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18. SUBJECT TERMS ({(Continued)

Radiobiology Signs and Symptoms
Radiation Injury Radiation Dosage

i9. ABSTRACT (Continued]}

The delayed or manifest—-1llness phase begins weeks to days after exposure, onset time
diminishing with increasing dose. Symptoms result primarily from injury to the hemopoietic
system at doses of 150 to 1500 rads (cGy), and injury to the gastrointestinal system at
doses above 1500 rads {(cGy). Compound effects from both syndromes are manifested at doses
of 830 to 1500 rads (cCy). Symptoms of the hemopoietic syndrome are bleeding, fever,
infection, and ulceration. Symptoms of the gastrointestinal syndrome are fluid loss,
electrolyte imbalance, severe diarrhea, and septicemia.

Despite differences of population characteristics, environmental conditions, and
medical attention between the exposed persons represented by our data and battlefield
soldiers, we believe these symptom descriptions are relevant to combat personnel.
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1500 rads (cGy). Compound effects from both syndromes are manifested

at doses of 830 to 1500 rads (cGy). Symptoms of the hemopoietic syn-
drome are related to bleeding and infections. They include easy bruis-
ing, fever, and ulceration of the mouth and throat. Systemic infections
are triggered by the escape of enteric bacteria from the damaged gastro-
intestinal mucosa; they progress fast because white blood cell produc-
tion is suppressed by the radiation-caused destruction of bone marrow
stem cells. Preexisting infections, for example in the respiratory
tract, can rapidly become lethal., With increasing dose, and especially
above 1300 rads (cGy), fluid loss and electrolyte imbalance from vomit-—
ing and injury to the gastrointestinal tract may lead to fainting,
prostration, and a shock condition that could result in death in ~2 to
12 days.

Application of these descriptions to battlefield soldiers carries
some reservations because of differences in population characteristics,
envirvnmental conditions, and medical attention. Accident vicvtims and
therapy patients had the benefit of medical vare, which battlefield
soldiers may net have. On the other hand, soldiers would presumably
have advantages of youth, vipgor, and motivation over the other groups
mentioned. The data do not permit a quantitative assessment of the
tradeoffs between postexposure medical care and preexposure robustness.
We believe, however, that preexposure health condition is less important
than pustexposure medical care, barring prior bacterial or wviral infec-
tion. The symptom descriptions may be somewhat less applicable but
still reasonably relevant to combat personnel receiving doses at the
lower end of the 75 to 4500 rad (cGy) range or scon after exposure.

The descriptions become increasingly applicable as doses and post-

exposure time increase.
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As a first step in that effort, this report describes the "typical"
human response to prompt radiation during the acute period of 6 weeks
after exposure, The available data has been analyzed to correlate radi-
ation sickness symptoms with dese levels and time--incidence, severity,
and duration. Rather than restate the well-known variability of radia-
tion sickness symptoms, a typical description was derived to provide a
theoretical base for subsequent estimates of combat troop performance
after the detonation of nuclear weapons.

The data sources fall Inte four general categoriles: (1) case
studies of the victims of nuclear reactor accidents,* (2) records of
patients given teotal-body radiation therapy for cancer and other
diseases,# (1) "compusite" analyses based on data from a variety of
sources, and (4) expert opinion, sometimes elicited in private communi-
cation, Addirional information has come from survivors of the atomic
bombings in Hiroshima and Nagasaki, as well as those accidentally
irradiated in nuclear tests in the South Pacifir.¢ Though animal ex-
periments provide the greatest quantity of data on radiation effects,**
animal data was not relied on because the link with human responses is
indirect.

Nu one category of sources provides a comprehensive picture of the
incidence, severity, and duration of radiation sickness in humans. For
example, the data on atomic bomb survivors are usable for delayed hema-
tologival effects (31 week postexposure) but inadequate for early acute
cffects: because of the chaotic conditions, all records of symptoms
during the first few postexposure days were constructed some time after
the fe;u:t.—J“r To refine a plausible description of acute symptoms, it
is necessary to use a variety of sources and carvefully evaluate their
data.

*References 12, 21, 45, 51, 53, 56-58, 73, 74, 83, 90, 94, 96,
103-105.

TReferences 2, 9, 10, 15, 17, 19, 20, 42, 43, 66, 71, 78, 88, 91,
93, 98,

4References 2, 26-29, 54, 55, 60, 63, 65, 72, 81, 82, 101, 106, 108.
Fok
References 3, 5, 11, 13, 14, 100, 111.

++References 81, 82.
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SECTION 2

ANALYTIC CONSIDERATIONS

This section explains how the data were used to correlate symptoms
of radiation sickness with dose levels and time after exposure for a typi-
cal population of victims. The effort involved identiiying the specific
symptom, estimating their ineidence and severity in the population, re-
conciling dose levels reported in different units of measure, corre-
lating dose ranges and time intervals with symptoms, and addressing the
effect of different dose rates in the data. The period of acute illness
is conventionally divided into the prodromal phase (1 to 3 days after

exposure) and manifest-illness phase (1 to 6 weeks after exposure).

IDENTIFICATION OF SYMPTOMS

The main prodromal symptoms identified are nausea, vomiting, an-
orexia, diarrhea, fluid loss, and electrolyte imbalance. Concomitant
effects, either a direct result of radiation or secondary to iluid loss,
are headaches, fainting, and prostrativn. Other early effects with a
different pathophysiological base are fatigue and weakness.

The manifest-illness phase is dominated by bleeding, fever, infec-
tion, and vleeration due to injury of the hemopoietic system. Higher
doses can produce hypotension, dizziness, and disorientation. Fluid loss,
electrolyte imbalance, and delayed diarrhea recur after relatively high

%
doses because of damage to the intestines. \

SYMPTOM INCIDENCE AND SEVERTITY

Apart from probic analyses? and information on atomic bomb survivors,
quantitative data on the incidence of symptoms are scanty. Analysis has
indicated substantial divergence between the Japanese survivor data and

*

probit analysis predictions of symptom incidence. The reason for the

*
Appendix A explores the pathophysiological basis ol both prodromal
and manifest~illness symptoms.

+References 61, 67.

¢References 9, 63.
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analysis. Of course, no adjustment was necessary for the mixed gamma
and neutron radiation doses to which accident victims were exposed when
reported as free-in-air values.

More precise estimates require detailed consideration of radiation
transport and dosimetry (involving spectra, geometry, and composition},
which is beyond the scope of this resecarch. We do not explicitly acceount
for relative biological effectiveness (RBE). The data do not justify
values other than 1, particularly for acute symptoms such as upper and

lower gastrolintestinal distress, fatigue, and weakness.

DOSE RANGES

We subdivided the dose range df consideration, 75 to 4500 rads
(cGy), into eight ranges reflecting important pathophysioclogical events,
as shown in Table 1. Doses in the lowest range, 75 to 150 rads (cGy),
cause minor acute damage to the hemopoietic system and mild prodromal
effects (nausea, vomiting, anorexia) in a small number of irradiated
persons.

In the dose range 150 to 300 rads (cGy), prodromal effects and
injury to the hemopoietic system (primarily the bone marrow stem and
precursor cells) increase significantly. However, victims will prob-
ably survive, except for the ~2 to 5 percent who will die after doses
of about 300 rads (cGy).* The probability of death increases at this
dose range if victims are already weakened by other conditions, such
as an infection. Although survival is possible within the next range,
300 to 530 rads (cGy), prodromal effects become pronounced. Victims
also suffer moderate to severe damage to the bone marrow. As the dose
reaches about 500 rads (cGy), 50 percent who do not receive appropriate
medical care may die within 60 days.

The lower limit of the 530 to 830 rad (cGy) dose range is the esti-
mated LD50/60; 100 percent lethality is approached at about 750 rads
{cGy). Responses to doses between 830 and 1100 rads (cGy) begin to

%
References 61, 75.
+Reference 6.

References 6l, 77.
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reflect the combined effects of gastrointestinal and hemopoietic damage.
Survival is almost impossible unless a compatible bone marrow trans-
plant is available. Nearly everyone irradiated at this level suffers
severe prodromal effects during the first day after exposure.

Injuries from doses of 1100 to 1500 rads {cGy) are similar to those
in the foregoing dose ranges but much more severe due to greater deple-
tion of bone marrow stem cells,* greater gastrointestinal damage, and
systemic complications. Early transient incapacitation has been ob-
served in monkeys and may appear in man.+ At 1500 to 3000 rads (cGy)
early transient incapacitation may become more frequent.* An early-
postexposure renal failure was reported in this dose range.** Death
results in less than 2 weeks from gastrointestinal injury, complicated
by bone marrow damage and concomitant cessation of granulocyte produc-
tion.+f Above about 2000 rads (cGy), death may occur soconer from
electrolyte imbalance and dehydration due to vomiting and diarrhea,
especially in hot or humid conditions. Extremely severe gastrointes-
tinal and cardiovascular damage causes death within 2 to 5 days after

doses of 3000 to 4500 rads (cGy).4*

POSTEXPOSURE TIME CORRELATIONS

The onset and duration of prodromal symptoms in trelation to radia-
tion dose was estimated primarily from accounts of accident victims and
therapy patients. Data on the Japanese atom bomb survivors are 1lnade-
quate for prodromal symptom~time correlations, as noted in Sec. 1. For
manifest-illness hemopoietic depression, however, the Japanese data are

Hkdk
more reliable, having been recorded at the time of occurrence.

%
References 7, 65.
+Reference 23.
j“Re‘ference 23.
*
Reference 98.
+t
Reference 65.

**Reference 68.

%k
References 2, 29, 60, 81, 82, 101, 1i06.

14



i
|
i
I
i
!
8

ti

ST

a6 ‘0% saauala;agt

‘ejep juatled Adeaayl Ine ur S9IBI ASOp SYJ U2AR UeYI lamo] ATqE
-12pPTSUcY 3iam juTw/(4A9Hd) SPBI g0 PU®B <Q'Q] SIURP1IIIE Aasoy] io0] sIIR1
asop ayl ‘i1aasamog " (79 *39Y¥) 2275 Tenbo jJo sasop A1rsuaiur-yIry o13urs

uRyl S2IBI 2S0p MO] 1E 5ISop ATIEp [IRWS YllM 219428 §s97 2av Linlur
Te2T80T0oremay pue smolduds Temoipoid Jeyjy pajsoelddns sey isleuw auoQ
‘(¢/ pu®B gz °519y) SWIIITA JUIPTILIE JOo $3Tpnis oml wold Juruoseay

68 ‘OL ‘69 Sa20u2d9019y
*

*aTqedr1dde
A13122atp 2av siuatied Adersyl woil ®iep ‘AITTIAdeI13el pur ‘JuriTwon
‘gasneu se yons suwoldwds 1oy suaalied ssuodssi 23noe TeoTdA] ZuTariep 103
3Byl ‘=2I0J21ayYl “poalallaq ST 31 i'anoqe paieaIpul o8ura oTinedelayl a3
Uy 231 2sop 3urseardur yiim SurliTWos I0 EISNEU ISIOM JO 13SU0 12T[JIED
JO @0oUspIA® ou punoj pey Koyl pres A71usosa sIsTBoTo0Tqolpel pue S1STd
-BI3Y] UOTIEIpEl ‘2uoT® sjualled Adeasyy 10} sy +'sdn013 OM] 3yl ualmleq
2ouaIaIIIP poyiew ou smoys (T 'B1g) T[949T @s50p yiatm swoidwds Tewoipord Jo
SWT1 1313SU0 2yl JO UOTIBT2II0D FI9A3MOY 'SIWTY JUIIIIITP Je urdaq pinos
swoldwds Tewoapoad arsyl eyl pazoadxs =q yTrw 2t ‘sjusTied Adweasyy pue
SUIIDTA JUDPTO0E USDMIDQ 2IBI 3ISOP UT S2IUDILLJTIP 1EIIF a4yl UaaTy
‘poapasu sem suorldrizsap woldwds [eoTd4) dol2Asp 03 [RTIUDIJIITP 23IvI 280D
£ 103 eiep Adeisayl a4yl jo julwisn[pe ue I9ylaym paI3pTSuUcd aM “sianoy 03
sajnutm jo spoTiad Isac ulu/(£92) Spel gf 03 [ 01 PIsodxXa 9iemMm UOTIRTPBIAT
Apoq-Tel031 Surofispun sjusrled fiseijucy ul *pPUODa8 B JO UOTIDBIAJ © UT
SpEl 10 spuesnoyl AurRw o) pasocdxs 218k SMI]D?A IUIPIONY  *S593B1 250p 10
£19TaeA 3B018 B spnTour jaodaa sSTYI U EBIBP Ayl *S2SOP [EIOT JU2IITIIP
AQ SE [[2M SF S21B1 2E0p UOTIEBIPBRI Ju2Ia3IJIp AQq ATIUDAaITIP PA1IALlEe 2w

STTa2 2nSST1 leyl Yoaeasal [e213C]OoTUOTPRI wWOlj Umouy TTaM ST 3]

SALVY F50a0




0000Z

*S33e4 9SOp JUBLALLLp A|ledLped

Butioa|tou saiuob33ed eiep--asop 03 pajle[ad swojdwAs |ewoupodd jo 33sug ' aunbly

Jje-ui-aaly (And)sped ‘asoq)

000D 1 0001 001
r I T T 1T T T T T 1T T T T T T 100
L Adesay) 4+ |
= apoy 7
— H =Ty
| + o+ —
- q —
» v + o+ + ]
._H |T/|\ —
Avlil!ltrlJTJ+:41IJAQ|l|dTL&mw|1ﬂ + —o°1
+
i + +
v h\ vy v v + + Aw
|- q -
- N i
[ v v 7
- | A U | | | I L] ] ] j i

oi

(44) awn ainsodxaysoy

16



L1

Aq peiaoddns ST 24100 243 fI2ADMOH -EIER TEBOTITdw2 JO $OB] 2yl JO aSNED
-2q uielasoun sT 9fuwa asop 8yl Jo pus Y3TY 2yl IP pulil II¥XI ayg

“9S0p 03 JERUOII

—10doad AT2SI9AUT 2q ©3 SWI] I2SU0 SMOUS IAIND JYL "STENpTAIpPUT , Te°

-td£3,, 1uessader o3 siuted eiep 2yl YInoliyl UMBIP SeA AIND B ‘pPEIISUT

sEsATeue uwvlssoa8a1 su yous sanbruyoey yeorasunu A1dde o3 syeradoadde
-uT sem 11 ‘uocistoaad pue A3Isuap Ur Ajleza8 Aiva pIEP 243 ISNEIIY

"ejEp urElasdun ajrnb uo paseq sanfea papua-uado

33eOTPUT SMOI1E {S3BUBI UTBIILD SSO] 21EITPUT sTequks 3yl Furidsuuod

S3UTT ‘uorlRPWICIUT WITJ] S33BITPUT TOoquWAS yoeg ‘sa1iodaled oM} I1aylo

a4yl I9a0 vlep AdeIayl pPuB JUIPTIIIE DPIICAE] oM ‘polIZESTP S3DIN0OS IIIYM

SOT ‘96 ‘06 ‘9% ‘wy ‘Tw ‘8f ‘6 (x)} worutdo 11a2dxd

OTT ‘6L “69 ‘79 ‘9% ‘wv ‘Tv (0) @31rs0dwoy

z6 88 ‘8¢ L1 {+) 4&deaay],

€0T ‘96 ‘T9 °*6G ‘TG ‘BE ‘0 (V) 3u2prooy
EFRUERERET] FSTREFIT)

:goTa08s3e0 eaep aIncy a9yl Burjussaadoa sToquis

Aq pazeoTrpur =2ae sjurod vaR {A52) SpE1 QO LI ©3 QT-—-Sascop [eniae

Jo 28ue1 2318 9yl JO 25NEBIIG JUITUPAUCD ST uoIleIuasaad d>TuylTiedo]

*(z *314 @2908) asop =2yl pue urdeq sweoldwis Trwoapoad awT] 2yl ulaml
—2q uoT3IET?21 2uy2 Suriljoeld Aq peilrmrlss sem swoldwds Jo Issuo 3yf

SHOLAAAS 40 NOTILVINMI NV LIASNO

"£3TTEY31AT

uoTleIpel pue ‘sousprour woldwAs ‘swoldwds Jo UOTIBIND puUE 13SUOC

2yl uo sSurpulj Ino jo uwOTsSSNIsSIp e Aq pepedsid vae suoridiiadsep ayj
*Z "99g ur parirruapr saBuel asop JYSTe Byl JO YOBe 10J SSOUNDTS UOIIE

-TpEa jo =sanod Tedord4Al aya jo suorildiidsap ylloj S33S UOTIILSS STUTL

SONTANIA

£ NOLLDYS




*plEp JO $3L406970) |[e--9S0p 03 pa3eiad swojdwAs |ewoupoad 30 38sug ¢ a4nbl 4

Jle-ul-aaJ} (AD2)sped ‘asoq

000'0Z 000b1L 0001 00l
1T T T 1 T | 1 T 17 T T T T T oo
uotuido yedxy X _|
B asodwoy O
= Adesay) 4 |
Juapidy 7
|

[

{4y) awn sinsodxaysod
18



*sjuatied

Adeiayl ¢g9] wWoIl BIEp U0 PAaseq 2Ie Saadno TRUICU tsiuatied Advaoyl Q00T
I9A0 PUB SWTIDTA IUIPTDOE Wol] BIUP U0 paseq 24p sSaAlnD [BMJOHEOTT#

"G0T ‘0L 69 ‘19 TG SPUURIRINY
19 ‘p saudaAD Y

E 33

19 anua_m;a\d‘t

19 aauaia;aa+

"5C @ou2Inlayg
¥

JO @oueplduT oyl 24e suotidadxy "I933sg eiep oyl s1TF A[[wiaudd uorl
—nqT1318Ip jemioudoy SYL *t'u011nq11191p [BWACU B ‘S3AIND JAED2UOD AY] puv
woTINgTIISTP Temacufo] B Iwnsse s2aaInd auT(-1yBreils oyl ‘aaded A3711g
-eqoad Teumxouzdo] uo paliold ++-asop vorjerpes o3 swoldwds Tewoipoid 3o
22uaprouT ay3 SurleTal sasATeue 3iqoad Jo s3[NSaI Ayl smoys ¢ andTg

SHOLdWAS 40 ADNITIDNT

*980p 01 pAIB[aI ‘y 035 Ul palJTIudpT

wolduds yowvs jo uorieianp ayl £jroods o3 Yiomsweay 2yl popuedxs am ‘elep

2771 woi} swoldwds uo Snsudsuel B JUTATIA(Q *as0p 031 uorleanp aseyd

GurieT=2a syiomouriy padoTaasp A[snotasid q31m¥iﬁ?aq am ‘saseyd ssOUT(T
-3sajruen pue Tewclipoid 2yl ur swoldwis Jo UoTIBIND Y] FITWIIST O

*SPUNOQ 2TUSPIIU0I 350UI YITM JUAISTSUOD DAE

aAInD 2yl pue BlEp BuriTWos 243 ‘pespul  -posodxa asoyl Jo (Of/°T YUAUT)

juanaad 7g 207 1Yy €% 031 ¢°p 3B paidvadxs ag plnoa josuo woldwAs TRWOIP

—o1d ‘uoringrilsIp TRWIOU ATalewrxoidde ue Jutmnsse pue ‘(A T*T) UTW 99%

JO UOTIBTAP PABPURIS B YITM ‘19A02I0K “BIEP 34yl jJO uorsrraadur ay3

uaaT8 ‘(ay y°7) utw Hy[ 03 28072 ATqRUOSEIL Iy 7 INOQE JO IWI3 JISU0 UR

07 spuodsaxiod aaand z 814 9yl (A90) SpPEL 6y IV *{£9D) spri gy 2AQQE

gasop afdurs 03 vunsodxa Jaije uUIw 99 F HHT SEM SWI JISUO0 UEIW ayf,

ayr *SWII2TA STEW QT UT PIUVTWEX?d sem BuljTwoa Jo 13suU0 24yl jo uoring
~T11s1p Teaodwal Byl “SAIND IY3 JO sSsauasTIpIuasaidar 3yl JU9y> Of

-utw ¢ ©01 ¢ uTyitm swoldwds [ewoapead Jo 28ury AATIUS AUJ

moys ATqeqoid TTIm (QIK) Spel puesnoyl [el1249s 01 pasodxa suosaad eyl

voturdo s,meydue] Aq pue A‘5(1{33) spel Q07 fl1 28 3Jured ejep JuUapTNOR AY1




Incidence (%}

90 }- A = Anorexia

95 T T T T T 1777

N = Nausea
V = Vomiting Refs. 67,69, 70
80 D= Diarrhea

F = Fatigue
70+  D(N) = Diarrhea {normal) ] Ref. 61
F(N) = Fatigue (normal)

50

30

20}
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. R B

20 30 40 50 60 80 100

Dose, rads(cGy} free-in-air

Figure 3, Symptom incidence related to dose {probit analyses).

fatigue atr doses above 300 rads (cGy)* and the incidence of diarrhea at
doses above 375 rads {(cGy), for which the normal curves were used.
Qualification of the diarrhea data is in order. Unlike the other
symptoms, diarrhea was monitored over a six-week period. Since the data
are not time-resolved, the curves include later as well as early occur-
rences of diarrhea. 1In fact, other data suggest that these curves pri-
marily reflect delayed diarrhea occurring a few days to a week after
exposure. FEarly diarrhea is probably not manifested unless the dose is

at least 450 rads (cGy). At that dose level, about 10 percent would

%
Reference 61, Table 10, p. 82.

20



*hC Qg sauuala;aa+

‘1€ souaiajayg
¥

pue ‘UCTIBINP *‘AJTI94A9S ‘*Josuc wojduds 23JpWTISS “IX3] UL PILTIFUNNS puE
Ar1edTydea8 pesieijaod ‘suoridransap osayl -I2ITIB3 pRIjTiusapl saduea

asop 3yg1e 2yl Jo ydes 1oJ poaluasdaid 21 UOTIRPTPEI SUTZTOUT 03 insodxa

I9717Je sueuny UL PAAIISqo 3q o3 AT9{IT swoldwds syl jJo suoilzdiadsag

SNOTLATYDSII WOLdWAS

‘y3vap jo sasned Buringrijuod 1ofem 3yl o21e sawolpuds Isoyl YoITysm I
sa8ur1 a9yl IIBOTPUL 2an8TF 2UI JO wWoIloq JYI 1B SUOTIRIOU wWIISAS snoaiau
Teiluad pue ‘Jeurisajiuroilsed ‘orlatodowsy 2y CS[RUmBW 12430 puv UBW
30 SWPISAS T[BRUTISIIUTOIISEE 9yl U2aMI9q S2IUl1I9JJTP JO 25nEdDQ AITTRY)
~-27 ueuny jusseadeasTm Lem 2aIND 2yl ur nheajeld ayg +'(&33) spel 000/
Jnoqe jo ¥sop B Ie1Ie 1 ¢f 1' peoliodaa A3ITEIE] 2yl YiTm UIISTSUOD
osTe ST puaal 3eyl ‘" (4£92) SPBI OQ0Z~ 240QE SIS0P YITH YIBap ISTTIAED
piemol pusil B MOYS woy)l Jioddns eyl 2In3BI2ITT 2U3 PUEB Saxeq 33
€2AIND 9yl 03 SATIBIIY ‘BIEP URTIRUWERW WOIJ PaII3JUT ST 2dEUYS S,2AIND
ayl ‘umoys sT siurod elep uBWM] JPLTIES I91Y1 YINoliYl UMBIP 2AIND B UOS
-Tavdwos 1og *s59TIITEIRI upuny wolj sjufod ®IEp Jusdai ATire] 991yl pue
uoTutdo 3i1adxe jusdax ATATEBI JO SNSUISUOD B Juasaidoai saxoq Iyl ‘moys
Sprid SNOTIBA dY3 SY "POSN 213M ¢ "3TJ UT S2X0q PIUTTIN0C ATTARIY 24Ul 4q
pa3edTpur so8uei 3yl ‘aansodxd uworleIped I21Je YIEIP JO IJWII 04
-sTeRWTUE 9FaB] I0F TI(Teied 3q 0] PUY] SIAIND 9SOP-AITTEYIST ISNEDII] pasn
SBM 9AIND PUBRY-IYdTI IYJ *s30p YITM SIUSWTIIdXe WOAJ PIUTEIO IAIND
09/0901 ue Jilim sueuwny 10; (A92) spea ¢gg JO 3IPWMIISS U JUTYOIBUW £q
PaUTEIQO SBM 2aand puBy-1yBta ayl - (492) spea ¢z¢ 01 (QO¥ woiJ soduex
09/09@1 :20uU3prTouT ©31 3vadsal yimm AJulelasoun a8yl Ijealsnlr ¥ -F14
Ut saadano =2ayj =241 "EJEpP uvuny Jo sgouasieds 2431 JO as8nNeB32( urejisaun
ST yleap JO JwIll ainsodxalsod PUR 2DUSPTIUT 243 JO UOTIBOTFTIUEND

ALTIVHLIAT NOLLVIAvVd

“pajinajir aq prnod luadiad Q¢ ‘(452) SpEBI QOCH ©I (JOOL Jo sosop

je f‘sansodxa 1911k Iy 9 o3 £ BIayIIBTp Jo seposTda om] 10 U0 IDUITI2dXs







*950p 01 paie|ad yiesp 40 swi] ‘G auanbr4

ne-ul-aayy (Aoo)spes ‘asoq

000001 000°0L 0001 0oL
rtrr 1 71 1 I rrTrenr v P 1 TTrT T T I l
— —
Wa)sAs
[ SNOAJBU |BIIUBD) —=|=— [BUIISAIUI0IISEE) —>|—— Df13j0doway — | =
B siutod elep saje  + B
: siulod exep saljliey g m
N 2O 80UBIBYRY ]
| 68 aduassgey [ ]
- gy @ouaiayay [T Hot
L1 3duaiajay RN
19 aauasayay I
B Z0| 39udiajay
Aep | —
B +
= +
= 4\ E
\ o
/ s
00Sv-000€E -
— 000£-00S1
| 005L-0011
00L1-0£8
— 0EB-0ES
- 0ES-00E
—  (AD3)spes 0OE-0G1
| 1 I O

(1y) swiy aunsodxalsod

b = e r——

——— . —_ .

B



incidence. It should be reemphasized that a consensus was sought in the

data, suppressing variability in order to represent the response of a
typical exposed population.

Symptom incidence is expressed as a percentage range or single fig-
ure, depending on the firmness of the data. Estimates of the relation
of symptom incidence with time are broad because of the lack of specific
time-resolved data.

The estimates of duration imply that a symptom can occur cne of
three ways over the period indicated: continuously at one level of se-
verity (e.g., ancrexia); continuously with varying severity (e.g.,

*
fatigue ); and intermittently (e.g., vomiting, diarrhea).

t 1

Quantification of the terms "mild," "mederate," and "severe" indi-
cating symptom intensity is possible with only a few symptoms, as noted
in Sec. 2.+ Mild vomiting or diarrhea may mean a single to a few epi-
sodes during the period; moderate, several episodes; and severe, many and
profuse episodes. Fatigue and weakness are potentially quantifiable
since exertion, necessary to reveal those symptoms, is measurable;;F how-
ever, few data have been collected. With regard to hypotension, "mild"
refers to a 10 percent drop in diastolic and systolic blood pressure:

"moderate,"

a 10 to 30 percent drop; and "severe," a drop of 30 percent
or more, Hemopoietic injury is quantified to the extent of estimating
drops in platelet, granulocyte, and lymphocyte counts. Net continued
fluid losses of up to 2 liters are considered mild to moderate:; more
than 2 liters, severe.

Regarding postexposure mortality, we estimate the incidence of fatal-

ities and the period over which they are likely to occur for a given dose

level. Data are insufficient to define a time distribution of mortality.

Doses of 75 to 150 Rads (cGy)

Table 2 indicates that acute radiation effects at this level are

X
Reference 1.

.1.

Also, our correlations of severity level with time are gross repre-
sentations; severity may vary considerably over time, as Gerstner's time-
intensity profiles suggest {(Refs. 41-43).

*Reference 103.
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mild and occur only during the first day after exposure. Blood cell

counts may drop slightly, but typical victims will surely survive.

Duses of 150 to 300 Rads (cGy)

The severity of prodrumal effects invreases over the preceding range
{Table 31). As the dose appruvaches 200 rads (cGy), 50 pervent or more of
exposed persons develop anorexia, nausea, and vomiting. About 30 to 60
pervent complain of fatigue and weakness. Significant destruction of
bone marrow stem cells may lead to a 25 to 35 percent drop in blood cell
produceion. As a result, mild bleeding, fever, and infection may vccur
during the fourth and fifth postexposure weeks. Up Lo 5 percent may die

5 to 6 weeks after exposure to 300 rads (cGy).

Doses of 300 to 530 Rads (cGy)

Prodromal symptoms begin earlier and affect more exposed persons
(Table 4). At this range and above, 10 percent may experience one or
two episodes of moderate diarrhea 4 to © hr postexposure. Most victims
tire easily and experience mild to moderate weakness intermittently
over the 6 weeks. Under normal conditions, vomiting and diarrhea are
not enough to cause serious fluid loss and electrolyte imbalance. In
hot or humid conditions, however, combined fluid loss and electrolyte
imbalance cuuld become serious.

Injury to the hemopoietic system is indicated by moderate bleeding,
fever, infection, and ulceration 3 to 5 weeks postexposure; mare than
50 percent of those exposed are affected. During the fourth and fifth
weeks, moderate diarrhea may complicate their condition. Five to 30
percent of nontreated persons may die during the fifth week; death comes
eariier to those with preexisting infections, for example of the upper

respiratory tract.

Doses of 530 to 830 Rads (cGy)

The onset and duration of nausea, vomiting, and anorexia are about
the same as in the preceding dose range, but the symptoms are more
severe and affect nearly all exposed persons (Table 5). Severe and pro-

longed vomiting takes a toll on electrolyte balance, which would be

26
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Table 4. Symptoms for dose range 300 to 530 rads (cGy) free-in-air.

Postexposure Time

Hours Days Weeks
1 2 3 4 5 & 7
Symptom ¢ 4 8 12 16 20 24 1 2 3 4 5 €]
rrrr T T 1T T T | H T 1 1 | ! 1 T I I
|
l\lausea"1 e 700= %07 MOAR T AL E o]
Vomiting '———-—30—80?"—4
(retching) moderate
Anorexia sy €] () 1 ()() 7, eovarmmtmm] 6 07 s i
Diarchea =i ~10% | 44 () v s
(cramps) ‘\\*moderate Moderate.//' 60z
Fatlgueb e 5= 907 MOdET AL E ot =M1 ] - ———— ModeTate == -
Weakness s A= {17 MOAET 3 v s e M i1 ] —-L——-— Moderate =e u-
Hypotension
Dizziness
Disorientation
Blepding" l—kd)-—l b= () 5 (7, ] n i
moderace
Fever —(e) i} e Lo
10-807 )
Infection — (£} { moderate
Ulceration [y o w——
Feg) moderate
Fluid loss/electro-
lyte imbalance
Headache
Fainting
Prastration
Death €5 G e
o T T R S | ] . | ]

JReferences for this group of symptoms: &, 6, 7., 12, 15, 18, 2L, 12, 32, 33, 135,
37, 41-44, 47, S0, 51, 53, 56. 60, 62, &5, 75, 76, 80-82, 85-8R8, 90, 92, 95-%7,
105-111.

breferences For this group of symptoms: 1, 7, ld, 43, 65, 71, 7h, 81, 101, 104,
109, 110.

“References for this group of symptems: 2, 6, 7, 14, 15, 33, 35, 19, 54, 5b, 00,
62, 64, 65, 71, 75, 76, 79, 81, 82, 85, 88, 95, 97, 101, 105, 106, 110.

dModerate drop in platelets: from 3 « 105/mm3 to 0.8-D.1 = 107/mm3.

Moderate drop in granulocytes: from 6 7 103/mm? to 2.0-0.5 < 103/mm3.
fModerate to severe drop in lymphocytes: from 3 X 103/mm? to 1.0-0.4 » 107 /mm3,
ngilaticn.

hReferences for this event: 4, 7, l4, A1, 81.
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accelerated by perspiration loss through heat, humidity, or activity.

About 10 percent may experience moderate to severe diarrhea 3 to 6 hr
after exposure. Nearly all show moderate to severe fatigue and weak-
ness for many weeks. If untreated, 50 to 99 percent may die, primarily
because ¢f extensive injury to the hemopoietic system, manifested in
overwhelming infections and bleeding during the third to sixth weeks.
Nausea, vomiting, and anorexia may recur at that time. Diarrhea, elec-
trolyte imbalance, and headaches affect at least half. The condition
of the lethally irradiated during thelr last days may be complicated by
dizziness, disorientation, fainting, prostration, and symptoms of in-

fection and bleeding.

Doses of 830 to 1100 Rads (cGy)

Virtually all exposed persons experience severe nausea and vomit-
ing the first postexposure day, moderating over the next day or two
{Table 6), During that time they also become dizzy and disoriented.

With the near-maximum destruction of bone marrow stem cells and
absence of granulocytes, untreated persons lose their defense against
infection, By the end of the first postexposure week, infection is
rampant from endogenous bacteria that have escaped from the injured
gastrointestinal tract,

The combination of hemopoietic damage and gastrointestinal lesions
reduces the survival of all untreated persons to 2 to 3 weeks. During
the entire time they suffer from severe fatigue and weakness. Toward
the end of the first week, nausea, vomiting, and anorexia recur. Mod-
erate to severe diarrhea may begin as early as the fourth day. BSevere
bleeding, headaches, hypotension, dehydration, electrolyte imbalance,

and fainting complicate the condition of all during their last days.

Doses of 1100 to 1500 Rads (cGy)
The survival time for untreated persons diminishes to 2 to 2%
weeks (Table 7). Symptoms resemble those experienced at the preceding

dose range, with the following notable differences:

30
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Table 7.

Symptoms for dose range 1100 to 1500 rads (cGy) free-in-air.

Postexposure Time

Days

1 2 3 4 5

Symptom 12 16 20 24
NauSeaa Ir— | 7 severe -——4 hﬁ---l 100%
: moderate
R to severe
! Vomliring 1007 seVEre ewe——gen] i 1002
| (retching} moderate
Lo severe
Anorexia [ LOO% 4 I 100% emja s}
Diarrhea [ 10% severe ’-—-100-'4-—"“4
(cramps) severe
Fatigueb pr——100% severe fous|
Weakness p— 1 }07% severe et |
Hypotension® e ~BOX mi]_d‘i——— g 4 | 100% severe
Dizziness s 1007 SEVEY E mmp—( e | 100% severe
Disorientation fo 1007 SeVETE smmtm—] |5 — i 100% severe
Bleeding® (f) |—f—te=a} 100% severe
Fever e 30557, mm—] (g ~fju—tens] 100% severe
moderate
Infection | () i
Ulceration [ e ] 100% severe
(i)
Fluid loss/electro- f 100% { -nwmd o b | 100% severe
lyte imbalance moderate (k)
Headache s 1 Q07 MOCEC L€ fmrd] l——*unl 100% severe
to severe
Fainting [ {701 moderate
Prosctration ——l ] to severe
Deatht — 100%
§ (R Y VN - T N P I 1 L 1 1 L 1 I | H L l

a
References for this group of symptoms:

6, 7, l4, 15, 21, 22, 33, 41, 44, 47,

50, 51, 53, 57, 62, 65, 71, 76, 79-82, 85, 87, 90, 33, 95, 96, 101, 106,

bReferences for this group of symptoms:

85, 101.

®References for this group of symptoms:

1, 6, 7, 14, 32, 47, 51, 53, &5, 67, 718,

a, 7, 14, 15, 33, 50, 61, 62, 65, 71,

76, 79, 8o, 82, 85, 87, 89, 93, 101, 105, 106.
9B100d pressure drops 25 percent; temperature increases to 102°F, according to

Ref. 33.

®References for this group of symptoms:

6, 7, 14, 15, 21, 30, 31, 33, 31, 53,

61, 62, &5, 71, 72, 79-Rz, 85, 87, 8%, 90, 93, 95, 101, 106.

fl’lar.eiet. count drops to zero.

gGranulocyte count drops to zZero.

h

1Epilatlon.
b

Lymphocyte count drops te zero.

References for this group of symptoms: 6, 7. 14, 15, 133, 50, 61, 62, 63, 71,

72, 76, 19-82, 85, 899, 101, 106.
kModeral:e to gsevere intestinal damage.
lneferences for this event: &, 14, 61, 77, Bl.
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Table 8, Symptoms

for dose range 1500 to 3000 rads (ecGy) free-in-air.

Pustesposure [ime

Hours Days wWeeks

1 2 3 4 5 6

7
Symp tom 0 [ 8 12 16 20 24 L 2 ) [ 5 [}
[rrrrr 1T LI L B B B B T T ]
Nauseaa |p—— ] Q0% SEVETE + - l '] 100Z severe
Vomiting {pmme——— | )()% severe 4-----__4:
(retehing)
Anarexla L 100% { o1 )7, ot
Diarrhea | 20% o | ()()7 +p—
{cramps) severe severe
Fatigueb posnmme | 0% seVeEre |
Weakness p— | 007 severe —
Hypotension® o | {02 moderate ]
to severe
Dizziness ———m—] {07, severe -y
Dizorientation ——) B0 severe |
Bleedingd (& Jrfpmp 100% severe
Fever vt 445~ B0, sy U E )] 100% severe
moderate Lo
severe
Infection —{(g)——e
Ulceration | S 100% severe
Fluid loss/electro- jomemee 100Z moderate { frm— - 1004 severe
lyte imbalancel to severe (1)
Headache Pr—— ()7 SeVere pe— Jr— 100% severe
Fainting I — 80% severe
Prostration | e | 80% severe
T
Deathl —( k )——{P==100%
l § W S I N TS N T I | ; L1 1 | ) I | 1 1 J

aReferences for this group of symptoms: &, 7, 14, 15, 21, 22, 31, 133, 47, 50,
62, 65, 67, 71, 76, 79-82, 85, 87, 90, 95, 101, 105, 106.

bReferences for this group of symptoms: &, 7, l4, 47, 33, 65, 71, 78, 85, 90,

101.

“References for this group of symptoms: 6, 7, 14, 15, 33, 50, 61, 62, 65, 71,
76, 79-82, 85, 87, 89, 101, 105, 106.

d

References for this group of symptoms: &, 7, |4, 15, 21, 22, 33, 47, 50, 62,

&5, 67, 71, 76, 79-82, 85, 87, 90, 95, 101, 105, 106,

€
Platelet count drops t[o zero.

£
Granulocyte count drops to zero.

Bl..)rmphcpc;,rte count drops to zero.

h

References for this group of symptoms: 7, 14, 15, 33, 50, 61, 65, 68, 75, 76,

79-82, 85, 95, 101, 105, 106, 108.

iSevere intestinal damage.

jRel’erences for this event: 4, 14, 61, 81, 98.

I"Renal failure, according to Ref. 98.
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Table 9. Symptoms for dose range 3000 to 4500 rads (cGy) free-in-air.

Pogtexposure Time

Hours bDavs Weeks
L 2 3 4 5 8 7
Symptrom 4] 4 3 12 16 20 24 1 2 3 4 5 A
LI S L L S B S B B B d T T )
N.:luStt'd‘:l { e ——— | (J(}7, SEVET P pur—
Vomiting p—— | )07 SEVETE j——————
{retching)
Ancorexia . 100% 4
Diarrhea (=] ~30% severe s 100% severe
{cramps)
Fatigueb Pt | (107, SEVET € jmm————
Weakness fr—r— (10 SEVATE hem——
Hypotension® Ir— 1 (07 SEVEIE jrm———
Dizziness e eerm—] (07, SEVET S e ———
Disorientation et 1 (}]7 SE@VRTE ———
Bleedingd
Fever s (1 () Sttt} i (e)
moderate
t
Infection o severe ' =(f)H
Ulceration
Fluid loss/electro- i | (0% Severe e ——
lyte imbalanceB
Headache premnave— | 02 BEVETE m-p——
Fainting e 0, e
severe
Prostration fros | (07 s
severe
Death? b 1007 wmef
_l. | W SO TR N T T TS N H i 1 L i 1 1 | 1 L 1 |

aReferences for this group of symptoms: 6, 7, 14, 15, 21, 22, 42, 44, 50, 62,
65, 71, 76, 79-B2, 85, 87, 90, %5, 101, 106, l08.

bRefer:ences for this group of symptoms: 6, 7, 14, 15, 21, 22, 50, 62, 65, 71,
76, 79-82, 85, 87, 90, 94, 95, 101, 105, 106, 108.

“References for this group of symptoms: 14, 50, 6L, 71, 76, 79, 80, 82, 85, 87,
94, 95, 101, 105, 108.

dReferences for this group of symptoms: 7, 14, 50, el, 71, 75, 76, 79-82, 85,
87, 94, 95, 101, 105, 106, 108.

eGranulocyte count drops to zero.
fLymphucyl:e count drops to zero,

gReferences for this group of symptems: 14, 1%, 33, 50, 61, 62, 71, 75, 76, 79,
8o, 82, 85, 87, 95, 101, 105, 108.

hReferences for thig event: 4, l4, 61, 77, B1.
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With regard to dose, our symptom descriptions (based largely on
the experience of persons who received medical care) are somewhat less
applicable but still reasonably relevant to combat personnel exposed
to doses at the lower end of our 75 to 4500 rad (cGy) range. The de-
scriptions become increasingly applicable as dose increases.

With regard to postexposure time, prodromal symptoms are similar
in both therapy patients (before steroids) and unpremedicated accident
victims. The descriptions of manifest-illness symptoms draw mainly from
the experience of accident victims and atomic bomb survivors. Therefore,
the authors believe the estimates of symptom onset and duration given here

apply reasonably well to battlefield personnel.
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Vomiting is a complicated reflex between the central and autoanomic
nervous systems. Integrated in the medulla oblongata, the reflex is
initiated by chemicals transported in the blcood, impulses carried by
autonomic fibers from abdominal organs to the medullary center, and the
higher brain structures, including the cortex.* Experiments by Chin and
Wang identified the medulla's chemoreceptor trigger zone ag the main
source of postradiation nausea and vomiting,

Thus, the prodromal gastrointeatinal reaction, at least for doses
up to 4500 rads (cGy), seems to result not from direct radiation effects
on the nervous system but from chemical compounds acting mainly on the
medullary trigger zone.* It is thought that those chemical compounds
are released from damaged cells of primarily lymphoid and bone marrow
tissues.** The cellular debris reaches a maximum at 8 to 12 hr post-
exposure, and is cleared by fixed and free macrophages 24 to 48 hr post-
exposure. It has been suggested that disintegration of the lymphoid
tissue is a cause of all prodromal reactions.++ If so, phagocytic ac~
tion may be largely responsible for limiting the duration of the pro-
dromal phase for doses up to about 1500 rads (cGy). At doses of 1500
rads {(cGy) and above, the metabolic breakdown of cells, proteins, and
amino acids can release yric acid. Without the administration of intra-
venous fluids to maintain the proper pH level, uric acid crystals can

¥

precipitate in the urinary system.

MANIFEST-ILLNESS FHASE

The later or manifest-illness phase is dominated by the hemopoietic
and gastrointestinal syndromes. Much higher doses are required to ini-
tiate the gastrointestinal syndrome than the hemopeietic syndrome, but

when both are present the compounding effect can be severe,

*Reference 16.
?Reference 24,
leferences 24, 44,
**References 36, 44,
~1"I-Riafel:ta-ru:f: 44,

*#Reference 8.
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few bacteria that do escape are soon Inactivated by granulocytes or
specific antibodies. The radiosensitive mucosal stem cells in the
crypts have a rapid turnover rate,* producing mature, nondividing, dif-
ferentiated cells that migrate to form the functional mucosal lining.
Having a lifetime of several days, those mature mucosal cells are pro-
gressively shed and not replaced when radiation kills the stem cells
in the crypt. The result is breakdown of the mucosa and ulceration.
As the mucosa breaks down, large amounts of bacteria can enter the
bloodstream. They go unchallenged because of the curtailed production
of granulocytes+ in the wake of radiation-caused damage to the bone
marrow, so fever and infections are a consequence.

Even below the lower dose threshold cited above, at doses of about

450 to 1200 rads (cGy), temporary injury to the tight junctions between

epithelial cells of the mucosal lining can permit the discharge of large

amounts of molecular pyrogenic bacterial endotoxins into the blcod-
stream.** At doses of 1050 to 1500 rads (cGy), the epithelial lining
is more extensively depleted, and death results from septicemia within
2 to 3 weeks.TT
With doses of about 1500 to 2250 rads (¢Gy), denudation of the
mucosa, particularly in the small intestine, leads to septicemia from
gram-negative bacteria entering the bloodstream.** Beginning at doses
of about 1900 rads (cGy), the septicemia is complicated by dehydration
and electrolyte imbalance,*** resulting from exudation through the ex-
tensively ulcerated intestinal mucosa. Nutrition is lost because of
impaired intestinal absorption, and infections are uncontrolled because

+++

of the complete bone marrow aplasia and subsequent pancytopenia.

*

References 14, 85.
fReferences 7, 65, 107.
*References 13, 85.

*

Reference 16.
f+References 42, 50, 65, 81,

#*References 14, 33, 85.

dekik
References 31, 64, B85.

++TReferences 14, 85.
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About 10 percent of the patients developed diarrhea scon after ir-

radiation. More develcoped diarrhea 1 to 7 days after exposure. Fatig-
ability during the first 24 hr might be related to fluid loss and
electrolyte disturbance. Thereafter the patient might feel better tem-
porarily, but usually after 3 or 4 days diarrhea developed. At the same
time, a sense of easy fatigability, apparently unrelated to fluid and
electrolyte changes, sometimes returned to become a major complaint.

The oropharyngeal mucosae became reddened and sore 1 te 3 days after
exposure and subsequently ulcerated. The condition took about 3 weeks
to disappear. About 75 percent of the patients developed oral infections,
owing not only to the ulcerated mucosae but also to leukocytopenia and
immunosuppression. These infections became apparent as soon as 3 days
after irradiation. The most common were fungal (thrush), but bacterial
and herpes infections were alsc seen. Bacterial infections would prob-
ably have been more common except that patients were given antibacterial
drugs.

Bone marrow suppression was Indicated by increased susceptibility
to infections and bleeding (e.g., of the gums) several days after expo-
sure. If the patient had a preexisting infection, however, total-body
irradiation was usually fatal, sometimes during the first postexposure
week. Bone marrow grafts did not help.

A generalized erythema appeared as soon as 1 day after irradiation
though usually later. It persisted for as long as 2 weeks and was some-
times associated with perineal irritation and itchiness. Beginning 7 to
10 days after exposure there was a temporary incomplete loss of hair.

Sweating appeared to decrease in some patients. Though that phe-
nomencn has not been adequately investipgated, we can make a few observa-
tions. Inhibition of sweating seems not to present a serious problem in
usual X- or gamma-ray treatment. The energy of the beam is high enough
to spare the skin, and only small surface areas are irradiated. Inhibi-
tion of sweating could be lethal if large single doses are delivered from
sources that do not spare the skin. Electrons were used to treat the
total skin surface of a group of patients with mycosis fungoides. Pene-

trating only ~1 cm below the skin, the electron radiation was equivalent
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DEPARTMENT OF THE AIR FQRCE {Continued}

US Air Force Inspector General
3 cys ATTN: IGS
3 cys ATTN: IGT

US Air Forces in Europe
ATTN: USAFE/DEX
ATTN: USAFE/DOT
ATTN: USAFE/INAT
ATTN: USAFE/XPX, Plns

USAF 5chool of Aerospace Medicine
ATTN: Radiation 5Sciences Div

USAF Special Operations School
ATTN: Director

1st ACCS

ATTN: DQF
2nd ALCS

ATTN: Doc

3280th Tech Training Sq
ATTN: TGICC

DEPARTMENT OF ENERGY

Department of Energy
Albuquerque Operations Office
ATTN: CTID
ATTN: D. Richmond

Department of Energy
Office of Mil Apptication, GTN
ATTN: OMA, DP-22

Department of Energy, GTN
ATTN: Ofc of Intelligence
ATTN. OMA, ©P-22
ATTN: Safeguards & Security
ATTN: Tech & Intell Dir

University of California, Lawrence Livermore Natl Lab

ATTN: L-35
ATTN: L-38
ATTN: L-389

ATTN: L-450, W. Hogan
ATTN: Tech Info Dept Lib
ATTN: Z Division Library

Ltos Alamos National Laboratory
ATTN: M/SB34, T. Dowler
ATTN: MS P364, Reports Library
ATTN: R. Sandoval

Sandia National Laboratories
ATTN: Tech Lib, 341
ATTN: 0333, R. Stratton
ATTN: 0334, J. Struve

OTHER GOVERNMENT AGENCIES

Bureau of Aleohol, Tobacco & Firearms
ATTN: Chief Special Opns Div

US Dept of State, Bureau of Politico Mil Affairs
ATTN: PM/STM

Committee on Armed Services
ATTN: Staff Dir & Chief Counsel
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OTHER GOGVERNMENT AGENCIES (Continued)

Central Intell Agency
ATTN: Counter-Terrorist Group
ATTN: Dir of Security
ATTN: Medical Svcs
ATTN: NIO-T
ATTN: NI0, Strategic Sys
ATTN: Ofc of Global Issues
ATTN: R&D Sub Committee
ATTN: Security Committee
ATTN: Tech Library

Federal Aviation Admin
ATTN:  Dir of Civil Aviation Security

Federal Bureau of Invest Academy
ATTN: Behavioral Rsch Unit
2 cys ATTN: Library

Federal Bureau of Investigation
3 cys ATTN: Terrorist Rsch & Analytical Ctr

Federal Emergency Management Agency
ATTN: Asst Assoc Dir for Rsch, J. Kerr
ATTN: ¢€ivil Security Division
ATTN: G. Orrell, MP-CP
ATTH:  ©Ofc of Rsch/%P, D. Benson

General Svcs Administration
ATTN: PS

House Ferm Select Committ on Intell
ATTN: Staff Director

Interpol, US Natl Central Bureau
ATTN: Chief

Metro Transit Police
ATTN: Chief

National Bureay of Standards
ATTN: Law Enforcement

Dept of Commerce, Natl Bureau of Standards
ATTN: Tech AZ19

Nat1l Criminal Justice Reference Sve
2 cys ATTN: D. Galarraga

Select Committee on Intelligence
ATTN: Staff Director

Subcommittee on Sec & Tarrorism
ATTN: Chief Counsel, Staff Dir

US Capitol Police
ATTN: Chief

Us Coast Guard
ATTN: Port & Environment Safety

Us Coast Guard Academy
ATTN: tibrary

iS Dept of State
ATTN: A/SY/CC/TAG
ATTN: A/SY/DASS
aTTN:  A/SY/OP/T
ATTN: FAIM/LR
ATTN: M/MED

2 cys ATTN: M/CTP
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DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

Science Applications, Inc
ATTN: R. Craver

SRI International
ATTN: R. Tidwetl

SRI International
ATTN: C. Hulburt

Systems Research & Applications Corp
ATTN: S. Greenstein
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DEPARTMENT OF DEFENSE CONTRACTORS (Continued)

Tetra Tech, Inc
ATTN: F. Bothwell

TRW Electronics & Defense Sectar
ATTN: D. Scally
ATTN: N. Lipner
ATTN: R. Burnett

TRW Electronics & Defense Sector
ATTN: P. Dai
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