93% and 100% of the transmission at the selected calibration
position. Such variation in slide background is unacceptable , so the micro-
densitometer has to be calibrated in the neighborhood of every cell selected
for scanning . This calibration is performed in a clear slide area several
microns from the cell edge . The necessity to perform this adjustment results
in a slowing of cell acquisition rate. However, too wide a variation in light
absorbence contributed by the glass slide and covers lip will compl icate cell
to cel l compar isons among those from the same sl ide - not to mention cel l s
from different slides. Calibration is, therefore, performed near eac h selec ted
cell with any required filters in the li9ht path . The scanning software
provides support for such functions as 1) recording the calibration location ,
2) allowing for trinining the settings between scans for spectrally distinct
images and 3) calibration at the same slide position after remounting the slide.
This software support compensates partially for the additional time required
to calibrate next to every selected cell.
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Another problem which has presented itself concerns the use of filters .
It is convenient for the opera tor to remove filters from the light path when
~earching for cells or performing tracing annotation once a cell is selected.
This allows visualization in wh i te light. The interference filter used exerts
a prismatic effect on the light beam , resulting in loss of calibrat ion when
re-inserted . This is corrected by assuring repositioning identical to that
when calibration is performed . The problem has been solved by machinin g a meta lic
ring i nto which the round filter is fitted . This ring, in turn , can be positioned
in only one way into the corresponding filter holder on the microscope . The
filter holder is hinged and may be swung into the light path as required .
The ring and filter fit snuggly and do not m ove during the procedure. Calibration
is not lost by removing and replacing the filter.

Many of the Mouse-I cells found in the culture preparations are extremely
dendritic or fusiforni in shape . Performing a rectangular scan throughout a
framing rectangle results in much motion over slide area that contains no
cell. The subroutine (program) which performs scanning at present is already
quite complex , since both the meander scanning pattern and proper sectional
sortin g of the scan da ta must be carried out in one pass over the cel l .  How-
ever, the physical scan can be shortened by severa l minutes by modifications
to the software which 1) confine both motion and data taking to those points
directly over the cell , regardless of how irregular the shape and 2) concurrent
performance of sectional sorting (includes di sc l/0)and data taking. The
modifications required have been determined and wil l  be implemented in the
near future. A reduction in physical scan time of approximately 30% for highly
fusiform or dendritic cells is anticipated .

Several utility programs are needed to enable the Chief Operator to
control the da ta acquisition process. The vo lume of data being collected is
large and it is necessary to both protect that previously acquired and provide
an easy inventory of cell images on any magnetic tape reel . Currently under
development are two short programs to accomplish these tasks. One will perform
dupl i cation of all or part of any tape reel. By means of duplication , protectton
of previously acquired data on any tape reel is achieved . Should a part icular
operator accidentally destroy the utility of the tape reel to which new cell
images are be ing added , the backup reel can be used to provide another duplicate .
This is particularly important when at the end of a tape reel with many images.
The potential loss of, say, 600 images , representing many hours of scanning,
must be avoided .

The second short program will provide utility listing (inventory) of the
contents on any tape reel. All or part of the reel may be listed and some
selection of wha t data is to be listed is permitted . It has been discovered
during operations to date that , for various operationa l reasons, listing of
the da ta on tape is either required or convenient. Further, the particular
items for which it is desirable to have printout , frequently vary with the
situation. Hence , a program to provide flexible inventory listing of
acquired data is being developed.

In order to keep system costs low , pre-existing equipment is heavily
relied upon in the development and operation of this system. The scanner
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is slow in comparison to other conuiercially available imaging devices, but
fast enough to acquire the data for this project. The resulting data volume
i~s large. It is Imperative that, coninensurate with the volume of data , its
quality also be high . Otherwise, the time and effort taken to acquire the
data are wasted. Hence, the strategy employed in this laboratory is , when-
ever data quality is at stake, time must be taken to assure it. This is the
case with software for the protection and enumeration of previously scanned
cells.

Relatively minor operationa l inconveniences in the scanning subsystem
arise from time to time. These are corrected on a priori ty basis as time permits.
These technica l problems are generally of such nature that scanning is not
impeded by their presence, but the process would be either simplified or more
conveniently performed by system modifi cation removing the difficulty.
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23. (U) To determine the wholesomeness for human consumption of radiation sterilized
meat by studying the pathologic effects, if any . of feeding dogs , rats and m ice
irradiated meat. Preservation of food is vita l to military operations .

24. (U) The U. S. Army is conducting contractual studies on the wholesomeness for
human consumption of radiation sterilized meat. Pathological results obtained front
experimenta l animals will be statistically analyzed and submitted together with other
experimental data to the FDA and U SDA to establish a regulation permitting unlimited
consumption of radiation sterilized meat. The AF IP serves as monitor and reviewer of
the pathologic find i ngs in the contractor ’s experimental and control animals.

25. (U) 7610-7709. Two site visits to contractors’ laboratories , one each to Indus-
trial Bio-Test, Inc., Northbrook. IL and Research 900, Ralston Purina Co., St. Louis.
were made durin g the year. No pathology specimens have been received at the AFIP from
the newly initiated chicken study conducted by Research 900 but the necropsy proced-
ures used by their patholo gist have been reviewed . All anima l feedi ng studies on the
beef study conducted by Industrial Blo-Test have been completed and 1 ,839 cases have
been submitted to the AFIP for review. From a diagnostic standpoint all pathology
studies conducted by Blo-Test’s pathologists have been satisfactory as there were only
minor differences in interpretation from those of the reviewing pathologists at the
AF IP. However, some discrepancies have been noted in Bio-Test pathology data result in g
from errors in the computer transcription of diagnoses and some variations in th ! num-
ber of tissues availabl e for microsco pic study have been noted . Als o , blocks were not
received by AFIP front Bio-Test on some of the required cases.
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Task ~c’. ~ Irrci J i~~cd Meats

The need for fresh m eat to meet the di et a rv  requ i rer ents of 1 ar~e
nuribers of troops in isolated areas where lcd s t ie s  ~c not peri’:i t t he use of
refr igerat ion requi res the develop ment of a new preserv at ion and steril I :ation
method for meat produc ts. Preservati on by rad i a ti on t. f fe rs a prac t I ca l ear is
of overco minc these 1 oqistica 1 problems while nma intai ni rc the whol CSOf l~O LUlL

orcianoleptic properties of fresh meat.

The AF IP serves as I lonitor and reviewer for the I.. S. Army of patholog ic
findings in experi menta l and control ani mals u t i l i zed in the present tin y
now under contract  w i t h  the Industr ial Fio -Test  Laboratories , Northbrook , IL ,
and Research 900 , Ra l ston Pur in a  Company . St. Lou is * MO.

All lesions stu !ied to date in animals from the beef study are ~ep resen ta-
tive of the spectrum of spontaneous diseases normall y o\pected in a large
group of laboratory animals. The leadi ng causes of death from spontaneous
diseases in rats have been chronic respiratory disease and prooressive renal
d isease (glomerulonephrosis) ; however , a wide spectru m of lesions has been
observed . Likewise diseases of the respiratory system and urinary tract are
most frequently the cause of spontaneous deaths in mice. The pathology studies
of the beef project are now centered on the older ani ra ls and , as ex pec ted ,
neopl asms are be inc diagnosed with increasing frequency . Numerous mannuary
tumors and pituitar y adenomas, together with a variet y of other neoplasms, have
occurre d i n t~e rats . The pa tholo gy stu d ies in  mice to date have been per-
formed on the younger animals ,an d a l i m i t e d  number of neoplasnis have been
stud i ed ,althou qh several l ymphoreticul ar neoplasms have been diagnosed .
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23. (Li ) Computer simulation of the kinematics of occupants in selec ted aircraft acc i-
dents in order to recreate the sequences of injuries and to determine their specific
cause(s). This will lead to an increased understanding of the pathogenesis of such
injuries and lead to more effective mear~ of preventing them. Examine feasibility of
running concurrently the KRASH vehicle impact simulation code so as to enhance the
realism of occupant-vehicle interaction .

24. (U) Operate the CAISPAN three-dimensiona l program as a model using selected Aero-
space Pathology Division cases as sources of input data . Correlate the actual
injuries observed at autopsy with the injuries predicted from the occupant kinematics
of the computer simulation . Use the optimal output features of the CALSPAN code ,
using subroutines to calculate injury severity indices and time points of maximum
injury .

25. (U) 7610-7709. Five additional cases of accidents involving UH1H helicopters
have been successfully simulated . The range of decelerative pulses at impact has
been extended to include inverted attitudes. Simulations have also been run involv-
m a  ground impact of individuals involved with out-of-envelope ejection system
failures. The body of the report amplifies these considerations.
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Project No. 3A76275~~8l9 Title: Dynamics of Aircraft Accident Victims :
Computer Simulation

Task No. 00

The previously updated and validated version of the CALSPAN three-
dimensiona l model has been applied to an increasingly complex series of
impact situations . The “restart ’ feature of the program has allowed us to
investiga te time pulses of between 500 and 1000 msec . without excessive and
other integration parameters . Further economies in this regard are expected
when the latest received version (Version 17) of the program is implemented.
The new integrator of this version wIll reduce CPU running time by a factor
of 60 to 70 percent.

The additional cases subjected to simulation have shown a generall y
excellent correlation between actual injuries observed and the injury patterns
predicted by the simulation. Even in those cases where there is moderate to
severe cabin deformation It is apparent tha t mo st , i f  not a l l , of the lethal
injuries are inflicted in the very early stages of the crash sequence. Never-
theless , exact correlation of predicted and occurring injuries wil l  necessitate
a routine that Incorporates sequential daformatlon of the program ’ s veh ic le
panel assemblies. One way to obtain this result is the concurrent operation
of a program which would predict the structural deformation of a UH-1H helicopter ,
or other vehi cles , in the crash environment.

During the year there has been continual comun catlon with the U. S. Army
Aeromedica l Laboratory. Ft. Rucker, Ala bama , in an effort to obtain factua l data
upon which to base simulation attempt.

Acc idents Invol v ing fatalities caused by ejection seat malfunctions or
out-of-envelope escape attempts are another area to which operation of the
program has been extended. Investigations have Invol ved varying degrees of
man-seat separation , rolling and tumbling after ground strike, interference
with seat operation by parachute riser entanglement and rebound of the occupant
into the air with subsequent fatal injury on restriking the ground.

Problem areas that have been identified in using the program during the
past year include (1) failure of the integration routine during multiple
contacts. Prevention of this requi res uneconomically short step times. The
new Integrator In Version 17 wil l alleviate this shortcoming; (2) simulation
runs of 300 and more msec. produce output that is difficult to store and
organize. A microfiche system of data output storage, although not entirely
satisfactory, will be tested; (3) the output routines developing the pictoral
representation of the crash victims are limited to an area of presentation
about the inertial origin. Although satisfactory for vehicle simulation ,
ejection accidents cover a larger physical distance . The relevant “print -plot”
routines may be modified to remedy this shortcoming.
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