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SU5 JECT: Nuclear Regulatory Comission Request for Additional Information
in Support of Renewal Application for Byproduct Matt rial License

. 19-17250-01, ilarr Diamond Laboratories
|

| 3D - | M/ ~5 .

' *'IliRU: ander
US y tilectronics Research

and elopment Conmand
KITN: DR- -SS
2800 Powder b Read
Adelphi, MD 207 - a.Cd ,

Cormander
US Army Matcrici Development

and Readiness Command
ATi%: DRCSF-P
5001 Eisenhower Avenue
Alexandria, VA 22333

TO: Nuclear Regulatory Commission
Washington, D.C 20555

1. ' References:
,

a. Letter, Nuclear Regulatory Ccrnission, 7 Oct S2.

b. Letter, DRCSF-P, !!Q, DARCOM,12 Oct S2, subject 2s above, with 1st
Indorse..cnt, DRDEL-95, ilQ, ERADCOM, 22 Oct S2, same subject.

.

2. The requested additional infor:ntion in support of renewal application
for subject license is submitted as follows:

a. Instrument Calibration Procedures - Inclosure 1.

b. Radiation S Arvey Pro;rn - Jncicsure 2.

c. Personnel Exposures - Inclosure 3.

FOR Tite CO.MOER: M
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3 incls R. b.lLLIAMS
as Safety Manor,er
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INSTRUMENT CALIBRATION PROCEDURES-

1. All portable inst rumentation used for radiation pretec-ico (See Suppl #3)
are calibrated quarterly by Rad Services, Inc., as indicated in Item lla.
The in-house calibrations referred to in Supple::.ents di ar.d d2 ge the calibra-
tions of pemanently located Remote Area 3:anitors within cur Co Camma Radia-
tion Facility, licensed under B3fL 19-17250-05, and calibra-ion of Nuclear
Measurements Corp, Stodel PC-4 proportional counter. For Remote Area Stonitor
description and calibration procedures, reference B?!L 19-1 250-05, Supplement
#4, pages 1 and 2. For FC-4 calibration procedures, see i em 3, this letter.

As indicated in Supplement #2, this license, only three of the subject2.
sources are used for calibration. The rembing are kept in a locked Radiation
Storage Area, as described in Supplement 82.

3. In the event that any of the stored sources are needed for calibration, they
will be used in the Co 0 Facility, following the same procedures and precautions6

used 'for the present sources.

4. The RAM's and associated calibration sources are stored and used in a
restricted area (See Fig 3, Suppl #2). Only authorized fa:ility personnel con-
ducting the calibration are present during calibrations. Authorized calibrators
are identified in Item 6, and are the same personnel who are listed as the
Gamma Radiation Facility Operators in B.NL 19-1 250-05, item 6.

5. I!DL calibration sources F and 11 (See Suppl #2) are operated remotely from
the facility control room. Operators are therefore proviced shielding designed
for 40,000 Ci Co60 D e calibration sources are normally in-air for calibration
only 5-10 minutes every 3 months, and are f. hen remotely re urned to their shield-
ing pig (Suppl #2, Figs 1 and 2).

1 6. IIDL source B is stored and used at the location indica ed in Fig 3, Suppl #2.
B is source is used to calibrate RAM 1, which canitors the dose rate within the

i control room. The source is removed from its pig and held on the end of a 12 inch
extension, at arms length, at varying distances from the detector. The whole'

0body dose rate from this 1 mci Co source at arms length is about 1.3 mR/hr.
As the source is only handled for 5-10 minutes, expected dose is about .2 mrem.
This procedure is only conducted once every three conths. In addition, this

source is used by facility operators to response check and constancy check
; portable instnmentation as they are entering the exposure area. D e source

remains in its pig for these checks.1 -
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RADI ATION SURVEY PROGRAh!
,

. i

'

) 1. Please reference B5fL 19-17250 05, Annex 6'-B for a copy of !!DL51385-20, -

Ionizing Radiation Protection Program, 24 .\ tar 80. (NRC Ltr, para 2a).

2. Radiation *;urveys are perforned IAN ASIC Regulation 385-25, Radiation Safety,
'

,

i
,

'

: 12 Aug 68 (Reference b51L 19-17250-05, Annex 6-A), paragraph 17, page 17. In
j addition to menthly surveys, all areas where radioactive materials are used or ;

stored are quarterly wipe tested for removabic contamination. (NRC Ltr, para 2b).
:

| 3. Only authorized personnel have access to and are permitted to use radio-
; active materials. Personnel are not suthorized until they successfully complete :

I'

Radiation Worker Training and Evaluation. Evaluation includes Radiation Control
Cor_aittee review of training and experience, and written examination. Please

; reference ilDLil 385-20, Ionizing Radiation Protection Program, 24 Flar 80, para 20,
,

page 14, for training requirements. Training includes both or.11 and written
material regarding the use of radioactive material, from which the examination

The writ ten material is kepc by the radiation workers . ; ;i questions are taken.
Attached is a copy of training material and examinatio;n.I for further reference.

Worker s are also provided a copy of NRC Regualtory Guide 8.29. IlDL-b! 385-20 -
i provides additional guidance in the safe use of radioactive materials, as does ;

the standard operating procedure for the particular facility. Please reference
| B51L 19-17250-05, Suppl #4, pages 1 and 2 for written instructions regardind.the use
; of subject material. (NRC Ltr; para 2c)
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{ , LEAK TEST PROCEDURES

) Leak tests and wipe tests are analy:ed on a Nuclear Measurements Corp, Model
.

PC-4 proportional counter, by Michael 3crisky, Radiation Protection Officer.

! Calibration is conducted prior to each use. The following sources are used
to conduct the calibration, depending upon the sampic to be counted:;.

60
Co , American Nuzicar Products, SN 313,1.01 uCi + 5% as of 01 Oct 75-

137
Cs , American Nuclear Products, SN 312, 1.15 uCi + 5% as of 01 Oct 75-

2Both sources are SS configuration, 0.9 mg/en dylar covered, backed by
'

i stainless steel planchet, 7/S" diameter.
i

1. Procedure

i a. Proportional counter is turned on, and " test run" started to ensure
; counting circuitry and timing curcuitry functioning properly. After one minute, ,

| counter should display 3600 cotints, ;

! 210 -

i b. Place Nuclear Measurcaent Corp, Pb check cource, SN 7240, " Gold !
; Standard" series into counter. Run a high voltage versus count to determine !

operating voltage for beta counting, normally 1700-1800 volts.
F

!c. Count background at operating voltage for 10-20 consecutive counts,
I minute each. Calculate mean value, variance, standard deviation, and perform p

Pearsons Chi Square test to ensure that sample distribution is normally distri-
buted. Further calculate Reliability Factor to ensure that ccunts obey Poisson

j characteristics of radioactive decay.

.~

d. Count calibration source long enough so that relative standard deviation
of the net' count is about 2% or less. For subject calibration sources, a 1 min-

'

ute count is sufficient. Count 10-20 times serially for 1 binute each. Calculate
mean, standard deviation, and perforr. Chi se,uare test and reliability factor test.
Correct for " dead time" if necessary.

c. Calculate counting efficiency for isotope of interest.; .

2. Sample Calibration :

Calibration Source = Co 1.04 uCi I'5% (01 Oct 75),

.

n. Background Determination (1 minute counts) "
,

.

45 53 48 X = 50.73 1 6.13 (1.96)
51 59 " 41 SD = 6.15
53 4S 57 X2 = 10.42 .*. nor= ally dist
57 42 42 6.1~

= . 6 ..
--

' 46 56 55 "' * V'3!?3 .

5

proper instrument operation.
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b. Calibration Source (1 min counts)
*

364,744 363,855 X = 364,798 cpm - 659.58 (1.961) 95?, conf.
363,7S5 364,270 SD = 659.88 cpm
364,313 364,147

2364,926 366,154 X = 22.68 .*. normally distributed -

365,721 365,013
RF = g .8E-7gy = 1.09 .*. Instrument functioning

659363,740 365,253
365,596 364,906 properly
364,776 365,337
365,078 364,394
364,766 365,192

c. Correct for resolving time

-81.8usec=1.8xlb6 sec = 3 x 15 mint=

Count actual = count observed 3M ,798'
= 368,834 cpm

(count observed) , 1-(3x10-8)(364,798)1-t

,,

d. Efficiency Determination:

'Je t count rate = 368,834 - 50(bkg) = 368,784 cpm
60As of 01 Oct 82, Co source = 1.04 uCi + 5%

for decay, t s = 5.263yr, ) = .1317 yr'iCorrect,

A = 1.04 uCi c'(*I I Y# )( 7#)
= .4137 uCi as of 01 Oct 82

""'

efficiency = = .4052 40.52'.
(.4137 uCi)(2.2x106 dpm/uCi)

603. Detenaination of Co Sample Activity
.

cpm
3uCi ,(.4052 cpm /dpm)(2.2x100 dpm/uCi)i

c.g. Suppose that sample count was 364,798/ min

a. Correct for resolving time .

Count actual = = 368,834'
.

1-(3xld )(364,798)
,

b. Subtract b.sciground to obtain not count.

368,334 cpa - 50 cpm = 368,784 cpm-
is

s
'

,

L ic
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C- Calcul,,ec acz;Vity

368,752
A= = ''gg37 UCi

6(.1032'P=/dpm)(,~,x!O g?m/uci)

|
|

|
|

.

G

3

.

.

__ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ . _ _ - _ _ _ _



_ . . _ _ _ - ________ ___ -___

( ,

\

PERSONNEL EXPOSURE

Oae of the najor c5jectives of the liarry Diamond Laboratories Radiation
Protection Program is to keep personnel exposures AIARA. HDL'1 3SS 20, Ionizing
Radiation Protection Program, sp.:cifically addresse:, this requirement in
para 6. (See BML 19-17250-05, Annex 6B).

llarry Diamand Laboratories has been very successful in keeping personnel
exposures Al. ARA. It is very rarely that our film badge service, Leyington
Ioniz ing Radiation Dosimet ry (US Army), reports any exposure for HDL occupationally
exposed individuals, occassionally exposed individuals, or visitors. The follow-

ing exposure history, extracted from individual exposare histories, is offered
as evidence:

Camma Radiation Facility Operators (See BML 19-17250-05)

These individuals are issued a film badge on a montly basis, and have the
greatest probability of acetaulating exposure.

Charles C. Casacr, Facility Operator
- no exposure reported between Jan S0 and preser.t, i.e. 32 consecutive months

exposure-free (below minimum reportabic)
- Dec 79 reported exposure - 0.010 rem.
- no exposure reported between Jan 80 and Mar 78, i.e., 19 consecutive months

exposu re- f ree .
- Mar 78 reported exposure - 0.012 rem.
- no exposure reported between Jan 76 and Mar 78, i.e., 26 consecutive months

exposure-free
- Dec 75 reported exposure - 0.011 rem.

_Pccry Sarigianis, Facility Operator
- no exposure reported between Feb 79 and present, i.e., 44 consecutive months

expos ure-- f ree
- Jan 79 reported exposure - 0.010 rem.
- no crposure reported between F:c 76 and Jan 79, i.e., 26 consecutive months

exposure-free
- Nov 76 reported exposure - 0.017 rem.

Klaus G. Kerris, Facility Supervisor
- no exposure reported between Apr 79 and present, i.e., 41 consecutive months

exposure-free
- Mar 79 reported exposure - 0.002 rem.
- no exposure reported between Apr 7S and Mar 79, i.e., 12 consecutive conths

exposure-free
- Mar 78 reported exposure - 0.007 rem.
- no exposure reported between Oct 76 and Mar 78, i.e., 17 consecutive months

exposure-free
- Nov 76 reported exposure - 0.009 rem.

All Occupationally 5 0ccassionally Exposed Individuals during the last calendar
year, film badges were issued 565 person months. Caly 3 persons received a
reportabic monthly exposure during the period - .002 rem, .002 rec, and .003 rem.

1
'

'UU
___ ____
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Although exposures are being kept well below 10'. of the limits specified in
10CFR-Part 20, furt her act ion is t alta to t.Juce exposure to ALUL\ when
cassible. The following is offered as an example:

60
When the Co sources in the Gamma Radiation Facility are raised
out of the pool to conduct irradiation experiments, a 7 mR/hr dose
rate is present at the na c door. This represents the " hottest"
location within the control room during in-air operation, all other
locations being less than 0.15 cR/hr. Although the whole control
room is licensed as an occupiable area during in-air irradiations,
an area within the control room has been designated for personnel
exclusion during in-air irradiations. This area is an area in
which a person night receive greater than 1.0 nR/hr while the sources
are in-air. The area extends about I neter from the doors, and all

the way along that wall. Opt ing for a dose rate less than 1.0 mR/hr
would have been desirable, but would not allow room for the experimenters
to set up and operate their experimental equipment. (Reference B.\ll
19-17250-05 for Gamma Radiation Facility Description.)

.
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l. GENERAL TE:3S.

NOTES.
,

..

Hl.2/.W USE c1 radicactive matariais refors .to the
.

. .
.'

'

diagnostic and. Theresc: ."Ic app 1ication *,
-

of ratficactivo. materia! to a htm:an being..

. .
. , , , , , ,

.
.

* NON-H'3*AN L'SE of radioactive caTerials refers to'
.. . .

A *

these app!ict.Tiens ih which~redicactivo -

marcris! !s act a.c.olicd* cr in:.'ocTed inTo
.

's .. *
-

'

L -

her:.an beings. .Invi re studies of h. man .. - .

tissues cre included in.this ca cgory pec-- -
. .

.

viding none of the product t.t.terial is to ... .
.*

,-- *

be ' app l'ed to hu. .anc. '. ' . .,

. -

, , . .

PR i x. . ,! ?n. t L.S c,v, i s an . d.
. o, by v. m.ue of ..isW _

in iv. dual wn.i.

i r

trainin; and experice.cc with rtdicyctive
-

.
,

" ' ',

' .

meterici, has bsen 20 thor!7.ed by tha - *

Radioisotoce Cc:=.itice to pcssets and use
. - .- -- '

* , .radicactiva caroric! for a given perpece.. . .
. .

A principal usar bears the rer.,ioncibility. .
' ' *

for the safe ha.ndt ing of the =ctorial and
.. .

.
*
. * .

pecpor precas.tient. y acasurcs to prctac:', _
-

.

~_ ' . hic:ct f and c h. srs 'fr m unwarranted cyp- .
,

.

posure to radiati0n. !!a cay dic1ati such
,

, rulo:, precad;.iras er otr.cr* restrictions as
- *,

*
.

ha doors neccssar'/ .to ef fect ih.o prc.oer ..-.
.. - *

' hand!!n.g of the radioactive =atorial . He
. .

is directly'rcsponsible to tne Radios 6topa
. .

Ccmmittee..- .,
. ' '

_
.*

_Co?'CFA*5 i s h3 Ind*viduct whc|p'ossaston cic.,e:ta-irotninn *

,. ..

Ond.CYpc.*icncc.Ji7h CO-*.pCrebic l'22iolc7;V.0 me -~ ~

-

crial or equi; cony to. qualify him es e pr!n.;p3;
, ,

A ccuerkce perf, ore.s tech dutics undse tho,,,; uscr.
cethoriz.ctio . of ino princ!; .:i user es,' Jirccted ;

,

.y snd is rcr.o:.ncihli to inc princip:l' e:ar !ar cage.
I

.

|
-

.

ano pec.,,cr tanc in;; of rs:icuctivo,= re.-ia!:,. I-
,

. .

.. 4 .
. *

, .- 9

. .. . . , , O.

'
'*.- *---;'' '

.
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MECEC :i.5 .-.y
1-1 Studan: Hand::n.t - GI:ssery of Term:*. :) LECT ::t :40TES: - .\.n~: e

.

-

.

1 T!"CellCit'. -i s an indi viduc i who, u..'dertnoschcrvisien. ..
. .

* *

ci the princip2:! us:r c.r/cr ::wcrkcq per-|
.

.
-

. . . .

for=c cer7:in routine ccTies :nvciv..ng ne- .

Mc dccs n 7 - -

.ese of rcdioactive ca7arial. . .

.~ .

. . .
- .

possess sui co..nc Trainine anc ex:erience o' .. . . ,
, *.

be classific cs a principci eser cr co crkar -*

4

'uch tr.aini.nc cs aculd
-

and is not uncor:oin: .s .'
.

quali fy hirt To a7 a'n That sta7us.- .T5'd> ---
,

-

nicians are trained in the'sefe handling of -

.
4 . ..

rad.icactive ec7ari al , con 7a=i narica ccr.T .o f ,. . .- . -

d

i and precautionary macsuras which ecy ce
~ ~- -

-

*

taken to protec7 hir sal f arid others f rcm .
.

.. . '

' unwarranted ex;csura To .racia7:en. .' .
. .

., ..
. '

.

.
. ..

,

TRAI. NEE is an'indivi<ical who dee's not ;cssess adecuate -
'

* *

I training,ar.h experience to be authcrized as a .,
*

principal user.hinsoif. He is assigned Tc thisj .
. ..

! category so that he may obtain the necessary , , " .
.

experience under the direct suc. arvisica of,the
*

I
-

. ...

'princi::al user anc cowce'<ers. It is the aim of
.

.
. ,

.

.

. . . . ....

i
. . .. . .

the trc.r.ac To c:Tain sulT: ale r.ecinire and-. -
' ~ . .

; -

cxpert oacs 70 he cu-.ss: :ed cc c pr. ncipal user -
.

.. . . . . .

i ,

~2or coworker. .-
* -' * .

.
.. . .

. .
.... . ..;j

--
.

.
...

.
.

.

-
. . . . ..

- -

.. AI. ,d ..YSICS .is a prcTessica davcTec 70 The prorac7:cn , .
-

.

:: i -- .
''

of man and bis environmen? frc= un arranted'

a .. *

| radiat. ion expostra. ..
. , , .

.
. . . ,

,

. . .

2. TEC'dNICAL TEF't.S RELATING TO AN LNCERSTANCING OF YATTER - .
.

' -
-

. .

. ..
<

. .

| MOLECULE - (!) A group cf atc=s hel'd tege7hcr by chemical -
.

j forces. Ate s .ay be icen7ical: H ' S '~S I' '
-

2 '.2 S
-

*
,

or. di f f oren?: H 0, CO .-' ..

i.
.

..
,

i -
. 2 2 - ..

.. . ,

.
-. .. .

!, (2.) Ultimat.a unit cuantl'v-ci'a chemical :c'em .
-

.
* "/-. *

,. ,

. - - po0nd which can.cxis7'by itself and retain-- -

|
..,

a.Il of the pecper-les of Trroriginal. substance. f.
*

. ..
. . . .

. MOLECULAR '. EIGHT - The sI;m of the atcmic weighti ci all.of *

,'
#

* the a7 =s in the cole.cule
*

'
..

< .. .
, . ..

.
..

'- ELEVENT_- Pure substances consisting of ete s of the- -
..

.

'. *sc o ate. Tic nunt:ce which cannot be deccaposed . , . . .
. ,

. by crdincry c.hcmica! . cans, _

.
,, .. ,. .

. .
, . .

* . .! , . - .
.

g,,,j ,;TCY. - The er..i i cct pert,!cin of an o t rc. cat. which is cap-'

.

; abic of cnt6rit.g a cr.cmic .! ..rn.crion., it concists of, *
- ,

,
. C CentrS| CCrO Cc ! ! Cd Th"g:f 0I.0,.*J , WhiCh c n;c!45

*
* -

. . .

( '\ protu:: und uc:d::r::. hac:7:nr revuivc in orbits in * . .

'i n 'I he ' .~ug iCn . surround | ng 7.'.C nUC. CUG .* '

. .. . ..
e "

, ,
a,

.. - - . . . . . . . . . . .z.. . . .. .. .. .

.

e

,.p,, _ . .- ,- ,m._.g wq w 4 .
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LECTURE NOTEsi 1-1 Stucent Panceut ,- Glos,sary of Tenns-'

MOTES
~ ' NUCLEUS - ( A7cmic Nucleus) - The small , cent,ral, Ocsi?ive|y ,

| cnarged, reg!cn of an a70m wnicn is cnly abou? '

' l/iG 000 of The diamerer of The arom, bur wnien *
-' . car.-!as essan7i' ally !!! of Tne mass. IT is ccm-

.

' posed of. protons, neutrons,. enc strange -

! particles. ,

.
*

NUCLECN - A constiruen; of The a70mic' nucleus.
'

-

'

,

PROTCN - An elementary nuct' ear par Icle wiTh a pesiTive .

*

elec7ric cnarge equal ncnerically to the
charge gf an electron and a mass of

;

't.007594 mass units. .

i ,

-

%
NEUTRCN - A neuTr'aT' particle (i.e. wiTh no-electrical-.

,

! charge) of apcrexi,marely unit mass, presenr ~
In Tne nuclei of all.arcmic nuclei excep7

.

[
those of ordinary (light) hydtcgen.

,

ELECTRON - A negatively chargec particle which is a -

-

constituant of every neutral arem.'

Charge.- 4.802 x 10-10esu or 1.6 x 10-19 Coulembs'
.

,- Res? Mass - 0.000548 amu cc 1/1336 of Hydecgon ATem
I k' 17 is NOT found in the nucleus but ra7ner in

.

ortiTs. arcund The nucleus. The elecTr''ns .o
cerent.ine T'he aTem's chemical. pecperties. -

,

I ATCMIC NLNEER - The numcer of' positive-charges (protons) -

ine,the nucleus (Symboi: E)
..

ATCMIC MASS b- The mass of a neutral arcm, usually
.

exaressed in terms of arcmic mass .
<

-
' units (Symcol: A) ..

,

> .

] ATCMIC MASS UNIT - (emu) - (1) one-7wel f th of The mass ,

l

i ofoneneur.aljCatcm
(Physicists' Ncmenciarure) or '

3 .

(2) - Cne-sixteenri of the mass*
'

of'oneneutraij0atcm_-l .-

(Chenists' Nc=enclatura) .* .
j

-
.

I i.657 x 10-24 grams
. .

* . . .

g
.X NCMENCLATURE - .

. . .
j ." .

* .ee ,

.| - - - - . - - - . . _ _ .
-

,. . .

!
.

' t
-. "- -

tfi ._ . . . . .
.
4

I 3 -
.

t -
.

*

.
1

.
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LEC LAE NOTES: 1-1 Stt.cen .-ar::ur - 3 ::s sari Of ' Te -.s
NOTES'-

:SCTOCE - Forms of the sa e ala-e - sv' ; ::sn-::a.
:

. . .

d . , n.r g .. trei-cnemical procer .es c:.7
aTemic massos (: s 70 d!fferen- .c:e s cf
neurrons in Their res:icrive .:.:|all anc -

in their nucflear :reper-!ss, e.g. radio-
-

.

active vs stable, fissicrecie vs nerfis-

sionable$g,Tc.23 Sg, U g Ang L,y,2_, Is
e

23
.

_,,,a.g.
-.-

.

NUC' lCE - A species of a70c charac7er! ec t/ :na .

~

constituents of its nucleus. f an usec
-

synonc=cusIy w.Tn iscr:;e, ai ncug: --is.

i

is nor strictiy correc7 an: s cui: :e
discouraged. . .

3. TECHNICAL TE.:#5 AELAT!NG TO AN $ E:5-~4!C'':G C'F CAOICACTIVITf
..

.

AlCICACTIVITY_- Spontaneous nuclear diser.Tec.e:T!cn siTh ..

emissico of cor;uscular er sie: r:-
magnetic rad. Ticns.

..

ia

..

01.CI ATION - The preocgaTicn cf energy - r: g. ra- er
'

-

|<
or soace in The. 4.ccm of waves. Ir. arc =?c -

.

phys'ics, The "erm has' beer exTa.:ec Tc.

incluce fact .cving par 7ic!ss ( Q 9.:, ,
.. - ,

. .

...-c : : rays anc
. .-

.ce:< , neu: ~cn, eTC) . ,
- .. . . .

:c
.

ic.:lar . Teres: ,n aTemicX-rays, of part.
physics, are elec rc=agneric raciaTien -

in which ener;y is pre,pesaTec in packers *

calied .cho:cns.
-

EACXGACUND RADI ATICN' .:.ac; aTica ari sing 'r:: rac!:-
active taTeria: Tner nan - a
cne cirecTly . er c:csicerarien.

Eackcreund racia:!cn :'_e 7 ::smi'c
~

rays and scur:ss of na?urally. *

. .cc:urr.r.g rad.:cac7g.vi y is alwaysi.

'presenr. There may also be :ack-
.

ground raciaT! n :ta : ne presence
cf radicactive s:.: stances.1. other.

- par s of -he OcM !ng, in - e bulli-
'

ing =arerials - scselves, in The
experimental a;:ararus, e c. .

i ..
. * .

1 ..
s

A L.:HA .:ARTI Ct'_E \ ( s) - A :ar-! !e e.'ecre: s::.rarec_s!y c= Tr.e - .

'
*

|

N_ nucleus Of scce rac' acT!ve elemen;s.
.

| .- "Ir is icen?! cal i.'ali messcrec pre-

| V per4 es 70 e s!!a= r.ucleus ";He),
..

. . . .

.

.- p
.

.
-

.

. .

... .__ . _ .. . . . . . . . . . . _ .._ . ... ... . . .

.
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LECTURE NOTES: 1-1 S uden Mccccut - Gicssary of Terms
*:CTES. -

.

anien has on atcm.ic mass num:er -

of 4 anc en electresTa?ic cnarge

.of +2. 17 cas Icw penetrating .

: ;cwer anc.scor r:rge. The mos- -

.

energetic alsha pa-Ticle wiil gen-
eral.ly fall To penetrate T.e skin. ,

The mass of an alpna parT!cle'is
.

' 4'.00150 amu. -
- -y . . . .

...

)SETAPARTICLEb5) - A small * particle ejec?ec scen anscusly
'

'

g,i , f rom a nucleus of a rac cccTive element.
* *

' -

it i s identical io.an elecTren anc :nere-,

-

; fore nas a cnarge of -l anc a mass of
1/1840 of a proton or neutron. IT has

low penetrating. power ano snort range.
The most energetic beta particles ' sill
penetrate skin anc.fissue. The damage
is manifested oy " skin burnc".

'

S, E , 3+ are raserved for electrons
-

. -

'

on nuclear origin. - .

ELECTRCMAGNETIC RAOIATICN - A traveling wav,e mcTion_ con-

(' sisting of electric and mag-
N. netic waves tha? Travel in a .

vacuum at -he speec cf l ignt.- .

.

Very peneTraring, nign energy, snort
"

GAMMA RAY (v)
.

-

wavelengTn elecTeceagnetic radiarion ,

|
emitted by a nucleus.. Energies usuall.y
range frem 0.010 To 10 MeV (Million ,

Electron Voirs).. Except for tccation.

of origin y-rays' are identical To X-rays.-
| .

Penetrating electromagnetic radiation crigin-
|

X-RAY -

,
ating in Tne exTranuclea'r part of The atem,"--

buT Identical in all other respects to y-rays.-
. .

| 4 TECHNICAL TERMS REi,ATING TO AN UNCE? STANDING OF THE MEASUREMENT _

| OF RA010ACTLVIDL
.

ELECTFCN VOLT - A Unit of energy equivalent to the amount
of energy ' gained by an electron cassing .

.

through a potential difference of one voir,''

eV' - 't.6 x 10-12 ergs
~

kev - 103 eV
"av - 106 eV

i '
.

-
.

.'' -
.

G
. .

-
.

S
' ~

-m ..

.

.
.

e

- .

******N## * e manup , e, e e ' =pene me ..e sum . . e emme,. a e e. . e e ., . , .

.
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'ECP,$E NOTES: 1-1 Stucenr.rane:ur .31:ssary. cf Tse .s - . .

.
,,.-: -. . =s' - .( ACTIVITY - The rata of secay Of acicacr~ve careria.

exorossed as Tna nu=:er cf r.uc:aar :!si..r-
--

egraTicas per secene. .

SPECl.IC ACTIVITY - The acc_n cf acTiv y con 7aine:
in a uni? vctues (ce weign?) of
material, e.g. 3 TC'/:c cr 5 :C"/g

.

u el. (C.) - inat quanTir/ cf a ac;.cacTive nucl . eic-.. . .
: i

disintegraring ? ne rare cf 3.7 x IC;3
arcms per seconc. .

.

7 .iMILLICURIE - 10-3 Ci - 3.7-x 10 .
- ... ..tlc CC.,RI: - Iv--; v... - ;., x ;u u.-

n v. * *

1 - -nCiNANCCURIE 10-3 Ci - 3.7 x 10-

PICCCURIE iC-',-Ci - 3.7 x 10-1 -. ,Ci cr uuCI:-

.
.

5. TECHNICAL TERMS RELATI.NG TC AN LNOERSTANC''.G C.2 3AC!CACT!*lE
CECAY PRCCESS

.

'The secnTanecus nuclear Trans-RADICACTIVE CECAY -
-

for arien'cr cisinvecrarica of
cce nuclite inic a cifieren

-

I~' nuclide cr inTO a Oifferen?
energy svare of 7 e same nuc: ice\"

cy T.e emission of c.ar;ec :ar7-
icles anc/cr elec r:macneric .

- .

raciaticn.

.. :very decay peccess has a.

ce..n.re -cI.. ...e.2 -

-u --
i t .

.. . ..

-.,,r.CilVe den t es - A success.en c- - cl .ces , eac. cf.-- --
.

iineu.wr - - .
.wnien Transforms, sy rec.icac . se.

.cisinregrarica,.inro ? e nex; caril
a sTacle nucleus resui s.
Tha firs? mem:er Ts calle: rne pcren:,

-

The interneciare ?.ecter; ar-e :allec
*

dcagh.:ars, anc ne final .(sva:le)
member i s cal t ec Tne er.r p.md.cc.*

CECAY CCNSTANT (1) - The fracTicn cf Tne nu=cer c' aTems
cf a racicacTive nuclice wnjen decay in

.

a unit tiv.e.

ya,.. i...e s. ,. .
..cr; .C.69

~ . .-- -

:
. .- t e - -. = _i.s

r e
T

-
--.,

. .
-. -

..

.U .

.

.

1

AF
'

.

.

.

.
. .

.
...

. _ . . . . . . - - . - - . . . . . . . .s-. . . ...-.... - .

.

I

.- _ -_ _, %A. __



,
. .

e-
.

\ .

. .

^5 't;L*-45 20 Mcv 67*
. .

.

, . n.
tcc . .e.c- . - v. - r. :. .:: .-l : .cen? u icour - o.csscry c, er .s

.r. . :_ -
=
> ..

~; e requiesc for a cc'cac7;ve-ALF i.*:E (Tr.: -
,

}2YS!CALPAL~7L I .#E - sL:s7anca c !cse 5C$ cf |s
RACICACTIVE -AL.: i.::E - scrivi?y Oy racicac7sve =caf.

S$ca racienc~clice acs c .ni-.e. .

naif-life. ',
.

SICLOGICAL HALF i.lFE - The Time recuirac for 7 e Occy Tc.
eliminare eno-calf of an accinis7erec.

css of any su:srance ty regular
; recesses of elimina7ien. 7 15 is_

'

3 :roximarely The same for c7n stable -

and radicac7(ve isc7c;es of rne same

siemant.
.

.E.:FECTIVE HAL. -Li E - Tra Time recuirac for 7na ac7ivity
of a,given recicacrive e:emen7 7c
cecreasa Tc t of ITs ini7ial ac7- .

ivi7y in a cicicgical ceganism. .

Resul7s fecm vne racicacTive ..alf- .

life and The Dicicgical'nalf-life.
-

T
jT. Biol f ?cd'i

,
, -s. I - -

\_ 3iol' k _ Red's'

.

a v.c sp:. 'Cc_ = o''v=.e
_...

e e:.__q g cr.t , :_.:y ::e_,s' i | Ng . e. :q cur : ...Nst.re5. i_ .. . .._

- s . n C . I V I . ''T. u- s c .~ e r -
--

...... _ _..

A cuan7try (7cTal c,e accumulatec) cf icnizing -COSE -

. .

racta7:en.

.cn-. - -

X:ne_ ac_ . vc_ : n measure of 7.e TcTal amount c7 i.ac u-

i:a?!cn inar The cuan7iry of X-cr y-(EXPCSL?E; - .

racia7ien eculd pecauce.in' air.
,

Given in R (Ecenc~ ens)

ACENTGEN (F)]) A u-ir cf exposure. de,sa To. icnizing r,adiat!cn.
,

Thar quanrity of X- cc ya racia?!cn. ..ca.

wni

will prcduce one sTa7:cuic== cf ;csi?ive ions -

ant ene srarcculcmc cf negarive !cns in ene
cubic car.7ime7er (0.001293 g1 cf air ar 0*C
anc 750 mm of Hg pressure..

R is nc7 a fised cuan;l'?y,li? !s an infinit-
esimal interacrica enir.

3
.

,-
205E,- The : en?!7y of er.ergy impar ac 7 0. cecesirec(AESC.EE:

in a mass cf m,a7arial ex.:csec .c ioniMnW-

.
.

raciarien.'

V .

Given in rad .

.
l

.

. ~.-
m, .ula. eds.

,

'

. - . _ - . . . . . .. . , _ _ - . . ---.---....._._....._....._:
.

e

e
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LECTURE NOTES: t-i Sru:e- -a..::u- - 3.:ssary f eres
s.e . :. .e

m *

"sr i c, i n a l i .t a n ' ..- . .- *.v '. a . '. . . '-- -. '= '. .-4 - . .. . .

absor:ec ccsa. Nc. a .n: c s:::-:e: case,

or a measure of ; e ener;y :ar e: :
'

-a t . e r b y i c . . *. .- '. ,- - . . ' . . .' . . . ~. . . .- . *. =. -. .
.. . .

per unit mass Of irracia +c 2 eriai er Tne
olace of interes;; 1.I 0 er.es/:..

-
.

. . .. . ,, t tA L - Cv,S.c.- a censure or rne :.0.:g.:st ,

..
2 <c.a

. T e acier.on.. .
.errec;iveneps of

exposure; cnirs: e te. . .
..

.

n _ i_.,. - . V s #81' 0 LC-l sA L :_:::_.. . n. /e..e.r_ e c. .c ::e , _ :. 4. ., r . . ., un,c is-e s. o .
.. . . .

'

" 'usac To ccc:are 7 e-:i::cgical effec;-

iveness o,. a:scr:e: raciar. eon ::sas cua.

to ci f f eren? Ty es Of ra:iaricr. 5:aci!-
.

Ically ir'is ;ne aric .

-
' ~ Cose of s?: (2*O <eV X-rav) raclarica-,_

n:C a Ccsa of ra:iaTica in :.es7 ion wnica .

.

peccuces rne same sion:gical rescense.
*

in rec.t.cate s:ecimens.
.

i
..y w . .

- .

(~..
I. 65Sd,- Originally accreviaTicn for .-cenTsen ::uivaien?'

Ge n). New rne unit er -.e -::___. ccse, i.e.. .. -

Mammal as- .
-

rem.= cad x n---=c
. .

.Specifically, Tner cose of ten':ing acia *:n wnica
elicits Tne same Sicicgical ef-sc? es i ; :f
stancarc (250 :<eV) X-ray .

.

CCSE RATE - Radia? Ion dcse'celivere:~:er mn!T Time..

.

For electrcmagner!c racia?'en - Me cuan?'ry of '

FLJX .-

- radian? energy '!cwing per un!- -: e. .

1

.or particles en: ;ncices - .e n_::er cf : art-

.icles ce pnciens f!cwinc. :er .ni? -!=e.
.

.or Neu;rons - n. Ter: usec :: ex:ress Tne .nve.n-. i'. .

-

st ry of euvr:n . aciarlen. .e n. :er.ci neur-
rons passirg T.'.reugn a unir area in unir -gme.. . .

.

ror neutrons or a c.iven er:er:,/* :ne prec_:: o ,.- . . .

.
. .

neuTren cens a ry wi r.7 speec.
.

__O .N I Cn. L _. _:n_.yc e_ i n. _1.N.C. . ., . N, 1.m. . : .3 o .g. . N., C. n A,1.m. . l N.
i .- . . - .. - u .,

, . o,,

PROTECTICN . . .,

ATTENUAT!CN_ - Tae .or: cess :y wnica a :eam of recia? ion is
racccec in ir.Tensi7y ..an.;assing n.cugn'

'

scce .?|arer al. IT is a ::c:Ina7!ce Of acsorp-*

( Tion are. scattering Orc: esses anc :eacs To a .
.'

.

'-' decrease in f rwx : ens |ry of a :4a: . en pecjecreci

Througn ca:Ter. y . . _ -. -- . . . . .
,

:
I

! -

i .
,

,
.. .

. . _ _ . . . . _ _ . . - _ . . .. . .. . _ . . . . .. ., ,

.

, - . . . , - , , ._. , - n-
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.

LECTU.;E NOTES: 1-1 Stucen7 Handour - Glossary of Ter .s
- NOTES

ICNIZATICN The se:aration' of ecreally elec7-icaily '
-

i charget.ccm cnen?5. The Te rm i s a l sc
3 employed to cosc.-Ita Tne Jegree cr ex en?

To whicn The separa7 fen cccurs, leni:arion '

is tne removal of an electron (regartve .

charge) f rcm Tne arc = or molecule, e * 7ner, -

directly or incirec71y, leaving a posi?- .
, ,

i Ively cnarged icn. ~he separa7ec elec7ren
and ion are referred Tc as an icn Oa'r.

. -.
.

EXCITATION The acci7 ion of energy to a sys7am, nereby --

Transferring it fecm its grounc stare 70 an .
.

exci ted ' stare. Exc!7arion of a nucleus,
~

,
'

a tem , ' or mo l ecu l e can res u l t f ecm Tr.e
__,

absorption of phorcas or f rem inelas7ic
col l i sions ^with o7her particles. - -

-
.

CELTA RAYS - Any secondary ionizing particle ejected .

! by recall wnen a primary loni:arion ;ar;Icle

! passes tnrcegh marTer. . .
,,

^

SHIELDING Any ma7ertal which is usec to absor: radiation-

(' and'Thus effecilvely reduce Tne intensity of -
.

\
,

- radiation.
1 - a ..

..

F A L.: THICKNE3S_ - The - thickr.ess of .any ' ar;!cciar
"

p

HALR '/ALUE LAYER (H'/L) - mater.!al neces'sary to recuce Tne
intensity Of a beam of raciarlon

,

To one-nalf i7s in!TI.al vaiue. 17
may be ex)ressed in units of Thick-

'

ness .or o f mass, per unit a. ea.
*

\

3. TECHNICAL TERMS RELATING TO AN UNCERSTANCING CF CCNTAMINATICN
.

CCNTAMINATICN (Radic:crive) - Caposi7 ion of racicacTive ma7arial in any
pjace where 17 is.nc7 cesired, and, par-

1 ticularly in. any place wnere i7s presence
~

The n'rm may be in; may be harmful. a

viria7Ing the valicl7y of an experiment-
or a precedura, or in actually being a> -

~sourcs of danger To perscnnel . -

a
. -.- -

CECCNTAMINATICN - The removal of radicacElve contamina?lcn fecm -

surfaces, as by cleaning and wasning wiTh.
'chemicals. -

.
.

'i

9. TECHNICAL TE.:.4S PELAT!NG.TO AN UNCE3.STANC!NG O~ PERSCNNEL EXPCSURE-
,

J *
.

-( . RA0! A71CN CCNTROL AREA - Any.*recm, enclosure, o c: era ing :
'

) ,
,,

! area To w..ica access wit: :e .
, ,

| .limirec sy Heatrh ?hysics'anc in . ..
.,. .

4 9.. -

.

.

. . .
- -..

. . .
'

___ _._. _ . . . _ . . . . . . . . .. . . . . .. . . .. . . _ . ..
.

r. 7 . - - . . _ ,Q , - - - - - . -
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.ECTURE NOTES: 1-1 S ucen? Fanc:ur - 3*cssary of'
MOTES

Terms

wni.cn :recauri: nary ..eas0. es are ,'
Taken fer - .e :ur;cse of :roTecting
'indivicuals 'r:7. ex:csure To

icnt !r.g rac!arion and racicacTive,

. ...at er i a l s .
|

-

~
*HIGh RADI ATION AREA - Any a-ea, ac: essa:le To perscnnel, in

,

whica 7nereexisrs rac!aricn in uncle
'' or in par 7 wi7ain licensac ca7erial!

37 such levels , rar a cajcr ;cr7 ton *

ci t,he ~ccy c uid receive-in ene hour *

c

1C0 milli. ..
.. .

.-
'

AA01 ATION AREA - An araa, accessaole 70 perscnnel, in'

wnica Tnare,exis7s racia?!cn, celginaring* *
-

In whole.cc in par 7 wi7nin licensec
, materici, a7 suca levels 7na; a major

' porrien of The Occy c:uld recal.ve in -

one hcur 5 .nilliced, or in any 5 cen-
| sequtive days a ecse in excess of

100 milli. rem. -

.

.

CCNTROLLED AREA - a. Any rec =, ~ enc!:sure, or cperaring'.g ,

i s. area accessa:!e To personnel in
j wnica en incivi:ual, if he aere- - -

.
con 7inuaily ;resen7, could receive - *

'
a dose in excess of 2 milliren

' "

in any cne nee. cr a dose in
excess of 100 mitilram in seven'

.

(7) c:nsecu7ive :ays; or,

b'. jAny area in wn.ibn There exis7s' .,

racicacTise carerial in excess.of
4 Thes'e amoun s s:ecified in

_. . . .
~

.

f,
^

Appendix C, 10 CFR 20; cc,
,

.

j c. Any,o7her area s: cesignare: by
3 .he WRA.MC .Hea l ?n Fhysi cs Cf f i cer.

. .
. .

10. CEFINITICN CF TER.MS USEC 'N' 5LESECUENT' INSTRL'CTICN -
.

CRITICAL CRGAN - The crirical" organ is ce7enni.aec sy
consiceraTica of 7:e folicwing cri7eria:| -

.,

[ a. ' The cream wn ten accumulates ne .

'

! grea7es; concen7.ayion of~ra:!ca *

' active ma.Terial. -

'

I 3. -Th'e cegan is essen7ial or ir.:is-
pensable To-The well Oeing of Tne *

Indivicual. ..
. .

,

\ .- t.

-
: .

gp 10.

:. . .

; .~,- . .
,.

*
.. ... _.. . . , _ _ . - . . . - .. . . . . . . . . . . . . . . ,.

.

, < , _ _ _ - . - - .%. 7.
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J LECTURE NOTE 5: 1-1 57ucan? Hancou? - Glossary of Terms
NOTES.. . - ..

c. The organ camagec ay envrf 0f.7.ie
racionucti:s into ;ne :ocy.

6. T:~e rediesensirivity f 75e organ.' ..

,
MAXIMUM PERM!5 SABLE SCCY dtPCEN - The cuanriry of an isorope

,

wnica cpr se continually
presen7 in siancard man in'

a parricular organ anc will
not do clinically dotect ..

*

bble cae. age. (MPSS)
- .. ..

M AXIMCA PEF.'U SSABl{ CCNCENT9A rrCM - (M?C) The amount of
radicacTive ma7arial in air, weTer, and =

feedsruffs which : mpeten; authorities '

r. ave estaclished as Tne maximum whica _~*~ould not create undue risk To nur.an, *

,

healtn. Calculations are based upon
,

ine assunp? Ions .Thar (1) the individual '*

.

already has an MFSS cf the Isorcpe ano
,

. (2) rnar the environment will not be -

allcwed to add tne radioisotope any- -

faster than 17 is diminished inrougn
**

( physical anc tiological precasses.
-

,

..

Scmeining es?aolisnoc as a .teasure or endelSTANCARD -

ic whicn ciner similar inings thoul Conform. -

Call 3RATICN - Inrer::m:arison terween two items, cne of
whicn is a corrifiec standard cf 'secwn

,
,

accuracy, To cetect anc To : rreiere or
* addjus? any varia7 ion in Tne accuracy of

The item Oeing ccmcarec in relarior To-

the cer71Jiec.sTancarc.'" *
-

. . . . . . -. -.. ......,
-.- - - - -

The degree of agroemeir be7 ween TnePACCURACY -

measurec velfe anc the true value of the '-

'

.quan-ity being. measured. .

.

'

PROCISION - The degre,e of recroducibility of the
measurement (s) under c:nsiderarion. *

CCLNTING E.:.lCIENCY - A measurt of The procabiliTy that - -
'

CETECTICN E$.:lCIENCY - a coun? will'be recorded when*

radiaricn is incicant in The
' '

derecior.
'

17 is determined by Tae following-

ex;ression:. .

,

UM vlNOTE' #'lCI:"""v
~ =''

OlslNTESF.AT:CNI ?ER XINUT: .
,

"
Il* .. .

.

.

* * a *

". *
... . .. ... ., . . .. . . . . . - . . . . . . . . . . . . . . . . .

.

. , _ . , -, , - - - - - _ - , + , , -3
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1. INTRODUCTION 3. Rats*

.-

.

This review is pnmarily conce":ned #.2 ,, Frac:icnal exponents are commonly re-
.

de use of exponents, including ;owers of fe red to as "::ots." The sgare root of a
ten 2nd logarithms. Their use as "stert- number indicates that the num' er is raised

-

:

han1" representation of both large e.d small to the ; power, and simila:!y, de cube root
numbers. their manipulatica is ecus::s:s, indi:.nes the j power. In a ddi:io n, to
and their presenta: ion in ; aphical f :m os c:=al ncta: ion of roots as frag:ional*

are described. ex;cnents, dey a calsooccasionallywritten:
.

To facill:ste a working knowledge of cese
macematical concepts,illustrar.ve examples ./ x for (x) r, .x for (x)t, etc.- .

.

of their use in typical problems encountered -

3'in radiological health are included cor example: V S =,(S) t- *=2
.

..

11. DEFINITION OF TEPJAS
<~

C Pm d Td
'

-

.

*

A. $XpCntafS ?r..en representt:g nu=hars in terms of*

An exponen: is a term written above an:! ";owers cf te:," dis merely stipt:lates that
to de right of any expre;ision to 11 dicata -- ' ase of de exponential expression is 10.''

,

ce number of times the expression is re- ?T en manipula:ing both extremely large or -

pested as a factor of itself. . s=all numbers, the sse of powers of ten
enables a shc:. hand metheci of expressing-

For example: (2)8 = (2) (2) (2) = 3 such eumber: cme numbers.
~

5 eve 21 numbers with ceir powers of ten''
.

A number raised to a power is referred to representation are shown helcw:
as an exponential number. The 3 is de e2

'

. ponent or power, and de (2) is de base in 1,"CO,000 = 10 '
me foregoing expression. 1,0C0 = 10 *

*;'

;
- Negative exponents denote de racip : cal 10 = .10 '

10'. (any bnse, except zero,cf de base, raised to the same posi:ive 1 =*

. - '. raised to the :ero power;ower. Or, in general,
,

is 1)-~
.. .

.

i g-n - 1 | ~~ 0.C01 = 10 .:
10 4

.-

3
J C.000,001 =- x ,

,

.
. . _ . . Two constant numbers fregen.ly encoun-For e.<smplE!"(2) 8' = = 0.12-5

(2)* S tered in ::diclogical health are me velocity
.

.
'

-, ,

/?d :
# *

.

.

.

,

.

_ . . - . - . . . . - . .. _ . . . . .
. _ . . . _ . _._ . . . . . . . . . . _ . . . . ~ . . . . .
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M3 dem: tics )

cf !!ght s r.d P!r-ck's cons: ant. Numerical of mmon logantums. In the example cited
vz;w-5 acceptable for :cmmen.usearet ear!!er, the log of ~00 is ber. teen 2and 3 and

the exaci value. 2.3010, may be found by - '

Velocity of ught = * 10,C00.000,000. cm/sec ::ference to such tables. In all chses, the .

.

= 3 X IO" cm/sec value of the left of the decimalpcintis called
the "charactenstic" ar.d the value to the right -

'

Planck's = -0.000,000,000,000,000, is. called de "manttssa". The characteristic
000,000,000,006,625 locates the decimal pointef denumber.constant

'
,

-

.

&rg-sec-

.-
_

"* *

6.625 X 10 ''T erg sec -

'=
Another system oflogarithmsin wide usage*

Fowers of ten dus simplify theexpression is the natural, or Naperian system. Thehase
,

of such numbers. for this system is e (which numerically is
.

equal to apptox!Jnately 2.718)-the limit re-'

D. Logodems sulting from de expansion of a convergent*

Logarithms may be thought of as a further- series. This icgarithm is abbreviated log,,
,

or mere commonly in.simplification of representing numbers in To convert from one system to the other, . .terms of powers of ten. For exainple, 200
can be represented as 2 X 10 but this can de following relationships may beuseful:8

j be further simplified as. 10 '~#"' . The logy _0.4343 in N-,

numbe.:' 2.3010 is called the logarithan, to the
C#base 10 - of 200. A logarithm, therefore, is '

In N = 2.30'26 log N.
e- an exponent. .

,

' -
.., .

1. c:now tocaaimms * To' determine the natural log of a number
directly, reference must be made to tables

The base of the common logaridm. or or a slide rule.1 Norme11y the tables cover
Briggsian, system is 10. The logarithms, or de in of r. umbers from 1 to 9.99 with In's of
ogs, of some, simple numbers are given dipb d a > WW W M
elow: a table,. the precedure for determining natural

Icgarithms of numbers not directly included
Number Ex;cnential form Log"

is given by example below:
.

,

0.001 10 -8 -3 8
In 679 = In (6.79X 10*) = In 6.79 + In 10

0. 01 _ , ,,, 10 '8 -2

0.1 10 '' -1 = 1.9155 + 4.6052 = 6.5207 -

1.0 10 ' O.
.

10 to 1 In 0.0679 = In(6.79 X10"*) = In 6.79- in 10:
'

100 10 2

1,000 10* 3 = ,1.9155 - 4.6052 = -2.6397-
,

Mani:nsts: ten of . e,: rive value !c,.s is comn only 111. BASIC RULES IN SOLVING EXPONENTIAL.
done as follows: le; 0.001 = .3.0000 = *.0000 - 10 EXP P.ESSION S

Values of the log for numbers can be Addition: When adding quantities with the
| obtained from a slide rule or from tables s[m'a e x p o n e nt s, the exponent does not

Change.*

i "D.ese are appr*xt::::: values and are used for
:nost cal:.:Istons. .'.Mre preefse values are known, ax4 + bx4 = (a + b)x2

e

w*

2 *
.

* .

.

- . .

-
.

. . . ......, ,*
. .- -- . . . . . . . . ... . . . . . . . . , ,,_ _ ,_, ,,, _

.

. *
4

.

- g- -.--r- - = g - . , -



,
-

'

N
.

k.
.

M:: r- 1**cs -

Examp!c: 2(3)* - (3)* = (2 - :);.1) = ;2", ; :) 2 27 ~ .1si:n . b; 1\. ,O !c; 2 . b; 5
<

.

.Hwers Ic; 12 = 210; 5 f

: e2::scien: When suht :c-in; :n- nies..

with de samc exponents, the ex;cnan: 4:es
, . , . . . . . . .,. , ., t .: : .: .,. . . C N * .-. . . .u. r . .

. --
. u..i not chan;e.

: . . . ,. - . . , e- . . u.w

3
A.- eq::cien is a smtement of equ:11cyax'8 - bx'8 = (2 - b)x .

' :e ween :so expressions. The scivin* Of 2n *
Ex:mple: 2(3) -(3). = (2 - 1)(3): 3 (3). =9 equiron is 2 pro:tss of de:crminin; v: lues<

-
.

fr . .kscwns which will sa:i !y cc ::nci-
-

tens of de equ:::n. This process zin te
Multipl,. stmn: The exponent o,. Any num- 1: .:=''113:ed eicer .cy -1 eb:21: meceds

>
.

*
! her in a croduct equals the sum of its e.go. ur :v 2 *: : hic s ..a:icn. .

*
,

*

nents is t..e factors of the produ:: as lon; as . A ;-:;: is st=;1v i pic:orial represent 2-
-

- . .

-

the ,.,ase is the sanne. :f 2. equatica, each point of de graph:::
| sinsffi:; ce cer:1-ions of the expression
'

f::= whi:h 1: is derived. Graphic presen:2-8 3 + '*(x ) (x") = x} ::s are based c: ce principle of repre-

1 Example: (2 )(2 ) = (2) 3 * 2 =,(2) s = 32 2e--i ; a : ember by 2 vector, 22:is, by a8 8

11: ear distance' c: a selec:ed seile. The,'
'

reli:icnship between two variables is repre-e "
.

" ~ ~ ~ - - - . - .
,

,

Division: To divide e.vo like qu2=i-des se :ed by :xo coc:tinate axes 2: righ: Ingles.
'

.

(same basa), each raised to some power, $e :: .-- : c er.
exponents are subtracted and de corn =on
base is retained.

A. Rect:nreier (C:::esien) Cooriinue Sys:cm?..

,

- *

X.E.t a - r: -:e =cs: frequently used meced :f speci- ..- = x
m

f .:; :. e posi:ica cf a poin:'n a pla:e is dex

8 ree:ang:lar coordini:e sys:em.
(23 .:

Example: = (2): = (2) =2 ., . ,- .g c,. ,. ..s e*- ~n, 0, '.s " u the -,
.. - . . . .

: :n;in. Es: .blishe-d on each line is a number
sys:e= in ;-2 phi: f ::n. By le:-ing X and Y '

! 2133, eg.. u, g e, to 2ss -.e any
j Powe rs,: Any exponential quan:ir/ :nsed 3, y g.,.

-

.

' to a power is equal to the base raised := ce 233:;;,e y21 es . $et : espe ve . =eric11.

produe: of de two exponents. . 3_-. .= s. .A - o. di:4..y, de '-o *. ..".' " .. is- . . .

::2ed de X-axis, and de ver ' 21 !ine is,

i -

:12ed ce Y-axis. (See Figure 1.)
(x )ni -a amx Scw dat the frar..ework is esPffshed, ,

.

| ::: sider heating ce position of :. peint, A,
(3)' = 729 ::r esponding to X.= 3 and Y =' 2. Draw a(3 )'2Example: =

'.iz e per;endicularly f cm point 3 on -de,
,' -

X-ar.is, and a second line perpe:dicularly
Manipulation of Loesncms: Following c. . e ~2x13 3 '"....s- .---a, o- " ' " - "" -"- - " ' #'''"'these above rules, the manipulation cf .:re . He lin of in*erse:is of de

log::ithms is f:cilit:ted by ce fol3 wing: r.: lines est hhanes the posi::en cf A. *

,

.

Mukiplication log ab = lod a+1o; 5 - M:ar .bni ::es::nes (Car:esn:s'.
.

.W-
.,g, .. '-

* - f- .
..- . . . . - . - . _ _ _ . . .

.,.

, - . . .

i

4
.

.

.

~ ~ - - .. .
. .

..
, _ ,

.

|: +

- -
., - . . _ _ _ . . , . . _ - , .
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M:thema:ics
.

Y Th: numbcr ::: C 90 . :137 :o -hc numeri-
csi value, 4 cn ma X-ens is . .:. ; :00 ,-.

*

. %s.: of il :.x: r... : me-ital vnbe, i,-

3I on the Y-ex:: !s ::iled the ordi.". :c cf 3.
| The s:me rebann teles in tacir *re. lues, .

S- 2 and 3, with :: spec: :o ;otat A.The :.hscis.sa .

::d ordinate of a poin::.re called its coordi-
'

j~ .
nates,

t In tha rec:an;ular ecordinate system |ust
Ib _ _ , , ~

- - -

~ .
described, ava:/ ;cn.: in :he plane has one
and only one p.dr cf coordinates, and ever*/-

pair of coorcinates dsse:Ses ce posi:icn Of, _

only one point.
Using this ;eneral method of representing

,

the position of a point in a phne, it is ;cs-* - ~

sible graphically to represent an equacon hy, , , , , ,
3 * plottin; ths_ values which satist/ the ccadi-0 : : 3 5 5 6 ,

tions of de equa:10 . C sider de ;-:ph::21
,

Figure 1.. Rectangular Coordinate Sysics" representation cf a 11: ear equation, cc:is,-'

one ivhich plots as a stral;ht line en steh a
,

graph a .d has ce gener:1 f m:'

y = mx+b
: .

where, y = dependen: variable (ordinata)'

- _ . ,

.', x= incependent variable (abscissa)
.

6 'r-
slopeof deph::sdequatiod g

,,)-'

| . m=.
.

OX)
g 3

.

j b = y intercept, or value of y when
x=0er,

,
.

r- In order 'to plot a lhear equation, it is
j necessary to h cvt ei$er:

1. The ccor:iinates of 2 peints,,which cc:'

, ,

' den be connected by a s r..ight line; or

t 2 The coordina:es cf one poin: ana the.
,

slope of the line, so 6:: a lina cf that sicpe
,

drawn through :he known point will satistf
'

_
.t ! I f - '' 8

x ,
,

a i 2 ' ~ F- U- . 5 6____, { . , , th'e equation.* -
Figure 2..t.ac= ring Points by Caordinates For referenes purposes, cito othar r/ pes

of equations are plotted in Fig re 3. 20:h of -
, ,

- these types are execuntered f eque. cly in

|
- - .-. _.

*~~ radiologic:1 heal 2 wo-k. To facilita:a scl:-'

,

tion of these types of ec,us-icas ;;r:;hi:211y,
.Now ..onsider determinia; the values of it is necessary to plot 2.:n on a coordinate

j X d Y which ::rrespond to de posinon of system so c:t they resul: in str .igh- P.nas.
2 point, S. For this purpose draw two lines Semi-lo;arimic :::: '.asariemic ple:s will

,

j drou;h 3, ps:silel to the two axes. be descrihed which meet cis pu ;;sa,
.

i ,

|

| *

|
151

-

I
t .

*.
;

'. . .I .. . . . . . . . . . . . .

|

|
. .

l

.__ . -. _ _. -. -~ _ . _ . ,-
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,

iy . . ...

'[I) ~

iu'
~

a ,c'

.

k y * =s * 3 3. .~- .
-- . ~

/ ' . .....,

.:s {-
:s -

-
.

y
. 3 ,- -=

- :s -.- .

.; iet- .-/
, :s .-

% e
~33j .

, ,, ,
- .

O L .s2
0 *x -- ._

. . . . . . .

Figure 3.. arithmetic Coordinates '" s : : 2 6 s .
- i~

uw a

Figure 4.. Semi lag CoordinateB. Semi. logarithmic Coordinate System
,

i
" An equation of the form y = e'", where

4

"e" is the base of the naturallogarithms and This equation may be plotted as a straigh: -

"a" is a constant, may be transformedby use line on arithme tic coordinates orovided
of logaridms as follows: "lo y" values tre plot:ed versus " log x",

-u values. Again, :o simplify such solution,y = e
Icgaridmic coordinates may be used, for

Takin* the natural logarithm of both sides teth oray.ata and abscissa in cis case.
I D* *S"*U * A log-log grapt is shown in Figure 5.. From

In y =- (-ax) In e dis plot. "K" =ay be determined graphically
from de y axis when X = 1..

Since in e = 1, in y = -ax . -.-- -..-
*

,

or 2.3026 log y = -ax

.- This, then, can be plot:ed as a straigh:line' ljet-e

on .tri:hmetic coordinates if " log.y" values id
are plotted versus X values. To simplify | Su --.

,

the solution, however,theuseof alogari hmic =
2- - .

scale upon .which Y values may be plotted a-n-
. . .

directly accomplishes the same objective. -- .

Such a coordinate system, in which com-
i

( monly the ordinate is censtructed on a 4
*

logarithmic scale, is called a semi-log graph. ~ ., [, ,,

i
This is illustrated in Figure 4. .; i .- -- . ..

.

\ a- -

C. Log-log Coordinate System - j' 3 -

=,

Considering next the equation, y = Kx-a, g,- -

,

~

- - . where "K" and "a" are constants, such may . .

....,. , . . .., 3. .

also be t ansfored by use of logaritms. - ,, 3 ,3,,3., ., 3 m g g .3..

y = gx-a ' .. ..*... wu a....

N log y = log K . a log x Figure 5.. Log-log Coordinate
,

i

M -
. 3

- . ..
.

.

. g

.. .. .. .- . . . . .

.
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Mathem atics-
.

V. ILLUSTRATIVE EXAMPLES (0.c93132 -

In 20 =- In 100 -

A. .Tedionuclido Decay
'

'i.

A radionuclide decays according to the 2.995 = 4.605 ** '
-

following equation; T;

2'j'g, {
-

= 13.3 days (sameT; =

A = A e- (0.693) t ' '

.

unt:s as t), g
,

! S. Fallout DecoyI where A =
.

Activity at time t ,

.

i The mixture of radi'onuclides in fallcut
d = Activity when t = 0 decays approximately as: *

o;

l
T; = IIalf-life of the radion,uclide I t*3 = k where, ! = intensity at time t

! .

n and k are constants
given: Ao = 100 mC1 and A = 20 mci when t;

32 days given: I = S2 when t =1
' - =

._

find: T I = 10. when t= 9 __
g

find: I when t= 20
; Algebraic Solution: ,

,

i

Graphic Solution-*
i Taking naturallogarithms of both sides of

the equation:
'

Refer to Figure 5, plotting "I" values on-

Y-axis and "t" values on X-axis,
. (0.693)tin A =InAod .

| T} I = 4.3 when c= 20
i
i

~* - -. .. .

)
*

*
* .,

.

! -
.

.

j .

; . _

! t
4

,

h
*

.

|
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.

.
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i .
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.
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,
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l. CCNCEPf 5 0F ATCMS A.ND ATCMIC separation of iron filings from sulfur by use
~

W5!CHTS -f a .nagnet.
*

'

2. Homogeneous matter is uniform in
A, Idatification el Mct?er - ' struc:tre and every part has de same..

-

,
prcper-ies. Mcmcgeneous m m:er is fre.

To identify the various kinds of tnacer cuently refer ed to as a pure substance, and
whica m:Le up the material wor'i, the =:y be furder :hssified as an ele:nent or a
properties of any substanc-:under cor siders- compound,
tion can be described in either p'hysi :1 or a. Elements are pure substan:as which
chemical terms, cann:t be breken down in:o simpler sub-

1. physical properties are those charac- stances by a chemical change or reacti n.
terisucs which can be stated without ::fer- At present, dere are over 100 known ele-
ance :o any other substance, as color, density, ments,

form, size, solubility, meltin; point, tciling b. Ccmpounds show u..iformi:y of struc-
n::e and cornposition; neverdeless, deypoint, and many others. +

2. Chemical properttes are those charac. n y be resolved into two or more simpler
teristics of a substance which descrite its substances by chemical change Mercuric
behavior with reference to other substances, oxide, for example, is cecomposef by heat
For ex2mple, hydrogen reacts with oxygen into mercury and c:tygen, both of which are .<

to produce water, this b,eing a chemical elements. Every compound consists of twp
proper:y of hydrogen and also' cf ox/;en, or more elements in a fixati and definite
The chemical properdes of an atom depend proportion by wei;ht. D.is defini:eness of
upon the nunder' and arrang:ments of elec- ' ::=po:dnon is a charameris:i: which dis-
trons which surround its nucleus. Chemical :n;uishes com;oun:is from mixr.tres.
changes.-or reactions do nothing :o the atoms ,

,

invcived except change de numher er . .

,,. Co n n.nuary or Motter .

arrangement of :hese elec:r;ns.
If a quantir/ of homogeneous matter is

.
mechanically or physically subdivided into

B. Classa...nconon of Matter 100 equal 9.r 3, it c:n be established dat.

As first considered, the universe seems each of dese 100 par:s has the same prop-
:s te made up of an enormous number of er:1es as the o-iginalmate:dal !f ttis process
differ:nt kinds of matter,--but fur.:her con- could be repeated, it would be founi th::

,

siderscion shows that itis possible to classify ma::er is con:inuous :o a point wherefurther
all matter as being either heterogeneo&s or division of the substance is is;cssible with-
homogeneous, out a cor esponding change in .roperties.

1. Heterogeneous matter is made up of D.is last unit, which tears all :ha charac-

distinct parts differing frem each other in : eristics of the original sample, is kncun as
physical properties with definite surface molecule. -

houn:! aries. The individual constituents can- Although mclecules are unchanged by me- .

of:en be recogni:cd visually or be separated chanical processes, they m2y bebrokendown
by aimpie mechanical me:ns, such as by :he=1:01 :eac:icns i== t 'eir fund:me=21

.

e

t .

-

v

4
.

*
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8
*
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Chemis .e .-
.

J com;onents which :re called : toms. At the det:.rminc4 by measuring s:mpic3 cicarhan. -

t be; inning cf the 19th century, John Dahon, 12 :nd sulfur which cont.i? de samenumhcr
an En;11sh chemist, proposed the atomic of toms. It will he found th t si. fur weighs'

thcory, and est. bli.shed ,the existence of 32.064/12 times the wei;ht of ::rton-12 :nci .

atoms. His theory stated that: therefore, an :tomic wei;ht of 32.064 is.
1 Elements ar: m:de up of minute par- . assigned to sulfur,

j ticies called atoms, whleh are cor,divisthie The technique of obtaining the~same num-
! by any known chemical means, her of atoms, In de sample and the refer-

2 The atoms of different elements have ence element. is not simple. Elements in
different (nasses and properties. the rare ;as poups (He, Ne, Ar, Kr, Xe, and ..

3. A compund is formed by 2 definite Rn) h:ve only one atom per moleculat in

combination of the accos of two or more weighing a definite number cf molecules of
j elements in simple numerical proportions, desc gases, a li':e number of arctn-s are . -

resulting in the formation of de ultimate weighed. To determine th reh2/e wai; hts
.

particle of the compound called the mole- 'of other stems, the number of atoms per
cule, molecule must he first established anc frorn

this their weights ,are derived, as in de

j D. Symbols end Formulas case of sulfur and carbon-12. The following
4 concepts are useful for such determina-

.

For simplicity in chemical notation, each tions:
j element is represented by a symbol, which 1. Grim Atomic Weight (G.A.W.) 'is the
] is often the first letter or, the first two - atomic weight of an element e:: pressed in

* ~

1 letters of its name. .A compound is repre- grams. The atomic weight of pnosphorus is
sented by a formula ' consisting of the sym- 30.974 and 30.97(grams is the G.A.W. of
bols of its constituent elements folkwed by phosphorus. -

suhscript numbers indicating the number of 2. Gr:m Molecul:: Weight (G.M.W.)cr
atoms of that element present in each mole- ' mote is the molecuhr weight e:cpressed in
cule of the com;ounds. One molecule of grams Sulfuric aci:1 (S sos) has : mole-

' water is written as H.0, showing that there cular weight of o8.073 :nci %.075 gr:=s is
are two atoins of hydro";en and one of cxyg:n its G.M.W. W:ter (H O) has a molecub;2

-

~

per molecule, weight of 1S.015 and IS.015 grarns is hs
G.M.W.* -

. .

E. Atomic Wights and hurements 3. Gram Molecular Volume is.the volume
occupied byone gr:m molecularweight(mole)

The weigt.t of an atom of each element is of a subst:nce in tha gaseous state at senci-
based upon the weight of one atomof a stand- ard conditions of temparature and pressurs .-

i .__
'd nr_ reference .nu 11de, . carbon-12, to (STP, which is 0 O and 760 mm Hg). This
which .:n arbitrary value (wel;ht) of 12 has volume is 22.414 litar,s.3

been assigned. The actual weight of'any stom 4. , Avogardro's Number (No)is de numbar
| 1s hased on a' unit which is 1/12 the weight of molecules present h one gram mole:ul::

cf any carbon 12 atorn. This unir is used weight of any compound or in 22.414 liters of
frequently in nuclear. physics and is cal, led any gas measured :t STP h!'s also the

an stornic mass unit (2.m.u.). number of atoms present in cna grs=:tomi:
To obtain the atomic weight of each ele- weight of any** element, hs numeri:21 value

rnent, h is necessary to weigh a definite is 6.023 X 10 .

a. umber of atoms of each element .nd com- 5. Valence I4 : number which r2?rasents
! p::: dis wei;ht wid the wei;ht of de same the combining er dii;heing .:mer cf an ele-

number of atoms of the standard, trus giving ment or radical cor. pared wtd /.:t of a4
.

; de ratio of the weights of single atoms. For hydrogen stem ,t: hen :s unity. Thus, h is a .

: e:mmple, the atomic weight of su!!:r m:y be number whi:h represents de numhar of,

v

.

!
-

. .

i
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sta=3 of hydro;ca cat onc etcm of :..y . =: =: 12v:" .. Th::: shrs at.v2 dum..

** ..' -- ... - ,.d r, .w. ..-.'s..I .rit.1 co...w.en.. wi._. ....a- '-- .-.e. ,. . . .c . .., --
. .~ . . . . . . . . - - - .-. - .

. v.

. ispi2:c, ' in; positive if the c!cman: is .n= 2::: Of t 2 .tch:5 . Nan O:ks2, 20' :

.iispMci ; hydro ,cn an.1 ne;:tive if ::m- m.. :; f.::m--s crem.1 denac chemic 1
bi. .*... ,* W. .. ' vd.-o , e.''.. " . . " . . * ' . . . . ' . . . !s '.' ' c ".;* * - ' . .. - . .'.. - ' .' ".~. c '.

'

. . . . ....
.

6. T"... ce,.i". ..' .mt w ei,+,. o r co..0.-' ...'..,- . ,- . s 6.- - - -'. '.."."".').'"..."."..-*."._*...4..--
. , -, . . 6

.

weight of an cidment or ion is its :.::mi: n'.:'2 s.
or formula wei"=ht divided by its val:::2. -

.m .. ..... , _ .,... , - - . . . . . . . . . .
-. .

,.lements enterin; into combin:: ion 2.,v 0.ysc
do so in quanti:1cs proportional to their "ha tic:m:n shells 2rs :=m0:17 d2si;-

..- . .- .. ,a. 1 . ....s.. . %. .e., s ,. .e %.t1....,4 4 , . .

equivale.,.! .ve.syi.ts.* -.e.-.. w .
. ...

se,. .a..- -. , g . t s a v.,. .
, n. 3 $, . . ,,a

- .,,

. . . . . - . . , .., . .. -

: d on Orcush cc alpte.tet o Q (seventh .- -
r. tamic Snactura d.

t.%~--..-....-.s.u .'o u. -%. n. . v.a . a 'a- -, . ... . .
'

It has been stated that the a:om is the in ::y of de ;rasca.:1y '=cen elsman.s. The
simplest unit of an elementwhlehpartici; tas di: meter of the Q shell is cf tha crder of

! X 10 - :2:~.=2:ars, wherar.s de di ma:e.
;f is ..u:10:s is cf the or:2r ci 3 X 10 ~~,ri in a chet.1:31 rc:ction and that it canne: he

;

broken down by ordi .ary means. How2ver,
by nuclear reactions, it may beshownt!::de :antime.:.::s i:: the h e a vi a moms ^ and . .

2 tom consists of two main par s, termed de 1 x 1G-" f:r =2 ;i~hter : toms.

nucleus and the cicctron cloud.
-

-

.,. , .,..4,.-
.

. . - . . . . - . . . , .. . . ,. a . -i. .
.

.
.. . . . . .

1. The cucleus b t'e centralportioncf ce : mher, but 'iiffarent mass :::c::s ara

com which. constitutes prac:icaily all cf :. e -*"=d is ::;cs of 2n element. Th:y differ
mass of the n'om and has a positive ch2r;e. in 52 : Char Of neumon,s cc: mined in theirt

/ The nucleus is composed of 2 cypes of pr.r- :: lei. :or 2=mple. :.. U h2s 92 .crctons
;;; .neum: .s, 2,h. * has .;2 ::: cons andticles--nautrons and protons, citen refer ed - .:

. .

to collecr.vely as nucleons. ;;5 neum:ns. The iscre:e: :f z" ^. ale.
.

- . . . . a to . s. . . ... . t ., d,.s. Lz ,..
.

,
. . . . .. . .s .- ..... . . . . . ..

.. .. . ~o n s no o..~..a._. 1 .,4..a. . ., . ..a.,. i, , , , . . , ,

... n ...-. , -.. ,.. . <- ....ga -. ,, ,as0*. ".a .,.

a =:ss of approximately 1. (Usin; L/12 the ---~r---~",----"'s-- - - - - , - --

. . - - o . s .. , s *- , s s - a .- - "- ~- r C ., a s- e-.

weig t of carbon-12 :s unity.) " . . . . * . . . , - - -
-"-

.

. . - . . . .

:. A 9roton has a single posti.ve char;c
and a miss also;of appronimmely 1.

The total numbcr of Oratons and netmans . l . ,4.c ,., . ,. , . , 3. T v, . ., . - :a a : .:. :.N ,i5.. - .

. r v n. s..: . . .

in the nucleus of an atom consti:u:ss de
mass number. The number of protons lone A. ,f.!f 3;.4 c!10tt

.
, .

. -

is re'crred to as the momic number. ,

.

2. The elecmon c!oud surrounding the The ;e-iodi: :h::: sf $2 ch=c :s w:s cc
s

..u-1e,. i o,. . ion o' < sac tom cor..a ..s e' a.- .....~..v.'.c'-..-..~--",...-'.-''~,ru..1..'.--
. .. . - " *"

. . . .

1 me..s which are in motion about the nucleus. Can s in a ra-Sc.21 manne..
! . The atom an he compared to me plane:1ry . . IM9, Mandaleev'aut:'i dit de ; op-.

sobr system in which the planets revolve ar-ias of eleman:s .re perie:10 ft mi:es cf
* . c1"... tic..1 :st.'s -hou. .%.. sur. .a.s .1 r."-'..*"s. .%..' .- -....*- ~.. a .' - . . i . .- is ,' ' v. - . - ...' .. --

- ..- . , . .. .
.

n. .%. . .c. u . . . . . ( 4 . i .- . . ..,. . .,.s, . . . - . .%.<. _. c,.,, .,.ons . n .%.. , tom ,N,o ,/,. .,.L.c.., u%.. o .. ~ .. .
,

.e.. 2 -. . - . . ..
*. . .. ,..s e .,m. r.4. .,1 c.'/o- c.'. .ul- ,- ^.s ..'-.'-.-e..-*....-..~....'.-v..^...,m'=..-%. ' . . .

'* - -.
...... . - . . . .

- - . ' . = ~ c' '.%--...~....a'~~-.....w.'.-le..*
. . ~ .- .

......a m acn, .a t.,.ss o.' u.e ~..o".on. c. '.. . . . .. . . o . .gg . .. . s .

.., i . m. .s- i ., .- . . .s. 4. a- . . ,. .e . ) ' . ~. . . .-.i.. a.> <.0 l..as., u. .. ale...-..S. *..c t... ...-e.
. . .. ww . . a . -.a . - . . - s . . . .

* .->.a.......n.c---.""....-..~.-c-. . . .a s ' ' . . +* "a . a,,-. r.,, 1., ye.c11 . ... .. - ,. . a.v. a tem .-n. .w . .. -- - .
.

! C '.,t a- .'..-w....".we'....a,..'.'.$~.'..~',s''2)".."....'' ' *

(S 11s) v.+.'... '..aVc c...-i.. e..e.=f.% .--- . . .. -..
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Chemis::7]

.L!ST CF ELEMENTS
~ '

,

~ . . ..
~'

. . .

-...s. .

-

o . ~
- A::m*:. 6

Atsmic

f' Symto! | Nar.e Nur. er ! Sym:ct | Na,me -
'

Number .-
-

-.-- _

| 17. Te tellurium- 0 I ' n- sentros *

E i H- 4 tyd ;en Q "3 I todine7 .

- 2 i He tell.= 'i ---- 5 4 - ..
Xe xenon

!5 Ca cestu:n3 L1 lie.ium j
.- 4 Be ter/"* ~ . - 16 Ea barium

'

,

* ' 3*- La !anthanu:25 B tores
1

6 C ca:5:n , 13 Ce cerium
- -

7 N nit:: gen I 19 ,? praseody=ium
, ,

60 : Nd neocymium *

3 ! O oxygen - ,
..

9 ; ir - tit.o rtn e . $1 Pm ;romec.tum
, *

Ne neon 62 Sm samarium -*

10 '
,_

11 .Na socium 63 ?.u europium

12 Mg tsagnesium i $4 G gadolinium
..

13 ' Al alu 9-um. ] $$ } n te:Otum
,

14 g 51 stil:en } $4 e y dysproetum'

_
Ho tolmium15 j' P ;tosphorus . ; 67 i

16 l 5 sulfur $5. 3:- * extium' *

17 C1 c Lort. e i 69 Tm hulium -'~ .

IS Ar ar;en | 70 Yb yue:hium

19 g K potassium I ~1 Lu lutetium^
*

Hf hafnium
20 Ca cale:um i M -

g
I tantalum71 . .3*

7 21 ' Se scandiurn -

i
27, i T1 ti:anium i I4. W tungsten*

V va..acum 75 Re :teniu:n~~

!'
23

Cr chromium ; 76 Cs osmium*

24 '

25 I. Stn manganese ;! 7 * * 1ridium- ~ ~ .

?: . ;1atinum26 . Ee tron U i'

27 Co cobalt ! 79 ! Au gold'~

30 . Mg merrary25 N1 nicket. !' *

31 | thallium""*

29 Cu copper .-

30 Zn :ine
- 52 ! ?b lead

31 Ca gallium , f' 53 I 31 bismuta
-

34 Po polonium32 ; Ce ge:=anium ;

u 33
'

As ars enic j 15- At astatine'

36 ! As radon
.

34 | Se ' s'elenium ; .
*

35" ' Br bromine j 57, 7: ! ar.cium
k 38 '! Ra

-

' '

. radiumK kry;t:n36
37 Rb : atidium' ; 39 Ac ac.ium .

-

| 90 | 3~ ttorium -
38 Se a::enti m * *

39 Y ' ye.us - 91 Pa * protae-'+ m.

,

40 Z: :.1:: onium . - 92 U un-f um -

.

93 N; ce;tunium .

41 Nb niottum ;-

r=olybdenum I 94 Pu plutentum42 Mo -

technedum 9' Am amer rd-a

43 Tc .*

44 Ru rue.e tu m . 96- Cm. curium
,

45 Rh :tocum 97 Ek berkelium

46 Pd pallacun i 98 C: californium_

.

47 Ag ~ silver ; 99 ?.s einsra'-*t,i* *

45 Cd cadmium ; 100 ?m ., fermium~
_

'

49 In incum - 101- Md mendalevido

|- 102 No nobellun~

SO Sn tis ,

103 Lw lawrenetura .

Sb an:1 mony51 !.|
.
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Chemistry . . .
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:olumns called goups, and (3) Efter passing in that group; namely. zero valence, and,
creugh the first three periods, the groups normany, no reac:ivity. . -

.

are subdivided into two subgoups, A and B. The next element atove.heMum higher in
The elements in tnese subpoups resembic comp'exity is lidium which has an atomic
esen oder in chemical :nd physical proper , number of 3 and therefore three planetary -

* ,
-ics and are called a " family of elements." ' clectrons. Two cf these are in the K shell

Moscicy's work (1912-1914) on atomic and one in the L shen. With one eleccon in
mimbers gave us de new periodic 12w whr;h its outermost shell, its properties are such
states that the propertfes of elements are that it is in Group I, Each element from
periodic furetions of their atomic nunbers. lithium to neon has one more electron than
The table of elements arnnged inorcer of its predecessor. When neon is reachd $e L -
increasing atomic number is shown on page shell is filled to its capacity of 8 electrons. ,
12. It consists of seven (horizontal) periods, Sodium starts the third period with 3 shells;
eight (vertical) regular gcups, and ten (ver- two of its eleven eleccons fin the K shell,

, tical) trans!-ion goups. The end element in eight more IU1 the L shen, and the last one
each period is a member of the inert gas or is in the M she1L Since sodium has one elec-

'

- - helium group. The number in the upper left- tron in.its cuter shell, it appears in Group I e-- .-

hand corner of each rectangleal'ottedto eachpunde'r lithium,
elemencis the atomic number.The numberih From sodium'to argon (atomic numbers 11
the upper right-hand corner is the atomic to 18) the successive eleccons add in the ht

* ' * ' shell. After argon, insteadof thelastelecronweight.
of potassium adding to the M shen,whichhas
a capacin M M, k sarts a new shu W adB. Pedads cad C,oups
having only one electon in its cutermost

' ' The periods, or horirontal rows, are num- shell, has properties similar to elements in
-

hered successively from Ito 7.Casequently, Group I and is placed in that group. The ele-
the number of a period in which an element. ment calcium follows potassium in pericd 4
is placed indi stes the numberof shells which and appears in Group II because it has two
are present in the elecconcicudof thatatom, electrons in its cuter shell.
The ver-ical peups give an indication of the in the next element, scandium, instead of
number of ele-:=ons which can be affected the last electron adding to the N shen, it
during a chemical change. The elecrons in the goes back into the ht shen, which has a
cutermost sheu are called the valence elec- capacity of IS elec=ons buchadonly 8 present

*

trons, and the nu:nher of valence elecrons ir, the, preceding ele nent. This irregularity .

is generally the same as the grong in which of electron stucture causes ideviationfrom
the element appear in the char., in these the previous propetries of elements ingroup - -

various elements, the eleccons are added .III as it does net have the same number of
wid definite regularity until elementnumber elec' cons, in its outside shell as the number
18 is reacted, of the gioup in which it fans. To indicate

' *The first shell has a capacity of 2 elec . this variance, scandium is offset to the left -
trons. Theretore, the total number of ele- under the , previous ele =ents of this G cup
ments found in period 1 is twc3 namely, (HI). This. variance introduces a new family
hydrogen with one eleccon and helluin with of . elements within a poup, and st ch sub. -
two elec=ons in de. K shell. Hydrogen is gioups or families are designated A and B.
placed in Group I because each element in All elements in family A of any group will
that group has one elecron in its outermost . have like properties due to sirnilarstrutn;re . ..

orbit. Helium is not placed.in Group II even and all elements in family Sof anygroup will
though it has 2 elecrons in itsiiuter sheH. have similar properties becau.se of similar
Helium is placed in Group VIII, because it c=ucture. Thus, tho properties of. elements of
has properties characte-itatic of elements different families of de same poup are not ,

G - -

. . .

. . . -
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.

alike bec .uc of dissimilar c!ectonc:nfigu- M:wcVer. :e:-ain ?!cmen:s :end to lose c!ce--'

rs;io1. The proper:y common to 211 elements = n3 1..c :ter elements :end to ;ain elec-
of any group, wh-ther they are in Sm@. A :: ns. t--

; or 3, is that (P.cy lose or gainthe same num- Ele. .en:s wndh tend :o lose eleccons
*

.

ber of ele-crons when parti:!; ann; i.. a :,..: bec:me e.ece:-positve are called
chemical ,reac:fon, and therefore t. ey w.11 memis tac de resul:ing pardele is called,_

have like v :lences. 1 p:srive S n.
s.

. e'Enim ?le: SP ~ Na' +C. Rare Earths . , , ,

The chemical properties of elements are 2 Elemen:s w.ich :end :o ;ain e!'ec=cns~

due prima.My to de c'e.ctrons in de cu:er 2 ;, bec:=e elec= -negative are called non.
shell, secondarily to. de elecrons in de mecis and de : sulting pardcle is called a, -

. next inner shell, and finz11y to ene elec=ons re: ve!cn._ - -.,

in the third outer;nost shell. However, if de - -- , o
.r.ext =p,e: 3e - 2Cl -

two ou:ermost' shells of elemen:s are alike, . ..*

their properties will be very similar even
.

.

~

though the number of electrons in the di d 3. Chemicsi Equanons~~'

ou:ermost shell differs. This simila . / is* A chendcal reac: ion or combination can -

noticeabic with elements of the are es:.h'
g: cup, one type cf which occurs in perkd 6 he : presen:ed sv de use of chemical equa. -.

- ~-

.._3*and another type in period 7 ~ ~ ' ,

. .. ~7e re2=i:n between hy2irogen(H9)and.

The rare cards of ceriod 6 (elemen:s 23 -

throu~=h .,,1). were not identified for a Ion -''Y.ne (C,.9) may e expressed as..,ollows:- s
.

-:-

ti=c.hecause their two outside stells were
-

.

~
. like the elements barium (56) an:ilanez um ": - C1-.. 2 ..Cln^

2

(57) and, consequently, thet: prope: des we e ' lese :wo elements will always reac: to. -,

~ so similar dat they could not he separt:ed geder in precisely dis manner and will
wi: out diiliculty frein the neighboring ele- 11 ways res::, by weight. in a fixed ratio of

,

* ments. Thes? elements, the lantnanides, are nei eg:ivalen: nip :s. This is called The
'

-, widd::im from the body of de :ahle an:L__ '_1w :f Ccchi-i .- Weit: hts.-

placed as a group at the bottom of de :ahle.
- - - ....

- -
,

-

There are 14 of these elements in 'e:td 6 'C. ,.C C1
- -

8 .- NC 3C541
due to the fact that the K, L, M, O, and ?

_,

shells are similar, whereas the N sheit is 1. T:en I : mpound like hcl is added
building up from 18 to 32 clecrons, :ne = H C , i: icni es to form H' (hydrogen),

3

capaci:7 for the N shell. / ,
tens. C:=pcun:is which tonine in dis manner

The rare e:rths, or actinides, in period 7 are called seid_s ind the concencation of H '
-

have similar K, L, M, N, P, .and Q shells b s ':=ed b a measure of de acidi:y of
'-

while the O shell is bu:1 ding up Som 13 :o de resulc:g so:: ton. -

50, the maximum for the O shell. One mi;tt. ...,me.
:;C',' ' %,J ' ":''O ' ' ", .C ' O * * . . D O' '

.C

-. . .':-~
- -sexpec: to find 32 elements in cis are ea:.h - "3 "

"- * 1series; however, on3/ -dree have been found - *.-

in nature and matt 1.as succeeded in =2nu- 2. When a co=pcund like NaOH is added
-

facmring a 5:owing additional nu=her. = H 0, i: ionints :o form OH- (hydroxyl)
i::s. Compounds which icnize in this man-s

_,

111. CHEMICAL REACTIONS ner a e called hases and de concen=1:fon
cf CH ions k=ed is a measure of de -A. len Formation

.*

3gt.7 gg.,,3 3./) of de resul:ing solu: ion,
Sormally, an elemen: wili con- in as many-

d
eleccons as it does protons and be neu=al. Bases: NaCH, KCH, Ca(CH) , NH4CH

.

,,
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D. O uidorion Reduction radionuclido by adsorptionandotherphenom-
ena -ffecting trace quantitics of matct!.12

2very chemical combination or reaction undcr;oing physical and chemica1 processing
involves an interchanga or interaction of the steps. The desired radionuclido is " carried"
electrons of the participating substances. through the various chemical steps of the*

.'1. A loss of elec:rons by an element is purification process sinco both cr.rrier
k .cwn as oxidation. nuclido and the desired radionuclide exhihit'

j similar, if not identical, chemical behavior.
In othe words, there are two r/pss of ca;-

Example: 2Cl -. 2e* - C1f (a gain in posi. . riers: isotopic and non-isotopic.tive charge) The carrter usually is added in quantities ,

of 5-100 rnf111 grams. By comparison of* '
-

2 A gain of electrons by an element-is typtcal carrier-radionuclide weight ratios *,
known as reduction, it becomes evident that thecarrieris present

in tremendous excess over the radionuclide.
'

+
,

Exampic: Na* + e' - Na* (a loss inposi- 1. Isotopic carriers
,

. _ , . _ _

tive charge). In isotopic carrying of a radionuc11de, the
carrier is a stable isotoce of the element of-

,

*
nterest.

IV. R ADIOCH OAISTRY
Examples:- ,,

#* ' " "*" "
1 a. Addition of stable barium to ' carry
) radioactive barium.
- In environmental radiation surveillance, it b. ' Addition of Stable strontium to carry

is necessary to analyre samples of air, radioactive strontium,
water, food and milk for gross radioactivity _. Non-isctopic carriers.,

or specific radionuclides.
-

Non-isotopic carrying, on the other hand,... '.~
-

isince a t/pical radicnuclide in an emfron- means dat de carric. h a staMe isotope of ;mental sample weighs only about 10*" or an, element M erent from the radicache i

10 '" grams, standard analytical chemistry element which is being sought,
procedures cannet be u:ed witho'ut the addi-
@c of a carrier. Examples: -

s. Addition of stable lanthanum to cardy
~

B. C=rriers radioactive uranium,. plutonium, or nep-
- tunitms. -

A carrier is a stable nuclide that is added b. Addition of stable cerium to carry

to a sample to reduce the less cf the desired radioactive promethium.
- .. .
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Physics --

.
.

*

velocity of the body, andl . INTRODUCTION where,. v =
,

'

mass of the bodyThe purpose of this section u ta review m =
certain fundamentals ci physics essential to

'
radiological health work. 2. nius a cne grara mass,haeing avolccity ;-

of 10 cm/sec, would have a kineticenergyof:
*

11. SA515 0F NUCLEAR ENERGY , .

E = (!) (1 gm) (10 cm/sec)*
A. In an o rdin a:y chemic.d reaction,

energy is ralcased through rearrangement 50 gm-cm /sec88=
of molecular bcnds. -

B. In reactions involving the nuclei of - ~-t-cm 2.

atoms, matter itself rnay be cceverted into 3. The unit is frequently en-""-

sec8energy.
.

1. A basic law of physics stacas that .

matter and energy are conserved. If matter. countered in physics and ,radic1cgical heald
disappears, an' equivalent amcunt of energy work. For purposes of brevity, it is com-
must be yielded. And conversely, e:ergy monly referred to as an erg, so that:

,.
Imay be transformed into its massequivalent.

2. Mathematically, this Islaticnship is 3'' #*-

= 50 ergs50
expressed by Einstein's famous ecuaticn sec8

.
.

i
*

E = mc8 *

B. The Electron Volt
E = mm ,

1. A neutren or a proton has a mass of -

m = mass about one accrnic mass unit (1 a.m.u.). In
speed cf light terms of grams, this is very smallsinca:c =

'

*1.66 X 10 8' g=3. To understand such an equatien, hew- 1 a.m.u. =

ever, the radiological health worker must be,

- familiar with certain units andcencepts. 2. Thus even a fast ineving preten orneu- !
*tren wculd not poss9,c 5 energy. For.

lit. UNITS OF NUCLEAR EN ERGY . example, the fastest ver ., 'nown to man
is that of light, which"is: ~~

- t*

A. a n Erg.
.

1. Cne of the more commen forms of c = '3 X 1028 cm/sec
~ '

-

energy is that resulti:ig frem the metien of'

a body. This form, known as kinetic ener;y,
may he calculated using the equatida:'

'Tc.ese are appr:xirnate values and are used for
! mv2 : .ost;al-212: ices. Mere precise vticas are c.cwn.E. =

.

.

i

I .
- - -

.. .
- -

. ..
.

* s

#-
.

.
.

l .

'
.

|
-

. .

,

26
I

!
,

q t s- w w s-~ -y- w



- .-_ . - . . -- - - - - .

((.
-

- .

. .
.

- - - - . . - ' . _ , _ , , , ,
= .

l'hysicit -

A par;ic!c. of 1 k m.u. moving with a IV. MA15 AC I'.:2:tG f ICulVA!.2NCI
veiecity-oEc tentn-that cf light would have -

''
2 k:netic energy of: A. Refehng enca again to Einstain's

~

equation, certain mass energy rel .cic,nsh.;2
F. = } mv 8 may to calculated. For exam .lc, if one !. .

2.m.u. cf mattar is converted into energy i'

E = (1) (1.66 X 10 u gms)X(3 ~410' . there will resul,t: L

cm/sec)2 .

E = mc2 -

.

= d)(1.66 X 10 *' gms) X (9 x 10"
cm*/,sec ) = (1.66 X 10-" gm)(3 X 10" cm/sec)2s

t
*-

. .

[= 7.47 X 10 ' ergs E"-

14.94 X 10-'=
'

|
'*

3. Obviously for atomic p:rucles a much .

smaller unit cf energy is needed. The unit g,49 x go.: ergs ;,

commonly employed is the electronvolt(eV). i

This is the energy which a single electron 1MeV' \ I
(1.49 X 10 8 ergs)

1.6 X 10-' ergs)
=2: quires in moving across an electric po- .

tantial difference of cne volt. * ;,

[
*

To gain a concept of the magnitude of the *

= 93gy,y ,.
.

electron volt, it might be pointed out that
*one million electron volts (MeV) are only

enough energy to lift a. milligram weight . B. Thereldre, if one s.m.u. ceuld be corji-
.

one millienth of a cantimeter. plately transformed into energy, 931 MeV
The relationship cf the electrcn volt and. would result. This important.relaticnship

er; is as follcws: is depictsd in Figure 6,

1eV = *1.6 X 10-'8 ergs , ,

\or N j.

931
1MeV=*1.6X 10 ' ergs 1 | \U,ll/ ~ m y s- t

.

. a. m. v. | / .

/
; 4 Thus the energy of I a.m.u. moving at | \ | '\4

ene tenth the velocity of light mav now be i

exprassed as:
,

I % \ '
E = 7.17 X 10-' ergs

. Figure 6.. Mess . Snergy Ei;ulvolene.e
*

1 eV ---

= (7.4~ X 10-8 er;s)
.6 X .10 -12 erg V. RADIATION

. .
,

4.67 X 10' eV Radiation is often described as ene;;y in=

transit. The transmission of energy by mov-.

= 4.67 MeV ing par:icles that c.a give up their kinetic
,

; energy upon collision with stdticnary tar::sts
is easily visuali: d. Lasa chvicus, butequ:11y

Rese are approximate values sr.d are used. for important,13 the transfer of energy by wave
::.sst calc =!actons More precise values areknown. menons. , -

-
.

;.- -
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A. *ilow.es (in genceol) .- ving different ch:::c:crisucs. St.ch j'.?.0-'

J . omen: include r2 rice: ion (s::n :.n;:) :nd
~

Waves are characteri. ecd by cert:In ,::p- ::fr:cdcn (bendin.:).*

crnca:
*

3. Electromagnetic 'itaves
i
' l.F4!oVENcY Certain waves consist of oscillat:ng elec-

.
,

One property of a wave is its f:equency or ::c and m:gnett: fields. These, collec:ively
number cf vibrations per see nd, usus11/- known as elec: omagnetic waves or radia _,_,

7

denoted by tu Creek leer v (nu). :icns, include radio and microwaves, infra.
* rad, ul:ra-viole:, X- and gamma rays. .

,

j 2. VEL 3 CITY

t. THE ILECTRCmAcNETic SPfcTRtJs
.

,Nhen a wave is prop 3 gated, there wt11 he
! a velocity, y, associated with the wave The known electromagne:ic radictions have'

been categorized according to frequency and...otion.
wavelangth into what is known as the electro-

*

' . agnede specmm. (he TMe 1.)4

2.WAVELINGTH Elec::cmsgnytic radiation moves, in gen-
I If the velocity propagation is y and. its . eg:1, with a velccity equal to that ofligh:(c).;

j frequency isy, at the end of time, :, there Sir.cs,,as shown' earlier,
will be vc ' waves spread over a dis:anca vt' ,

j in space. The distance cecupied by one wave N = v/w
is the wavelength, usually-denoted by thei

! Greak letter X (larabda) where den for electr: magnetic radiations,
% .

*

j- A = v/:, Au c/w
, accor:iingly thera is en inversa relationship

4. INr!RAcitoN dlTH MATTER ber.veen freque .cy and waveleng-h. Thus, in
j

A11 wave motions exhibit certain phenc=ena. Table 1, as de frequency increases, de
I when they move from one medium to anotier wavelength becomes smaller and vree versa.

,

! Table 1.--THE ELECTROhtACNETIC SPECTRt;ht
.4

1 - - -

4 Type of Frequency Wavelengn.*
'

radiarien range (;er second) range (cm)
;

i
1'

I Electric. Waves 0 1.0 x 10' co - 3.0 x 108-

) Radio Waves 1.0 x 10' - 1.0 x 10 88 3.0 x 10' - 3.0 x 10 '8 . .

s- ta
j hiicro Waves 3.0 x 10 - 3.0 x 10 , 1.0 x 10 - 1.0 x 1C '. .

Infrared 1.0 x 10 * - 4.0 x 10 [ 3.0 x '10 *' - 7.6 x 10 "
4

".5 x 10 -8 - 4.0 x 10 **
*

Visible 4.0'x 10 ' - 7.5 x 10;' :
! *

"

7.5 x 10 *' - S.0 x 10** 4.0 x 10 " - 1.0 x 10 ''I t!1traviolet *

X-rays 3.0 x 10 ** - 3.0 x 10[ , 1.0 x 10 ** ' - 1.0 x 10 "* ,

Gamma R:ys .3.0 x 10*, - 3.0 x 10- 1.0 x IC ", - 1.0 x 10 ''*
,,

j 1.0 x 10 *~ -Cosmic Rays 3.0 x 10- -

,

' o e -
a

'Commo:1y ex; enad in An5raern( A) und:: 1 cm * Ic 3,.

'/

# -

.
,

.

-

.*,.
*

,e**I *

k . . -
'.

. . ...
.

;
. . . . . .

:
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C. '.1cve . ?cn cle Ova iry = f u;_ancy in wavr. . ;ar scar:nda

' h = i)lanch'< crin:. tant or1. Cert.2in phenamen.: such as reflaction u.u N In .. crg scc,.
-

and refrac: ton, 'u..dcrgenc by fast moving
particles at: best explained by applyin= to#

For c: cam ..s, ., rays .,avin:t a ,raquenav c., .

.s - . .

cam wavell'ec properties. 10 $8 por seconc anu hence a wavelengd of
i 2. In like rashion, certain preparnes of

electromagnenc wives or radiations are 3 X 10 8' cm/ sac = 3 X 10-, cmmost easily understood if waves are assumed
i to act as par:icles. 10 s f see'

.

1 3. This is known as wave - particle
*

duality. .
have an energy of*

-.

E= hv
, . .

] D. Energy of Electrornagnetic Red;stions ;.

'

(6.5 x 10-" erg sec)X! =
Electromagnetic radiations possess energy (;ca ,,3e 3

much the same as fast movingparticles.
1, if such radlations are pictured not as a '6.6 X 10-8 crgs f=

smooth continuous flow but as a series of
discrete packages' or bundles, the nature of (6.6 x 10-8 crgs) X=
their energy becomes more apparent. f

-

g ey .

,

2. The energy in each such bundle or *

kl.6 X 10-3
-

ergspackage (which is known as a, photen or;

quantum) is directly relatad to the frequgncy ..-
'

of the wave and is givenbythe equation: 3= 4.13 X 10 eV,

E =-hv = 4.13 key
-

,

L

whers E'= energy in ergs where, I kev = 10C0 av |
i ;

) r

1

: -
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.
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1. |NTRODUCTICN br=c. This membr:ne sart:s :s a salc :ive ,

f:1:er mech =is n which allows feed, s:1:s, .

The purpose of this section is :o ::v!2w oxy;cn, =d =/:::: :o pass in:o de cy:: plasm
some of the fundamentals of bicicgy which =d permi:s was:: produc:s :o mi:rs:: from
arc essen:ial in r:diological health work. tha ccil widcut .:ss of vi: '.:Ollcomponents.-

The cytoplasm u2ually cont: ins th: dropic:t,
vacuoles fil'.cd xhh eithar gr=ular or fluid

11, d E 5 RUCTUh,_ AND rUNCTICN Or_ m::crt:1, secr ".cn :::nulas, minute rodsi .
- --

BIOLOGIC *'L C 1.L5
. .

-

cr dreads c-"-d < ~dricsomes, 2nd sm:ll'

A. Elements of ' Cell s Structure bcdies or nervof.:s callad Colgt tr. dies. Ccn-~

t:nts cf the ov-1 or spacrie:1 cell nucleus,

|
i Individual 'living cells are the building are .ne; ar:ted frrrn the cytoplasm by : nuclasr
| biccks of which man and his living environ- membr:: 7..,; nuch:us ac:s as the control

ment sre'co'mposed., A. cypical call is c:=- center cf c,elici.tr activicf; its chrom: tin|

posed of protoplasm--a mixture cf carbc'cy- thrend comp =ent is vi: 1 c: cellul:r divi-
dratas, lipids, p r o t e i n s, nucleic acids, sien. Chroactin con:ains de genetic ma-

inorganic salts, gases, and about 30% w:ter. :erials, c:lled ; nas, which are de fund 2-
The cell may be subdivided into cyrcpl:sm, ment:1 units ci heredi:/. A cali deprived cf
2 nucleus, and a cell membrane as shov. . in its nu:laus is inesp .ble cf undargcing divi-
Figure 7. sion sad lives'caly a limited period of -ime.

,

The jelly-like cytoplasm suspemis the An isolatad nucleus is not shle to form new
nucleus and is incased widlin the cell me:n- cytoplasm to surround it.

1

i-

Cyroplasm Gols! Bodies
'

'

j

_../ A- .

E '. .* - c==2 wr- . .

4.i.. : su.i.e- -
. .

l-. e .
, ' ' ' Nu: lear Membrene- * -

Vacuoles % . .
,. ,

$
'

'

Q)w
- '

Chromarin
-

. .

34- - -
.

.3. .

!
. .

.
' *~

Chondriosames .-
- -. . .

. .*q e
'" ~

'f- Cell .Webrene- *-
.

- - - .

.

Figure 7..!:ructure ci Typic =1 Call
~

(Showi A; same si :he .arincipal componer.ts)

.
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3. O!N.cr A::ivities : . .otm orded; n ::urtz'*..wn :x chrome-
anmes. T'.csc chromcar,rnit diviu: Mr.r h-

,

Dynamic chag:s are cons::ntly t: king wise, and in the f.m.' 3:: ."a r.f O'Al civ.. .*.i <

I4

placa in living c:11s. :3cc:use of theitchar:c. .ce :wo d:ught;.: ca'Is c;:h c.c:ive tutt::! *
' .

:eriatrics thesa ch nges may be arrangcc in sets of chromosomes which tre st; red.v.$in
er:e c!:sses. their new nucl:1 in $c form cf cnromatin..

t
1
e

1I l l . . e. : . . . .,.. . ,, s . , . . . ., ,, ,. . ,.. C .- .
,

-

s.u o. ... . . . , .... - w.
t. ==TAscusaj<

.

,

d v- i _: . w.vw,.v. . e e
-

..a t.
. .--

! Me,t:bolism is the term spplied to' the
) chemical tr:nsformation and use of m;.- Simple org:nisms, such as the accch:

" '

{ terials for 3 cwth, maintenance, rep:1r, :nd and par:mecium, ::: -sing!: cells which
| yialdin; of energy. Mct::olism is essentially perform a 1:.7c .gcetrum of physiolc ;ic:1

,
tha sum of two major precessas, snabolism processes necess :/ :c ccn:!t.uut xistence.

'

2nd cat bclism, which arc const:ntly c: king 14cvicvar, highly d v 10.J.! or;:nisms su:h -
placa in ce!!s. Anabollam, includes the trans- as man, trees, and othat types of animal

j port of non-livin; m:tarial into cc call and plant life c:n only con:inue living by 2c
drcugh the cell membr:nc and the synthesis co-ordinated efforts of many :ypes of ,

4 of living protopl:sm from it.. On the cther specialized ce!!s c' which ce specific crg:- t

I hand, catabelism r:fcrs to Mc proc:sses by nism is composed. Speciali:cd ce".ls ;roup . i

*vhich calls tear :part some of their own together to form car 2in types of tissu:s, -. ,

protoplasm and other substances which have. and several tfpas cf tissues may group tc- i
I

| been stored within de cell in order to obgain . goder ir. :n or: rly fashicn to form organs. .

; energy for ::ntinuad life. C tabolic disinto- Organs work to;ccer:ocs:ablishspect:liz:2
I gration ytal.!s simp!cr substances which cra fun :icnal systems in de organism.
j cxcretad crough de membrane and may be In the field of ::diological he:1:h cur pri-
f used by oder nearby calls for their anabolic mary ccncern is the effac: of. ionizing : di:-
i precesses, tions.upen de v -.cus tissues sndor;2n sys- '

tmes of the human Scdy;wehavelessintares:i . ,

in radiological h::ar:!s to simplacrginisms,I :. tanitAssun
pt:n:s, or other m:mmals fcund indehuman

Irritability is the response which a' cell' '' environmen:.1: should, however, ha reali:ed
e>11 bits following stimuli from its environ- dat' in'de srady of 'thifate of airborne and '

i ment. Any change in the heat, light, meisture, w::arborne : dient:lidas dese second:."f .

pressure, chamical, or contac: environment cr;:nisms ar- of great import:nca from te ;
4

| of a call avill usually result in a response s:andpoint of tr nsferring radica::ive ma-
such as cell movement, increased or de- terials to human populati ns through normal
: cased growth, secretion, etc. E:ctarnal feed chain mechanisms. The followin; discus- |

s:imull may cause the cell to showincreased . sion will be main 1y concerned with ce~ L

sc:ivity or to become inhibited in normal anatomy (or s:ruc:urs) d physiology (cr .

3

; :c:ivitics, biochemical functionin;) of the human body.. '

I r

( f
** . r

i 2.REPRoouC:loM
; A. Types of Tissues .%u.-d in b ::s. n Sady ;

-

it: production is the abil!cy of a cellto pro-
I ance new ::11s which are like theparenteelt. The speciali?.cd- cells of the hi::hly .E

"

i Calls usu:lly reprodue by call division--a daveloped hum.a bndy may bc lecorpor:::d
~

prc: css known es mi:csis, lathecarly stages into four sp.:cific typcm of tissu:s 2 cording"
,

of ce!! division nuctaar chromatin under- to thet: strue:ura :nd cr;;;. . .. , , siclogy |
' '

gces accumul:: ion, shor:ening, anddickaning of cells from en: :y .: r.. :isst.a m y he - j,

,
%.;

. r
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1, c NNECTIV E T155u 5 - - -6- --

n..:s :r. , te:s =d fctms p:r: cf:r.; thest

T'ese tissues connec: =d su; . ort othar inmawcr2,1:.r.- r. (voicebe::), =d c:::e=:1
: issues of the bocy, and they usually heta en. , r";-;; is ver/ rars!y sup? ::d tithl*

an abt.ndant olcod supply. Connec:ivo dssus i.cc.d vassals,

may be subdivided in:o cennce::ve :tssuc 3 7. . ? -'iw (also called essaous tissue)
proper, the blood cells, car: tic;2, and ionc is m :: c: livin; : alls which ar; sur:Ounded
tissue. ,

hy an in:::ccl'u!:r subst=ca, and ecnsists
connective tissue cree:er is m:dc up of :f mi..en! :n:.' npni fn:-icns. The min-

colla;an, f:t, c!:stic, and . fibrous tissues. :nl ine:icn is cmposed la;cly of phos-

It is the framawork, cushion, suppor:' nd/or ph::2, carbona:2, 'luo-ida, hydroxida and
8omer for narves, blood vcssals, !vmph m:r : s:1:s c' ::!: um, V.-ile the orp:10

vessels, skin, lungs, hear:, Lidnays, ver:2- fn:-in is com;0:cd tr;21y of ecll::en,1:1, -
brac, c.nd other or;:ns, andha31on-exch=;e pl uf camen; subst: ::. In :C.!:ica, i c
functions. An import:nt componen: is the -iss: may be cl:.tsificd .:c.ar :s comp =:
;round subst:nce, or m:trix. This is r.: or spcn;;--the major cif'ar:nes being in
pnmary connective, suppor:ive :nd exch=;: .hs d: cree cf pcrcst:,- Th: holicw n : rs
par: of the connec:ive tissue. Without it, cf acnos cont:in ye1*cw menow and red
other components (and tissue cells) wculd m:new. ' . . 'n : cr is ordinary bons mar-

collapse. nw cf the kind in which fat cells pradcmi-
Slood is one of the most impor =: liquid n::2. Tha lat::: pl:ys an impor: n: re!c in

t:23ues inm the standpoint of ::ciobicl- ham ::petests, 2e pnm.::icn cf red .:1ced
o;y. Blood consists of many v.hi:e biced s! s =d whi:2 blood 2!1s.
cells, red blood calls, and pl:: ele:s which

: "USC D A T'5F E5are suspended 'in an incarcellular liquid
called plasma. The function cf bicod is to '!us::12: ::ssues, .vhich are 'O to 50 per--

tnnsport food and was: substances and :o cen: Of the .::: 1 body weight, tnav be clis-*

'' a' h t inv sive disease-c:usin~* or**2nisms, si'ied :: cortin; to tnair morphclo ical (or'-
. .

The red blood cells' which era also ::11ed
-

s: ucrc:1) di,. ,e re n c e s. T' e ty :as cra:.

crvthrocytes* cont:in an ircn-protein ma- s:-istad or s,.:2 2t:1 musc,.e, cardiac or.ner:-
.

terial* h moglobin* that readily combines
.

m us:.,:, = t., smooth or viscent musc,c..

with oxygen in the lun-s. These cells are - -:-1::2: mu.c:.a is sometimes :: llc ., s,.:clet:1- * . .

nns 'orted from the lunds to the vertous mus:,.e sic.ce :.1 cf the large .ause.,cs c:ingr =-
.

body tissues and rele:sc oxy; n to the - u;ca th 3,4 ele:en to produce movem ntof t'he
: issue cells for energy acilintica purposes. .

2,. of I,.,., a, typc. C , , . _us. . , , s so, . , ta. .
. . . - . . . o.- ..

The white blood cells * which are commonly -

......ed bec:use it is foundin the her mcc:n
called leucocytes* are capable of, diffusin; mus ,.e is also known as viscar:1 or cl .in
through capillary walls into sur:cundin; *

mus:,.e. 1: is ,.cund in ,. avers ,.a t.s.a wells c,..

tissues in order to on*ulf and destroy bac- ciscani crpns such as "de ,!;2s:ive cnc:,
teria or other fore!"=n rastarials. The pl:te- resotratory c:ssages, u , nary tr c:, and is

-
..

. lets' which are known : Iso as dromboevtes, espensi. ,: j r much ct :rcir mov2mont. .a. .o-

:re small disc-sh: pod .codies which c:tse
blood to clot when c::pesed :o cir. 31 cod , ,3,vg 7,33e 3

p'. .: s m: ts ecmposed of c.ec.u: 90$ w:::: =d
103 -alids, and on: of de mest in f r =: NcWe -inuas ne m.:d: c' unig: l'. 3,

,

solid. is a protein ma: rt : called 3:mme ::lled neur 0.8, vhM: ecllulu tra:ap!.:sm

D
.
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'
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may bc cxter.ded to a distance of 2 to 4 feet, protecting the body from detrimental agents
*

These atremely'!cn; cells have the pur- such as friction, bacteria, chemical agents,
posa of conducting m!=uce elecrical im- and heat ind as a secondary function it

pulses from censin sensory organs to nerve retairs vital body fluids. The sweat glands--
centers and from the central netveus system secrete perspiration which cools. the body ,

to muscular and secretory tissue. If nerve. upon evaporation :nd enereby serves as a
tissue is damsged it is almost certsin that body temperature control mechanism.
rep:fr will not take place. Nerve fibers may,

or may not be surrounded by an insulating 2. THE auscuua systra,

layer es11ed the myelin sheath. *

The muscular system refers to the many
muscles some of which, under the conscious,. .4. triraguat Tistuas
concol of the organism, provide locomotion

Epithelial tissues are tissues which cover . ., and aid 'the oqanism in preserving itself.
. ,

the body or line bcdy cavities. Usually the 5'ieletal muscle' la often referred to as
cells which compr:se this type of tissue are "voluniary muscle," in distinction to cardiac
packed ex=emely 'c!cse together with very . and smooth muscle, which are said to be
little intercellular substance between them. "inve.Juntary." This distinction arises from *

These tissues have no bicodvessels to trans- man's ability to exercise voluntary concol.

port foed and wastes to and from their cells, over contraction of skelerst muscle and his
but dose exchanges are facilitsted bylympa, lack-of c&nscious ?cntrol over the others.
a form of plasma, which cavels to the cells

~threugh the inter:ellular substance. Epi- 2. Tua orcasTive.sysTra
thelial tissue of the skin, mouth, nose, and .

anus protects ce body with its multi-layered. The digestive system converts food into
armor-like structure, while similar tissues forms'that can be used by the bodyfor energy
secrete fluids to lubncate parts of thelungs, and building purposes, and it excretes ncn-
eps, ears, and other tissues. Some very useful residues from the body. The mechan-
inciall:cd epidelial tissues, which line the ! cal portions of this process includegrinding
gasmointestinsi tract, secrete enzyme fluids of food by the teeth, a mixing with digestive. -

which aid in digestien, fluids by the muscular-stomseh, movement
through long portions of the small intestine

B. Organ Systms M the Human Body ano large intestine, and temporary stcrage
.

in sections of the lage intes' tine until defe.
The various eqans cf the body normally carien. There are a number of accessory

are grouped togeder in co-ordinated aqan organs, such as the salivary glands, ce

systems according to specific functions per ? liver, and the pancreas which manufacture
formed. In many cases a certain organ may chemical agents wh!'ch promote digestion of
perform several functions and thus belcng to cartchydrates, fats, a,nd proteins.

,

several organ systems. nere are 10 major *

~ ~' *

functions .which must be carried on in the 4. Tus ctacuurcar systru
'

bcdy in order to life to continue;thus,there
, ,

are 10 major organ systems which will be The circulatog system provides a trans-
described.

' por.ation system throughout the body for blood '
containing digested food, oxygen, waste prod-"

.
,

1. ras mTscuussTAar sysTru ucts, minerals, disease-fighting white blood-

cells, hormones, and other vital subs.cances.
he intagumentst / system censists of the. -- A four-chambered he' art pumps the blond

skin, body hair, nails, sehaceous glands, and . through heavy-walled artenes which by suc-
sweat glands. It has de primary function of 'cessive branching are reduced in size to
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Biology-
__

sing!c-walled vessels called capiH:. ries. Tia ' resulting in expansion of the lungs.under de
sue wastes are carried by,the blood cut of higher air pressure inside the alveoli. Co-.

the capillaries tolarge heaviervessels cr.11ed ordinated with the thoracic cage enlagement
veins. 21 cod in the veins is eventually re- cf the inspiration phae of the breathing
circulated to the heart's pumping station, prccess is the downward movement of the _.
and den it is repumped thrcugh thebodyvita diaphragm--a dome-shape _d snuscle betwinn~~'""

renewed pressuw. Important reservoirs of de chest cavity and the abdomen. When the
blood are the ' liver, lungs, spleen'and skin. mt. scalar effor: ceases, the expirutory post-
There is a detour system around bis normal tien of the diaphragm and thoracic cage is

-

mode of circulation which is caHedthelymph resumed as the air passes out of the lungs.
-

system. Lymph, which is essent:2Hy blood -- -
.

,,

plasma' mixed.with white bloodcells,diffeses- 4,73g excag7egy sysyga ,.
_

through the arterial capinary walls into de -
- .

,

intercellular matrix which surrounds tissue The excretory system, who,,se function is
. . .

cens. On its return, i: enters the system cf dat of removing dissolved solid wastes and'

lymph capinaries, which join inlagerlymph water from the body, iscomposedprincipany .-

vessels thatultimatelyemptyin specificlarge cf de kidneys, skin, and lungs. .

veins of the body. Thelymph systernisvitany' ~

concerned with the fighting of invading orga- a. Kidneys - .
-

.__

nisms or other foreign materials. Alen; de , ,

lymph capillaries are lymph nodas which The e,vo kidneys filterthe bl' cod of metabolic- .

. filter out harmful materials andmanufac=re breakdown preducts, excess salts,andwater.-

? ~' lymphocytes, a form of white blocd cell dat These materials are then. passed through two
~

is ccncernedwidithe produe:ica cf substances hellow tubes (called ureters) to a ba11 con " "

_

caned antibodies'which are a partcf de bcdy's ' shaped storage organ, the bladder. %~cen the
''

defense against diseases caused by-mi ro- bladder contracts, it sends this fluid, com--

menly called urine, through an exit tube cauedoqanisms. .
. ,.

de urethra. Not only do the kidneys remove' ~~

normal wastes as Creatinine, urea, ammenia,'*

3. THE RESPIRATORY SYSTEM -
~ *

hippuric acid, and purine bodies which would
The respiratory system gleans vitally poisen hedy tissues, but dey have the ability__.

needed oxygen from the atmosphere and dis- to trap ' poisons suc!t as heavy meta.ls that -
poses of carbon dioxide, a majorwaste prod- may accidently enter the body. The seizure-

uct from energy processes in de body. This ci an excessive quantity of heavy metals'
~

system has gas exchange ~ ogans, called 6e sometimes destroys the kidneys, tnd de
lungs, which are moist membrancus sacs, body dies from a condition known as uremia.-

Air passages in the nose and moud lead
down an air pipe (the trachea) which fcrms b. Skin'- -

two branches'(called brcnchi), that go to a Although the sweat gl' ands in . he skint,-, right and left lung. Each bronchus is sub- sene as a mms of excredon of water and -

-

divided into smaller air passage's caHed some salts, de quantities involved are gens
.

. _ . ,
-

bre::chioles, and these brcnchioles f* any eraHy insignificant in camparisen with losses
terminate ,in many small membrane sacs b du*

-

caned alveoli--the fundame.ntal compc=ents -
.

cf lung 'cD. sue..'.The gas ' exchange sur ace c* Lungs 0
'~' d

- .

area cf th,e two, lungs' alveoli,~is abce: 100 . j-
, , , ,_

times the skin surface' area of thehu=anbody; The lun,gs function as an additional means
Muscular expansionI cf the bcdy's chest wall cf water loss, in'lage quantitids. However,

'
-

-

causes a reduced pressure hetween deinside this is not active excretion, but evaporatica
cf de wall and the outside of de lungs as an incidental resultof thelungmechanism.'"
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T. NE NERVou$ SYSTEM faster and increases the blood Supply to the
,

muscles, nervous system, and hear Cortin,. . _

,
The nenous system has the prime func- a complex tf hormones, contributes to the

' y tion of centro 111ng and co-ordinating all regulation of normal muscular and skeletal
muscular activities of the body and is'also development, provides regu12cory , actions a 3- - -

~

concerned with certain sensory andsecretorypupon metabolic transformations in the body
processes. The general nervous system may' and upon the balance of electrolytes and ',

he subdivided into two parts, namely, the, water in the body.-
,

-central ne:vous system and de autonomi; . -
.

nervous system. Thecentralnervous system, ,, 73g gg,,accuCTIVE SYSTEM

censisting of brain and de spinal cerd, con- -

trols the voluntary muscular activities of the The reproductive system has the function
_

body and is concerned with the conscious cf producing reprcductive cells which, when
and mental processes of the individual. The properly combined, develop into new organ-

,

autonomic (or scif-acting) nervous system - isms. The female reproductive system has .
includes certain parts cf the bralit andspinal two ovaries , which produce ova or eggs, , --

cord which automatically operate the heart, while the male reproductive system has two
the digestive organs, and cther internal testes thy manufacture thdmale reproductive
organs widout conscious willful control by cells called spermatozoa ,or simply sperm. , . .

the organism itself. When a sperm cell is deposited in the uterus
of the female genital truct and becomes at- -

.

tached to an ovum, fertill:atiCn occurs and- (-

s. me EscocalHE STsrEM
' the two comb {ned single cells. develop into a' *

"'
*

.
,

D.e endocrine system .is composed of a simple new organism called the embzfo. . 1
number cf ductiess glands, ,which release After two months of complex embryonic
hormone see,retions directly[into tissue fluids development the organism is then referred --

and the bicodstre'am instead of ' secreting to as a fetus.1(ormation continues for seven

veloped child ]is expelled frem the female's
more months, and then the completely de- 'substances on ,the body surface or into a

cavity as do the exocrine (or duct) glands.'

These hormones are vitally important in uterus by the contractions of uterine and
growth, metabolism, sexual activity, and abdominal muscles. . . . .

mineral and water balance in the body. To a.
~

great extent, all. the endo 1crine glands are to. sKELETat system

centrolled by the secretions ffom a small .

'

" master gland,"Thipituitary,.at.ichis tocated The skeletal system provides physical
on the underside of the brain. tee' thyroid,, support and prowetion for the body, and it .

gland, which is located in the threat area, serves as a surface for the attachment of
controls metabolic rate and normal growth muscles concerned primarily with locomo- -

,

and development in young organisms by tion. A tot 21 cf 206 bones make up this sys-
''

supplying a substance rich in todine called tem. in the adult hum'an and they norma,11y
*

thyroxine. The parathyroids, four s m all are slightly over 1l% of the total bodyw.eight .

glands located on the thyrold's surface, play (including marrow). Bones of the cranium
*

an important part in the maintenance of a protect the delicate brain, while the verte- -

normal calcium level in the blood and the brae of the spinal cohimn serve as armor
irritability of the nervous system and mus- , for the spinal cord. The largest bo'ne of the

,

cles. Above the upper end of each kidney is system, the femur or thighbone,is extremely ,

located an adrenal gland whicli secretes important in locomotive and supportivo capa-
epinephnne.(commcnly called adrenalin)'and cities, while the pelvic bcnes act somewhat
cottin. The former hormone is released in as a basin to holdthe gastrointestinal, repro-
emergencies and causes the heart to beat due:1ve, and other internal organs,
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L. Glossary ~

-

.
.

r .
.

The following is a brief list of defini: ions . For example, "5r, 8'Na, ''P, and 2" Ru'

of the fundamental units and terms u's'ed in' ~
- -

are radione:ive r.nc11 des.,
.

*

i radiological health.
*

-
.,~

11. RADIATIONS FROM ATOMS*

,
.

- .

** D ***IE**.. d***
I The atom is the smalle.st unit of elemental _..

mit:er capable of entering into a chemical'---
l

reaction. Aloba - the alpha particle is a fast mcy-
.

ing package censisting of cwo pretens and&

A. Constituents of A, Atom exo neutrens (identical to the nucleus of the
'

-
a helium atom) prepelled as a single entityProton - ene of the three basic ccm-,

from de nucleus of a radioactive atom. Anponents of the atom. The proton has a mess' atom emitting an alpha particle is said to
4 -

;
number of cne and is positivelycharged, have disintegrated or decayed. -m

E'lecten - one of the three basic com- mn-a charged particle emit:ed fromoe
ponents of the atom. The electron is.nega- de nucleus of an atom and having a mass. andm

: cively charged and has a mass approximately charge equal in magnitude to those of -the -. -.

L_ 1/2000 cf the proton. emn. An at m emi nfa ta pa ele is -

Neut-on_ - one of the thr'ee basic ccm- also said to have decayed., ;onents of the . atom. The n eu t ron has a.

Gamma - elecmomagnetic radiation emitted*

t mass number of cne and. Is electrically * *" ** * """ ** I II *neutral. -
.

esWe 115.t only in wavelength (or energy). .5m Nucleon - a collective ' term used to,

# * ** * * * **I # **7 " * ** * * ' ''

- -refer to constituents cf the nucleus cf ce- pany the emi.ssica of an alpha or beta par- -

atom. Pretens and neutrons arenucleons, -

tu , e. . , - .---
-

-.- . .
.

*

i B. Classification of Atoms -

B. Units of Measumnent - --

~

Element - any kind of a limited number'

.

I (approximately 100) of distinct va'rieties of Curie - a uni: of activity defined as the
atoms. Atoms of the same element all have . activi:7 cf a quan-ityof any radioactivenuclide .-

* the same number of proccins in their nuclei. in which the number of disintegrations per
Isotopes - atoms having the same num- second is 3.7 x 1028 ; syn-bol,' C1.m

i ber of pretens (that is, all representing de M1111 curie - cne thousand:h of a curie;. ..-

.[/ same element) but having different.numbe.s symbcI, mC1. . *

. ,, . _ , , , , _ _ _ , , , , , ,

j_, of neutrons. For example,. "Sr, "Sr, and Mic oc rie - one millionth of -a-curie-' -l

i "Sr are all isoccpes of the element st en-Xs'ymbol,pci.
tium. - '- Half-life the time required for onc~'

.

Nue!!de - a collec:ive, term used , to .. half of a given dumber of radioactive atoms -
" refer to, the isotepes of all the elements. :o undergo decay; symbol, Tg.
L . --
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. . .. . . .

.

l ( q..,. ..

.O j.u- $fn,
, . ..

.

;,' OTH ER S' A.'R E '
-

ut.
.

.

'\ ' ._)p,
' . ,{],*

'

={ REQUIRED BY,
.

, .

. .- .5 GOOD PRACT!CE
.

q,. ' s , . . .. . ~ t -
-

-c._ v.-
. .

d .]
- r- .qo .u
.c_ e:1L y, 3 :--. --.

[,,' --. . 4..:_ . g w ,

g,[.cYO.U MUST RECORD .

~ '-
. .

/~;(t;#$,6%e -THE RECEIPT, STORAGE,TRAN5rci< '

,Q-i :AND DISPOSALOF ALL 3

[. . . , i
y" -

-: / :. n . -. ,-
-

-

<

RADIOACTIVE MATER!ALS. 1- - <-

. .

The technician must $ SSP a
' '

1. .'','8' . .
.

'
-

pf.<'% Q><7 . ' -/.4 ' $""?JI.,'j'.g..g
.

Mqdaily log of all diagnostic Elr, .

;..s
materials received; but,in ( r:- .i

.Q, 3.h ''4'Q
. 4 -Jo f

-

. EkI_
I I:1 V',addition,every therapy dose .

'

.

0%c.
,.

must be traceable from ti T. i. - ;.
.

.@ Q-. w .c
'I' cA"'.manufacturer's lot rjumber.. 1*N, . . . '$ @ U.u [._I o'5

C /- . v. Qto each patierits name. ~

e

i THE. H OSPITAL'S b } ),kfdN b
'

!
- "RADIOlSOTCPE Coly 1MtTTGE" MRe&@' e

'

SETS THE STANDARDS OF Good PRACTIC'E.
G.3J Q.

Assay, Survey,and Monitoring centrol %,J":.4..,,. % g
,,

,

~

>4,

Equipmentmaintenance,and record forms '

N g, g$ kq.
- +-

Diagnostic and therapeutic precedures ' '
.

'' '

Personnel quali6 Cations and training .

,

-

~ Emergencyaridhous.ekeeping procedur.es
, ,

-

.

[ A' RADIATION SAF t r ice.6SNEQUIRED'ON EACH COMMLTTEE -

l. FILM BADGES ARE REqutRED ON ALLWORkERS!
'

.h.
a_cympgi ee's expdsure arid Iegal protecfioriis tc__ 3,' i . E

.

record mustbe availableto .puthim on a 6-month .j
,,) himiFor any employee who trial film badge control

7 D c,. thinks he might be exposed,- and prove or disprove *
,

-.

.(, ., - the best.public relations his exposure.
'

;
s

.

.

'C. THE PHYSICIAN'S DECISIONS, DOS 8, PROCEDURES, ARE NOT DICTATED BY LAW
, BUT.t

-
.

IT IS UNLAWr-OL TO usa,OR POSSESS RADIOACTIVE DRUGS WITHOUT A 1.lcE,NSE.
-

, .. .. .
.. . --.
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A GUIDE TO RADIATION PROTECTION FRGM
-

.

.. ..

hbb b bbbbCONCEPTO THE OLD f !. a,v
jh-' . ; -[ Radia" ion can damace human tissue-but..r~n c s..

i.. ..

ti.e human bo'dy 's desi.gned to repair itself -s .
. '

'*-

. $.. . ij.d-from a norma!Icvel of rninor dama9e.
i -

...

' ''

A -

-

Every, body aosorbs about: .-
.--v . .'.. . . ,, .. .,d ../

.

). , - 1 ; .-
,

NC ... O INTERN / , . .AotATION(inostly K-40)....... 20mbdhear
[.h/',.:N[j:

1 ~:.jl C LOCAL GAMMA' RAYS {radiuin in carth).. . . .. 50 m hd/ year.J o coSMtC. RAYS.. .. .. .. . .. .. . . . . . . . . . . . . . . . . . . . . 30 m Rad / year,.j.
..

'jk/.>
.i . |. =..i 100 mhd| year

,

;U \
. -

r, ' i

d,_,y ~ -)';;
. . . n. 3 ,

~. -@....

"

"Ocpending c .when pu live,it may be 10 times higher thanthis average.
.

. . .. 7-

|
,

,
,

. . .

BUT...Different kinds of radiation (c,B.7)cause different .

i

-

amcunts cFdamage.
'

'

'-
*

.

'

Red marrow and ganads are more se'nsitive than hands and feet
: Therefore,we mustusethe Rem" average unit.-

AND...We need a ceniinuouc running reccrd cFesch individual worker
. io k'now thai- his werk habit s do noi cause teo much exposure.

Therefore,every workerwears a film badae. -
. -

Bt.LT HOW MUCH EXPOSURE 19 TOO MUCH EXPOGURE ?-

.:,
..

..

.7:j.l.n,.& A very conservative international
f. .: L |. , . -[- |f . commission ofvery experienced physicians

and very worried physicists ivere vvilling to
' . . Q,f. ;(;.

-

' . TA./ . :
.

' .$,.:- [v]J$M'a .=h'.)p
.

^ A,f gamble theirlive's and reputationsthat'

., .

. J
'

nobcdy wculd Ec hurt below a certain level efexpcsure.:

5. .; 6-
J :.g..:s.. .. . . a y(i. 0,.. - i THis LEVEL WAS. CALLED

.

. . . . .

| sQ. . .'K- -

. . . . .

..
. ..

;e ..

. Y.I" THE MAXIMUM PERMISSIBLE DOSE -
,

' W; -

.. 1

f'' M {.! K T.ig f ..My * 3. Rem /13 week quarter...
'

'
-

te, .

*& W& T .:. ; . For a lifetirnc~ ..but never morethan. _..

-:bh Ay.[.15{5 Rem / year in any one year...'out call'
-

'

.
.

anything over
-

-
.- . , .

25 Rem /ence.in a lifetime...
' -

. .

'. an accidental over. exposure.- - -
,

, '
i r-'-----''-'"~-'-''---'''-"-~*''---"''----"-'-m

- -- -

! ~ C,! THIS is GNLY A PRUDENT GUIDE TO A LIFETIME OF OCCUPATIONAL XFOSURE. ' j
. DONT APPLY IT TO DIAGNOSTIC EXPOSURES.*- - . *

. . . .
.-

; ; I. ' DONT PLAY NUMB'ERS GAMES WITH MINUTES. HOURS,.OR DAhS. 9 l[E. -M |
.

,
# '

.. .* ' . . "* AND 00N T MAKE A FEDERAL. CASE OUT OF IT. -w--;. - 7 If?."'';D r U.S .- *J'

. - ' . -
'

'

-

..
2.. i.:.i..' .& . .; i. . -. . . .' ... . .....! . ,s G- . : t5. :. ;.;*4'...;.hUi.u. ;;.154.%%~O |, M.? al:

f' ' a
.. .. - .. ..

t5

.. - , .-. .-.



. ,

( . '|( :.- -
.

....
'.. .

- s.w__4 '
- -

.

w.J AN ASAFETIDA BAG. ' ' . - . ' y--

N,),
:L O.G,. f " ". 9.round your ne'ck , j . '.' .' ' !

. . n.- . f.
.

s r 't.
,

'm,ay protect you . eg ''p
g . g c ; ._ K_ from evil spirits . . . (: - (3, -

-
. ,

.:
,

,

* 'i I 1 a
-

...butyour FILM BADGE . ._/ ~ '
n

'. Will only tell when . ' hj hp ['

,

;. o .. "you are gemng. ,

__.-[.. 'sicppy in working M ''
.

'

..
,

.i 7wiTh rediation -

.

jf.j f,.Ii '

1 i :' _ . .- ,.
., ,

I |.I 1., I i - I
. r.. . . . . .s %. : .. .. - .:.._.- _,

- .
.

I : : |.L Hep. i . i | | | .l. I 1 I i i1 1I I : I! '
-

,..;_.., ;.
, . . ,. .: _ . _ _ .. . _ . _ . _ _ _ . - -

-.lg,... .

b : .. i

. ..
ig , . .g

'
: . ., . ,n .,u.. . . .

, . ;

|| - .* ' ~
.

.

- **

Ep_[, :.'cPostonehiri,s
.

. ,|
. | Post one film

..-

._ ,

,

.

" . badge in the ' J
E badge in the i

!- .
oest possi6le ' |i

R!_ .__

|'
'

h worst possible |--
*

i' Even.-- .;. !
iryou :! ;-.- er m .

--!. . place' ' . . . you r office'h'.urk'g... ii ...the Hot Room
;; place.~. - . . . .;1 t.,;- - r.. .e-

- iall'

is- !
-

.

q.i ;- ; .rne psTienTs j... ., _ ;
, ,

j' l you can handle i _=- N -

:g i'
.

-\
-

~

:..

p7..
. .Y.,eur film bEdae should re.ad Cnly a fraction cf the M. AXIMUM PERMISSIBLE DOSE,. ,|

c J
... ; , . .

W .
, .

.Kgd' An example-from a busy laboratory for one quarter1 . !
l . In the office Onthetechnicians in the' Hot' Room,

.

i . .:-

. .2OmRem 160 mrem . I.,150 mrem- ._ij -;j'

|: 110 mrem :j ! .1
'

- .n,

[- BLTi voi'iT-CHEVP700R N41LS IF Y0lR READING (s 'HIGH :
-

'

.b. ff f(F3 "1.Use a direci reading personal
'

'

-

/ th:J !
r ' dosimetert' find out where*

b" h 7' " , ) r .- o
' '

-it's coming from..
*/* D -d[

'

2. CALL HEALTH PHYSICS CCNSUL-
.

) .' * e-
'

TATION TO FIND OUT WHY.
^

- -

' . . \.3 . ., 3. ...and then changeyOurworkhabits.
- --

em 1. 2 "

|
-

~ ~ ~ ' ~ *

) - - e _. . . . . . . _.. . . .

IT iS' ALMOST 'IMPOSSISLE FOR A WELL TRAINED TECHNICIAN..
.

:..'....*..........Lb..s.'..TO DE OVEREXPOSED IN A WELL RUN. NUC' LEAR MEDICINE LABORATORY.
|

'

'.'.*=-1**.'*-<-~.---.....'.. '1 . * . . .|$ .. . .a
' ' * ' *

.

~ ~ ~-j -
,, .
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_

,,,
,

,

. ,

, ,. ..

k* Q M ,q. g
.,

1 IN THE NUCLEAR%- *

n(#. MEDICINE LASV3 %.

PEOPL.,E PROTECTION . . ...l
'

, y, . . :..+ .

. ..+ . . . .. How much . c:. .

. ..,

[ .. - M/ . How much . . . . . . .. . . . . . n o w ? . .' 5$
~

'

.

. .:. k;:. .y..p[)CKET DOSlklETER i
.

V.C ? og last quarter? :

. , . :4. ,
1FILM BAD.GESi . .it. :. ' -- --

. . . ~-

., .

. :. .:.. . . . . . - . . .. . ,... . . . . .. . .. . , . . . ., . . . . . . . .. . .. ., . , .

%C.
. gQ . .A .

. .. , .

necessary ;, .g,9c . . :.. . . . , .'.

ERJ A required ' .'

. 3. .- . . . ..

, .operationaltool ,, . / , 2pj
~ ~'

'W administrative
;Mirecord ofeach T,9/~. ::To.deikct- . , :. .i.;.
r. .:. . . .. . ,. ... . .! g/' -

- -

.
.

;' w y.v.i. . -goverexposure- .m
.

. . ., . . O , . .u. i: worker's e3posure .

r. ._ . . . . . .. n. -. ..
.

--
,- - __. _

--

,.

' LA !DRATORY. PR.OTECTION
'

g!N ' .. 'Is.ther~e contamination? ' Where Isit?-'

:6 R 1 LABORATORY . SORVEY
~

'

.
.

.

% MONITOR . METER ;-- -
.

. _,
,

; g..
.

/*W
A requir'edA desirable

cssE @ 4. erotionci
-

.fa3p N. .r .continu~ uso -

L .to
.

.
-- - n _ ._ . m . . .

laboratory rino g #..V.j...
,

control ~~ contcm nation '4n '
.

. . .

.-

8 '. . _ . _ . ---
--

__
. - . __ _,

l ';. . ?
, . . ~ . . . . . .SA | __-_ _ _

Q
. ''"

, .
. .

P.. =. y h'Q. ~.G.'~ .. is%. e're.CK. .G ROU N D. CON ~1'.1 OL.h..: . . .-

.._. . : . a.. . =. naa
.-

.

s .. . m

.
-a.bi.iduo. ?.'t :.:9._. . M... .%hnu.ch. ?.3/E,

...
'

i. .' i-
"

. .. ... . .. . .
.

cDAILY LOG:0F.!%J .7%. M;. lPE T. EST. .i.;l.e
. -...;..., . ' . z .

. .

V. f.'. SACKC;lROUND&:.
..

\lo\D % - [. 9 %@.
*.' : .:::- "*

- -

r>|f ..A can'stant b
grcundNeanI. '.

~

-

: . ihe mstrumentis in working crder
:' . /.\ steadybuildup , . / G.2{i

:.. - .

|| ,'., (prob' ably). -

.,
. .il,

,

. '...,.. .. calls'for .. . g..
. .Yo.u ai ciriworkingorder' . ' -

w
..

. :, .

' ' ' . . . . Gossibly). 1.1.1 Healih Physics - .:"
, ,

. .

'The laboratoryis radiologically clein. '| 7.,.Can'sultation .I2,.\.d.]'' '
. .,,

. .. ,. .. .... .

_e r.y www ._ e. n -%+= .r-== -.e e m Na _ _

.,, y3mre.- -r vrvyiyur w ---- _.y.
~

I- * .

. . p , ,-- p.

.

...
. ..

.- -- -. . . . . . . . . .



' An ACCIDENT II..s occurred when scmebcd, might have been .'.,

inadvertently exposed to rnore than 25 R in a short perio'd of tirne. .m

An INCIDENT has occurred when soinebody might- have been -

.

inadvertentlyesposed to rnace man 3 R per 13 week perquarter. .
, ,

'
- -(.g z

' ,d C

-
. ... .

A,

~S.,_( H A U 1.x

. . k._ . - ..g(iA;f]. !.;id ,,,k -) ' -

-

v . e.- 4
.

<. / M'
'

-

n :?.: 4 . : ms.:.: g :r . v m..
. ',J. .;' Q ;.* jQ .d.qt:

. ^. m .gg -. ..

.. .. w. 4. % . c
._

. . . ..

j 2
..

*
.

: 3.s... . . . ,,. .

dh . t- !: $ ': k
'

-

3
y ). .. -. h N .- ,Qg:;p.:.,.f ;

.

.s . - s.n:n w.r. v...%

Q~k , $ ' ,. ?$ :$ k $5drf5,'
..

'

*

t

I YHL : .h.5.~hh&% TGlQ '}.

. -

,

FIRST CONFINE PROTECT .RROTECT
DUTY --THE H AZARD THE WORKER oTHERS -

,

'

SECOND '

DUTY PreventSpread Call'forhelp Sealthe area
g

1
'

- THIRD Shieldthescurce Contain thesource MonitorPersonnel .!ouTY -- _ __ .

.

Callforhelp ' . Clean Up Call forMealth |FOURTH
Tne worker - Phys,icsconsultat, ion (DUTY

.

FI FTH |
' '

. DUTY C1ean yourself Clean yourself Reportincideni- -

,.

'

NO MATTElk-
-

.

' '

I How greai- the' accident-
'

..
.

I
'

.- How minor t'ne.incide.Tt- '

You always hav'e three things. working in yoyrfavor.

, ,

..,....; .
. ... .. .~ .. .,... :.. . . .. - -.

. .

.|:. TI M E..... . ... . .(work 5asd
' ' g .: i. .

I: . DISTANCE . . . .(cet away frorn it-) { '. ~.
]- i. SHIEi_DINGe..(toveri.twith anything heavy) 2

,
,

.. .:. - .......:
,

_- _ ,
.

._'

PHONE NUMBERS OFRESPONSIBLE PEpCNNELMUST BE POSTED IN CONSPICUO'dS VIEW
... .

.

.
.

, ' .
*.. *

1 . . . .
.

*
,** *

. . , , ,

-

4g ...-c.. _.

_ _ _~ . - _ ~ _ . . _ . _ _



: L U D V bl W M 95 0 ['("00 h P U 8 0 .' irdMEilly"ONLY way to gerrid cf a radionuclide is by decoy:
-.,

The
, ,

'

in 3 '/3 half-lives only 10% remains -

in 6 2/3 half-liv'e5 only 1% remains,

in 10 half-ilves only-0.1% remains.

, .

Butyou con getrid cf the radiation! -
, ,

,
. ,

'

100%$;. ..n
-

I
~

'

;. -- - ...
.

' -
.

|~: - y% -

.-. . .

DILUTION
.

%s '

Dilulion'jusP
-: . . ..

.N - ,A %'
%n .3..

2 -

r .~.y :,, N %
- -10% spreads ii ourcf'

-

! 'i.7
.f

'
.

ContrQ|.
,

|
.1* / .~/

. % . ,

*
.

. .h,
'

. . , , . . . Distance jusi- *

1% hdumpsitinto".1 '. . '.
'

< I '-

..
.j,g ; .: ,t.3.c. ;. d

.
-

.

somebody els'e's lap |
, . - -

. . .. ;.. : . ..
.. = .: .

| :': .- '..G .
-

.;7 . 7-
' '

': Og'I'G
, . . , .- .-.

u?w. jU.. .L.x .-
T . n. . .L .;; ! Time and 1: *

, k' O.1%
: 1.m..,; --, , ..

4 -

= =
.,

ch lding istru'e
. .

ie
'

o 1 2 3 4 5. 6 7 ~ "9 M'b -8
FACTO RS .OF DI LUTI O N, DI STAN CE,T l/2, or HVL disposal

~

,

l For emall|short-lived diagnostic do ses
' '

' '
-

-

you may use dilutioMstancdest-Shch.ii- Anwn the sink 0.
For large,long-lived,and therapeuf!c doses .

_

you must use the propertime & shielding for disposal.
HOW MUCN SHIELDING?

-- '

,
'

How thick mustthe shield be ifthe ifthe ifthe ifthe
'

'

me'e:sto reduce the radiation byhalf? Shjeldis. Sh:6ldis Shieldis Shie' dis c?
.

(called a'hs!f.value-layer HVL) LEAD 1RON CONCRETE WATER AtR.
-

Forlow energy (ISO kev) ._

, .

- Co- 57.Tc 99m . . . 0.03 'cm 0.45cm 2.0cm 4.6Cm 42M
.

For medium energy (3C0 kev)
1-131, Au - 198. Cr. 51, . .. - 0.28cm pcm ; 3.0cm.. 6Scm 60M

,

For high energy (600 kev) 052cm 1.15 cm ' 3.6cm 1.8cm 71M
,

.

. .

CONCENTRATE Tile WASTI: iO SMAll.EST SIZE AND STORE IT'IN A LOCKED
CLOSET GERIND 1.EAD UNTIL IT' S'URVEYS TO TWICE DACXGROUND.

-
*

THEN USE ORDINARY WASTE DISPOSAL-s ~. - *
...- ,

, . ..
,* * ,*

: -
. .

' '. -
. .. .

: .

- -

.

. .. . . ..
* *

. .

.. .

..- _ _ .. . . . . --- .... g. . . .

_



0.WA L !!it'."Ml u1.MJ IS COMPAHISON( lYH A e3 dNhliuA$1!L3
y ACCURACY =. Hew c!ccc to the truc value ?

,

PR ECISION = How reproducible is the measurement?
& -

.

'--- O Since there are'

-.
- p, %.# c . NO TRUE VALUES-

'-- -

c P.r0 .in Nuclear Medicine-*- >
i .

.
..

M j
'

<g p we musi agree-

.

,
,

- ' c i

S, . _ .- on an aron rary|

% -(,- i m- ~- -

- -

-c standard (usuallya -- '. .w
f,.:

\< . g :, ;' . ?.' ;.*f-h.! ' '
'- -

Nationai Sureau ?.

.. --
.

3 I . . . .y. . . . .
; .x - ... .. ..

a%._h
* PStandards- - - -

.j. . ;
,.p!N.

g.,

t( fh.U: d. b..<u?. . . :
a -..

2'.- j. ' Calibration Standard)c --

.
. .. :' w _._

' .g:./.. . . ..
h.. A ,c. .

,

h.v,*
::: bp=3y- From t, .nis: : . . . r.-

-
.

.t. b
-

: : ..k - 1.
>7.w:' hN:

-
1

.

a
'

.-n -
- .

mC. . .i in smndard _ mC. .i in samole ,
.

:;c: t 1.
,.

d.ij. ,.::g -

:A.. .1.". .p:;N, . I.y[ epm.in standard cpm in sam' ple
~

,

.

.v .
, . . , ._ _ m,. . . . ,

.
.. .. . . .

m .w_.: .; - " .-
-

-.- . . -. .

-

1

._

SYMMETRICAL . UNSYtdMETRICAL . , [ KIN ETIC t.': ' PICTU'RE ;..
. ... '.

TEST REFERENCE TEST REFERENCE' . ' . AUTO NOMOU.S ' |NTERPRETATION-

| STANDARD 'STAN DA.RD ., - -/fSTAND' A' RD
': , " - "-

. . -

I- ' - Do'se and ' J Dosean'd '~n '' ' t ' ' *' ~

."Ditrerent ascects
Ccmcan. son with I

t- .

7- . . . . ;

b ' Siandard . . . Standard + - ". o r. a' s . ingle dose. an accepivd
'i - '

t . from the - .- -,each rceasured. :
~ . -

.
-

| are'comoared'. " . normal picture.,
. -. .

:. same boitle
. separately - c

, f - .c:1 . . 1.

. e.g.bloodvolumes) (e.g.thyrcid uctakes) (e.g.renogrims)' . (e.g. sca ns) . |
(

,

-_ _

EACH LABORATORY MUSTHAVETilREE SOURCES AVAILABLE .

-

FOR INSTRUMENT CALIBRATION'.:
'

A POINT SOURCE STANDARD to medsure GEOMETRY OFRESPONSE
F

A VOLUME SOURCE STANDARD io measure SPECTRAL RESPONSE
A QUANTITY. SOURCE STANDARD id measure CPM PER CURlE

~

.
- .. . ..

Depending on what the. laboratory ~uses,three.

.

energies are sufMcientrerclinical precision: . ..

Co 57 (122 kev) Ba-133 (356 Kev) ' Cs -13 7 (662. kev).

N forlow energ.ies ror medium energies. for high energies
. .. .

.J
( . .......................:.. . . . . _ . , ,."

A TRUE CAllBRATION IS A Ph.D. RESEARCH PROJECT.
~ .J. 4 f| ~

.
.

'
FOR CLINICAL WORK WE ACd!IPT NBS CAllBRATION ON FAITH. I i.

-

....:-.....-.a..,....,...; : ;.L.:.wJ-- - ..

. *, _ _ _ .

'-*-**4.
,,,

-
.

,.
. e

- *.,

'' ---., _ . . . - - - - - -

. .

- . . _ . . . . .

- ^-
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.f QV A ~ g.- Mh- '
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SAFETY ASPECTS OF IONIZING RADIATION SOURCE USE

PART I - II.'TRODUCTION, TERMIN01DGY, & PHYSICS RE11EW-

i A. Match the following with the correct definition

Particles of nuclear origin having1. Alpha Radiation (d)
properties identical to electron (+1*0)

2. 3 eta Radiation ($ ) A =easure of energy imparted to matter
,

by ionizing radiation and particles per
unit mass of irradiated naterial at the
placc of interest (=100 erg /g).

3, Cacma Ray (l) Penetrating electromagnetic radiation
originating in the extra-nuclear por- -

tion of the atom. May be produced by
nachines.

4. X-Ray Particles of nuclear origin having
properties identical to helle = nucleus

(hHe)..

5. Roentgen (R) High-energy electromagnetic radiation of
nuclear origin which is very penetrating.

.

6. rad That dose of ionizing radiation which
i elicits the same biological effect as

; one (1) R of standard (250 kev) X-ray.
t
8

That quantity of X or J radiation which
'

7. rem
_

will produce one statcoulo=b of negative-

ions in one cubic centinater (0.001293 g)
cf air at 0 C and 760 cm of Hg pressure.

8. Unit of Exposure rem-

.

9. Unit of Absorbed Dose Roentgen (R)s

10. Unit of Biological Dose __ rad

11. Neu ron Elementary nuclear particle with a mass
approxt ately the same as that of a

,

hydrogen atom and electrically neutral;
its mass is 1.008982 nass units,

d '

.

t

|

'. i. ,

.

.
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SUBJECT: Quiz - Safety Aspects of Ionizing Radiation Source Use

B. Answer the following TRUE or FALSE
,.

. 12. !!calth Physics is a profession devoted to the protection of man and
his environment from unwarranted radiation.

%

13. HDL Regulation 385-20 prescribes procedures and safe work practices
which must be observed by personnel engaged in operations involving

*

ionizing radiation sources.

He
14. All transfers of radioactive material to or from EDL must be

coordinated with the llDL Radiation Frctection Officer.

15. Biological half life refers to the amount of time it takes for a
,

radionuclide to decay once inside the body.

C. Complete the following:
12 the carbon nucleus being described containsC means that16. The symbol 6

protons, neutrons, and has an accmic mass of a.m.u.

PART II - EXTERNAL RADIATION PROTECTION

Complete the followingt

3 1. What are the three basic,means of external radiation protection'
,

:
a.-

b.*

'

!
c.

2. The approximate exposure rate o gamma radiation from externci sources
may be calculated from a formula. Complete the statement of this formula.

R/hr at 1 meter 7 ,

. . ,..

i
3. Mstch the beisw listed radiatiomwi".h the. appropriate shielding naterial.

a. Alpha Best shielded by dense asterial.
.

b. Beta, __

Best shielded by less dense material of suitable
thickness.

s

c. Gamma _ Will be cor.pletely secoued by a sheet of paper.

4 If you were to select an area for the storage of high-intensity gamma
source, which area would be the most desirabic from a safety view point?

A high shelf (approxt=ately 5 feet above the ficor) ir. a storage cabinet.a..

b'. A desk located within the laboratory area.
'

c. A shelf in a remote area of the lab at waist boicht
d. A location that assures an exposure rate of 0.25:R'/h"will not be exceeded

in adjacent work areas.
*

s s. .

2
- .

~
em
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SUBJECT! Quiz - Safety Aspects of Ionizing Radiation Source Use.

. 5. Which of the following is NOT good practice in the external protection frem-

ionizing radiation when working with radioisotopes?
a. Use mirrors for viewing purposes.*

b. Use remote handling devices,

Work with adequate shielding between radioactive source and experimenter.c.

d. Work quickly when working with radioactive material.*

Add radioactive material early in the experimental procedure..e e.
f

f. Rehearse the experiment with non-radioactive =sterial to gain familiarity
f with the procedure.

PART III - BASIC MATHD!ATIC PANIPUTATIONS

1. Perform the indicated operations and express the results in terms of
scientific notation (powers of 10):

a. 18,000 + 2000 =

b. 0.0036 - 0.0006 =
*

*

i c. 480,000 800 =
__

d. 16,000 x 0.002 =
.

i 2. Solve the following proble:m (shew your work):
I

Hew long, c,an a man work in a 200 aR/h field if we wish to limit his; a.

i exposure dose to 50 mR/h?
i

. ..15 minutes! (1)
.

; (2) 4 hours
.

(3) 30 minutes'

s

! (4) None of the above
I 1 2<

b. Civen: Source 0----------------X----------------------X
,

Distance to point 1 = 1 foot
Distance to point 2 = 5 feet
Intensity at point 2 = a mR/h

.

Find: Intensity at point 1

Solution:,

(1) 16 mR/h

(2) 25 mR/h

(3) 0.25 mR/h
'

(4) 100 mR/h
.

d
-

3
-

.
. .

e

_

- -- ' 3
*** * "
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Solve the following problems and circle the correc,t ansver:.

c. A man has received 100 mrem thus far for the present film badge exchange
period. How long can be work in an area that would expose him to 200 mrem /hr :
without exceeding his monthly allowsole exposure as established for radiation
workers at EDL?

a. 60 minutes,

b. 30 minutes
e c. 15 minutes

d. 90 minutes
!

'

,

d. A' man is work?ng at a distance of one foot from a 10 mci unshielded Co-60
What will be the intensity of the radiation field he will be working-source.

in? Co-60 emits photons of 1.17 6.1.33 "ev everytime it disintegrates.
a. 150 R
b. 150 mR/hr
c. 120 mR
d. 120 mR/hrj

I A woman needs to do some. work on a lab bench that is two feet away from ae.

radioactive storage area. She sees the sign on the storage area that

! states the radiation intensity is one R/hr at 1 ft from the storage area.
j What will be the radiation intensity at her lab bench?

I a. 4 R/hr
j b. 250 R/hr
. c. 4 mR/hr;

d. 250 mR/hr
-

g

! f. You will be working next to a storage area where I-131, Cs-137, Na-22 and
~

1 i Na-24 are stored. The I-131 is giving of f an intensity of 10 mR/hr, the
! Cs-137 is giving of f 2 =R/hr, the Na-22 is giving- of f 20 mR/hr, and the
i Na-24 is giving off 8 mR/hr. If you are working in the area for 10 hours

; during the month and the rest of the time you are not working around
radioactivity, what total dose should your film badge show? (Radiation
intensity given at point you are workir.g -- discount decay).

a. 400 mR/hr
b. 4R
c. 400 mR-

d. 4 R/hr
'

'g. You will be working in an area with an extremely high radiation intensity.
If you'put three (3) half value layers of a material betseen you and the
source, you will:

a. Increase the intensity by S times.

b. Decrease the intensity by ,1/6 th.
c. Increase the intensity by 6 times.
d. Decrease the intensity by 87.57.
e. The intensity does not change where you are by the addition of half

value layers. .

.

4
'

,

*
- ~ m n. -.m. . - -
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SU3 JECT: Quiz - Safety Aspects of Ionizing Radiation Source Use

3. Define (as powers of 10) the following: -
*

610 curiesEXAMPLE: Megacurie =

curiesPicoeurie =

|
Millicurie = __ curies'

Nanocurie = _ , curies.

Microcurie = curiesg

4. Solve the following mathematical expressions:
2

a. 10 x 103 .

b. 109 x 10-6 ,

c. 1 x 103 + 2 x 100 =

PART IV - LIMITS OF RADL-\ TION EXPOSURE

_
is the formula used to compute the maximum allowable accu-1.

mulated lifetime exposure to ionizing radiation for radiation workers.
.

't

2. is the maxi =um allewable accu =ulsted whole body exposure
to an external source of ionizing radiation for radiation workers during

,

i any one calendar quarter.
I I

I 3.- is the maximum allcwable annual whole body exposure to
I external sources of ionizing radiation for any individual in the general

j public (non-occupationally exposed).

4 Radiati,n workers must be at least years of age.i

! 5. A " Radiation Area" is defined as any area accessible to personnel, in which

j there exists radiation at such levels that a major portion of the body could

1 receive in any one hour a dose in excess of millirem, or in any 5

i consecutive days a dose in excess of millirem.

| PART V - INTERNAL RADIATION PROTECTION

Complete the fo11cwin;:.

1. The four modes of entry of radioisotopes into the body are:

a.
.

b.

c.

''
'd ,

d
. . .

,

*

r \.' .

.

%

^-
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SU3 JECT! Quiz - Safety Aspects of Ionizing Radiation Source Usa

2. Complete the following chart with the appropriate words or symbols*

(Alpha - e; Beta - @; Gamma - 3) : ,

.

EXTERNAL EAZARD AS AN INTERNAL F.AZARD

FOST HAZARDOUS
6

LEAST HAZARDOUS
T

3. In evaluating the potential internal hazard from a radioisotope, which of
the following should be considered?

The type of radiation emanated.a. ,

b. The chemical form of the radioisotope.

c. _ The physical form of the radioisotope.
d. The maximum permissible body burden.

,

e. The critical organ.

f. The experimental procedure.
g. All of the above should be considered. ~' ~~

.h. None'of~the above should be considered. ,

,

. PART VI - NUCLEAR INSTRUMENTATION AND PERSONNEL 3DNITORING
.

Mul'tiple Choice - Circle the most correct answer.
~

.

t

t
-

is the purpose of the film badgei1. What
. .

. _ . . . . _ _ .
,

| .[,a.", Provide a temporary record of the dose of ionizing radia~ tion received.
b. Protect the individual from ionizing radiation.

,
; .c . Etovide a permanent record of individual exposure to ionizing radiation.

d. None of the above.

2. Beta radiation can be measured in the field by:

[ ' 'a'. Using a special thermometer and recording the temperature change in a
'

fallout sample.
-

b. Using a self-reading pocket dosimeter.'

Observing the color change in a film badge.'

c.

d. Using a Gelder-Mueller tube survey meter with the beta shield open.
.

3. The wrist film badge has:
-

a. ,,The. sabe type film packet as the whole body badge,
b. A different type of film packet than the whole body betan;am=a film

._ badge.. . .
. .. _ , _ , _

c. Different filters than the whole body beta-sa:ma film badge.
d. -None._of the above.. . . .. _ _ . . . _ . .

. ._. .. _ ._.. . . _ _ . _ ._ ___. . . . _ _

6 -

,
.,

\.

.

-. - - .
_
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SUBJECT: Quiz - Safety Aspects of Ionizing Radiation Source Usa
"

|
4. The purpose of the filters in the film badge is to:

s
Make it possible to determine the energy of the incident radiation.a.

b. Shield the film badge from cosnic rays.

c. Aid in establishing electron equilibriu=.

d. All of the above.
* e. None of the above.

e
5. KDL personnel who are occupationally exposed to ionizing radiation due to

the nature of their work at HDL:

Are required to report suspected over-exposure to ionizing radiationa.
it=ediately af ter the occurrerce to their supervisor.

b. Must obtain a film badge from the EDL Radiation Protection Officer
and wear it while working with ionizing radiation sources.
Must have an appropriate medical examination prior to beginning workc.

with radiation sources.
d. Have a right to be advised of their exposure to radiation or radioactive

materials as shown in records maintained by EDL.

e. All of the above.

6. If you were required to enter a gac=a radiation field of unknown intensity,
! you should carry which of the following instruments for monitoring?
I
: a. A film badge.
: b. A high-range Geiger-Mueller tube survey meter.
| c. A liquid scintillation counter. ,

'

i d. A non-self-reading R chamber.
;

i 7. Dosimeters are used to supplement film badges when:
:

| a. The badge has been left at home.
b. The badge has been exposed and it is not yet time to change badges.,

c. The individual is working in an area where he might receive a', significant exposure in a short period of time.
d. There are doubts concerning the accuracy and precision of the film

badge.

PART VII - SAFE RANDLING PRACTICES.

Answer the following TRUE or FALSE.
'

1. Organic solvents should be used to clean hands af ter working with
,

| radioisotooes.
i

2. __, Unwanted radioactive =aterial may be disposed of by placing it in
~

the office waste basket.
.

3. Radioactive materials need not be stored in locations which are
identified by appropriate radiation signs.

*

A
4 Rubber gloves and separate laboratory attire should be worn when

working with unsealed radioisotopes.

.

.

7

* -

5. . - . _ . . . . . .
.
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SUBJECT: Quiz - Safety Aspects of Ionizing Radiation Source Use

5. Tume hoods (or other ventilation control) should be used for dusty |*

lor aerosol generating operations involving radioisotopes.
..

6. There is no reason why touch up cosmetics should not be used in a
laboratory where radioisotopes are used.

~

7. Eating, smoking, and drinking should be permitted where radioisotopes.

are used.
e

8. It is permissible to pipet radioactive material by mouth if the
ac.tivity is known.

9. Radioactive items should be checked for removable contamination~

within 18 hours af ter they arrive at HDL.

10. All accidental exposure to ionizing radiation sources should be
reported to the HDL Radiation Protection Officer.

11. If radioisotopes are to be used, it is generally a good idea to
cover all work surfaces with disposable absorbent materials.

'
>

12. Age and sex have no bearing on the personnel exposure limits set
for radiation workers.

!

! PART VIII - BIOLOGICAL EFFECTS

I Co=plete the following: .

i

| 1. The biological effects of ionizing radiation may be broadly eategorized as
effects and effects.j

2. Which of the following factors influence biological response of individuals

t exposed to ionizing radiation?

a. Total dose.
| b. Dose rate.

c. Continuous exposure.
d. Interrupted exposure.
e. Health of the individual.
f. All of the above.

.

g. None of the above.

3. Radiation s,1ckness occurs as the result of exposure to high doses of-

radiation. The do' sage ranges given below suggest that the observed symptoms
would re'sult primarily from damage to what tissues (organs)?

DOSAGE RANGE TISSUES (ORGANS) PRIMARILY AFFECTED

100-1000 rad .

1000-5000 rad

5000- rad

.

8-
- g

. . . . . . . - . . . .
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