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COVER 
A cow by committee? In a way, yes. T h e  

men on the cover either designed it, made 
it, or are using it now for testing the 
electronics for a livestock identification 
system described in the article beginning 
page. 20. 

From left to right on the cover: A1 
Koelle, E-3, Ron Bobbett, E-3, Paul Mar- 
tinez, E-2, who helped build the “cow 
cart,” Gerald Martinez, E-2, who drew 
the design, Jeremy Landt, E-DOR, Dale 
Holm, H-6, and Paul Salazar, E-2, who 
cut the Styrofoam. Recording the cow and 
the committee for the coyer was Johnnie 
Martinez, ISD-1. 



Z e n  t h e  I m d  said unlo .Moses, Belzold, I will rain bread from 
heauen /or you; and the people shall go out and gather a certain rate 
(ee-uery day, thal m a y  pmue them, rulielher lhey r i d 1  walk in my law, 

And when lhe  dew that lay zous gone up, behold, upon the face o\ 
the wilderrreu llzere lny a small round thing, as small as the hoar lrost 
on the ground. 

A n d  when, Ihe children o/ Israel saw i l ,  they said 10 one another, I t  
is manna; lor lhey wist not zuhal i t  was. And Moses said unlo lhem, 
This is the b r a d  which ihe I m - d  hath gi-uen y o u  to eat. 

from Exodus, Chapter 16 

O r n o  . . . 



Since  this dramatic episode, 
which may have occurred about 
1200 BC and is believed to have 
been first recorded in writing some 
300 years later, scholars have been 
intrigued by manna. Some believe 
manna might have been coriander 
seeds, others a type of lichen com- 
mon in African and Arabian 
deserts. 

However, what manna may have 
been is not so important as what 
the Pentateuchal account repre- 
sents: man’s age-old dream of a 
miraculously provided food so per- 
fect that it would satisfy all human 
needs. 

If the yearning for manna was 
strong 3 millenia ago, it is even 
stronger today. The spectre of 
starvation stalks millions of the 
worlds mounting population. The 
high hopes placed on the Green 
Revolution, which seemed so prom- 
ising i n  the ’GO’S ,  are fading as 
mounting costs of petroleum, the 
basis of modern fertilizers essential 
to the Green Revolution, threaten 
to make fertilizers unavailable to 
poorer nations. 

Man needs a modern manna. T h e  
call for science to respond was aptly 
put this year by James Kendrick, 
Jr., University of California vice 
president for agricultural sciences, 
as he spoke during the 100th an- 
niversary celebration of the Univer- 
sity’s Agricultural Experiment Sta- 
tion at Berkeley: 

One hundred years ago, greater 
agriculttiral production was a 
pressing need for our rapidly grow- 
ing society, and farmers needed the 
help of science to achieve it. Now,  
as we face the next  100 years, we 
have that same pressing need for 
Production . . . and the help of 
.science is needed more than it was 
before . . . 

Major limits to  production 
growth for the rest of this century 
will not be physical, bu t  man’s abil- 
i t y  to discover new knowledge . . . 

T h e  time has come for more re- 
sources to go into nutrition re- 
search, new food technology, and 
ways t o  increase productivity per 
acre. We need to explore ways of 
capitalizing on  photosynthesis and 

making better use of the sun’s 
energy. . . 

Answering this appeal in a variety 
of innovative ways is an interdiscip- 
linary group of scientists and tech- 
nicians at the Los Alamos Scientific 
Laboratory who have made signifi- 
cant advances in this area and are 
confident they will soon demon- 
strate that their solution is a viable 
one in the field. They believe they 
have touched on modern manna. 
Interestingly, it  would turn out LO 
be one of earth’s oldest, most prim- 
itive yet most efficient life forms: 
algae. 

Ubiquitous Photosynthesizers 
Algac exist everywhere in thou- 

sands of varieties. While resembling 
bacteria, some of which can photo- 
synthesize, algae have cell walls and 
are far more efficient photosynthe- 
sizing organisms. Some algae grow 
in colonies, resembling plants. Best 
known of these are the sea kelps, 
some of which can attain lengths of 
several hundred feet. However, 
algae such as these differ from true 
plants in not having root, circula- 
tory, and other complex transport 
systems. Each cell is sclf-sufficient; 
break a piece of sea kelp off and it 
will retain its  viability. 

Algae are gcnerally, if not en- 
tirely satisfactorily, classified by 
color: green, blue-green, red, and 
brown. However, regardless of cam- 
ouflaging pigmentation, all contain 
green chlorophyll for photosyn- 
thesis. 

Algae may be found wherever 
there is water, or even moisture: in 
the ocean (where they are a major 
constituent of plankton), lakes, 
rivers, streams, ponds, hot springs 
with a high mineral content, and 
short-lived rain puddles. They may 
be found living on the ground or 
beneath the earth’s surfaces, on the 
bark of trees, on rocks, and even 
within the bodies of higher plants 
and animals. 

Primitive as algae may seem, most 
are highly efficient photosynthesiz- 
ers (more so than plants), utilizing 
light energy (greater than 10% 
conversion efficiency) , carbon diox- 
ide from the air, and hydrogen from 

water to synthesize proteins, carbo- 
hydrates (starches and sugars), and 
lipids (fats). A few strains, of special 
interest to researchers, rapidly 
metabolize molecular nitrogen from 
the air to proteins and other ni- 
trogen-containing biomolecules. I n  
addition to nitrogen, algae require 
inorganic phosphorus (usually from 
phosphates) and micro quantities of 
certain metals to grow. T h e  trace 
metals appear in the algae along 
with essential vitamins necessary 
for balanced human nutrition. 

And algae grow rapidly. A few 
cells in a pond, under optimum 
conditions, can reproduce to cover 
the pond with thick scum in but a 
few hours. Exceptionally fast grow- 
ing varieties have cell-generation 
times of from 2 to 3 hours: a single 
cell splitting at this rate could pro- 
duce algae covering the earth with- 
in a very short time. Obviously, 
there are limiting factors. 

Some types of algae have been 
used as a food source for centuries. 
A few primitive tribes have gather- 
ed algae for food. I n  the Orient, sea 
kelp is today used in a few areas, 
and, in the Western world, dried 
and powdered sea kelp is sometimes 
used as a dietary supplement. One 
form of algae, when mixed and sea- 
soned with other foods, is consid- 
ered an exotic delicacy in isolated 
Asian areas. A species of blue-green 
algae, dried and powdered, is avail- 
able now in health stores, but in 
small amounts at high prices. Some 
survival manuals contain instruc- 
tions for making pond-scum into an 
edible broth. 

But except in these minor ways, 
the immcnse nutritional potential 
of algae has not been utilized as a 
primary food source by humans. 
Why it has not can be readily sur- 
mised. Some species are toxic, some 
(but far from all) merely are difi- 
cult to digest or just plain taste bad. 
Algae is simply not in the cultural 
eating patterns of most of the hu- 
man race. 

This being so, there has been no 
incentive for farmers to grow algae, 
especially during a fast-receding era 
when traditional foods were abun- 
dant and cheap. 
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Understanding the life cycle of algae 
helps scientists delermine opt imum 
times lor haruesling, among other 
things. Algue harvested helore dawn, 
for instance, would be deficient in 
certain nwtrients. Following a quies- 
cent fieriod at nighl, cnlgae start their 
growth arid reproduct ion cycles to- 
gether; t ime when pref2onderance ol  
cells will be nt lhe same stage can De 
predicled and the algae can be har- 
uestecl accordingly lor highest content 
01 desired nutrimen,ts. 

?’he negantiws lor these flhotos were 
nlutle with a n  elect?-on microscope at 
3,400 lo 4,700 magnification b y  KeEf 
Price, visiting stag member lrorn Utah 
State lini-oersity, while inuestigating 
cell cycles and  other algal cell char- 
acteristics at Group H-11. 

Severill times during the day. Daughter cells have now 
iornicd ;d arc scpxating within the parent cell. As 
many iis I G  new cclls may forin. Following the dissolu- 
tioii oi the cell wall, visiblr a‘; a fairit linc surround- 
ing thr cluster, thc iicw cclls will bccomc separate 
enti tics. 

AI tcr s l i m e  t, i~liotosynthcsi/iiiS and reproduction 
stoils ant1 tlic tell begins to dr,rw on i t 5  food rescrve. 
Nthough Jgae  clo not require a rcbt period as do 
marly higher loirns 01 lifc, providing artificial light 
a1 night to maintain tIic cycle docs not pcsently ap- 
pear t ost efrcctivc. 
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Rut with the impending world cient aquaculture facility, based on major nutritional source, are more 
the technology applied at LASL, efficient than mammals in convert- 
could produce algae at 3 to 15 cents ing feed to food and could be raised 
per pound for energy, materials, in large “fish farms” rather than 

Among those who believe that and labor. To this, economists harvested in their natural habitat. 
things not just may, but will would add amounts for overhead As if algae’s potential as a food 
change is Victor Kollman, H-11 and profit. Even if the end produc- were not enough, algae can-and 
(Orga11ic and Biochemical SYn- tion cost turned out to be ‘2 or 3 in some cases are-being used for 
thesis), one of the principal investi- times the basic cost, and then mid- water purification in sewage dis- 
@tors in an interdisciplinary dleman costs were added, algae posal systems (it might conceiv- 
group conducting Photo5Ynthesis would remain a low-cost source of ably be employed to remove min- 
research and developing technology 1iigl1-quality protein. erals from whole bodies of water 
for the viable Production of algae The  growing of algae by aquacul- such as the Colorado River), as a 
as food. ture is environmentally attractive, soil fertilizer and conditioner, and 

According to Kollman, the most sunlight being the prime energy in some specialized industrial uses. 
quantitatively Productive food crop sour~e.  A closed-eiivironment tech- Most intriguing is the possibilty of 
grown today is sugar cane, which nology woiilc1 coiiseive heat as well using algae as an energy source. 
can produce about 4 tons of usable as admit light for the photosyn- Some strains, cultured under an- 
material per acre of arable land Per thetic process. One scheme calls for aerobic (oxygen-deficient) condi- 
year with modern intensive meth- utiliAng otherwise wasted stack tions, can produce hydrogen. 

Based on repeated laboratory gasses from nearby power plants; The production levels possible 
results at the LOS Alamos Scientific these would provide carbon diox- with the mass culture of algae are 
Laboratory with certain green and ide, a portion of the oxides of ni- incomprehensible to the lay person 
blue-green algae, an acre of land, trogen for protein, and heat. If cer- in the same way that the distance of 
not necessarily suitable for COnven- tain nitrogen-fixing strains were a light year and the hundreds of bil- 
tional agriculture, but dedicated to grown, no petroleum-based fer- lions of dollars in a federal budget 
growing algae in tanks of Water- tilizers would be necessary for rapid are. The  Utopian science-fiction 
the technology is called aquacul- overtones to it all makes it difficult 
tL1re-might Produce Over 700 tons Algae can be grown anywhere for many to accept and support the 
of food (dry weight) Per Year, under under controlled conditions, but idea. What is needed is a physical 
optimum conditions. In  theory, an since growth is dependent upon facility actually growing algae so 
area the size of Rho& Island could sunlight and heat, the growing of that people can get a feel for it 
feed man)’ times the world’s present algae would be especially attractive firsthand. 
population. to tropic and subtropic areas with From Science Fiction to Reality 

Protein, the “building blocks” of abundant sunlight. These, in gen- Fortunately, the members of the 
the body, is a key index of nutri- eral, are areas most in need of both Four Corners Regional Commission 
tional value in foods. Animal pro- improved food sources and new (FCRC) did not find the concept 
tein is the most expensive of nutri- industry. mind-boggling, but rather worth 
ments, being derived at the end of Clean water is no necessity; algae developing as a new industry for 
complex food chains in livestock, can be grown in salt, niineral-laden, the states of the Four Corners-New 
poultry, and dairy products. High- or polluted water and, in fact, these Mexico, Arizona, Utah, and Colo- quality green-plant protein is found substances can contribute to rado. Construction of a pilot plant 
in small to moderate amounts in growth. is now in progress at Los Lunas, 
many grains, in larger amounts in Although protein is the nutri- New Mexico-the first such facility 
some conlmon varieties of beaW ment of greatest interest, algae are in the United States. Completion 
and in a relatively high amount more than protein providers, con- is anticipated in late December. 
(about 30 per cent) in soybeans. taining carbohydrates, lipids, and ‘rhe plant is being built as a col- 
I’roduction of plant protein is less vitamins and minerals of impor- laborative effort between the State 
complex and more Cost effective. tance. Further, genetic and environ- of New Mexico, LASL staff, and 

Green and blue-green strains of mental manipulation has been used private enterprise, with funding by 
algae of interest can produce a by LASL scientists to alter the the FCRC. The  building contrac- 
higher percentage of protein than proportions of these constituents tor is TA/CO Industries, headed by 
any of these sources: 55-60 per cent, considerably. former Los Alamos teacher, Leon 
or about 3 times the protein con- Algae’s first widespread applica- Cooper. Taking an active interest in 
tent of beef, almost twice that of tion in the United States is likely to the project and involved in its plan- 
soybeans. An acre used to VOW be as a feed for livestock, where it ning and administration are Leo 
algae might produce the protein would free acreage now devoted to Murphy, personal representative of 
equivalent to 2,000 tons of beef Or growing grain for animals to pro- New Mexico Governor Jerry Ape- 
1,000 tons of soybeans.. (luting food for humans. Tilapia, daca to the Four Corners Regional 

food crisis, all this may change. 

A Problem in Credibility 

growth. 

Kollman estimates that an effi- fish which consume algae as their (Continued on page 6) 
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You would get the same amount of 
protein from ihc 114 grams (!h pound) 
of htrtnburgei. tit the lefi on the scales 
in the photo above as YOU would 
from ihc 37 grams (1/12 pound) of 
groen algae bcing measurec.l out on 
the right by Victor Kollman, 1-1-1 1.  The 
hamburger ccmt'ains about 18 per cent 
protein while the algae corii'aiiis 55 
per cent protein. A huusewile would 
have io  buy only Yi cxs much algtrc: for 
an equal amount of protein. If hain- 
burger and algae were to cost h c  
same per poiJiid, she would save 36 
of her meat.protein budget. 

While the weight of the groen 
algae, for ail equal amount of pro- 
tcin, is % less than for harnburger, 
iho bulk of the algae is substanticrlly 
greater becauso in this form i t  is dried, 
flaky, and stmr?whtrt Rufly, wl-icreas 
hamburger i:; moist and compacted. 

A Cruiring Taste Test 
After the above photogrciphy was 

coiripleted, ATOM Eiditor Jack Nelson, 
ISD-1, posed ior the "dining on algae:' 
photo abovc: right. After ihe shot was 
ta kori, Nelson screwed up his cour- 
age and cx:tucilly ate ihe algae on 
hi:; fork. 

"My l i rs i  impression was that I had 
eaten a mouthful of flufl and that 
algao has no tasto a i  all," Nelson 
reports. "As, it moisiened and cotn- 
p(ictc?d, the algae became a slighily 
sticky, chewy lump and began to tasie 
u little like mild Atiiorican cheese. 
Some second:; later, it began to taste 
fairilly bitter. As I learned later, this 
was because enzymcs in my saliva 
hac1 beguii the digestive process. 

"I wouldn't say I'd rush out to buy 
a balch of algae to feast on, but at 
no litne did I ,firid Ihe iaste nnpleasan?. 
I ihink I C O L J I ~  even grow 10 like the 
StlJf% when mixed with other foods 
arid with CI little seasoning. Vic (Koll- 
man) says that the foot-processing 

industry can easily alter the flavor to 
just aboui anything desired, or to no 
flavor at all. 

"Some mitiuies afier swallowing it, 
I experienced a little heartburn. Vic 
explained this was because my diges- 
tive system was unaccustomed to 
handling the chlorophyll and cellulose 
in the raw algae. Cooking would 
have eliminated the problem. 

"He then added that I had just eaten 
about $1000 worth of algcre (my most 
expensive meal yet) and that really 
escalared my heartburn. Of course, 
Vic's cost:; were based on all the re- 
search investment behind it. Algae 
like it would probably cost less than 15 
ccnis a pound to produce on (1 com- 
mercial basis. 

"I decided that i f  the General Ac- 
couniing ORce questions me about 
Ihe missing algae, 1/11 ask them to wait 
and 1'11 replace the algae later rather 
thwn reimburse them in cash now." 
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The algae pilot plant at Los Lunas, as shown by this preliminary sketch, will have plastic-covered 
growing tanks (A), solar heating collectors (6)‘ solar cooling pond (C), and laboratory (D). An 
atmosphere rich in carbon dioxide will be circulated through vents at the base of the laboratory 
wall. 

Commission, Herman Grace, direc- 
tor of the Division of Human Re- 
sources, Office o€ the Governor, and 
Dwight Walker, project coordina- 
tor. T h e  Los Lunas site is in prox- 
imity to the New Mexico State Uni- 
versity Agricultural Experiment 
station, which will provide techni- 
cal assistance. Waste gas from the 
burning of natural gas in a steam 
generator at the station will be 
scrubbed and tested as a carbon 
dioxide source. 

The  pilot plant itself will be 
one-fourth acre in size, enclosed 
with ultraviolet, radiation-resistant, 
double-wall poly e thy1 e n  e,  solar 
heated and cooled to maintain an 
optimum growing temperature of 
95°-1000F, and equipped with de- 
vices to monitor and control the 
growing medium. 

To utilize as much of the sun’s 
energy as possible for maxjmum 
growth rates, tanks will be lined 
with aluminized polyethylene to re- 

flect much o€ the sunlight back into 
the growing medium. 

Because of algae’s potential as an 
inexpensive, abundant animal feed, 
“recipes” ranging from mixes with 
conventional feed containing very 
little algae to pure algae feed will 
be tested. 

Collaborating in the project are 
various laboratories and institu- 
tions. Algae will be shipped to Iowa 
State University at Ames for human 
nutritional studies and to New 
Mexico State University at Las 
Cruces for poultry and livestock nu- 
tritional studies. Soil fertility and 
conditioning studies will be con- 
ducted by the Argonne National 
Laboratory, Argonne, Illinois. T h e  
New Mexico Department of Game 
and Fish will conduct nutritional 
studies with fish. And the pilot 
plant will make algae available to 
other institutions with a research 
interest in algae. 

With a diversity of institutions 

involved, and with a number of as- 
pects of algae as human or animal 
food being investigated, progress 
can be rapid towards understand- 
ing and utilizing algae as an im- 
portant nutritional source. While 
a number of institutions concen- 
trate on research pertaining to us- 
age, the pilot plant will allow the 
development of practical produc- 
tion methods and cost studies. From 
time to time, new strains and new 
technologies will be tested. 

Creating ”Super Algae“ 
If growing algae were simply a 

matter of putting water in a tank, 
adding a few algae cells, and watch- 
ing them grow, ’ algae “farming” 
would exist today, regardless of the 
fact that it probably would not 
have enjoyed much of a U.S. mar- 
ket. But intensive algae “energy 
farms” require a precise balance of 
temperature, nutrient levels, and 
light energy for maximum yields. 
Increased carbon dioxide levels are 
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S, Eclwcirds aiid Catherine Stevens, visiting consultants 
drorri Pcnnsylvania State University, and Kollman examine 
a sarnplt: of a mutant strain of alyae taken from a growth 
chainbcr, above. Below, John Martin and Harry Crissnian, 
both tl-’lO, sel up cquipmeirt whish they developed for 
the simultaneous analysis of chlorophyll and DNA content 
in tilqae cells. A beam of la:;er light, focused on a small, 
-fast-flowiiig stream containing cells, causes the cells to 
fluowscti. Counting these events electronically provides 
the doto, 
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Algae growth chambers located in the Health Re- parent polycarbonate chambers. Constant agitation 
search Laboratory are checked by John Hanners, of the growing medium is necessary to provide ade- 
H-9, and Kollman. Lighting is provided by very-high- quate mixing of the culture and to achieve optimum 
output fluorescent lights above and below the trans- growth. 

chlorophyll content as well as mea- 
suring cell volume. These relate 
directly to cell growth rates and are 
a “tipoff” to cell deviation. In  the 
pilot plant, when reversion occurs, 
production will be stopped, a new 
inoculum of the genetically altered 
strain added, and production will 
begin anew with the pure strain. 

The developers of the analysis 
system see additional uses for this 
sophisticated instrument. Since pol- 
luted water usually contains algae, 
and the type of algae varies with the 
kind of pollution, analysis of the 
algae in water samples could pro- 
vide a fast “reading” of the type 
and extent of pollution present in 
water. 

Collaborating with Robert Lon- 
don, CNC-4, in the characterization 
of the photosynthetic unit through 
the use of stable isotopes, such as 
carbon-13, is S. Edwards Stevens, 
visiting staff member from Penn- 
sylvania State University. Their 
work will provide additional in- 
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sights into the structural character- 
istics of the photo-apparatus. 

Manipulating the environment 
for algae product control has been 
the primary area of investigation 
for Kollman, John Hanners, H-9, 
and Henry Adame, H-11. Aside 
from the ubvious, that the inor- 
ganic nutrients provided to the 
algae largely determine the bio- 
chemicals the algae will contain, 
the metabolism and thus the 
growth of the algae can be pro- 
foundly altered by the control of 
certain chemicals in the waters in 
which algae are ,grown. 

Determining the proper combin- 
ation of temperature, carbon diox- 
ide and other gases in the algae’s 
closed atmosphere, and nutrients 
and control chemicals in the water 
solution, can lead to an almost in- 
finite number of combinations in 
environmental control. 

Among the factors to be dealt 
with is the decline in growth rates 
as algae “saturate” the water solu- 

tion, blocking out some of the light 
essential to uniform growth. De- 
termining the proper point for 
“harvesting” algae by removal of a 
portion of the “crop,” allowing the 
portion remaining to continue 
growing, is fundamental to the pro- 
cess. Systems have been designed to 
monitor the chemical characteristics 
oE the water solution and for the 
replenishment of chemicals to 
maintain optimum growth condi- 
tions. Application oE these labora- 
tory-developed techniques in the 
pilot plant at Los Lunas is expected 
to lead to further refinements and 
improvements for production of 
algae on a commercial scale. 

At a site in New Mexico, about 
100 miles from Trinity Site where 
the atomic age was introduced in a 
blinding flash of light, another type 
of revolution, albeit less spectacular, 
may be in the making. If this turns 
out to be the case, as at Trinity 30 
years ago, Los Alamos scientists will 
have played a vital role in its birth. 
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7%e ti oublc with inodcrn giving 
is that i t  sceins so businesslike and 
impersonal-at least to thosc of US 
blcsscd with troublc-frcc lives. An 
amount is rallicr painlessly CXr 
tractcd lioin your paychcck and 
by some drionynious proccu, a few 
ccnts aic distributed hcic, a €CW 
cciits thcic. You may nevcr mcct 
soincotic who has rcccivcd help. It’s 
all a l i t tk too cool lor pioduting thc 
glow tliat coi~ics liom giving. 

But ialk to some oi tlic people 
iii participating Los Alainos Area 
‘CJnitcd Way agencics-so many of 
them unpaid voluntccrs-and you 
bcgin I O  h i e  in theirs. 

Like thc tounscllors of the Los 
Alainos bamily Council who case 
the anguish 01 a troulhxl Iarnily 
whose tveriagc clangliter ic into 
drugs, 01 one .cvhosc frightcncd chil- 
dren sufFcr hclplcssly a s  a rnairiage 
Calls apart. ‘I‘lic Council hclped ROO 
l m i i l y  membcrs like tliesc last ycar. 

Likc tlic visiiing niirsc who com- 
forts an clderly bedridden paticnt 
a 5  much by a smilc and ;i ioucli o€ 
ilie hand as by tlic mcditation shc 
bring\. ‘I’hc icgistcred nurses o f  
tlic Los nhms Visiting Nurse Scr- 
vice made over 1500 such calls last 
ycili and thcrqis ts  niade almost 
GOO visit5 01 their own. 

And so it goes lor thc people 
01 c a d i  of the 18 participating 
I J  nitcd W;iy agciicics-pcople help- 
ing pcoplc who need help. 

livery one of the agcncics p r t i -  
cipating, last ycar rcccivctl tlieir 
lull quota or fllrlds. Ilowcver, thc 
c;rinpaign did not raisc thc full 
arnouiit of cniergcnc y iunds desired. 

Loic Watt, Los Alamos Area 
U ni tcd Way pi esidcnt, points out 
th,it just a littlc more support tiom 
cmploycrs liviiig in Bspanola, Santa 
Vc, m d  commnnitics otlicr than 
Los Almios and White Rock could 
inakc tlic eliflerrnc c in reaching this 

cvci y agency, including those bascd 
i r i  1,os Alarnos County, oficrs scrva 
itcs to all pcrsons working in Los 
Alamos a i d  tlieir families, rcgard- 
less of whcic they livc,” she says. 

You may not get that glow from 
giving of yourself directly. But 
you’ll cci tainly help give i t  to others. 

yriir’s go611 01 $175,000. “Alniost 

8% 

Visilirig physical thl:tapist Ann McGirt lends (I  lwlpiiig linnil io Mrs. Agnes Schcitniny. 

i 
Supporting United Way All the Way 

Lore Watt (wife id Hob Watt, L-2), prosirlent a Michael Coburn, ‘WX-2, vice president 8 Carroll 
Ihotnas, H..4, secretary e Robert Kri:t, AO-5, treusurer 0 Jerry Wackerle, WX-7, fiiianeial secre- 
tory t~ louis Bunch, The Zin Coniporiy; Willianl Keller, Q-26; .Jean Elder (wife of John Elder, 
H-4); Ur. Carolyn Lirinebur (wife of Eldoii linnohur, I D - I ) ;  Vivian Malik (wife of John Malik, 
J-DO); Williain McCraary, CMU-6; all directors e Mtirtlia Wells, L.ASI. Employees Credit Union, 
coitqxiign chuirmmi Poul “L i~ i t i ”  Edwarcls, DIk-FMO, and Lciwry Marill, CIR-6, LASL team 
loaders Robert Drasliear ond Sue Wooten, both iSD-2, spccikcrs‘ bureau coclisirnwn 

Utiifed Way Participating Agencies and Campaign Goal:; 
Los Aloliior. Council on Alcoholism (!1;7,500) I l i e  Arthritis Foundation, New Mexico Chapter 
($2,000) Boy Scouts, K i t  Carson Couilcil ($11,000) e 1.0s Alamos Cancor Clinic ($Il ,UOO) * Chop 
rirral Home and Adoptiomn Services ($1,500) Cystic Fibrosis Fovndotion, New Mexico Chapter 
($4,400) 10s Aluinos Family Courieil ($25,000) * Girl Scouts, Sangrc de Cristo Council 
($T2,000). 0 10s Alumos Heart Associatiun ($6,0011) e J e m c z  House ($27,820). 0 New Mexieo 
Couricil 011 Crime cirid Delinquency ($1,000) ‘a Americun National Ilt?cl Cross, Lor Alcrnlos Chapter 
($8,000) Salvation Army, 10s Alamos 
Unit ($5,600) 10s /danios Shclterccl Worksliop ($5,000) e U.S.U. ($875) @ 10s Alumos Visitins 
Nurse Service ($l:l,28.5) 

Los AICI~IOS Association for Rutcircled Ci l i rmr  ($6,100) 

1.0s Alciinos Family Y.M.C.A. ($10,000) 
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”That Cat,’’ held affeciionately by its mistress, an area from ihe right nostril to the right eye. The 
Dorothy Brown, Albuquerque, shows no signs of Ihe pet was 1 of 5 cats treated by LCF hyperthermia 
inopertrblc squamous-cell tumor that once involved for this type of tumor. All showed regressions. 

f on Cancer 
An implacable and wily foe, 

cancer corncs in at lcast 100 guises 
LO conlountl tiiosc mounting a sci- 
entific offensive against it. Almost 
evcry forni of cancer can present 
spccial prol)lems to the rhcrapist. 
Dcpcnding on its type, six,  loca- 
tion, and othcr factors, it may re- 
quire di8crent weapons, or vari- 
ous combirtations of wcapons, to 
attack it with hope o l  su(:cess. 

Thus, rescarchers and physicians 
have long Iicld that no single type 
of t.herapy, Ircquent “cancer-curc” 
licadlines in the popular press to 
tlic contrary, is lilrely to emerge as 
itii ultimate, all-purpose weapon. 
Victory over canccr is more likely 
to be achicvcd, they say, in a 
broad-lront assault using an arsenal 
of’ wcapons, singly or in  combina- 
tion according to tlie situat.ion. 

Il ie 3 weapons most often as- 
sociated with cancer therapy are 
surgery, chemotherapy (.LASL, is 

r -  

conducting extcnsive research in 
cell-growth ( yc lcs and eftcc ts of vari- 
o u s  drugs), arid radiotherapy (such 
as the pion-radiation technology 
being tlcvcloped at LAIVTPF). Pro- 
grw, in thr laltcr 2 types of thcrapy 
a t  LASL and other laboratorics has 
bcrn inqwesivc, accounting lor 
widrsprcadl attention by thc press 
and tlic publit. 

Yet, thcie is another form of 
tli(t1 itpy, Ivsser known, that holds 
briglit prwnisc. 01 its own. I t  uti- 
l i ~ ~ ,  a EoKrn of energy that was 
anions tlic first to bc used by man, 
and  who^ therapeutic efficacy has 
bcen knowii for ycars: heat. 

Siricc tlic l!kh century, physicians 
liavc. observed that many cancer 
piilients witlt h e r s  (Irom otlicr 
causes) sliowcd it defi nitc, some- 
tirncs prr mancnt, regression of 
their turntirs lollowing the pcriod 
of high fcvcr. 

‘I‘his sqgested tlic deliberate ap- 

plication 01 heat a5 cancer therapy. 
Whole-body heating at about 42°C 
(107°F) has provcii effective in 
somc cam.  Scveral hours of treat- 
ment are required a t  this tempera- 
ture, posing problems in tlic ability 
01 tlie wholc body to withstand sus- 
tained lieat cquivalent to that of 
a very high fever, especially i i  the 
patient is in a weakened condition. 

For shortcr treatments, of half 
an hour or less, a higher tempera- 
ture of 44-45°C (111-113°1~) is re- 
quired for eflcctive cancer kill 
1 ates. Ilowcver, this is a teinpera- 
turc in exccss of the highest whole- 
body lever a human can endure. If 
heat at these tcmpcratures could 
be applied mainly to cancerous 
cells, while whole-body tempera- 
turcs remained at normal levels, 
then art effective form of hyper- 
thcrmia, or intensc heat therapy, 
could bc developed. 

Several mcthods for the applica- 



;iiid a motlnlat or to rcgulatc thc 
I 1 triiicrit input by varying the 
d u t y  Jacfor, ix., tlic j)crc.cn tagc of 
tinic tlic current is 011. 11 rriily be 
v;iiied Jroiii 0 to 100 per ccnt; Tor 
a GO per cent d u t y  lactot, the rf 
e 1 1 1  icnt would be on lor 0 milli- 

and of1 lor 4 rnilliscconds. 
111 aitothcr configiiratioii, the 

aii ipli i  u r l c  01 rl C O I ~ ~ ~ I ~ U O ~ S - W ~ ~ V ~ ,  
11 ( i i i  icnt would he varied to coli- 
11 01 ~iowcr tlclivcrctl to the tumor. 
W it11 c it lici me 111 otl, tcinpci dturc 
rontlol i 5  1 <ist i t l i d  pwc isc; the 
tliar;it tci istits ol tlic rccclhiick con- 
t iol  cii(iiit piovidc virtually in- 
~tmt,r~rco-cis coiitrol within i~ tcin- 
pei‘itiiw i m g c  01 Icss dian one 
r c i i l h  o j  tlcgicc cclsiu‘,. 

Piovisioii is also inadc Tor plac- 

scco11cls (1110llsillldlllC o f  a S C L O l l d )  

Two pins and a block of Styrofoam provide a simplified illustration 
(OF one ltccliiiique for electrode placement. Current flows between 
the pins; the resistance of iissue to the current results in heat genera- 
iion. More current flow:. bctweeri the points because they are closer 
toyether, tlim more hecit i s  generated in the vicinity of the “tumor” 
idrawti in black. less heat, tolerable to human cells, i s  generated in 
tho healthy tissue toward the surface. 



ing additional thermistors within 
the tumor or in surrounding tissue 
for additional monitoring. 

Pinpointing Heat 
Both the practicality and the 

versatility of LCF is most evident 
in the electrodes. Placement of 
electrodes so as to generate killing 
heat mainly in cancerous tissue 
while holding heat to tolerable 
levels in surrounding healthy tissue 
requires a basic, but not necessarily 
advanced, knowledge of electric 
fields by the physician. Because the 
needs for electrode placement will 
vary widely according to the partic- 
ular tumor to be treated, several 
types of electrodes and methods of 
application have been devised, and 
more probably will be, to allow 
pinpointing of LCF heating in vari- 
ous parts of the body. 

One such technique uses pins- 
literally. Ideally, one might use 2 
parallel plates, so that rf current 
would flow through cancerous tis- 
sue between the plates. Current 
density would be approximately 
the same at the plates as at points 
in between them (with proper 
geometry) and heating would be 
approximately uniform, assuming 
uniform resistivity and heat trans- 
fer characteristics in the tissue. 

However, in clinical application, 
it would be impossible, or at best, 
traumatic, to make incisions and 
place plates on each side of a tumor. 
Parallel rows of pins in lieu of 
plates can provide a very close ap- 
proximation of the plate effect. 
And, in many locations, the effects 
of placing pins in surrounding 
healthy tissue would be negligible 
to the patient. 

For a tumor close to the surface 
of the body, the therapist could 
insert 2 parallel rows of pins, one 
row on each side of the tumor, to 
a depth approximately equal to 
the deepest part of the tumor. 
The  pins in each row would be 
connected to an rf generator out- 
put terminal. Hypodermic-mounted 
thermistors would be inserted at 
appropriate points to monitor 
temperature, taking care that such 
conductors are vertical to the elec- 
tric field. A thermistor-hypodermic 

positioned along the field, being a 
conductor, would distort the cur- 
rent field. 

For deeper seated tumors, the 
same techniques with possible vari- 
ations would be equally effective. 
One variation would be to place 
insulating sheaths around the upper 
portions of the pins. This would 
prevent a thermally significant 
field from being generated in 
healthy tissue between the skin and 
the tumor. Another variation would 
be to incline the rows of pins so 
that the points would be closer to 
each other than the shanks of the 
pins at the surface, Current density 
would vary inversely with the dis- 
tance separating the electrodes; the 
current passing through the tumor 
would be more dense and generate 
lethal temperatures while current 
passing through healthy surface 
tissue would be less dense and gen- 
erate lower, nonlethal temperatures. 

But pins, versatile as they be, 
would not be applicable in a num- 
ber of cases. For instance, a tumor 
deep within the abdominal cavity 
in an organ might best be attacked 
by shaping a metal mesh to fit one 
side of the organ. The  other elec- 
trode (with more surface area) 
would probably be outside the 
body. 

In  the case of a tumor in or sur- 
rounding the esophagus or the 
colon, a cylindrical electrode could 
be inserted in the canal to the af- 
fected area and a cloth soaked in 
saline solution wrapped about all 
or part of the patient’s torso as 
the external electrode, creating a 
coaxial geometry. T h e  current 
density in the immediate vicinity 
of the probe would be high, creat- 
ing heat. Current density would 
diminish rapidly with the distance 
from the probe, thus heating effects 
on healthy body tissue throughout 
the region to the surface would be 
negligible. 

Among the most difficult of 
tumors to treat are those of the 
tongue. MP-3 personnel have built 
a prototype LCF applicator unit 
that consists of an electrode plate 
integral with a clamp which is 
placed over the tongue, and an ex- 

ternal electrode fitted under the 
chin and on the neck. By varying 
the size and position of both elec- 
trodes, current density and thus 
heat can be concentrated at desired 
points in the tongue. 

Some of the intriguing aspects 
of hyperthermia under investiga- 
tion include the response of cancer 
cells to heat in general. I n  many 
tumors a portion of the cancer 
cells are anoxic, or oxygen defici- 
ent, and for reasons not yet clearly 
understood, this anoxic state makes 
them more resistant to radiation. 
On  the other hand, recent evidence 
indicates that anoxic cells may be 
as sensitive to heat as cells with 
normal oxygen levels. I n  clinical 
practice, this would mean fewer 
anoxic cancer cells would survive 
heat therapy to begin growing 
again at some future date. 

And while LCF hyperthermia 
has been investigated to date only 
as a single weapon against cancer, 
it theoretically offers at least as 
much promise applied in conjunc- 
tion with other forms of therapy. 
Some recent experiments suggest 
that hyperthermia substantially in- 
creases the sensitivity of cells to 
radiation. Heat may also enhance 
the efficacy of certain drugs in 
chemotherapy. It’s not hard to 
imagine t h a t  w i t h  “one-two 
punches” such as these, therapists 
will “knock out” a considerably 
higher percentage of malignancies 
in the future. 

Encouragement from Animals 
Doss, McCabe, and others at the 

LAMPF Biomedical Facility work 
in close cooperation with the Uni- 
versity of New Mexico Medical 
School. LASL provides the tech- 
nological development and hard- 
ware while the Medical School 
provides the medical expertise and 
clinical facilities. 

Experiments with animals have 
been in progress at the Medical 
School for more than 2 years, con- 
ducted in collaboration with veteri- 
narian Phillip Day and physician 
Sterling Edwards. To date, some 
18 cats and dogs, 6 horses, and even 
an elephant have received LCF 
hyperthermia therapy. 
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Above!, Bill McCabo, MP-3, touches a thermistor probe to 
his finger, causing ii to alter the power output from the 
radio-froqucney source being watched by Charles Pacheco, 
MP-3, and Joe Albillor, E-2. Terwperature can be controlled 
to '1 /IO"C. Below, veterinarian Phillip Day, Danny BOSS, 
MP-3, UNM kechnician Howard Roth, and UNM anesthesiol- 
sgisi Robert Gipolotti, prepare to treat o patient at the 
Animal I7esource Facility of the UNM Medical School. 
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Ricardo Ruja!;, MP-7, is flying high in sports and over the 
streets of 1.0s Alamos as he train!; for the %mile and 385- 
yard marathon at the Pan American Games in Mexico 
City from Cktober 93-26. Rojar beat top-Slight national 
and international competition at a Flagstaff, Ark., mara- 
thon in Aiigust to qualify for the Games. Below, the un- 
usual siting of the shack is due to its upcoming use by 
the Group ti-8 Meteorological Section to measure, * mesa- 
canyon weather interactions. Instruments will be strung on 
cables beiween i t  and thc bridge to measure eCiFects at 
various heighls. 

A negative of a photo of Enrieo Fermi, prints of which 
have never been published, was found among LASL 
Director Harold Agnew's photos made during World War 
I!. A print i s  being presented to the Fermilab, Batavia, 111. 
Fermi would have been 75 in September. 

hot0 Shorts 

Heavy rains early in ,September saturated Los Alamos 
soil, resulting in this impressive body of warer at TA-46. 
Pranksters couldn't resist floating a boat on the water and 
taking a photo of Henry Filip, L-8, fishing. The body of 
water was unofficially named Lake Arthur Tegtmeier. 
Tegtmeier, ENGJ, is TA-44 site representative. 





BOTTLED BOMBS 
Even before the world’s first 

atomic device was detonated at 
Trinity Site on July 16, 1945, 
scientists at Los Alamos were in 
the bomb-confinement “business.” 
Jumbo, a 214-ton cylinder, had 
been built by the Babcock and WiI- 
cox Corporation in Ohio and ship- 
ped to the test site with the inten- 
tion of exploding the world’s first 
atomic device within it. Not even 
Jumbo’s 14-inch thick wall was ex- 
pected to withstand the force of an 
atomic explosion, but if the plu- 
tonium in the device failed to re- 
act, Jumbo was expected to allow 
the retrieval of precious fissionable 
material for the building of an- 
other device. 

Jumbo was never used for this 
purpose. It was, however, installed 
on a tower 800 feet from ground 
zero. It emerged from the test un- 
scathed. By the time of the test, 
production of weapons-grade uran- 

ium and plutonium at  Oak Ridge 
and Hanford was sufficient to pro- 
vide materials for future bombs. 
And scientists needed to make a 
myriad of measurements during the 
atmospheric shot without the con- 
tainer altering effects of the explo- 
sion and without debris from the 
container “polluting” the products. 

While Jumbo was the most spec- 
tacular of the containers, it was by 
no means the only one. Lesser 
‘‘jugs’’ called Jumbinos, simi- 
lar to those used today, were used 
to test various components of the 
early devices. 

If the need for these “bottles” 
was great in 1945, i t  is even greater 
today. Environmental and safety 
requirements, along with the need 
to test weapon components of in- 
creasing sophistication, have placed 
new emphasis in recent years on 
testing in containers. While whole 
nuclear weapons cannot be tested 

in them, various components can, 
including components containing 
fissionable material. 

I n  the case of the latter, an in- 
genious “bottle within a bottle” 
method is used. Even though the 
inner confinement vessel has a 
large safety factor above the re- 
quirements for the tests conducted 
within them, the whole vessel is 
nevertheless placed within another 
larger vessel to preclude the escape 
of toxic materials in the event of a 
faiIure of the inner vessel. The 
outer vessel is evacuated to form 
a vacuum between the two vessels; 
the negative gage pressure reduces 
shock effects in the event of a 
failure and acts to contain any 
waste within the system. 

T h e  inner vessel contains the ex- 
perimental device in a vacuum, or 
surrounded by air or vermiculite 
flakes (with or without air). Air is 
allowed to remain in the container 

Below left, the original Jumbo, shown at  Trinity in 
1945, is still the heavyweight champ of bomb-confine- 
ment vessels at 214 tons. k latter-day Jumbo, graphic equipment during open explosive tests. 

weighing in at 118 tons, right, i s  in process of being 
moved to PHERMEX where it will protect photo- 



like M puinpkin being picked From ( 1  field, a 6-foot 
vessel i s  lifted from a storage arccx lor transporting 

to the site of a 12-foot vessel in preparation for a 
tcst. At righf, it is lowered inbo the larger vessel. 

1 diograph y. One reason that 
power is in ihc proccss 01 bciiig in- 
creased at PI’IEKMEX is to gencr- 
iitc x r,iys of suflicieiit ciiergy and 
in sullicicnt cyuantitic\ to penetratc 
the containers with gre‘itrr rcsolu- 
tion. 

Surpiisiiigly, no cxotic itlloys are 
1 cq t i i i ( d  loi thc. vcsscl walls; “ordi- 
n a y ’ ’  high \trcngtli steels arc uscd. 
Oric little known prohlcm, how- 
cvcr, is t h a t  ol nil-ductility at low 
tcnipc’raturc\; at -20°1;, many 
types of  qtecl losc moqt of their duc- 
tility, bct oiniiig brittle. During 
World W r r  IT, several ships cross- 
ing tlic Noit11 Atlantic in winter 
incxplicahly broke apart. Tnvcsti- 
gation led i o  thc discovery that 
minor flaws in the steel hulls had 
propcigatcd to become major rup- 
tuirs 1)ccalrse 01 tlic loss ol durtil- 
ity in  the extrcinc cold. 

Corrcctivc measures have sincc 
h e n  incorporated into post World 
War 11 shipbuilding. Group M-2 
easily ( ircumvciits the problem by 
heating its vcsscls to. 50°F or higher 
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during tests. 
Recently, memories of World 

War 11’s Jumbo were evoked by 
the sight of another monstrous 
Jumbo being moved laboriously 
down a specially built site road. 
‘This Jumbo, weighing 118 tons, 
had been used at Kappa Site by 
Group M-3 for containing shrapnel 
effects of certain high-explosive 
tests, but not the entire explosive 
energy. Its use for this purpose was 
recentIy discontinued, and Group 
M-2 saw that it could serve another 
purpose as a camera bunker during 

open testing at PHERMEX. There 
the massive cylinder will be mounted 
on virtually friction-free air bear- 
ings so that it may be maneuvered 
to various camera positions in close 
proximity to the explosions. 

T h e  huge vessel was dragged in 
on skids. Unfortunately, the latter- 
day Jumbo’s tremendous weight 
proved too much for even the Pa- 
jarito Plateau’s hard soil, and the 
cylinder bogged down. Efforts are 
now under way to free the vessel 
and complete its journey to its new 
home. 

The U.S.S.R. also has a well developed explosion-containment tech- 
nology, judging by this photo taken earlier this year by LASL Director 
Harold Agnew during his U.S.S.R. visit. This vessel appears to be 20 
to 30 feet in diameter. 

Baby Bottles 
Because of the expertise devel- 

oped at the Los Alamos Scientific 
Laboratory in the use of these “big 
bottles,” it was natural that various 
organizations concerned with bomb 
disposal, such as law-enforcement 
agencies, the U.S. Department of 
Defense, and the Federal Aviation 
Administration, seek technical as- 
sistance from Group M-2 in the 
face of bombing incidents which in 
recent years have reached near- 
epidemic proportions. 

News reports of bombing inci- 
dents rarely convey the extent of 
the problem. Roger Taylor and 
Roger London, both M-2 and 
heavily involved in the group’s pro- 
gram to assist civil agencies, cite 
some impressive facts and figures: 

Roughly 2,000 incidents a year 
(almost 6 per day) take place na- 
tionally, of which s/4 are actual 
bombings while ’/4 are attempts that 
fail or are thwarted. A little more 
than half of the incidents involve 
incendiaries, the rest explosives. 

About 40% of bombing incidents 
occur in cities of over 250,000 pop- 
ulation, and the states most afflict- 
ed are California, with about ‘/4 
of the incidents reported, followed 
by Ohio, New York, and Colorado. 
About 3/4 of incidents occur at 
night with about directed at 
residences and commercial estab- 
lishments, the balance against 
schools, vehicles, and others, result- 
ing in $5-10 million in property 
damage per year. 

In  recent years, deaths have 
amounted to “only” 10 to 30 per 
year with injuries ranging from 
100 to 200 annually. However, if 
these statistics seem small in com- 
parison to the high number of in- 
cidents per year, law enforcement 
personnel are very much aware that 
the “right” bomb at the “right” 
place at the “right” time could 
easily boost these statistics to 
catastrophic levels. 

One of the more interesting de- 
vices conceived by Group M-2 for 
the Federal Aviation Administra- 
tion (FAA), and which also elic- 
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Designed 4or us0 aboard criictuft is the light-weighi, 
portablc vcwx4 ribuvc. AI right, explosive eyuivaleni 
io 3 slic IG O F  dytianiitt,, :~urrouirclctl by nails to 
sinrulute 11 honrernade ticvice, i s  rlctoaitrted wuthin 

the vessel. Flash radiography, taken at PHERMEX, 
sliows the vessel  wall^ being distorted by the ex- 
plosion. The vessel survived the test intuct. 

tion and soine~iinc5 instruction to 
such a\ the  New Mexico Police 
A( iiclcmy, ~ h r  New Yoik Ciiy I’olicc 
Rc,itl~my, , incl v;iriorr\ riiiits iirld dc- 
partnicnis ol ilic 1J.S. Army. l’aylor 
aiid Iknjainin “Buck” Rogers, now 
Q I X )  litit f ormcily M-2, ro-auth- 
orctl dn articlc on bornb contain- 
inen1 dcvic cs for tlic FRL I .aw Ln- 

incnt Ilullctiri rn;ig;uinc in 
197.3. Kobcrt Pogna, I)IK-SK, is 
tlcvcloping liaison with viir ioiis law 
cnlorceincrit bodic\ ior thc morc 
witiespi eacl disscmii ia~ ion o f  in- 
lox inatioii. 

It sccms approprinte to Taylor, 
‘L,oildon, and  tlicir c-olleagues a t  
Group M-2 that the “bottles" nrig- 
inally coiiccivctl as a means to test 
wcaponc have thcmwlvos become 
weapons in the continuing “war” 
against thc clmdcstinc and danger- 
0115 bombing i n d e n t s  thaL charac- 
tcriyc the violent clcrnerits in our 
society. @ 
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Homing 
on the 
Range 

Raising livestock today is a high- 
stake roulette game where you bet 
against rustling losses on one side 
of the table and against disease on 
the other. 

To give an idea of what is meant 
by “high stakes,” good dairy or beef 
cattle can be worth .$500-$1,000 a 
head. A young, marketable hog can 
be worth $75-$150. The estimated 
population and value of America’s 
livestock population are huge. 
There are about 132 million cattle 
worth $21 billion; 56 million swine 
worth $2.5 billion; 14.5 million 
sheep worth $442 million; and 7 
million horses worth $3.5 billion. 

Even small savings can add up to 
millions or hundreds of millions of 
dollars. 

T h e  only countermeasures for 
some deadly livestock diseases, such 
as hoof and mouth disease in cattle 
and cholera in hogs, is slaughter 
of the diseased animals and any 
animals that may have come in 
contact with them. I n  1969-70, the 
Dismal Swamp hog cholera epi- 
demic resulted in the death or de- 
struction of 13,000 swine at a loss 
of $1.3 million. 

In  many ways, livestock growing 
is a far cry from the days of the Old 
West. Animals are no longer raised 

Dale Holm, H-6, project coordinator, who confers frequently with 
USDA officials, holds a laboratory model of the ”electronic brand” 
being developed at LASL. 

and grazed in one area and driven 
to a railroad for shipment to the 
meatpacking centers of the Mid- 
west, Now, animals may be bought 
and sold 7 times and transported 3 
times for long distances from winter 
to summer pastures, to feedlots, 
auctions, and slaughterhouses. Each 
movement increases the risk of 
loss through human error or theft. 
One cattle spread in Arizona spends 
$300,000 a year to combat rustling. 

Yet, methods of identifying stock, 
keeping track of it, and watching 
it for signs of disease have changed 
but little since the days of the Old 
West. Identification still largely 
starts with a fire and branding iron, 
records are “writ by hand,” and 
spotting disease is still dependent 
upon the more or less watchful eyes 
of those who run the herd. 

Seeking to give the modern live- 
stock industry the means of manag- 
ing herds and detecting disease 
somewhat more advanced than 
those of the Old West is an inter- 
disciplinary group at the Los 
Alamos Scientific Laboratory. Es- 
sentials of the system under de- 
velopment are a portable interro- 
gator-transmitter-receiver and a 
passive transponder, implanted in 
an animal for life, which identi- 
fies the animal being interrogated 
by a 15-digit decimal number and 
reports that animal’s temperature 
to l/lOth of a degree Celsius. 

The  successful development of 
such a system would lead to a 
number of meaningful, even revo- 
lutionary, advances in the livestock 
industry: 

-Regional or national registry of 
all livestock would determine ani- 
mal ownership in the field or mixed 
herds. Data banks, computer pro- 
cessing, and data transmittal could 
ultimately identify any animal any- 
where in seconds. 

-Computerized record-keeping 
in transactions would greatly re- 
duce stock loss through human 
error and make the keeping of in- 
ventory and records of animals 
simpler, more complete, and more 
accurate. 

-Rustling would be deterred by 
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a iiatioriwiclc ideiitifiratioii m r l  in- 
Poirnation s y t m i  ;incl iii tlic lact 
that the implmiictl device’s idciii i 
fication n~uiiLcr could rioi bc 
ctia ngctl. Attcinpts to icinovc the 
implant from ;in nriiuial woulcl be 
obvious. 

Discasc oi strcss would be dc 
tc( tcd caily tIi1-oug11 terripcratiire 
rliange. Susprct animals could be 
isolated and diagimsccl belot e con- 
t;rg io11 rcaclird cpiclriiiic propor- 
tioii4. At packing liouscs, it wo~11ct 
p r o v i r k  a lirinl ~,alcguarcl to ; i s s ( i i ~  
11iat oiily Itealtlry aninials a l e  
slitilght c r d  

For breediiig, thc systcin woiilcl 
providc genetic toritrol, sclcti ion oi 
hit; I1 -1 oocl-coiivci sioii a iiin ials, rtn d 
clctcr~riinatioii n l  ovulation cytlcs 
tlironglt ieinpcratiirc pi olilcs. l’cm- 
pcratirrc proLiles ( o r i l d  also pro- 
viclc iiii cflrt iivc, low-cost mwns 
0 1  testing the cflicat y ol various vac- 
crller. 

AI this point, tlic vc ic rm siocli- 
ITI~III  coulti well bctoinc tlisriiityetd. 
Woddii’t $ 1 ~  t i  sophisti~aicd gadge- 
t i y  bc prohibitively cxprnsivr.? Not 
SO, nriswcrs 1L1lc llolrn, f I-li pro- 
jc( t ( oordina to1 . 1 Ie slwc ulal cs that 
the int cr t ogatoi-i I aiiwii ttcr-r cccivcr 
~ L I  ipirierit, v i t i j~h  would prcsuin 
ably bcconic “~npitiil eyuiptncmt” 
wit11 a lilctinrc O B  many yci~is, 
might cost on rlie order 01 $1,000. 
1 he 1xis5ivc~ tr ,irislmndcrs, incor- 
porat ing integra tcd c ircrii t 5 m a s s -  Above, Iton Bobbett, E-3, tests an encapsulated transponder by sus- 
I)rotlucccl by tlic millions, ~ o r r l c l  pending it in a saline solution in the ”cow tank.“ A signal is sent fo 
t‘ost a s  little a 5  $5 C~ICII .  I t  cosiq ihe transponder and a return signal received back from it by the 
wmctliing like thcsc are ;I(  hicvcti, antsnna assemblage Iwhind the funk. Bobbctt‘s hand ?s on a 
i h a ~  woiiltl iiialte tlic sclicnw iiot temperoiure read-out device. Below, Paul Saluzar, E-2, assembles a 
only kdsiblc ,  bu t  extrcincsly at- radio-frequency mixer for the interrogator. 
tractive, to not only large 
brit srrinllcr livtl.;lock opci; 
WClW. 

Vitally inter cstecl in the tlpvelop- 
iricrit 01 such a s y s t t m  i s  the U.!i. 
D c p r  trriciit of Agt i c  ulturc (1 JSDA) 
whirh is resporisihle for contiol- 
ling livestock eliscase epidemics and 

ccl and expo~cd 
ani] mils. Becairsc the USIIA iuickmi- 
Iics growers wliosc livestock i hey 
thtroy, cvcn sljglit reductions in 
animals clcstroyed could save ~rlil- 
lion5 of taxlxiycrs’ dollars. Cor~sr- 
qirciitly, the lISI)R is h r i c h g  itic 
prq~,ram ant1 supports i t  in otlicr 



This transponder transmits both temperature 
and a 3-digit identification number, which can 
be set by switches. It successfully demon- 
strated the principle. 

This hybrid circuit transmits temperature only. 
When it is redesigned as an integrated circuit, 
it will transmit both temperature and identi- 
fication. 

ways, such as by testing devices in 
use at various experimental sta- 
tions. These stations are at Ames, 
Iowa, the Plum Island Animal Dis- 
ease Laboratory, New York, and, 
closer to home, at Los Alamos, 
where USDA representative Cole- 
man Henslcy has done much to 
generate support for the concept 
and to provide continuing con- 
sultation to LASL investigators. 

The USDA is not alone in its 
intcrest. The State of California 
has passed enabling legislation that 
would require the livcstock industry 
in that state to adopt an electronic 
system when it becomes available. 
The International Brand Confer- 
cncc supports it. Numerous state 
and regional livestock associations 
have sent delegates to conferences 
on the subject. Several companies 
arc interested in manufacturing 
various parts of the system. 

At the start of the program in 
1973, i t  was decided that a passive, 

rather than a powered, transponder 
was required for implantation. A 
power cell would add to size and 
cost. Unless i t  were a nuclear power 
ccll, it would run down. Further, 
toxic materials, such as mercury 01 
plutonium, cannot be implanted 
in animals lest they inadvertently 
find their way into food for human 
consumption. 

On  the other hand, a passive 
transponder implanted under the 
skin would have to be sensitive, 
indeed. It would receive only 
1 /50th of the power transmitted to 
i t  if the transponder were in air, 
due to the loss caused by the in- 
tervening hide. Neither would it be 
desirable to attempt to overcome 
this loss by boosting power, as this 
could pose problems in safety for 
both animals and humans. 

And there were a number of 
other problems, including finding 
a low-cost but virtually indestruct- 
ible and leakproof method of seal- 

ing the device. 
With problems such as these to 

deal with, the group decided at 
the onset of the program in  Janu- 
ary 1973 to prove the principle 
itself as a first step. Consequently, 
Steve Dcpp, E-DO, A1 Koelle, E-3, 
Bob Freyman, TD-7, Howard Bald- 
win, H-6, and Paul Salazar, E-2, 
built a preprototype transponder 
that would both identify and re- 
port temperature in 3 digits. A 
handwired “breadboard” model, it 
was not intended for implantation 
but for demonstration. 

It served this purpose well at the 
U.S. Animal Health Association 
conference in St. Louis in late 1973. 
The  reaction of the conferees, ac- 
cording to Holm, was enthusiastic. 
With this kind of encouragement, 
the unit was next demonstrated at 
a meeting in Oklahoma City to a 
cross section of livestock-industry 
representatives, including feedlot 
operators and farm bureaus. Did 
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A hybiid circuit is inounted on an unitennu, 
which III~JSE be colnpcrtiMe with thr: incom~itig 
rigiial SC, that  enough t!nc rgy i s  clciIved to 
gonerato u roturn signor. 

Encapsulating t he  transponder with a tough, 
leakproof inaterial makes it suitable for im- 
plantalion. O n  a cow, the implankhn may 
be inodc oil the neck. 

t1ic rcquireincnts of ilic 15-digit 
tkciinal systciri. I n  prac~icc, tlic: 
code will l i t :  storctl iii it PROM 
(1’ rogr a 111~ ii i t  b le Rc ad-0 nl y hf e ni - 

01-y) 1ocat.c:d 011 an intcgratcd cir- 
cuii. chip. ‘l’liis code will be pcrina- 
iieiitly I)rt)g:’riitnlll(:d into t l i ~  PIZOM 
a t  tlic liiric tlic t.r;insporidcr is is- 
suctl t o  tlrc mer. 

h i  iniiovaf ivc inetliotl was dc- 
vc1opt:tl lor trmsinitting this cock 
from thc transpoiitlei- to the in- 
icr’rogator. [IS rcliahilily, :iccuri\cy, 
;tilt1 simpliciiy suggest oilier Iiiturc 
;tppl k i t  ioiis, suc:li i i s  lor hiiman 
itleiitiLicaLion iii scciirity syst.cms or 
in shipping a r i d  storing containcrs 
of I 1 L I c l L ‘ ; I 1 ~  waste. 

Antciina tlcsigii is cril.ica1. As 
iriitch o f  tlic signal i t s  possible must 
1)c capliirctl b y  thc pssivve trans- 
poiiclcr to providc cnough cncrgy 
for I lie ckctroriics to liroaclcast a 
itsiiljle sigrial lxtcli to die intcrro- 
galor. IASL rcscarchcrs had dc- 
tcriniiicd that a ccrtain I ritiisinit- 
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ting frequency best met require- 
ments for penetration of animal 
skin and othcr technical considera- 
tions. To  match the radar cross- 
section of this frequency, a special 
antenna several inches long was 
fabricated. 

The combination of antenna and 
electronics in the package utilizes 
about 5% of the energy received- 
no mean feat. But the researchers 
believe that further refinement can 
boost this to 20%, Achieving this 
would result in a range of 10 
meters, or about 33 feet, for the 
system. While not sufficient for 
“reading” animals at distances in 
pastures, it is more than adequate 
for the places where animals are 
most often counted, identified, and 
observed: being herded through 
chutes, in pens and barns, or being 
loaded aboard trucks or trains. 

The next step planned is to com- 
bine the temperature-reading and 
identification functions in a single 
passive transponder and test it. 
Once dcrnonstrated, the present hy- 
brid circuitry, essentially hand as- 
sembled with various types of com- 
ponents, will be redesigned as an 
integrated circuit amenable to eco- 
nomical mass production. A re- 
cently developed silicon glass-like 
material from a commercial source 
shows promise of being a very 
low-cost encapsulating material. 

Concurrently with this hardware 
development, the USDA has been 
testing and will continue to test 
the system at its agricultural experi- 
ment stations. Tempcrature profiles 
of healthy and diseased animals 
under a varicty of conditions will 
be made, providing data useful for 
interpreting temperature readings 
when the system finds application 
in the field. 

Perhaps in some future era, West- 
ern artists will paint scenes of cow- 
boy life in which radarlike elec- 
tronics will be as familiar a part 
of the picture as chuck wagons, 
saddles, and ten-gallon hats. If such 
an cra comes about, it will be as 
the result of research and develop 
mcnt by LASL scientists with a 
lot of support by the USDA and 
the livestock industry. @ 
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30 
years ago in 10s alamos 

Culled from the September & October, 1965, files 
of The Atom and the Los Alamos Monitor by Robert Y. Porton 

Landmarks Go: 
T h e  long-pending separation of Laboratory facilities from the Los 

Alamos Town Site has been completed. Transferred to the new 
Administration Building annex on  South Mesa are the Supply and 
Property and Personnel Departments, the community relations office 
and the LASL Science Museum. Writing finis to all LASL operations 
in TA- I ,  the AEC has authorized removal of P-Prime and AP Build- 
ings in  the old Main Technical area and two other structures dating 
from the earliest days of the Project. These are a Ranch School log 
cottage and  the rambling Central School. When the site is cleared, 
construction is to begin on  the new Los Alamos County Building. 

Who Dun It??? 
T h e  appearance of five ducks o n  Ashley Pond poses somewhat of a 

mystery to county officials, who earlier authorized the lodgement of a 
dozen of the downy creatures on  the local waterway. But these aren’t 
those, says Bob Hughey of the county staff. Apparently some muni-  
ficent individual noted the publicity on  a request from the Izaak 
Walton League (which was approved with stipulations) and provided 
five clucks on  his own. Wi th  winter coming, the question of respon- 
sibility for the fowl has been bandied about and so far the county 
has ducked responsibility for the ducks. 

Death Takes T h e  Voice of Trinity: 
Samuel King Allison died September 15 following heart sur- 

gery in  Oxford, England. At  his death, Allison was director of the 
Enrico Fermi Institute for nuclear studies a t  the University of 
Chicago. H e  played a salient role in the Trini ty  test drama when, at 
20 minutes of zero on  July 16, 1945, he took over the microphone to  
deliver the countdown for the world’s first atomic explosion. 

Hill Resident Appraisals: 
T h e  appraisals of Los Alamos residential properties that  are sub- 

ject to priorities were released to the public by the Housing and  
Home Finance Agency this week. Examples picked a t  random show: 
3-BR Western Area original $12,000, 2-BR Group 16 house $9,700, 
4-BR Group 17 house $11,600, 5-BR Group 18 house $13,750. 



&age Bohr, s m  ol the late Nir:15 Hohr 

.July 30. Here 801; Drwliier, ISD-7, left, 
cxpluins (exhibits c i t  the Bradbury Hall 
o f  Science i o  Bohr-, his daughter Mcir- 
grethc, cintl t i is trollr?aguo, Pro,iessor 
Rayitiond Shelit-it. a f  Floriclcr Stotc 
University. 

r t n d  IiirnsoII: a scict i t ist ,  visited LASL. t:jn 

P 

T h e  G;eiiet*o I Advisory CO 111 ini t I UI: to 
t ti e ti, S .  k\,r ins [::<:I nt I o  I CI n d PI i s  ci m u  - 
merit Ayc?ncy, of ,vAricbi Director Harold 
Agnew i s  ctiuiri-ricin, visited LklX on 
Aucjurjt 21 and 2. tiwe !;idne,y Gray- 
heal, c:cti!iultativo c:I:,iniiu issioti tiioni- 
her, Dta t i  Rusk, fortrier Sccretciry of 
State, '4'gl.lew, .lohl McCono, fortiler 
Chnirmcltt IJ f  the Atoniic Einerqy C:oti~- 
tnission, t:iIid Gavy Seyster, cotrtniitiee 
staff listen as Bil l  t-kuth, WX-3, atid 
Jesse Atagoii, Vv':K-:< group I~:cidw, 
explciiri activitic:; at  S-Site. 

ph K. IIrnticlri, LISA, 
Division of Militctry 

Appliccltioii ( D h A ) ,  ccit~te to i.AS1 
August 27 for c1 :!-thy inspectioii of 
ftscilitie:;. tfere Sir.vc: Lockwood, LE<, 
c h c r i b t x i  1. Division cxctivitics to U ui iccin 
MCl€:hfliJgall, associcwle director for 
weapms, Harold Agiicw, [lircct:ir, 
Brcr tin rr, (:I rid C o  t :I I 11 CI 1-1 dc r R udo I f R ro CI - 
dertrim, USN, of tI 
and c:~evr:l~,ptilcilt :;fa 

Hunter 5pilItit1, senior stoR as#sistc.int 
for tho U.5. House or' Reprewtilcttivcs 
Appro pr iu I io i i s  v i  !;it e d 
LASI, on Augusb 2!6, licte tulkr; with 
Georgc Sawyer, C::TR..Division alterriutc 
divi:iicm letrdcr, 1:it31w~ fusion powor at  

(::om in i t tee, 

scyllcic. 



A project to control erosion becomes a 
composition in abstract art for ISD-1 
photographer Bill Jack Rodgers. An 
embankment which is part of a radiation 
shielding system at Area A of the Clinton 
P. Anderson Los Alamos Meson Physics- 
Facility (LAMPF) had been eroded froF 
10 to 12 feet over a 3-year period. Group 
ENG-4, the Zia Company, and the Fa&- 
form Division of the lntruision Prepakt 
Corporation, Mesa, Arizona, poured 
concrete between 2 nylon blankets which 
are quilted so that the concrete will form 
the bulges. The bulges slow down and 
break up flowing water. 


