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SUMMAK Y

NINETy=NINE IN  VIVU LUNG COUUNIS FUR NATURAL UKANIUM  WERE
PERFURMED UN NINETy=NINE PEUPLE DURING vk PERIOD OF OCIUBEK 4 THRUUGH
OCIUBER &, 1970,

EIGHT OF THe NINETYe-NINE PEOPLE ShHUWED PUSITIVE RESULTS FOR
URANIUM=235 wild A MAXIMUM OF 82 ¢+ 67 MICPOGKAMS, COMPAREL 10 A
MAKIMUM PrkMISSIbLE LUNG BURDEN OF 180 MICRUGRANMS. LN ANUIHER TEST OF
THE SAME DATA IN wrlCH ONE UBSERVES THE PHOTUPRARS FROM PRUTUACTINIUM=
234 AND THORIUM=Z34 Al b3= AND 93=KEV A TUIAL OF 78 POSITIVE KESULIS
WERE UBTAIWED wlld A MAXIMUM OF le + 2 MILLIGRAMS OF WATURAL  UKRANIUM,
ASSUMING EQUILIBRIUM CUNDITIONS PREVAIL, THIS MAYBE CUMPAKED WITH A
MAKIMUM PERMISSIpLE LUNG BUKDEN OF 29,6 MILLIGRAMS OF NATURAL URANLUM,

wee CAN NOI STATE AN OPINLION UN WHETHER UR NOT EQUILIBKIUM CONDITIONS

- PREVAILED Al THE LIME OF MEASURMENT SINCE wk DU NUT KNUW THE TYPE U
WORK PERFURMED BY THE INDIVIDUALS AND THE RELATIUNSHIP OF THELK WORK
T0  THE PROBABILLITY OF INHALING SEPARATED DAUGHTEK PROLUCTS WHICH ARE
> NOT IN EQUILIBRIUM WilH URANLUM=234,

ITHREE INDIVIDUALS WhkkE ANALYZED FOR KRAUDLUM 226, HNO ACTIVITY UTHER
IHAN THE NORMAL OUCCUKRING PUTASSIUM wAS OBSERVED ON THESE TNUDIVIDUALS.

KeSULTS FUR EACH INDIVIDUAL ARE LISTED IN APPENDIX 1.,
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MOBTLE I Vivd CLUUNTING Syslh#s F LK MLXELR Filssi0Nm,
ACLLIVATION, AND CURRUSLION  PRODUCTS (MEACK), FADIDIY Ak
HATURAL THURLIUM

IHe  DEJECTUKES USED FUR MEASUF ING I N vivu
DEPUSTTIONS OF MFACP, KADLUM AND THURLUM AFE H=I1hCHES 18
DIAMEIER BY 4=1HCHES THICK AND  A4RE  MADE  FROM  JTHALLIUM
ACTIVATED Suulud JuDIDE, HALCIL) . SOME OF THESE DEITECTORS
UsE 3 FACH ThHREE=LRCH DIAMETER PHUOTUMULY IPLIER TUBES k0K
EACH CRYGIAL, UIHEKRS USE A SLIuGLE Flve=]%Ch UIAME [k
PHOTO  Tubk, Mht, RESULUTION OF I'HE DELECTORS 185 8,59% (K
BETTbEx FUK CRLSI1UM=137 wHEN MEASURED 1§ AN ESSENTLALL
SCATTER=FREE EWNVIROWHMENT, THE  OJdTPUT S1IGHNALS FROM THE
PETECTUR ARE USUALLY FED IO A  25%6 CHANNEL PULSE<HELIGHI
ANALYZER, ALIHOUGH IN SOME CASES A 148 ChHANNEL ANALYZER
IS USED, WUTPUT FROM JHE ANALIZER MAY LFE  ORTAINED 1IN
SEVERAL  PFURMS: T MAY ok PUNCHED IN LIGILIAL FORMAT 0N
PAPEK TAPE BY{ A HIGH SPEED PAPEE TAPE PUNCH, [T KAY Kb
TYPED AKND  PUNCHED By FHE HIGH 3PRED PUNCH AND AN 1HM
COMPUTER TYPEWPLTER, UR UN A& TebLElake, 11 MHAY ALSU Bt
RECURDED  UN MAGNETIC TAPL, 1T MAY Be DISPLATED IN ANALDG
FOKMAT UN A USCLLLOSCUOPE, OR II MAY Br GRAPHED 1M ANALOG
FURMAT ON AN X=Y RECURDER, THE DETECIUR SIGMALS ARE ALSO
PASSED THRUDGH A LUGAKIIHMIC COUNT RATE METER, THE UUTPUT
U WHlICH IS5 FED 10 THE { AX1S OF AN A=y FECUKDER wHILLE
IHE X AXLS RECEIVES A LINcAK VOLIAGE PROPURTIUNAL TU THE
LOCATTON UF THE bBED AND UETECIUR, THlS, UhE MAL OBTALIN A
PLUT UF COUNTING RATE VERSUS DISTANCE ALONG THE BODY.,

IHe, SHIELDING FOR Mk ACE COUNTING 18  The STANGARD
HeELGESUN  WUCLEAR SERVICES, 1WHC. SHADUW SHIELD wHOULE BUDY
CUUNTER. ITHE DETECTOR 1S5 SUREJUNDED BY d4«I18CHES OF  LEAD
ARD  THE SUBJECT LIES ON A BLAKEET OF LEAD WHICHHAS AN
EQUIVALENCE UF  4«lnNCHES UF  LEAD, IHlS  AND  ALL  ThHe
ELECTRONLICS PLUS NECESSARY ACCESSUKIRS SUCH AS MUSIC,
LIGHTING, CARPETING, LIC,. AkE CONTALINED [N Alk=
CONDITIONED OHEMI= TrAILER VANS, UNIT L', 1 18 24 FEET
LUNG BY bBebtreT WIDE AND UNIT NJ, 2 LIS 35=Ftbkl LONG BY Be
PELT 41DE,

Mob | LE I ViVl LUKRG CUUNTING SiSTEM FUR URANIUM= . 35,
AMERICIUM=241, PLUJONIUM=23K,9, AND LEADe=Z]10

THE DETECTORS UskD FOK 4EASUKING LLING DEPOSTTRIONS
Lk IHESE  MATERLALS ARE A PALR OF S=IHCH DIAMETIREE "PHDS=
WICH" DETECIUORS, EACH DEALCTOR CONSISIS UF A FEORT  ENle
FawCk wWINDOw MADE OF 0,010<I82H THICA BEFILLIUM  Melbdl,
A NALCTL) CHRYSIAL WHICH LS O 5=INCHES THICK TU WwWHICH I8
UPTICALLY COUPLED A 1.5=168CH THICK CESIUF 10D1DE (SODIUM
ACTIVAITED) CRYSIAL, A SINGLE 5S=INCH DIAMETER ELREVEW
CYNODE  PHOTUMULTIPLIER VIiEas THFE LIGHT PULSES FROM BUTH
CRYSTALS, IHE SIGNALS ErumMm A PALK OF [HESE DETECTUKRS AKE
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L Lw PARALLEL 1TU A Lua=K0LSE PREASPLIFIEE AwD THER 10 A
FULSE SHAPE DISCKIMINALINN WET=WOKKE wHICH SEPAKATES  PUKRL
NALCTL) SILGNALS FRUM  ALL OI[HER  STGNALS. W MEASURED
RELDUCTEION  UF A FACIOK  UF 20  1W CuMeTOw SCATTERED
BACKRGKUUND HAS BEEN OBTAINED IN [THE UKANLUM=23S FHUTUPEAR
KEGIUN THRUUGH THE USE OF THIS SYSThM,

Tk SAME ANALYZEKS AND OUTHUT DEVICES DESBCRIBED
ABUVE FUKR MPACP COUUNTING ARE AVAILABLE FOK THE LU rHeRCY
COUNTING, THE SHIELDING FUR  1TH)S  wWHRE 16 &  TOTALLY
ENCLOSED SHIELD PLTH THE EQUIVALENT OF APPROXLIMATFLY 3
INCHES OF VIRGIN LEAU, TH1S EQUIPMENT 15 HOUSED 18 UN1T
Wty 2, AHLCH 1S A 35=t00T LUNG SEMI=IRKAILEEK.,

"DU=11I=YOURSELE WHOLE BODY COUNTERS" (M) FOKR MFACP

T HE, "DO=LT=YOUURSELE WHUOLE BUDY COUHTEKR" (TH) 15
BUITLT QUITE SIMILAKLY 10 IHE SJ3TANDAKD HELGESUN  HUCLEAK
SERVICES, INC, SHADLOW oHIELD wWHOLE BUDY COUWUTEP, 1.bE., IT
1& BUILT On e, PRINCIPLE O Smabir SHIELDING, THE
PRIMARY DIFFEREACE LIES In (HEk FACE ITHAL THh “DlU=ll=yUUR=
SELE" DETECTOR MUVES OUOVER THE SUBJECT, wHILE I THe
STANDARD  SHADODW SHIELD THE SUBJECT  ®MuvesS BELEATH A
SITATILNARY DETECTOUR, DUITWARDLY, [I'HE DELECTIUE HOUSIRKGS OF
E1THER SHLIELD LUOUK QULIE SIMILAR, THE BEDL UF THE "Diie][]=
YUUKSELE wHULE sBUDY COUNTER" (IM) LUOKS LIk A STAINLESS
STEEL BATH TUR WHICH HAS Tw0 INCHES GF VIRGIN LEAD IN THE
SILES  AfD U IHE BUTTOM, FUUR [NCHES UF LEAD ARE USEU
ARODUND THE DETECTUK,

THE LDETECTOK CUNSISTS OF ANl d=]HCH DIAMEIEE By 4=
INCH THICKR NALJ(TL) CRYSIAL AwD, IN MUbSL S¥SIEMS, A SINGLE
b=ICh  DIAMETER PHUTUMULT'PLIER TUBE, THE ELECTRUNICS
ARE.  VEKYI S1IMILAR 1IN FUNCTJUN BUT  Akk  DIFFERENT 1N
CUNSTRUCT LUOMN, A MINI=COMPUTER IS USED BUTH AS A LULGIC
CONTRUL DEVICE AS wWELL AS A MULT Ll=CHAKNEL PULSE MELGH |
ANALYZIER AND MULLITI=SCALER, LHE COAPUTER 1S PROGRAMMED 1)
ASK The SUBJECT FOKR HLIS NAME, SOCIAL SECURITY NUMEEE, AND
UTHER  DATA UK  TURNTLEICATION R PHYSICAL CHARACIERIS=
) i § o P 11 ALSU GLIVES HIM LUSIRUCTIONS OF wHAL ACTIUNS  HE
SHOULD FARE  JO COMPLETE ThE COUNT AnND TRANGMIT ThE UATA
TO Idk HUOME OUFPFICE AT 1THE END OF Hls COUNT, ] HE LATA
IrAuNSMISS Lun 165 ACCUMPLISHED BY STANDARD TELEPHOKE Lloks
Pllwbebn Tuil REMOTE S1Te AND T'HE HOME OFFICE (813 HELGESUN
NUCLEAR SERVICES, IhC, IN FLEASANTON, CA,

HUOME OrFICE EQUIPRERT

A NUMBER OF DIFFERENT COMPUTING SYSTeMS AKe USED
1 Ik HUME  OFFLICE. THE MAlN SYSIEMS ARE DI1GITAL
EQUIPMENT CURPURATIUN  PLP=8 SERIES CJUAPULEES WI1T1H Uk TO
320 UF CURE, DISK STURAGE IN EXCESS OF 3,72 FILLION wUORDS,
A ESSENTLIALLY UNSLIMIIED #MAGKRETIC LAPE D TORAGE , Tkl
MAY BE OBTAINED FROM  PAPER TAPE, HAGHELIC TAPE, VLISK,



LELEPHORE IaPUT VIA A SEPARATE MESSAGE HAULLINHG  CUMELTER
LR BB MANUAL  JHEUT FROM Skl FIve V) =S0AKLD TERmINALS
dHICH ARE PART OF TH1S SYSIEM, OUIPUT @AY BE OBTALNED Tu
IHE  FUOKH U PAFEK rapPE., MAGHRETIC LAPE, DI&N,
VSCILLOSCUPE, INCHREMENTAL PLUTIER, X=Y PLUTTER, HIGH
SPEED Liwk PRINTER, OR HMARD AND SUFI CUPY DATA TERMINALS,

DATA BEING RECEIVED UVER THE TELEPHUNE LINES  FROWK
THE "DU=IT=T0OUKSELF" CUOUNTERS ARE FUKMATIFED HKY A SEPAKATE
MESOSAGE  HANDLING CUMPUTER  WHICH MAY B CUOSNECIEL B
DIRECT LINK TU THE MALG COMPUIER SISILY UM wHUSE RITN SN
MAY Bt URTAINED 1IN  PAPER TAPE, MAGUETIC TAPK, UK DLSK
FURKMAL ,

CALIBRATILIOW

A

B

CALIBRATIUN FOR ENFRGY VERSUS CHANNEL, "“heV/CHANKEL™

Ihe DEITECIUR AND ANALYGER ARE CALIMHAIEL DAILLY FOK
CHaNNEL VERSUS  ENERGY UoIhG Tk,  1ECHulQUE UF HEATH
UESCRIBED LN lU=1bH80, FOF MIXED Flssl0N, ACTIVATIULN,
AnD  CORBUSION  FrRODUCILS, Tk ENERGY CALIBRATIUN 1S
D FTERMINED FOUR  EACH COUNY SINCE A SMALL AMERICIUM=241
SUURCE 15 ATTACHED Tu 1HE SIDE OF ITHe DEIECTUR, 1HUS, HY
USING THE 9S5Y,b=KhkV X=RKAY FRUOM AMERKICIUM=241 A1 THE LOA
ENERGY END UF THk SCALE AND EITHEF NATURAL PUTASS1UM FRUM
THE SUBJECT ( UK DETECTUR ) «1IH AV ENFRGY OF 1460<hbv AT
THE HIGH END OF THeE SCALE, UR  ANUTHER  rHOWN PHOTUPEAR,
SUCH  ASs THULGE FRUM CUBALT=bU, DHNE HAS TwU KhUsN ENEEGLES
WHICH MAY BE USED AS REFERELUES FUR A GALN AND 2KF0 SHIFT
UrF 1HE  DATA, I'ld  ASSURES THAT  ITue  ENERGY=TU=PULSE
HETGH CALIBRATIUN MAICHES THAL GLVEN Hi HeATH. liPICKL
FESULTS SHUWED [AAT1 THE ENERGY CALIBFALIUN wAS wWIlIHIN  Aw
AVERAGE OF U,.5 CAANNELS OVER THE ENERGY HANGE UF 0,0b= TU
2.b°HEV M

FOR  URANIUM=235 COUNTING THE EMERGY CALIBKATLOW
WAS BET USING THE oU=KEV PHUTUPEAR FRON AMEKICLUM AND THE
Ibb=KEV PHOTOPEAK FRUM URANIUM=235, WHILEL FUR  AMERICIUN=
241, PLUTUNIUM®238, PLUTUNIUM=239, AND LEAL=210 THE GALN
1o SET USING THE 17« AND 6U=FKEV PHOTUPEAKRS Uk AMENRICT UM
241 A5 IHr CALIBKATIUN STANDAKD,

CALIBRATIONS FUR DETERMINING CALIBMKATIUN  AND  SCATILF
EACTUKRS, "COUNTS PER MINUTE PER SANOCUKIE, EI1C,"

FOR COUNTING (VEK THE ENTIRE BUDY 1HE SYSTERN WAL
CALIUBRATED  FUR  SENSITIVIIY IO VARIOUUS RADIGISOTURES B)
PLACIHG UP 10 240 SHMALL JulrDRA ACTIVITY SUULKCES N SUGAK
PHANTOMS wilCl RANGED IN WEIGHIS FROM 27  PuUUNDS 10 270
POUNDS . JHE  SUVUKCES WERE UNIFURMLY DISTRIBUTED 1IN [HE
PUANTUM SINCE LT HAS BEEN SHOWN BY PEREVILUS WUKEK  THA1
IHls DISTRIBUTIUN PROVIDES KESUL S waHICH  ADEQUATELY
REFLECT [HE ReESULTS UBTALNELD wllH  SNUON=UNLIFUOEM  DISTKIBU=
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A

F1ON, SUCH AS SIGHT KBE FOLHD wlin 1uSULUMLE PARKTICULATES
DEPUSTTED L IHE LUNG, IHE CALIBKALIUN FACIORS VAKRY wlTh
BUDY welGh] AS DU [HE CUOMPTON SCALIEK FACIUES, 1w MOST
CASES THbbE CALIBKATIUN FACIUKS wWAY BE REPHESENTED As it
SUM  OrF IWwU  EXPUNENTLIAL COMPONENTS. APPENDLIX 11 LISIS
PERTINEN]T CALIBRATION DATA, ALL SUURCES weWE VERIFIED AS
TO THEIK STRENGIH BY INDEPEWDENT LABUOKATUKIES WHU Can
REFEPECE IHE LR SOURCES TO THE HAJIONAL  BUKEAU  OF
STANLARDS .,

CALIBKATIUNS F Uk UkANTUA=235, AVMERICIUM=241,
PLUTUHTUM=23K, PLUIONTUM=239, IHORLUN,  AND URANLUM=233
(wITH URANLIUM=232 CORTAMINATLION) HAVE DEEN MADE By
DISTRIBUTIANG HANY  SUOUKCES UOF  kuwN  ACTIVITIES L A
UNLEORM® MANNER T A MASONITE PHANTOM  LUNG OF VARYING
IHICKNESSES, THE URANIUM=235 CALIBKATIONS HAVE ALSU BEEN
CHLCKED B CUUNT LN THE LUNG AKEA OF The REMAR PHANTOM
USkD BY Tde Y~12 PLANT, UNIUN CAMBLUE CURPURATION, UAR
RIDGE TEANESSEE ., THESE RESULIS AGREE wELL w118 1HE
MASOANLIE CALIBRATIUN RESULIS. ik THE Sk TYPLS O
MEASUKRENENTS SbKE  PERFURMED AS A PART UF THILS FEPORT,
APPENDIX L) CORTAINS ThHE APPRUPRIAIE CALIBEALIUN ULATA.

AMERICIUM=241, PLUTUNIUN=238, PLUTUNTUN=23Y,
THURIUM, AND  URANIUM=233 CALIBRATIONS &b KE PERFOUKMED IN
THE SAME MANNER AS URANIUM=235 EXCEPT THAT NO CHKUSS=CHECK
HAS bBEEN DUNE WITH Idk Y=12 PHANTUM, PLUTONIUM=Z3H, AN
PLUTUNTUM=2 349 CALIBRATLION FACTUKS WHICH HAVE  HeEf
PrOVIDEUL by Pe Mo DEAN, LS ALAMS SCLENTIFIC
LABUKATORIES, Axk KOUTINELY ULED.

COUNLING TECHNIQUES

MIXED FISSION, ACTIVATIUN AND CUKKOSION  PRODUCTS AND
RALDIUM=Z226

Tok CUOUNTING TECHWIQUES FUK IHE,  MuBibLE  COUNTEES
Akk. DESCRIBEL  IN THE rPUOLLOWING PARAGKAPH, 1THE CUOUNTING
TECHNIQUES rUR THe "DU=1T=YOUURSELE whDLE #S0DY COUNTER"
VARY ONLY  SLIGHTLY FROM THAT DESCRIBED  HELOW, ITHF
PRINCLIPAL DIFFERENCE BEING THAL IHE DETFCIOUR AOVES  UVEK
I HE, SUBJECT Ad  LPPUSED TU 'k SUbJECT MOVENG UNDER THE

DETECTOR AS IN THE MUBLLE SYISTEMS ANOTHER M NUR
QIFFERENCE  LIES IN THE FACT THAT Thi [rCTUKR RMOVES Tk

SAME. DISTANCE Fukr EVERY SUDJECT KEGAKL 85 UF THE HE T GH
OF ite SURJECT .

JTHE  OSHADUW  SHIELD wiHOLE U COUNTER BOILT BY
HELGESUR NWUCLEAR SGERVICES, I18Ce #¥DOLLLKS CLOSELY Tht. sASIC
PEINCIPLES OF 178 OUKRIGINATURS, Hekle FALMEK 2ANE W,C,
RUESCH, THREY HAVE SHUAN THAT I A SUBJECT IS PLACED wllH
H15 HEAD 4 INCHES 10 ONE SIDE OF THE DETECIOE AND THRAVELS
Su Al HIS FrET ARE 4 INCHES UN THE QIHER B10E Uk  Tht
DETECITOK AT JHE PWD QF THE CLOUNT, 95«PERCENT OF Al I'HE

.
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COUNTING SOFURMATION  WwHlCH  COULY AAVE BEFN DBSTAINED Ky
TRAVELING AN INFINTITE DISTALCE Ot Ellnkir  S1OE  UF [tk
PETECIOE wiILL HAVE BEEW UbtAlwed, Iy, TAPES CALIBRAIED
I FERTY  AWD LIwCHES HAVE BEEs PLACKD On IHE FLOUK UF THE
COUNTER wlln THE ZERO INCH MAKK LOCATED 8 1NCHES FROM I'nk
CENTER LIKNE OF THE CRYSTAL, [0 POSITION A  PekSON
PRUPERLY ONE dERD MEReLY PLACE THE BUITUM UF H1S FEET AT
A DISTANCE WHICH CURRLSPUNDS fu HiS HE1GHT , Lk HED
SPEED 18 IThen  ADJUSTED SUCH THAT THE TOIAL THAVEL T1ug
FUR A GLVEN LLDIVIDUAL 1S IN [eid) MANGE U He 10 d)w-
MINULIES, DEPENDING ON THE STATISTICAL PRECIS1ION DESILRED
AND ON THE LEGREE OF OIFFICULTY I8N MEASURING CEkTAIN
RADIUNUCLLIDEG, FUR  EXAMPLE, A RADITUM=ZZ20 MEASUREMEWT
TANES AT LEAST 40=-MINUIES, IN THLIS HMANHER 1HE VARJIODUS
CRITICAL ORGANS ARE SCANNED BY JTHE DETECIUR FUK THE SAME
PERCENTAGE  OUF  THE TOLAL CUOUNTING T1WME A5 wERE  THE
CORKRESPUONDLING ORGANS IN  IHE PUHANTUM, MOS8T CUUNTS FUR
MEACK ARE FOKR b= 10 b=MINUILS,

ALL PERSONS whRE COUNLED LN IHE  SURINE  POSTTIUN
UhbLEdsS UTHERWLISE NOTRD, THE. Heab wAS ALLUkED 110V KESH
DIRECILY UN THE BED UP it COUNTER  RATHER  THAN  BEING
eLEVAIED Oh A PILLUW,

IN UNLY A FEw FACILITIES AL PEUPLE CUUNTED wHILE
WEARING ALL UF THEIR STREET CLUOIHING. THIS PRACTICE IS5
GENERALLY  DISCOURAGED., AT OIHER  FACILIVIES, HUWEVER,
wliEkr Trk PROSABILITY OF PeERSUNAL CLUTHING CONTAMINATLUN
15 GKREATER, PrurLE wlibh sk COUNTED 1N pAPER LAB CUATS
bbby, L wuMEN ARE JU Bk CuUwsIeD [N OTHEE  THANM  [HEIR
SITREET  CLOTHING, A SECUND wOdAK  ATIENDANT 001D HE
REQUESTED, ALL DISROUBING wOULD bE DUNE 1N PRIVACY.

ALL PEKSUNS wERE T0 HAVE SHUWEPED AFITER LEAVING A
POTENTIALLY CUNTAMINATED AREA,

URANTUM (ENRICHED, NATUKRAL, DEPLEIEL), PLUITONIUM=238 AND
AMERICIUM=241]

URANTUM=235, PLUIONIUM=238, 239, Anbh AMERICIUM=24])
ARE  CDUNTED 1IN THE TOTALLY SHIELDED COUNTER CONTAINED IN
Uuni1 2. Mk DETECTUKRS ARE PLACED  DIKEC LY I CUNTAL
wliH e CHESI F THE SUBJEST SUCH [THAT THE DEITRCTIURS
wllbl, "Sek®™ MAJOR PURILIUNS OF TdE LUNG, ik URANLOM=23%
Iy  ARE  POSITIORED SUCH THATL THe DETECIUE IS CENIKALLY
LUCATED BETebEN THE BOLITUM OF (HE CLAVICLE (COLLAK BOWE )
AND  IdE CENTER LAlnE OF THE NIPPLES AND AKE AT THE UUTEE
EDGES OF THE STERaNUM, I'dls USUALLY PLACES 1HE JuE r DGE
UF THE DETECTUR ABUT UNE [INCH BeLUW THE LOWKER LEDGE UF 1HE
CLAVICLE . T, HOFMAL  COUNTLIWNG [IME FOR URANLIUM=Z235 [5
LU= InUTES, NATURAL AND DEPLETED URANTOM kb NORMALLY
MEASURED BY ThHE SAME METHUD AL 15 USED FOK UKANTIUM=235,
lobo, THE LlHb=REV FHUITUPEAKR S USED FUR  CALCULATING 1Mk
LUNG  BURDREN, 1V ITWrORMATLIUN LS LESIkED vl THE DAUGHTER
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PEODUC TS PRUTOACTINIUM=231 adD THORIUR=234, THE ®3= AN
Y3=rbkV PHUTUFEARS AKE UbED,

FUR PLUTONLUM AND AMeRIZIUM COUNTING THE UETECIORS
AkE  PUSLITIUNEDL  SUCH THAT Ink TUP EoGe UF HE DEIECTIOR IS
TANGENT TO 1bk BOTIOM UF THE CLAVICULE AND 1THE IGNEE EDGES
UF THe DETECIOR AxE TANGENT 10 (HE OUTER  ELDGES OF T1HE
STERNUM, THe COURTING  [T14E  FOR  AMERICIUM=24i 1 40=-
MINUTES. THe COUNTING TIME FUR PLUTONIUM 1S  4U=NMINUTES
O IHE CHEST, wllh THIS DALA BEING THANSEEKRRED UN PAPER
TAPE, FOLLUWED BY A BACKRGKUUNL  UF 40=MIMUTES wWITH  THE
DETECTORS PLACED O IHE THIGHS, ADDITIONAL  TIME 1S
EEQUIRED FUR PLUTUNIUM®238, 239 FUR BEASUREMENTS USING AN
LCHUENCEPHAELLUSCUPRE 1u DeTERMINE ThE CHES whAlL
THICKWESS . IHE  LENGTH UOF TIME FUR [HESE MEASUREMENTS
VARLIES BEIwWEEN 10=TU 20=MINUTES. OTHER MEASUREAENTS
kEQULIKED FUK PLUTUN|UM=234, 239, AR ICLUM=24] Aunb
UBANIUM=23% Akt THE HEJTGHLE, wklGHl, Al CHEST
ClRCUMFERENCE .

EFFECTLIVE CHEST  wALL THICKNESS 1S DPETERMINeD By
HEASUREMENT UF ITHRE CHEST wALL THICKNESS In AT LEAST 12
DIFFERENT LUCATIUNS USING AN ECHUENCEPHALSCUPE ANDL 18
CALCULATED BY THE METHUDL UF KUNDD ET AL (HEALIK PHYSICS,
VOLe 17, FP 155«157, 1969) AND BY DEAN'S EMPIRICAL
FURMULA,

FTHURTUM

ToORLUN 1S CUOUNTED BY PAUSTTIONING THE CHEST OF THE
SUBJECT BENeATH THE #8=INCH BY d4=ILSH DETECIUR wl1H A ghi=
TO=DETECIUR BISTANCE UF 10,5=10CHES UR 12.5=THCHES, THE,
aUbJeC1 Id COUOUNTED FOR 40=MINUTES WITHUUL CHANGIHG THE
CUUNTING GEUMEIRY UF THE CHEST AnD [He DETECIUOK,

IVe SENSLILIVITY

A,

MIAED FLS510W, ACTIVATIUN, AnD CURKRUSION  PRODUCTS AND
HADLUM=2¢0

THE SENSITLIVITY OF THE SY81EM 18 A FUNCTION UOF THE
BACKRGRUUDNE KADIATION LEVELS, THE S1ZE ARD FEEICLeNCY OF
InE DETRECIUE, T HE DETECTOR=SLHRJECT GHuUMETIRY, ALl IHE
COUNTING  TLME, THE BACKGRIOND 1IN ThE MUBLILE SYSTEMS 18
CAREFULLYE MUNITORED ALl VARLIOUS INTeERVALS DURIKG | HE.
COUNnTING PeklOU. THE DETECIUR=SURJECT KELATIONSHIP 18
NORMALLY CUNSTANT AT AT 12.5=1NCHES UBETWEEN THE FACE OF
Ik, CkRISTAL AND  The TOP u¥F The BED, ALTHOLGH 1T HAY BL
CHANGED T0 10,5« 1HCHES UK 14 _S~1kCHbs AS  THE Lk kL
wARRANTS, SIHCE THE PRESENCE OF KADIUWISUIGOPES UTHEK THAN
FALLOUT CESTUM=137 OK NATUKRALLY OCCURKING POTASSTUM wIllL
CAUSE A RISE IN THE APARENT "BACKGROUWLD®™ DUk T0 CuMpPTON
SCAlIER, IHe ACTUAL SENSITIVIFY VARLES SUMEahAT,



@

-y

A.

APPENDEX  L11 PRESENTS A [abLE OF MININUY SkusI1IVITIES,
1E A WARLIOWUCLIDE L1STRD IR APPENDIA 111 1o WUl LISTEDL 1IN
APPENDIX I, THEN 11 1S w01 PReSeN] i Aw AMUUNT RQUAL 10
UK GREATEK  [THAN THAT LISTED Iy THE CULUME LABELED "wly,
SEN., NCL",

IHE BACKGROUND UF THE “"DO=1T=YOUKRSELF wHOLE BUDY
COUNTER" 15 CONTINUOUSLY BEING DETERPMINED aHEN A SUBJECT
CUUNT 1S Nuwul BEING MADE., EVEKY lo=MINUTES THE  CUMKENT
BACKRGHOUND  JUST CUMPLETED 15 IRANSFEKRED TU A DIFFERENT
MEMOrRY LUCATION AND A WEw BACKGRUUGD |18 SIAKITED, PHIS
CYCTLE 15 Cunfingous., I¥ A SUBJECT COUNT  SHUULD BE
STARTED BEFUKE The CURBRENL lesMINUlE FERIUD HAS  bREI
COMPLELIED, Ul AFTER GeMIUUIES HAS ELAPSED SINCE THE
SThAKI OF Tht CURKENT BACKGKUUND, THE SHORIER BACKGROUND
WLLL BE SAVED, 1F LESS THAN BedINUIES HAS ELAPSED In THE
CURKENT BACAGKROUND, THE DATA ARE ABORTED AMD THE PREVIOUS
BACKGRUUND 1S USED, THUS, ONE wlibLl ALAAYS HAVE A CUFKENI
ANVY STATIOTICALLY REPRESENTATIVE BACKRGRUUND,

OTHEY RADIONUCLIDES

The, SENSTTLIVITIES FUR URANIUM=23S5, PLUTUNIUN=238,
239, AMERICIUM=24]1 AND THORIUM ARE LIKREWISE A FUNCTION U
THE BACKGRUUND, DETECTOR S1Z2kE, DETECTUR=SUBJECT GEOME TRY
AN THE COUNTING TIKE, FTHE TOTAL CHESI 1HICKRNESS AS WELL
Ad  THE CHEST wALL THICANESS ALSU AFFECT THE SENSITIVITY
FUR LU ENERGY RADIOQNUTLIDES, SkEE The CALISRATIUN DATA
Iy APPENDIX 11 Uk | He VARLATION OF THE CALTIBRATIONM
FACTORS AS A FUNCITLIUN OF [HESE  PARAMETERS, IT1v1CAL
wUMERICAL VALUEDS  FUR MINTMUM SENSIUIVITLIES AkE 30 = bU
MICKUGRANS OF U=235, 4 = S50 NANDCUKIES DF PlU=238B AND 239
(HIGHLY DEPENDENT ON CHEST WLL THICKNESS), 0,0% = 0,1
NANUCURIES UF AM=241 AND & == 8 MILLIGKAMS OF NATUKAL
THURLUM,

STATISTICAL EVALUATIUNS

GENERAL DISCUSSION

STALISTICAL ANALYXSES OF TdE  DATA USE SIANDARD
[TECHNIQUES,. RANDUM CUunis DBSEFVED FROM NUCLEAL
DISINIEGRALLUKS HAVE dBEEN  SHO&n  TO POLLD  THE POISSON
DISTRIBULIUN, HOWEVER, FUPR 1HE SNuMpgbkkr OF COUNTS OBRSEKVED
OVER 1THE TYPICAL COUNTING TIMES, THE PULSSUN DISTRIBUTLION
MAY BE eEVALUATED wlTH A H1GH  DEGHEF Uk CUNFIDENCE (=
US I NG I'hE CHARACTERISTICS 0OF R WO MAL (GAUSHIAN)
DISTRIBULLIUN, THUS, THE AVERAGE GROSS COUNTING PATe FUN
POTASSIUM, FUR LEAAMPLE , 15 TYPICALLY FOHUND BY DIVIDING
THE TOTAL Ur THE CUUNTS UBSERVED 1W “HANNELS 132 THREUUGH
155, INCLUSIVE, BY THE COUNTING [I1ME 14 MINUIES, Ok,

G = (S0 OF CHANNELS 132 = 15b) 7 1.



I HE VARLANCE OF Fhe, COUNTING RATE 1S5 FOUAL 10 THE LOWNG
Fekel EAPECTELLD COUNTING RATE DIVIUED BY 1HE SUUARE RO Uk
e, COUNTING TIPE, UR,

VAR(G) = G/1
NET COUNTING RATES ARE FOUND FRUM THE RELATIUNSHIP

N &G =B,

R DY ER

GROSES COUNTING KATE OBTAIMED In T MINUITES AND
p = BACKRGROUNWD COUNTING RATE OBIAINED i TC(H)
Ml SUTES

THE VARLANCE Or THE NET COUNTING RATE IS5 FOUND FROM
VARK(N) = VAR(G) + VAR(n),

witdbk THE STANDAKD DEVIALIUN OF THE WET CulNTING RALE IH
Mk BQUARE KOOT OF THE VARIANCE UF W,

Lkl ACTUAL AMUUNT Ul ACLIVITL, A, FOUND Jn THE SUBJECT 18
THEREFORE  UBLTALRED  BY DIVIDING [HE NE1 COUNTING RAILE,
A TER CORKECTLING FUR COMETON SCATTER AhERE WECESSARY, BY
IHE CALIBRALION FACTUK, b,

A = N/F
The, VARIAWCE UF A 15 FOUND FROM THE RELATIONSHIP
VAR(A) 7 (A*A) = VAR(N) / (wH3U) % VAR(F) 7 (F#*F)

(THE. ASTERISK, (#*) IS USED HEKE 10U SIGNIFY MULTIFLICATION
WwhHilLeE TdE SuLASH, (/), SIGNIFIES DIvVvISIUN,)

L MuS1 CASES [HE VARJAKCE OF IHE CTALLIBRATIOGN FACTJK,
VAR(F), 1S SMALL CUMPARED 10 Tuik VARIANCE wb I'mi SumidkECl
LDATA, VAR(G), Ati)  wHEW [HE FURIRAN PROGEKEAM |85 | AKGE,
VAELF) 18 ASSUMED 10 Bt NEGLIGIbLE, I it STATIS1ICAL
ERRUK DUE 10 COMPTOR  SCALITER  FRUM 150TUFES wHICYH ARE
ACTUALLY PRESENT 16 INCLUDEDL IN THE CALCULAY ION L1k LHe
VAKLA),

EVALUALTON UF DATA FUR U=235, PU=234,9, ANM=24]

FrRIUR TO ANY DATA PEDUCTIUN The URIGINAL DATA 0k
THESE RADIUNUCLIDES AKE PLUTIED FOR INSPFCTIGN B Itk
ANALYLT, Tk  DATA  MAY B  SMOUTHED  ACCOKDING 1O Tht
MELTHODS UF SAVITZEY A GULAY (AYALYTLICAL CHEMISITF, Jo,
P8, JULY ‘64, PP 1627 = 1039) FOR THE PURPUSE GF MINIM]Z=
I NG FANDDM STATISTICAL VARLATLONS BUT  PEESERVING
PHUTOPEAK STRUC TUKRE, JHIS HELPS SIGNIFICANILY 1IN tUKTHER
EVALUATION OF 1HE DATA,




MUST UF THE WATA  KHEDUTLION kUl =235, HATURAL
Urpanlum, Al DEPLETED URANLUM BTLLIZES Pk, CumpPTUN
CONTINUUM SUBTRACTIUN TECHNLIUDE, IN SUME CILERCUNSTANMCES A
NUN=LJEAK CURVE=FITTING RUOULIOE MAY BE LbeD,

DATA KEDUCTIUN FRUM PU=234, PU=239, AN AM=241
ANALYSES 185 MUCH MURE LINVULVED  THAN THAT FUR UMANIUM
ANALYSES, THE BACKGRUUND FROM THE THIGH COURT 15 ASSUMKD
TUO UE REPREGENTATIVE UF TiHE LACKGRUUND wHICH wOULLD HAVE
BreEN  OBTAIWED OVER [HE CHES) I¥  ONE COULD HAVE BekEn
ASSURED THAT NUO PLUTONIUM UR AMERICIUM HAD He kv FRESEN]
IV THe CHEST. WIS IS A REASUNABLE ASSUMPLIUN FUE MUST
STIUVATIOND , SEVERAL OIHER KADIOAUCLLIES HAVE PN SkkN
N Ine LUNGS OF SEVERAL INDIVIDUALS, PRIGCIPALLY CUBALTe
bU, IHESE REQUIRE SPECLAL TECHNIQUES, ThE LESCRIPTION D
WHICH 18 BEYOUND THE SCOPE OF THIS LDUCUMENT., THEE LUNG AND
ITHIGH DATA ARL SMUODTHED BY THE METHUOL UF  SAVITZEKY  AND
SULAY  AnD ARE DISPLAYED ON THe OSCILLOSCUPE SCHELEN, The
ANALYST MAY SUBTRACT FrRACTIONS OF THE ITHIGH DATA  ANL
DISPLAY [HE. NET COUNTING KATE. NURMALLY, 100-ptRCENL OF
THE THIGH DATA ARE SUBTKACTED FRub  THe LUNG DATA, I
ThuSE INSTANCES wHERE THE HE] COUNTING FATE IS ENTIRELY
WEGATIVE AR TER SUBTRACTING 100 PERCENT OF I TMIGH UATA,
SHALL AMOUNTS UF THE DATA Akt ADDED BACHK T0  IHe NET
COunJ & ') UBTAIN A GRAPH 1IN wWHICH APPROXIMATELY HALFE UF
THE Nr L JUUNTS ARE PUSITIVE AND HALF ARE NEGATIVE 1N THE
BACKRC R D REGIONS ADJACENT ' Ik PrOTOPEAKS OF
iNTEREST . IHEGSE DATA  ARE  THeN JUSELD 1N IHE  COMUFTON
CONTINUDUM  SUBTRACTIOUN PROGLEANY I UBRLALN ThHE ACTUAL NET
COUNTING RATE UNDER THE PHOITOPEARS UF INLFREST.,

The CHES) wALL [THICENESS IS DEJERMINED  Ha 1HEEF
MEITHODS A5 DESCRIBED IN SECTIUN 111, AL LEAST 12 CHEST
WALL THICKNLSS MEASUREMENTS ARE MADE USING AN FCHUEWKCEPH=
ALOSCUPE SINCE THE TRANSMISSION OF LOw EHERGY X=KAYS 1S
AN EXPONENTLIAL FUNCITIUN UF THE CheS) wAlLL THICKBEDS, A
CALCULATION 1S MAauE 10 DETFRMINE JTHE AVERAGE TRANSMIS=
SI10W, e, AVERAGE CHESs wALL THICRKRNESS 1o bACK=CALCULe-
ATED  FRUOM  THLIS INFUORMATION, THUS, THE 2 SIGMA SV ANDARD
DEVIATION |15 OSKREwED DUE TU I HE Usk OF I'he LUOG=iLikMAL
DISTRIBUTION, A LINEAR ABSURPTILION CUOEFICLIENT OF 1,1% PER
CewiIMETER 18 UskD FUr HUMAN TISHUE AL 17=bEV. THE CHEST
wALL THICKNESS 18 ALSU CALCULATED BY THE Meinub FRUN DEAN
OF LUS ALAMUS:

THICKNESS, CH = 0,007 ¢ S,12% (WkiGHT, &G) 7 (HEIGHTY, Cik)

The  wall IHICKNESS 168 ALSU SALCULATER WY Fuk sE1HOD f
rUWLLS

IMICKNESS, Ch = 15,3 % (wkEiGHI, KG) 7 (HEIGHT, CM) « 0,01
# CIRCUMFERENCE, CHM = 3,55



10

IME CHEST wALL THICKKESS A8  UDEIEFEMINED By [iE
LCHULENCEPHAELLUSCUPE IS WusaALLY UsSklr In ik CALCULALION
OF IHE CALIBRATION FACTUOKS  uNLESSYS 11 15 SIGHIFICANTIY
DIk EFEREN] FrUA THUSE UBTALNED B THUSE UBMTALNEL FwOE  I'HE
METHUDS OF DEAN AND RUNDU, THE CAULLBKATLUN FACIOKS FUR
PU=239 AnD Ak=241 ARE I1DENTICALLY THE SAME VALUES AS USED
AT LOS ALAMUS AND AKE:

CALIBRATION FACIUK, PU=235 = 39,4689/ *rib(V.63bb406 ¢ C1)
KATIU, AM=24] SCATIER 1IN PU+=239 CHANMELS T0 AM=241 CuliNTs=
Oed # EAP(=UL039%CT) 4 0,8 #% LAXP(=1,094%CT)

CALIBRATION FACIUR, AM=241 1.390 ¢ EXP(0L,14365% % CT)

WHERE CJF = CHEST THITKNESS, CENTIMEIERS.



VI Discussion of Results

The purposc of these measurements is multi=fold, The
first goal is to determine if any uranium may be observed in the lungs
of the individuals being counted, This may be done in two ways, by
measuring the 186«keV gamma ray from uranium-235, and by mea-
suring the 03« and 93-keV xerays from thorium-234, the sccond daugh-
ter product of the uranium=-238, Since natural uranium contains only
appru\unalvly 0.7 weight percent of uranium«235, the 186<keV photo-
peak is more difficult to observe in than in enriched uranium, The
maximum permissible body burden for uranium«235 in natural uranium
contained in the lungs is 180 micrograms, This would correspond to
25,6 milligrams of natural uranium, If the protoactinium«-234 and
thorium=234 arc in cquilibrium with uranium-238, onc would theore-
tically be able to see both of these x<rays as well as a small amount
of uranivm=235, Unfortunatcly, because of the varvin;., chest thick-
nesses of individuals counted, it is difficult to establish a ratio between
these two different types of signals,

The results found in Ay pper ndix I show only a few individuals
who have positive results for both uranium-235 and natural uranium, These
persons and the ratio of micrograms of uranium-235 to milligrams of
natural are given in the following table:

Nameo =235 Natural U Ratio
Micrograms Milligrams U=235/Nat, U,
Gibby, Duanc R 78 + 35 t j_l 15 31
Nelson, James L 72 ¥ 57 6F 1l 12 : 1
Nowak, Jeffery I 32 ¥ 34 3F 1 11 :1
Price, William IY 7 + 38 2 +1 34 :1
Shields, Darvin 11 82 F 67 5F 1 16 : 1
Tso, Amos 57 T 34 171 57 : 1
White, Douglas £ 73 1 46 5T 1 1514

These individuals may be contrasted with, for ex: unmple, Richard
L. Griffith and Joseph 1’ Muorgan, who ghow no uranium-235 but show an
apparent 12 + 2 and 16 + 2 milligrams of natural uranium, repectively, It
is quite lllwlv that the »:\- results represent unsupported daughters of uraniume
238 which, if the subject be removed from cxposure to these daughters for
several weeks, would probably be significantly reduced or eliminated as
evidenced by a later Tung count,

Thoriunm=230 is a daughter product in the uranium decay chain
and is the precursor of radium«226, It has a hall life of 80,000 years and '
emits a b8«keV xaray only 0, 0% of the time and a 142<keV x=ray only 0,07%
of the time, DBoth of these signals would be completely masked by the 63-
and 93«keV xXerays from thorium«234,



Thus, theorctically, about the only way to determine the thoriume230 lung
content would be to look for daughters of radium-226, Afier having made
several measurements at suitably spaced intervals, one would attempt to
back=calculate for the amount of thorium-230 which may be resident in

the subject, While this sounds like a workable technique in theory, in

actual practice, this is quite impractical because even after 12 years the
amount of radium=-226 grown from the thorium«230 is only 0,01% of the
original amount of thorium«230; in 60 ycars it is only 0,05%. The minimum
detectable activity of radium-226 is approximately 6 to 10 nanocuries, Thus,
there does not appear to be any practical way of measuring thorium-230 by
in vivo techniques,

Since radium-226 is a possible airborne contaminante, several
people were measured for this material in cffort to dete rmine whether or not
they had any deposition of radium-226, None was found.
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APPENDIX II,
iy i A URANIUM CALIBRATION
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Gibby, Duane
Hired 11-25-74
11-25~74 to 2-2-75
2-2-75 to 9-11-75
9-11-75 to present

Nelson, James L.
Hired 7-12-76
7-12-76 to present

Nowak, Jeffrey H,
Hired 6-21-76
6-21-76 to 7-4-76
7-4~76 to 9-12-76
9-12-76 to present

Price, William F.
Hired 12-1-75
12-1-75 to 12-21-75
12-21~75 to 10-10-76
10-10-76 to present

Shields, Darvin H.
Hired 4-17-57
4-17-57 to 7-31-57
7-31-57 to 3-19-58
3-19-58 to 4-23-63
4-23-63 to 3-1-68
3~1-68 to present

Tso, Amos
Hired 7-13-76
7=13-76 to 10-24-76
10-24~76 to present

White, Douglas H.

Hired 4-12-57
4-12+57 to 5-16~57
5-16=-57 to 7-20-60
7-20-60 to 2~-15-62
2-15-62 to 5-1-65
5-1-65 to 12-16-67
12-16~-67 to 6-1-69
6-1-69 to present

Stewart, Jack C.
Hired 8-21-74
8-21-74 to B-11-75
8-11-75
1-27-76
1-27-76 to 3-16-76
3-16-76 to present

549-76-4181

Laborer
RIP Operator
Plant Tech.

468-34~5076
Maintenance Department
173-46-6647

Latorer
V205 Furnace Operator
SX Operator

539-50-3554

Operator Trainee
V205 Precip. Operator
Relief Operator

529-42-7536

Laborer

RIP Operator
Fluorimetric Chemist
Control Chemist
Metallurgical Technician

571-66-0578

Laborer
Copper Operator

528-52-4656

Labore:

Painter

Mechanic Helper
Mechanic

Mechanic "A"

Lead Mechanic
Maintenance Foreman

528-66-2494

Operator Crushing Dept.
Terminated

Rehired

Laborer

Loader Operator



