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A§SfflACT 

A Yartety of coniercial photographic and x-ray n.: u were 
exposed under conditions simulat.:1ng actual shipping co, 11.ticma at 
:.everal distances !'rom a standard 2So milligram radium ~a:pnl.• 
enclosed in its lead carrying eue. The e,ip osuree req i red in each 
''"l.88 to produce a den51 ty gain ot 0.0"' w-J~o determined and a table 
v~ 1.;onatructed gi v:l.ng the permissible tran3i t ti.mes r r each kind 
"t film when 15 teet tra::,. t-'\e radium unit. These ·ulu. s are at the 
least HVeral t:ilnes those pend tted for the same cmdi Lons by 
preeent rail~ expnes regul.atime. 



1. 'nle stud1ea of the togging o! -n.ri.olla ,ndea ~ ccm:erc:ial 
phot ,graphic 1"UJu by a typical 2.SO a1l.l.1gra radi,m unit. were 
Ill U ,rt zed b7 Bureau of ~een.ng letter JJJJ:,-U/I/5 ( 7-5-Dt) ot 
7 Jt- .y 19)9 • 

.m.J Uii Of PRC§JQI 

2.. The object or thia prot>l.ecl waa to est&blub uperimentally 
thot , con.di tiona under trhich photo,raphic uteri.al of wriou• e<a­
merc .al ,rad.ea will be serlou8l.7 ~ by togging du• to theiJ" 
pro3 mi ty to a rad.1.ogrtphic radium unit encloe«t in 1 te lead carrier 
Ca.ft u for shii:aent.. It has been request.ed that. th ... axporimental 
te:,t be not too elaborate or axt.enahe hut :ro1'.t1oient to giw eupport 
to a me calailation.s made an tho buis ot :,ano allied ract.. 

!fil!_ FACTS BWWfQ CJ! llil PRQW,A 

3. Ch 1 )lay 1939 tne Rail-ny hpress Agency, Ino •• 230 Paz1c 
Aven e , New Yorlc., N. Y., uurued a set or regulaticms stipulating the 
cood tiona under which radiuza 1n qu.antitiee up to 100 milligramlJ would 
be a eepted tor shipi,ent by e,cpre:,s. It ns underetood that amou:nte 
1n a cesa ot 100 m:i lJ 18l"imu, would not be acceptable. the irtated 
cond Uoru, are g:1. V1!n in Appendix I (a). 

4. A conference wa., held betwMin repn~tat1 wa ot the 
Rail• ay Exprei,s Compm17 .-id repreaen ta ti vee ot the Bureau o! !ngi.neering 
and :1e &.reau of Goostruction and Repair, in which the Rtdl:way E:xpreaa 
Cccp i.y ~ to accept ndiUJD shipment.a in amounts up t.o JOO mU.11-
gram. provided that U1ese were shipped under certain atipul~ted condi­
tion. whi ch are gi'TOll in Ap~ndix I(b). 

5. Theee C01¥litiona imposed ee:rioua l.imitatitna on the 15hip-
ping l f Naval radiogrqihic radium unite ot 250 al.W.g:rea strength. 
With the two-inch lead protection in these uni ta, the tiM of maxiJlrom 
al.10' Ible tranai t ti.me is 18 houra. IPor trnne-eonti.nent.al. shiJ'JIBllnt 
in s: 1gle pa.Hage requirt~ ~out 90 hours, a protecthethickne1111 ot 
owr three inches ot lead ia demanded. This addi tiorial. lem:l protection 
will nore than triple the shipping 11'81ght ot the 2,0 m:t l) 1 g,:-ma unit 
at p_ !Sent obou t 18S pounds in weight. 

>. From experience gained in the uso ot radium in radiograph-
ing t t.eel of various thickness, it 5eemed that those al.lowed trn.nait 
timec lfCre considerably- shorter than they should be. 'the standerd 
radi c craphy exposure chiirt.s developed at the Nn~ Reaenreh Laborntory 
i ndi , lte that tor e. thiclcness of threo inches ot steel (equival<.mt to 
t1'0 : 1ches of lead) an exposure time or five days will be requirod 
llhen l8ing a 100 ntilli gram source tour feet !rem the film cassette con­
tni~ 16 E!l$tman x-ra, NJ.m w1. th lead int.Eµuntying :,creeno, tho re5\tlt,­
ing r ,otogrephic dem.sity being 1.6. Ch thls ba.8is it m.ay be estimated 
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( takin1 the intensification factor of lead screena equa.l to 1.8) 
that an expoaun, ot 86.4 hours will be required using a SO llill~ 
.source and no intensifying acreene at the same distance ,a be1'ore 
4 feet. At lS feet ( the m1.ninllm distance allmed by t.he Expreaa 
Cmp~ regulationa tor seriri t.i w filJU) the expoau.n tJ. ~ ahould 
be 152/42 times as gnat or 1215 hours to produce a daru! ty ot 1.6. 

7. The above estimate gives the number ot houn required at 
a di.stance ot lS teet from a cloeed 250 Jlilligrara radiUI unit to 
produce a black min, densi t7' ot 1.6. To f\irther eetimat the length 
Of time to produce a small d«\aity of Ny 0,{11 (llbich Cl • be CCln­
venientJ.7 accepted aa a tolerable tog densit7) it 1a nee aaary to 
make the auwapt.1011 that the initial rate ot blackenin• • approximately 
the llhole tiJDe aven,e &r 1.6/121~ and that thie rate oJ blaclumin• 
1a linear. 'nua 1• !lirl7 jostit1ed because it iJI knolm in pioto,rapby­
that at 1o,ir d.endtiee the 'blackening does not follow the l opr.1.t.lmdo 
blackening l• D • log I t but 1.natead is linear with t me and that 
this nte of blackening b tar smaU er than what 'llltf be educed hall 
the log plot. Accordingly, we 88t:ilnate that an oxposure time ot 

9,Yk • 54 houn approxiJaatel.y will be required. to p oduce a 
l.6 5 . 
tolerance to1 of o.cn denait,. on Eaatman Duplltized I-r• !1llll. 

8. U4inB the time 54 houn for 15 feot rrca a 50 m1U1grs 
unit as the baeic tolerance tiJDe, Tabla l haa been CClllp,l eel giving 
the number of houre pe nnieaible t:-1ns:lt t1m.c tar variou mounts of 
radi,a troll 100 to 500 !11:illigrane protected with lead th ckneasecs &om 
2 to J-1/2 inches, J:botograpbi.o material boin8 at a dut nee o! 15 feet. 

9. 1 ccapariaoo o! the t1gurea in Table l with orrespood:1.ng 
!'1gu.reo in the Ra:U,ray Expresa Coq,any table in Appendi I(b) will 
show t.hat these canp1ted timec, are roughly thl"'&O ti.mos a great aa 
those actually pe:nnitted. Becmse of thia diftrpnc. it YU thou,ht 
best to mke direct. exporimalt.al test.a to deteradne 1'tu.c i,ot of 
figures can be 8'Uhatant.iated. 

10. A selection ot typical oonnorciel. photo~ c f'1l.ma 
including slow, rut, extra bat and x-rq t1.llM wu pu.r 1ued tram 
t'resh 8tock. Tabl.1, 2 llste 'the kird8 ot tJ.l.Ja (5• x '11' s: 11e onl:r} 
used. 

u. To simulate actual :shipping condi ti.one ae ta: u poaeible, 
it was thou&bt best to e zpose theff filma to the atand,arl radiwa 
carrier unit in their own cartons wrapped aa by the inmu .actunr 
rather than to ue special caeaett-ee 9Uch aa radiognpb:l.1 t1lla 
hold.ere. Ace~, a box of each kind ct t1lllllt iraa OJ xied 1n touil. 
darkness, all. bu~ two or th?"e$ ot the fi.l.M were 1emo-.ed md paced 
in a marked !Jto~ box, the remaining two or three t1..lllll were then 
rewrCR)ed as be1'ore. Two boxes of en.ch kind of rilm we~ then 



pr pared. In addition to theee expoaure boxes, two ttpee o! epecial 
ca settes were included, <¥te be~ a uaua.l Eaatman S x ? X-ro.:, 
ex osure holder containing two x-rq U.S. f'i.lJu between three lead 
in enai.tying screens as tor gaaaa radiography, the otbc' being a 
ei: Uar caseette bat contninin( no internal intensi.tY.ini screene wit.b 
tw enclosed t.1.l.Jn9 . Ca the o.it:tide was fa.,tened a lA6" lead sheet 
w1 11 an x-shiiped aperture at the center which tbwl partially ehielda 
th enclosed .tilme. 

12. 'Ihe test.a wen pertomed in a laboratory rooa ot tld.r 
si , with cmcrete walls and tloor. The 250 Ddll:1Qam radim c&aT.l.a­
un. t woa placed on the !loor at a point near cne comer ot the roca. 
Fr. 11 thb point circles ""1th fll"iou radii (), 6, 9, 3nd l~ ffft) 
we: , laid ott w1 th chalk m the floor arid the apoaire baDs and 
en: 3ef.tes were set up on these. Two test rune ot 72 hou.re duration 
wer , made. In the tint, the tum were placed at diatmcee ot 9 and 
15 reet; in the second, at ) and 6 feet. 

13. Atter ench run the exposed t1J.ma were delMl.oped in total 
daJ :ness. An atteJnpt waa made t'irst ta use a s:J.n~le dnelwer cm all 
the different kinds ot tllm, but it W88 tound better to use ditterent 
de \ !lopers appropriate to tho kind ot rum and dewlopi.ng noraal.ly. 
In leveloping, one une)Cl)OSed t.llla frail tho stock box was devoloped 
wi 1 1 oach pair of exposed f'1lma or any kind to turni:sh a blank or cca­
pai son til.Ja. The x-ray film5 1n tho special enasett.es were dovelopod 
in ;-rey developer ~ in r~ogro.~ic prar.:tico. 

14. After fixing, wo.shing and drying1 the films were ploced 
i n , donsi tometer and tht: ir dens! ties were determi.nod M closely as 
pos i ble. Two density doten:d..natioru, were made on each film. The 
-dat . obtained are gi vcn in Tables J and 4. 

15. In Tnblee J nnd 4, each recorded dcmsi ty iis the mean o~ 
two or mol"tl detenrdnntion:,. Repeated rendings en Q g1 'Vl8rl fiJ.m umial.ly 
ogr ed to o. 02 or better. The denai tometer used was set ao that i t 
gev a ~ero reading on an unexpoeod Proceas 1'1lm, lfflich pos,5esses the 
sma lest background donsity. The gain in dcnsi~ of cny upoaod film 
~ obtained by subt:racting the background density ot the unexposed 
bla k !'ran tho observed density. These density p.inl!! listed in tho 
t nb es are the data by which the togging ettect of the ga.nnn rod.inti on 
M y be determined. 

~ U§SUM OF DATA Cl3TAlN!D 

16. The observed denai-cy- gains tor the expoaocl til.Jns were 
plo led in a.o graJiia (Figuroa l and 2) in whi ch densit7 gain is 
plo ted again.st the corresponding e,rposure expressed in milligrmD­
ree hour.s, a lead thicicnoss ot two inches being underatood. Q-l each 
gra. r1 1a a horlsontal line at the density ordinate of o.cn which haa 
be!!: taken aa a tolerable den~i ty increase. '1'he four s ots or ex­
pos, ree hnve exposure values or 80, 220, 500 and 2000 'lld.lligra&-teet 
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hours. .An atteq:,., waa made to plot the data on a single sheet 
plotting deneity against exposure ca a logarithmic ecale but this 
gave rapidly rising curvea, 11hile tor the present stuty, curvee 
approximately linear are desired. Therefore, two graJila 'ftN ~ 
struct.ct, one covering the range 80 to 500 mil.l.i,r.,..tee hours, the 
other the range 220,.200() m:1.l.li.6J'am-teet hours. In each l'&pi the 
point.a ot intereecticxi o! the CUM'e tor each particular '1.la with 
the horizontal 0.08 ordinate are marlced. '!be tolerance apo~ 
eorreaJ)Onding to each or t.bue intenectiona ere listed _n Table S,. 
together lrl th the coneepondinc pernd.os1ble e~eure tiJl 1a in h011l'9 
at t1rteen feet .traa the radim unit. 

17. In the graph or l'iguN 1, a etnignt line hi , been dran 
representing thr expected inereaae or density with Olq>Ot! :re upon whicibb 
Table l has been canputed. It 18 quote nid.ent that the anumed rate 
ot increase or density waa about brice u great aa is ac .uall.:, obee"'8d. 
ao that ttgurea of Table l may ew:n be doubled sateli,, hly 'When x-ny 
t1lma ere used w1 t.b lead intensi.tying screens does the 1 , te ~ blaclcen-
1.ng equal tbat a.es,med in Table l. 

18. It. may be noted !'rail J"igure l and Table ~ t1 1t the 
11ajori t:, or the camnercial t'1llals hew wry lOII' bl.ackenir t rat.ea,. and 
tltat enm the fastest eazaercial Jilotognphl.c t1lJu bav. a Jmcb 10W81' 
rate ot blackening than the »-rq !llu. In viSlr ot tbt fact that the 
x-r,q tU.ma have a high 1n1 till density arw.nd 0.20, th« added bladten­
ing or o.rn is <l'U7 a tracticmal increue o! the badcg;n Di densit'1, 
while in the case ot the other t'1lne 1 t correeponda abol .i tc a doublin& 
or tripling of the background deneit,. 

19. Vari011a criteria u:y be adnnced to dote.rmiJ 1 when a 
particular t1lm bu roceiwd ~ toe d.enai."1 to rend◄ :- it unl'it 
tor practical uae, but tho anitnry danaity increaoe bl .-e .&opted 
(0.07) aeema to be ccnaenatiw cnouab in view ot tl'8 tc J l.eflla 
adopted in Federal apeciftcat.icma tor jiiotographio mateJ Lal. It. Ls 
understood at preNnt. that 1n the 19'° General Schedule >! Supplies 
the petlli.tted toe leftla will be u 1bllowsi Proceu F1J I o.cnJ Slos 
t11M (such aa Comnercial) 0.12, r..t nJM (such u s.: ,Plllchl'aut1c) 
O.lSe All of these 1'1gure1 Al"8 ez-eater than the here ol Jel'ftd H:ro 
background plus 0.07 allowed to:r ndiaticm toatn,. 'lh• choice ot ~o 
t1gure 0.01 is thus Mly jUst.1.tied. 

CCJfCLOSICIIS 
20. The increase in piotognpb1c deneity aeueed ~ gW 

radiatim baa a atandard 2,0 -«• capsule enclosed in 1· 1 carry1nc 
case With two indtes ot lead protect1cn haa been dot.em ied uperi,­
montall7 tor a 't'&rl.ety ot CCC1DerCia.l t1l:as placed at w , ral cliatanoea 
tram the radillll unit. These den:," ty inaroa:ses tor th.ref do;,, upoeurea 
are small tor all kinda or t1llDs tested nt 15 feet diatl ice end oncloaod 
in their COlmterdial cmms. 



~- From the densi ty-e.xposure graphs for these mateMala • the 
axpi sure necessary to increaae the denaity by o.07 has been determined 
for each kind of film tested. All ot these eJq>osuree are n,eral. 
timl s those permitted by the Railway Expnes Canpany- shipp1~ regul► 
ti.or s tor equ.ivnl.ent conditions. 

22. The den~i ty exposure graphs show that the estimated 
allt wable how-5 of transit Biven b;; Table l give an nposure which is 
leac than any that is required to produce a deru,ity increase ot 0. O? 
in c 1y cue here studied, and furthermore the figures ot Table 1 can 
be f U'ely doubled c-r tho~e of the table of appendix I(b) be multiplied 
by' t .x. 

~ NlfPATICNS 

23. It is recomiended that Table 1 be adopted as a very 
cons ,rvati w, 1rorld.ng ba.3is t or determining allowable t1Jlle8 of transit 
in ~ ti pping Naval rldium uni ta. 



Table l 

E8timated Hours or Pend.ssible Tran:,it Time w.i.th 
Photographic Material Kept at a Distance o! 15 Fee ~ 

Quanticy ~u,a ot, l&!!a\ - ;lncheG 
or 2 2 J 

Radium Al.lowable hou~ in tr&N1it 

100 1)4 199 J72 

200 6? 99 186 

250 54 BO 149 

300 45 66 124 

IJJO J3 so 93 

500 2? 40 74 

-"J-1/2 

681 

341 

m 

223 

170 

136 



Tabl.e 2 

Rlotographic Fu.a llaterial Und in TheM Te•ta * 

t JM. Batch Ng, P•k ot §rnyat.1.cp 

Jl'OceN P 61.06-SO-l March 1940 

< omnaercial Q 6l.2Jr6)...l J mua:r,r l 9Jl> 

C ommerci al Ort.ho p 6107-Jr.~ Jul.y 1940 

~upersens1t1w P~ 
chromatic V 6116-4)1-.l ?J June 1940 

( rtho-l H 6l.4S-4-3 June _l940 

1 r i-1-Pan A 61.JJ-~ June 191.0 

t o screen x-ra, L Sl.33-JO~ Kett.h 194> 

t t tra-Sensi ti ve 
C-ray II 5120-6"6-IJ)O Jul:, 19'0 

;ilh nufacturer, Ea:stman Kodak Compan;y, Rochester, N. Ye 



Table 3 

Densities of Fil.Jll.,, First Test Run 

Kim ot 111.m Density Exposed at 0ena1v ~ ed. Density 
Unexpoeed 1, tt. Gain at .it 9 tt. Gain at 

1$ A, . 9 tt, 
Process 
(Dev. D-72) o.oo 0.02 0.02 0.02 . 0.02 

Ccamercial 
(D-72 Dev.) o.06 o.os o.oo 0.05 o.oo 
Coiaerci.al. Ortho 
(:o..:n Dev. ) 0.05 o.06 0.01. o.rn 0.02 

Supel'-&maitive 
Panc.hromatic 

{ DK-60a Dev. ) o.oe o.oe o.oo 0.09 0.01. 

~ 

( Con.srnt Gamma 
Dev. 

0.03 0.04 0.01 o.c:n 0.04 

Tri-I~. 
(CoMtant Gamma 
Dev.) 

0.04 0.04 o.oo o.cn 0.03 

Mo SCNen 1,-.Rq 
(D~ Dev.) 0.09 0.13 0.04 o.u. 0.13 

.1-Rq u.s. 
(Dl-"Oa Dn.) o.u. 0.29 o.o, o.J3 o.o, 
x-.a.;,, D.l'J. wit.h 

Pb Intensit1er 
(X-~ De-r.) 0.17 o.is o.oe O.Sl o.x, 



Table 4 

Densities of Fil.nle, Second Test Run 

Kind 0~ F1lJll Density Exposed at Denait;r Expoeed at Density 
Md Developer Unexp~edd 6 .tt. Gain at 3 ft. Gain st 

6 rt, 3 :rt, 

Proceee 
(D-72 DeT.) o.oo .02.5 0.025 0.10 0.10 

Cecmorcial 
(D-'72 De-v.} o.06 0.18 0.12 0.2? 0.21 

Ceamiercl. al Ort.ho 
(D-72 Dev.) 0.035 0.16 o.u5 0.25 0.215 

Super Sens 1 ti ve 
Panchromatic 

{0-72 DeT. ) 0.09 0.155 o.~s 0.2s, 0.165 

Ort.ho-I 
(DK-60. Dev.) 0.09 0.195 0.105 0.455 o.J65 

Trl-X Pan. 
( DK-60a Dev. ) 0.105 0.2? 0.165 o.tJ> o.Js5 

No Screen I-Ray 
(DP:-60e Dev.) o.os O.Y/5 0.295 0.915 0.835 

I -Ray Ultra S~cd 
{DK-60~ Dev.) 0.205 0.47 0.265 1.00 0.795 

I-Ray u.s. with 
lead 1nten8ifiers 

{ l-P.ay Dev. ) 0.20 0.53 0.33 1.47 1.27 



Table 5 

Tolerance E~osures Gi v'...ng a Peu1si ty Increase or 
OaQ7 for the Vactoy5 F:µn; )laterial§ Studied ________ _ 

KL>id o! Fil.la 

Proces::i 

Super-Ser.si ti11e 

Comercial 

Com. Ortho 

'Ortho-1 

Tri-X Pan. 

X-ray U. s . 

_No Ser~en X -Ray 

X-ray u.s. in 

Tolerance Exp. in 
JI&, ft, Hta, 

1500 

Pan. 525 

385 

355 

J55 

305 

150 

12? 

Radiography Cass?.tte 65 

Allowable 'I'rai sit Time at 
1s n. rrom 250 mg, .. Ynt,__t __ 

1350 hrs. 

320 

J20 

275 

135 

ll4 



Appendix I(a) 

CCPY 

RAILWAY EXPRESS AGENCY IlJC~Tlll 
TRAFFIC DEPJ.JmmlT 

2:30 Parle Avenue 
New Yark 

Effective Kay 1, l9J9., i,hipments ct Radium 1n qwiaUtiee ot 
100 l!lil.l.igrama or le" will be accepted only ,men encaaed in lead 
in accordance with the table set forth below. 

Approximate time in transit., in hrurs, tor indicated qum,ti:tiee 
of Radium, in designated thickneesea or lead, ldth a l!d.niJnml distance 
to ordinary film of 10 teet, or to I-Ray r.tlm or 15 toet. 

Quantity of 
Radium 
!!DJ:\graeo 

Uider 15 mg. 

15 mg lilnd under 2S 

25 mg and under )5 

J 5 mg and under 45 

45 me and under 55 

55 11111' and under 65 

65 mg and under 75 

75 mg and under 85 

8.5 mg and under 95 

95 mg to 100 incl 

#Minimum "8ights of leadJ 

1/4 

IJJ 

20 

14 

10 

Allowable hours in t.t!Du\, 

20 

15 

12 

10 

no 

55 

36 

28 

22 

18 

16 

14 

12 

ll 

llO 

73 u.6 

55 llO 

44 

36 

31 

27 

24 

22 

88 l?O 

73 11.2 

6) 1.22 

55 1<1> 

~ 95 

44 85 

J 

170 

pounds 1/2 J/4 '3-1/ 4 9-1/ 4 19-l/2 36 58-1/2 

#Approx:1.r.'.ato weights computed from spheres with sperical cavi.tie:s 1/2 
inch in diameter in each case. When c:-,vltie:t are or greater ditnension, 
container weights rill necessarily exceed the Dlinimum.9 Q'10ted. 

Shiprnent.e must ha'l/8 labels af1'1xed thereto bearing the word RADIUll and 
the qunntity of Radium, in milligram:,, and thicknees ot lead, in inches. 

RAD<Ji-i'ill be handled accordingly. La.bel.s must shar the EX2UIVALENT 
RAD It.Ill content, in m:1.lli grf!l!l8, md looo thickness, 1n inches,. 



Appendix I(b) 

Quantity o! Rad1um i :,re;i;, or;i~ -3cheo 
2 > j...il2 

• Allonble hour;, 1n transit 

100 mg 11 2:2 44 85 l?O 

~!:lg ll 22 43 86 172 

300 ?118 14 28 56 ll2 
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