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Syﬁbpsis - Abstract

_Ma.ny kinds of 'en\}ironmental hazards injure man.
_ Inéluded are various microorganisms, foxins, including hegvy
metals, and the sevex;al fbrms of energy, ionizing radliation‘,
elecfrical, thermal, and mechanical. All these hazards are of
éractical interest because of ;:he damage they produce. Yet
society's apprqach to réducing such damage has varied greatly..
o ‘_The micro;bial hazards, for example, afe approached in termé

_ ‘of the interactions inveclved, and ﬁaximizatioﬁ of loss reduction.
By contrast, mechanicai energy‘damage losseé ai‘e app.roached |
largely' with .ﬁloralization and other once corhmonplace a.sp.ects
~of me.dicixie’s pre-scientific paét. .Scienti"fic'élly based al’térnatives o
are available. These aré discussed, especially from the.

standpoint of human interactions with the energy hazards in the

~ environment.
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The biosphere of which we all are a. part 1s laced With
many hazards. Wheq man tangles with these, >specific injur.ies
can, and frequently do, result. These environmental hazax.'.d.s.t.vo
wh_ich man and other living thihgs a.re..s.usce;.)tible are: of three

principal types:

1. The.living and near-living organisms
that produce the varioﬁs infectious diseases such
as ~plague, cholera, and polibmyelitis, |

| 2. The varibus simple and complex‘
toxins, including lead., nitrogen mustar_d, fa.nd.
~ aspirin, and
- 3.. The sever‘al fOrrﬁs of eﬁergy,f
- including ionizing radiation, and e1ectri_c>a1,

thermal, and mechanical energy.

- _There is general consistency in the evolution ‘of‘the 'W'ays
~ in which human societies regard the injuries due to human inter-
'_actién with the various environmental hazards. First'is a. -

prescientific_‘ stage, in which notions of etiology.béar insufficient
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relationship to the relevant causail»'sequences actually invoived fo
- have much effect on either frequency or severity. This pre‘sci-
‘ beritific stage is typified by plaéﬁe and mélarié. pribr to discovery
of their infectious agents, as well as by fche 18-th centqry
"Devonshire Colic'" before tlheAz"c}le .of lead repairs to cider
' mé.king and stdrage was pinpointed. 1 | |
. Béc_ause in the :absence.of suffiéient étiologic unders'tanding '
‘countermeasures have little or no effect, the >prescientific stage
of knowledge of thé sources of injuries produced by any kind of
environmental hazard is typified by many disparaté and competing
folk rémedies, panaceaé, and notions of 'caus4a'tion. Mbreover,
_ extra-rational explanations abourid in this sfage,. especially in tﬁe
form of views. that regard the injuries sufferéd >és retribution for
_ inipropef societal or individual behavior. R.ébs;;bnsesrto‘plague.
_in medieval Europe, and to various earthquakeé and volcanic
| éruptions are among the fnahy iliustratiéhs of this prescienﬁfic_
stage. . Since this stagé is fundamentally chérz;cterized by failure
io »see pattern in the undesired evgnts, people: .in the first staée |
tend also to hold the friew that the pafticulaf type of damage
'

. "just happeﬁs.' The still prevalent preSgientific term and
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concept "accident"” provide excellent illustration of this stage, as
do the prescientific meanings of such terms as malaria and

1)
plague.

In at least the aélvanced éountri‘es, there is next a second
stage, one of transition. In thisf the notions of the first s‘tage,
commonly even among rfalevant professionals, provide the basis
of resistance to the dawning of more séientific ideas of etiology
‘ and, derivatively, of efficacibus counterméasures. The period
of nasty debate associated with the introduction of the idea that
a previously undocumented kind of environmental hazard -
certain plasmodia — caused the bodily damage known as malaria
(and by that very name theretofore literally explained) well
illu.strates this tyi)ically turbulent second stége. The many other
examples include the period of some th.irty years between Snow's
brilliant documentation'in 1855 that cholera was bourne by
contaminated water, and the final absence of professional
opposition. 2

This turbulent, transitional stage leads directly to the
third stage in understanding of injury caused b& damaging human

interaction with environmental hazards. This final stage is
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typified by élear, well documented knowledge of etiology, ari
aséociated structuring of théory, and the resultant placing of
.countermeasures on zi sound and, henéé, efficiai:ious baéis.
Suéceés has defeated the presci.entifié zipproachés, and extra-
rational explanations have fallen from favi;r_, -althoﬁgh their
persistence at the leve} of folk culture is often prolonged. This |
third stage is especialiy well illustrated by contemporary

' approaches in advanced societies to zi hb.st of 'inféc’_cious envi_ron-—
'mental hazards that once caused pan.icvevén ii1 the same areas;

It is, however, no happenstance that I Iiaffe mostly
illustrated the last two stages with infectious disease examples.
Uriderstanding of genei'al principals aﬁa‘of detail poncerning'v_ 2
injuries due to living environméntal IiéZardé ai‘, a group has .
generally outi‘un analogous scientific knowledge cdncernirig the
_ 'damage produced both by the many knowii and potefitial toxins and
by thé several i‘orms of energy, although the kindé of damaée ‘due
- to ionizing i'adiatibn tend to be an exi:eption, perhaps pai‘tly
because they had little cultural history and therefore little cai'ry-

over of prescientific notions.
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There has been scant scientific scrutiny of the reasons
for the discrepancy throughout the laét one hundred years between
the rapid advance of knbwledge and theory concerning -living
environmental hazards, on the one hand, and those of the toxin
and energy groups on the otiler. From antiquity until about the
beginning of thé 19th century, there appears to have been no
great difference: Understanding of all three groups of hazards
was primitive, but by no means nonexistenf. If anything, it
could be.argued that knowledge of principles and specifics with
respect to both toxins and the then-major energy-hazards was
more advanced than with réspect to infectioﬁs agents. A variety
of poisons were used in personal and political crimes. Moreover,
throughoﬁt all known history, forms of en'ergy — especially
mechanical, but frequently also thermal - ha&e been used,
through the medium of a wide variety.of often quite sophisticated
wea.poné, as the means of carfying out virtually ali individual '
- and collective violence. Yet, as w;ith toxins, éeneral principles
and needed specific information, such as measures of body
resistance to given rates.arid_ amounts of energy transfers, largely

failed to be either sought or found.

5
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~ The general lag of sciehﬁfic app;-qaches to redu_c_:ing .'
damage associated with toxic é.rid energy hazards is beginning to
be corfected because their promiﬁc—;nce in the modern environmént' '
can no- longer be ignbred even in c'on.lpet'ifci'on with the long
e .domina.nt, other concerns of the medical ;ca;nd,' éspecialijr of the '
public health i:)rofeSSions. In this context, it is note_w;orthy thé.t |
.m‘uch of the pressure i:o'r far more attention to such -h;izards in-.- =
" the environment is'coﬁling from the. g_enei;él i:)ublic, as has been
illustrated by such recently contr'ov_er'sia;l s:i.;ﬁjects as D.D. T.
throughout the world ecosystem, mercur.yi'i.ni'marine féod cha'_ms_,'-.
'_lead-cauéed brain damage to slum chﬂdren from paint;eating, o
pulmonary(damage from combustion produpfs in tobacédjgmoké_'._ '
aﬁd the general air, ;md the mechanical energy hazards on our |
Mghwéys. |
In the caée of the energy-hézérdé; the ~a.u’chor of the
treé.tise bn Head Injury attributed to Hippo§¥ates had icientifigd
qugllitatively two of the small number of b‘a_&::'ic:‘.principles. with :
~ respect to the extent to. Which-rﬁec_ha#ic':a.l _energy-traﬁsfers |

‘injure:
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"Of those who are wounded in the.parts about the
‘bone, or in the bone itself, by a fall, he who falls
from a ver¥y high place upon a very hard érid blunt
object is in most danger of sustaining a fracture
and contusion of the bone, and of having it
depressed from» its natural position; whereas

he that falls upcA)n»more level ground, and upbn a
softer 6bject, is likely to suffer less injury in

the bone, or it may not be injured at all. . . . n3

In 1942, DeHaven, who had begun to understand the issues
while a Candian pilot observing 'apparent discrep‘a}n'ci_es in crash
results during WWI? published a classic paper: "Méchanic_al
Analysis of Survival in Falls froﬁ Heights of Fifty to One Hundred

and Fifty Feet"® which picked up the same thread as Hippocratés,

but this time with the addition of‘ needed quantitative data. This

. initiated the growth of fhe central corpus of modern knowledge
relative to mechanical energy hazards, concerned with the (great)
extent to. which the stfucture of the properly packaged human

body provides resistance toc mechanical energy exchange. Scientific
, /
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understanding in this field Has been fﬁrtheréd greatly by a nﬁmber

_ of other subsequent workers, especially beginning in the early

! 1956's by John P. Stapp and his coﬁeagﬁes with their rocket-
:sled and other deceleratioﬁs of themselves and other human

volunteers. 6
| 'More fecently, it has been poésible to categorize o

qualitatively the entir--e6 sequence of steps in the proéesses fhaf

lead to the end results in energy-damaged people (and property)

that accumulate on society's publié-health balance sheets.. This

in turn allows parallel classification of countermeasure options

for the redﬁction of such individual ana societal losses. 7,8,9

In fact, if is one indicaﬁc)n that this fieid is approaching the ‘

aboveﬁentioned third stage in undervslta.ﬁding of‘ inte.ractionsv ’

. between man and these environmentai hézards, fhaf thé resultant

cohceptual framework, a cbuntermeasure classification, Works

equally well in approaching reduction of the damage from ali |

_ forms of energy (and in parallél of all ?OXins é‘s well), whether

such hazards are interacting with man (or property) briefly or

for longer periods, and whether the dafnage is acute or chronic.'
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One logicél framewofk for classifying scientifically baéed
countermeasure strategies for reducing énergy-damage of any
kind is described in the following paragraphs. |

The first strategy is to prevent the marshalling of the
form of energy in the first place: preventing the generation.(_)f

_thermal, kiﬁetic, or el.ectr.ica.l energy, or ionizing radiation;

the manufacture of gunbowder; the concentration of U-235; the
build-up of hur;ricanes, tor:nadoes, or tectonic stresses; the
accumulation of snow where avalanches are possible; the elevating
' _of skiers; the raising of babies .above the floor, as to cribs and
chairs from which tﬁey may fall; the starting and movement of
.vehicles; and so on, in the richness and _vériety of ecologic
circumstances. |

The second strategy is to reduce the amount of energy

marshalled: reducirig the amounts and conce;ntrations of high
SChoé} chemistry reagents, the éize of bombs or firecrgckers,
the height of dix}ers above swimming pools, or the speed of
\_rehi_cles. 7

- The third strategy is fo’ prevent the. release of t.he‘ energy:

preventing the discharge of nuclear devices, armed crossbows,
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gunpowder, or electriéity; the descent of skiers; the fall of

elevators; the jumping of would-be suicides; the undermining of A

cliffs; or the escape of tigers. An Old Testarﬁent Writer.illus-

trated fhis strategy in the context both of the architecture of his
area and of the moral imperatives of this .entife field: "When

A you build a ne§v housé, you shall make a parapet for your roof,

»

that you may hot bring the guilt of blood upon your house, if any

"

" fall from it." (Deuteronomy 22:8). This biblical position,

incidentally, is fundamentally at variance with that of those who,

by conditioned reflex, regard harmful interactions between man

and his environment as problems requiring reforming imperfeét
man rather than suitably modifying his enviroﬁmé_nt. 7

The fourth strategy is to modify the rate or spatial |
distribution of release of the energy from its source: slowing
the buring rate of explosives, reducing the slope of ski trails

for beginners, and choosing the reéntry speed and trajectory of

space capsules. The third strategy is the limiting case of such

- release reduction, but is identified separately because in the

real world it commonly involves substantially different circum-

stanceé and tactics. 7
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The fifth strategy is fo separate, in spéce or time, th_e
energy being released from the susceptible struéture, whéther
living or inanimate: the evacuation of the Bikini islanders and
test pérsonnel, the use of sidewalkes and the phasing of pedestrian-
- and vehicular traffic, the elimination of v;ehicles aﬁd their |
' pathways fror.n community areas comménlsr used‘by children and |
adults, the use of lightning rods, and the placihg‘of electri‘c poWer

" lines out of reach. This strategy, in a sense also concerned with

rate-of-release modification, has as its hallmafk the elimination

of intersections of energy and susceptible structure — a cdmmon
and important approach. 1 k

The very important sixth strategy uses ﬁot ‘sep>aration‘ in
time and space but separation by interpositibn of a material
"Barrier": the use of electrical andthérinal insulation, shoes,
safety gllésses, shin guards, heiments, shields, karmor plafe,
torpedo nets, antiballistic missiles, léad apronsv, bu?z-saW‘ '
guards, aﬁd boxing glove,s. Note fﬁat some "barriers, " sucH
as fire nets énd other "impact barriers" and ionizing radiation

shields, attenuate or lessen but do not totally block the energy -

from reaching the structure to be protectéd; This strategy,

c

n
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‘although also a variety of rate-of—réléase modification, is
separately identified because the tactics involved comprise a
| large, and usually clearly discrete, category. 7

Thg seventh strategy, into which the sixth blends, is
also very important ~ to modify appropriately the contact surface,
subsurface, or basic structur‘e, as in éiimiriating, rounding, and
softéniﬁg corners, edges, and points §vith which people can, and |
therefore sooner or léter do, come in éontact. : This strategy is
widely overlooked in afchitec.ture with many mino‘r and serious
injuries the result. It is, however, incrcasingly reﬂected in |
automobille design and in such everyday measures as making
: loliipop sticks of cardbord and makiﬁg some toys less harmful
for children in impact. U |

The eighth strategy in réducing losses in people and
prope'rty.is to strengthen the structure, livir'lg or nonliving, that
might otherwise be damaged by the energy transfer. Commyon _
tactics, often expensively underappliéd, include tougher codes
for earthquake, fire, and hurricane resistance, and for ship and
motor vehicle impact resistance. The training of athletesl and

e

soldiers has a similar purpose, among others, as does the

12
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. treé.trrient of hemophiliacs to reduce the results of _subSequeﬁf
mechanical insults. A successful therapéutic approach to. reduce
thé osteoi)orosis Jf many post-menopa.l.isyai women would also '.
illﬁstra‘te this strategy, as would a drﬁg tb increa_sé r.esistance'
to ionizing radiation in civilian or militafy experience. (Vaééiﬁes,
such as those-for polio, yelléw fever, and smallpdx, ére
analogous strategies in the closely pafgllel set to"réduce 1osses h
from infectious agenté. )'7 |

The ninth étrategy in loss réduction applies to the damage
not prevented by measures undrer the eight preceAding - to move
rapidly in detection aﬁd evaluation of dafnége that has occurred |
or is occurring, and to éounter its continuation and extension.
The generation of a signal that response 1s required; th(_é signal's
transfer, receipt, and evaluation; the decision and follow-through,
are all elements here — whether the iséﬁe be an urban fire or
wounds on the battlefield or highway. Sprinkler and other
suppre_ssof responses, firedoorrs, MAYDA\‘S\( and SOS calls,
fire aﬁarms, emer:gency me.dice.;l care, emergency‘transport,' ‘and

related tactics all illustrate this éountermeasure strategy.

" 13
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| (Such. técfics have close p'arallelns in mahy éarlier stages of the
sequenc‘e discussed here, as, for exampl;e, storm and tsunami
warnings. )7 |

| ..The tenth strat.egy encompasses all the measures between
the emergency period following the damaging energy exchange
and the final stabilization of the process aftér appropriate inter- _
mediate and long-term .reparative and rehébilitative measures.
' Thése maLy involve return to the pre-‘even".c.d é’;atus or stabilizatiqg g
in st-ructurally or fuﬁctionally éltered s’ca;c.es;,’7

(Additional information concerning such analysis has been’ ..

ptiblished elsewhere, including with respect to the crucial importaﬁce
of chqsing_countérm'easure priorities in ter@s\of their ébility to |
reduce the undesirable end results rathe.r. thén selec’ting emphaéié
in terms of primacy in the sequénce df‘cau_sat'ion. 7 In illustration,
we use fuses, parachutes, and p'acka.gi.ng. of parcel post shipments' .'
rather than attempting to prevent all shortcircuits or fallings of
people and packages. This approach is analagc;us to_using a
vaccine to modify 1;hé interaction of pbliomyélitis viruses with
the persons at risk'rfather thén concentrating on modifying human
b_ehavi.o_f to prevent exposure to -th.e specific_ envir;o‘ﬁrrﬂlent.él haiard

that produces the bdd_ily dama.gé. )

_ 14"
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In view of the progress noted briefly above, and many
nelated advances, understanding in this_'field has moved in.les's
than thirty yeafs through a period in many ways p'arallel to the
appfoximately thirty years of microbiolggicai discoveries and
_A dev;elopment of preventive cAountermeasures that preceded the
beginning of the present century. -It is important that these
developments and the tneoretical and empiricél knovﬁédge they
reflect rest firmly on the physics’ and biology involved, .and ‘that
.coun'term'easure options choice and implefnentaﬁdn, as is "c_rue
also in turn with more peripheral etiologic fac;cors, involve such
other types of variables as those of engineering, and behavioralr
science, just as do thé other fields of preventiVe medicine .and
public heaith. With ré_spect% relevant Iknowle‘c.ige involving such
less direct variables, there has also b;en cons_iderable progress
in recent years, although her-e, too, most of the growing body of
scientific evidence is not widely known and oniy a few competent
reviews and discussions (_)f sunareas ofAspecia]: interest.to
phys‘icians havevbe~en published. Aside from thpse concerned with

emergency and subsequent response and care, - these include

- references 6, 10, 11, 12, 13, 14, 15, There is every indication,

15_
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however, that the overnll progress. in this fi.eld will continue,
although a rnajo'r problem is the great scarcrity of researcn-
‘trained physicians and related scientists willing tn work in fhe
.non—surgical aspects of this important field. |

In the foregoing I have introduced briefly some of the
foundations that underlie s.cientific: npproachés fo "Th.e. Injnfy
Problem." In closing, I predict that just as the understanding ;
of the causation of other afflictions .of' man ha's'rlead to their
91asnification in etiologic terms, so t_ob will the .p‘resent ;‘injuries“
increasingly be classified in terms:of the specific téxins and
forms of energy-exchange each im_rolves..16 This quérn, stége- |
 three position is a far cry from thépre-sciéntifié approaches
that for centuries have domin'gted this ‘fiél.d," w1th tragiq reéults.
_"I‘he.t‘ransition to rationalify in whic.:h.'we ar_e ’now- eng_aged is long

- -overdue, but the forces of conceptual reform are gaining ground.

18
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