
A0 A06 1 flO AIR FORCE INST OF TECH WR I GHT—PATTERSON AFI OHIO F/S 11/2
AN EVALUATION OF AN (LTRAVIO LET RADIAT ION StMVEY PETER CHAmACTE—CTC(U)
1977 R I. SCHILLER

UNCLA SSIFIED AF IT CI 7~ (ST NI_

IE~ 
_ _ _

_ _

flUUfl flD

~~

U _
_ _ _  

flflfll__



i o :: ~‘‘ IIII:~

I. I 11D12°

11111’ 25 

~ ~~
-
~ I -\



UNCLASSIFIED
SECURITY CLASSIF ICA T ION OF ru ts  PAGE (Wh.n Data Entered)

REPORT DOCUMENTATION PAGE BEFORE COMPLET ING FORM
R E P O R T  NUMBER 2. GOVT A CCESSION NO. 3 RECIPIENT ’S C A T A L O G  NUMBER

CI 79—66T ____________________________

4. ‘ I TL E  (&id Subt i t le)  5 “YP E OF REPORT A PERIOD COVE RED

/
‘

~~ 
/
,,, ~jAn Evaluation of an 

Ultraviolet Radiatior~ / Thesis 
—

~~-‘ Survey Meter Characteristics ,~ 
6. PERFORMING ORG. REPORT NUMBEP

7 A IJTHOR(a~ 
8. C O N T R A C T  OR G R A N T  NUMB ER(S)

Rona ldL Schiller) captain, us~~ / ~ 
-.

l

~~~~~ 
PERFORMING O R G A N I Z A T I O N  NAME AND ADDRE SS t O.  P ~ RAM ELEMENT. PROJECT , T A S K

AREA & WORK UNIT NUMBERS

~~~ AFIT Student at the University ,of - —

c~~scinnaU . .- ‘ I -
/ — -

II. CONTR OLLING OFFICE NAME AND ADDRESS RE~~7~~ D A T E
/ ~‘ J l977~

AFIT/CI ~ NUMBER CF °A GES

WPAFB OH 45433 - 
92

14 MONITORING AGENCY HA M ~~~~~~~~~~~~~~~~~~~~ m Cnntrn l l ing .tf ~
, .’. IS. SECURITY  CLASS. (of th is  report)

~ ~: 
UNCLASSIFIED

L ISe D E C LA S S I v I CA T I O N  DOWNGRADING
• SCHEDULE

$ 6 .  GISTR I BUTION S T A T E M E N T  (of th is  Reror :  . - 2 2 ~

Approved for Public Release, Distribution Unlimited ~~~ .
°‘

~~$~ ~~~

$7 .  DISTRIBUTION STATEMENT (of the ab~ treof enføred In Block 20 , II diflereni from Report)

IS. SUPPLEMENTARY NOTES • 
—

1’ Li... .. .- C ~
APPRO VED ~~~~~~~ 

,. 

JOSE~ H-~P . HIPPS, Majo~~ USAF
bire~tor of Infornsatio~i , AFIT ~1 T - 1978

t S .  KEY WOR DS (Continue on revere,  aide i i  nec essa ry end i d e n t i f y  by b l oc k  n~., rn ber)

20. A B S T R A C T  (ContInue on rever s e side If n.ce.a.ry and i den t i fy  by bl ock n~m,ber)

/ i._.

DD ~~ 1473 ED IT ION O F I NOV 6 5  I S O B SOLET E UNCLASSIFIED
~~~~~ SECURITY CLASSI F ICATION OF THIS PAGE ( BOten Data Entered)

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-



1 ~~~~~ 

~L.

AN ~ V A L U A T  ION 01 AN UL r~- A ~ lOt  I I

R A D I A T I O N  ~U R V L Y  M E T E R  C IIA RA ( 1 I : I - ~f I C S

RONALD L .  5 C t 1 l L I . H~

CAPTAIN , U~ A f

~ 91 /

92 ~A GC S

M.S . I N LNV I R ONM ENT AT .  ~U N 1 V E R S I T Y  OF L i N t  i~~~A~ i

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



--

I,

4L. 
~~

.

ABSTRACT —~-----2.~
• ~~~~~~~~~~~~~~~~

Discussions of the nature of electromagnetic and

ultraviolet radi ation , the biological effects of and

standards for ultraviolet radiation (1W) and some of

the available instrumentation used to measure UV preceded

the discussion of the critical evaluation mode of the

performance and ph~’sic~il characteristics of the ~I0SIi

prototype IN Hazard Monitor (UVFThI) dubbed the UVALERT.

The evaluation lead to the development of UV hazard

survey procedures and an UV Survey Worksheet.

The UV IIN was f ound to basically conform tb the

roqu~roments of the NIOSH IN Crit.eria Document with the

spectral response peaking at 270 nm with essentially no

response to wavelengths above 325 nm. The UVHII was

capable of detecting irradiance levels from~O.1 x 1O
7

to 3.0 x 1O~~ Watt s/cm2 wi thout the use of optical

neutral density filters. Discussion of the techniques

developed to determine the spectral response, the cal-

ibration fa ctor , tho angle of acceptance, and the minimum

beam diameter for full UVHM response were presented. A

problem with the UVIII4 s optical system was discovored and

discussed. Finally, the handling and use during an indust-

rial welding survey were presented.

- - --~~~~~~ . ~•—~~~~~ ~
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I . Introduction

As lotu; :ts man has  been exposed to the sun , he has been

ex posed to u l L r ’av io1~~L r t d i a t i o n .  lie was unaware of it ~

p h y si c a l  p r e s u n c i .’ b ecause  t h e  r eg ion c L: t s : ;  i f i e d  as u l t r a -

v i o l e t  l ies  o u ts i d e  the  v l s I l ,L e  ] ight p o r t  ion  of the  e l e c t r o -

magnetic spec Lrum and therefore , man wa s  u n ab l e  to  v i sua l l y

detect it. However , unk nowing ly he was able to sense i t s

e f f e c t s  because  of certain biological responses. It wasn ’ t

until 1801 , when J.W. R i t t e r  observed  the  occu r rence  of the

blackening of  s i lve r  ch lor ide  when p laced in the  dark reg ion

beyond the  v i o l e t  end of the v i s ib le  spec t rum , tha t  u l t ra-

v i ole t  r a d i a t i o n  was d iscovered . V-)
W i t h i n  the l ast  h a l f  c e n t u r y ,  t he re  has been a

p r o l i f e ra t i o n  of devices t h a t  emi t  u l t r a v i o l e t  r a d i a t i o n .

Such a r t i f i c i a l  sources commonly found  are  germic ida l  and

b l ac kl i ght  lamps , carbon arcs , w e l d i n g  and c u t t i n g  torches ,

plasma f lame torches , l a b o r a t o r y  equi pment , and some den ta l

equ ipment.

Due to this proliferation , concer n has developed over

ultraviolet radiation ’s biol ogic al ~ f f e c ts.  The “Radia tion

Control for Health and Sa f e ty  Act of 1968” (Public  Law (P .L .)

90-602) followed by the “Occupa tional Safety and Health Act

of 1970” ( P . L .  91-596) were Fede ra l laws tha t  pu t legal

emphasis on the need to study ultraviolet radiation . In 1972 ,

- f the National Institute for Occupational Safety and Health

(N IO SII) pub l ished the “Cr i t e r ia  for a Recommended Standard

- 
~~~~~~ .— ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —~ -~~~~~~~ — - ~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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on Occupa t iona l  Exposure to Ultraviolet Radiation .” The

recomnlerkded standards and aforementioned legisla tion created

a need for hazard survey meters capable of measuring ul tra-

v io l e t  radiation while assessing the potential risk to expos-

ed workers .

With this need for a hazard survey meter , NIOSH awarded

a contract  to CBS Laborator ies  to develop a survey meter  to

conform to the standards set forth in the Ultraviolet Radia-

t ion Cri teria Documen t . In 1973 , CBS Labora tories del ivered

a p ro to type  instrument  called the UVALERT Hazard Mon itor ;

re fe r red  to in this study as the UV Hazard Monitor (UVHM) .

The in t en t  of this  work was to make a critical review

of various performance and physical characteristics of this

pro to type  hazard monitor . To accomplish this , a l imi ted

l i t e ra tu re  review was performed of the e lec t romagnet ic

spectr um , of the b iological e f f e c t s  of u l t raviolet  radia tion ,

and of the existing ul t raviole t  measurement instrumentat ion .

Next the UVHM performance and physical characteristics were

critically evaluated . Finally, a hazard evalua tion of a - •

welding process was performed to determine the UVHN response

in an actual setting . -

ii

~~~~ . 
~~~
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I I .  [. Icc troniague t ic Spectrum

A. Descr 
~~~~~ 

ion ol’ Radiation

The e I cc t romnguie t : s p e c t r u m  shown in Fi gure 1

couslsts ot the toll ow in~; six forms of rad i at ion : lonixi ng

rad L at ton , u ltr aviol et r~uhiation , Vi sii)le li ght , i n f r a r e d

tad I at  ion , microwave tad I a t  ion and m d  io frequency rad Lit ion

A term more explicit than radiat ion is radiant energy

and i t  can be used t o  de f ine the form s of energy which  are

propoga l ed through space as electromagnet i.e radiation . In

i t s  s inl 1)lest form , e lec tromagn et ic radia t ion cons i st s  of an

osc i l l : it i n g  e l e c t r i c  f i e ld  moving through space associa ted

with an osc ii Lit ing magnet  ic Cie I d .  These fields are per—

pendi cu la r  to each othe r and 1:0 t h e i r  (h i r e c t  ion of propoga—

~~ tion . [‘resen t day physics bases i t s  cur ren t :  concept s  about

the electromagnetic spect  rum on t h e  quantum theory as pro-

posed b y Max Planck and others , and on the electromagnetic

wa ve theory as advanced b y J . C.  M a x w e l l .  Th is dual i ty of

n a t u r e  lie Ips exp l ain  the va r ious  [‘hlmomLma t h a t  have been

observ ed by various experuuentors as they conducted investi—

ga t ions of the d c c  t romagne ti. c s [‘CC t r u m .

When the e I ect: romague tic spec t rum is cons idered as

wave — like in nat ure , exp lana tion of such phenomena as

diffra ct ion , propogat ion , interference , refrac tion , and

p o l a r izat i o n  is possible . Wi th e l e c t r o m a g n e t i c  waves , there

arc three ways in  which they can differ: they may d i f f e r  in

s t r e n g t h  ( i n t e n s i t y  of force)  ; they may d i f f er in frequency

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- 

. 
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- - -c. 
~~
_ •



5

PIE ELE CTROMA GNET I C SPECTRUM

(P1~RGY flI UCQUU1CY WAV(tINGfl4
P H O t ON IN (EV) IN H ( R I Z  IN MLI L R S

10 ° - IN,
10 ’ 3*10 ’

10 ” IO~ -6011, 3*10’ - 3M,,, — COMMERCIAL LOWER (60Hz)
10 - KB, 

~~~~~~~~~ TELEPHONE
‘10.’ IO ’ - 3z1~~ - 3Km 

— DIATHERMY (13.56KHz)

10’ lMJl~ 3*10 2 AM B ROADCA ST
101 3*10 ’ (535 1605 K H z )

10 ’ ‘ *10 0 3m DIA IHIRMY (27 .12 MHz)10
, •, 

— .~.,. : D !A T HEI ~MY (4068 MH z)10 ‘ 1GHz 3*10 
~~~~~ FM OROAC’ CASI (03108 MHz )

l0
~ 

3x~~~ 3cm 
~~~~~~~~ TEILVISION 6ROAD CA ST

‘10 10”- 3x) Ø~ - 3m,n~~~~~~~~ ” RADAR
10” - 11Hz 3*10 ’
10” 3*l0~~- -  1 ~, INFR A RED

• 100 
10~ - 3*10 k 3um

- 3~1o ’ J ~ : VISIBLE [10111 OPTICAl.
• tO” 3’ciO - RADIATION
‘10 10” 3xlO ~ 3zm 1 ULTRA VIOLET

lots 3x 10 ’C’ 3A 0 
I J

• tO” 3x IO~’ 
~
. X-RAYS‘10 1020 . ~~~~ 3pm .. ) MEDICAL X-RAYS

FIGUIIE I 
.

IL ~~ 
. 

. 

- _
-- --..-- 

.



6

(t ,umb er  of t i m es the waves v i b r a t e  or the  number  of coin-

p le te  cycles  per u n i t  t ime) ; and they may d i f f e r in wave-

length (the shortest dist :ancc  be tween  c on se cu t i v e  similar

p o i n t s  on the  wave t r a i n )  • 
(3) Two of these  d i f f e r e n c e s ,

f r equ ency and w a v e l e n g t h , are r e l a t ed . Equat ion (Eq.  ) 1

shows th i s  r e l a t i on s h i p : (2)

C IA Eq.  1

whe re:  C = the veloc i ty  of light

(3 X io 8 mcters (m ) ,i secoud( sec)  in a vacuum)

C the f r equency  of the r a d ian t  energy

A the wavelength  of the r a d i a n t  energy wave

As mentioned e a r l i e r , the e lec t romagne t ic  spec t rum may

be consider ’-
~d to propoga te as dis c re te par t icles or p hotons

( qu a n t a )  of r ad i a n t  energ y , each quan tum having a del’ i niLe

val ue o f energy and momentum . In t h i s  case , the energ ies

associa ted  wi t h the pho tons are d i r ec t l y  p ropo r t i ona l  to

the frequency of the specific electromagnetic radiation .

Equation 2 shows this relationship :~~
2
~

E hf Eq.  2

where : B photon energy

ii P lanck ’ s constan t ( 6 .63 x lO~~~ j ou l e -see)

f = frequency of radiant energy

By rearranging Eqs . 1 and 2 , it can be shown that the

photon energy is directly proportional to the frequency of

the electromagnetic wave and that these two quantities are

inversely proportional to the wavelength. The shor ter  the

-.4
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wave’ I ength , t~ he ii i glic r t ile pho t on cue rgy .

Rad i ant cue rgy can produce’ an effect o m i l  V when i t is

abs o rb e~l b y mat t e r . Tb 1 5 ab sot pt  i 00 0 t e n e r g y  ‘v ill rio niri I I y

cause SOflIC at  u n t i e  ot: t 1  i c t i o n i c  a lt erat i O U  i l l t h e m a t  er i ;ii -

As mneut I oned e ; I  ml i t ’  r , there are generall y si x fo rmns

of eh’”t roniaglietic ra d iat iou. One of Lhese f o r u m s  is called

iou t : :iu g  r a d i a L i o n  ( i . e . , X — r a y s) . In th is case , t h e

phot:on ic energy is ii igh enoug h to d i s l o d ge orbital el ect rolls

f r o m  a toms or mu [cciii es t o  p roduce  ion pa i r s  . l lowevt ’r  , i I

the  energy  is not s u f f  I c  l e n t  to c1i~ lodge the e icc t m o t t s  , t hen

the region of the spedE rum where this occurs is re f e r r e d  t o

as t he non ion i~: iug por t  iorm (1 . c .  , vi,’; i b lc  1 i ghr .) . Bat ; i r a  I l y,

all t. he other fo rums of the c lec t ro n m~i gIie t i.e spec 1 t ’UIU , ex c e p t

ion i;~ ing rad i at ion , are el ass i lied as non ion i :~ i ng tad I at. ion

A gene ra l l y r ccogu i:~ed cut:o if p o i n t  be tween  I lie energy  of

ion i:: [ug and non i on iz i n g  rad iat ion is  12 i’ lee t ron v o l t s  (cv)

The miii [mum p1w ton energ ies capable  of pr oduc i ng ion i ~ :L I LOU

in w at e r  , atomic  oxygen , hydrogen , m i t t  ro gen , an (I c ; i r l )Otl  art’

bet ween 12 and 15 eV . Inasmu ch  as these  a t  outs / mo lee’tiI es

constitute the basic  e l e m e n t s  of l i v i n g  t i s s u e , 12 cV may

be cons ide red the lower l i m i t  for  t on i z a t  ions in b i o l o g ical

sys tems . There fore , radiant energy l e v e l s  less than 17. eV ,

bio log ically speaking , are cons ide red non ton i jug . (4)

The primary modes of ac t ion  of non ion i : : ing  r a d ia nt

energy are ei ther photocb cmica l  or thermal . The bas i c  law of

C r ot th u s  and Draper s t a t e s  that no photochemical re a c t  ion can
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occur umi less rzid taut. energy is absorbed . Such absorp tion

requires t h a t  the energy of t h e  p ho tom i s  be t r a ns f e r r e d  to

the  a b s o r bin g  irto l~~cu ie’s . The non ton i:: ing radiant cnerg i.es

absorbed into the mu Icei t ic  e i t h e r  a f f e ct  t h e  e le ct r o n i c

en er g y  I eve l :; of i t s  at oms , or change the  ro t  at  i onal , v ib ra—

t. tona l , amid t rans i t  tonal. energ ies of t he  molecu les . In

hiolog ical sys t ems , t h e i r  energy  t r a n s f e r  produces e l ec t ron

e x c i t .~m t  ion , w h i c h  can resul t in d i sso c i a t i o n  of the  molecule

if the bonding elcct.rons are involved , d issipation of the

e x c i t a t i o m i  energy in the  form of f l uo re scence  of phosphores-

c rU et’ , t he fo rmal  ion of f r e e  r a d i c a l s  and degrada t ion in to

h e at .  In the l a t te r  s i t u a t i o n , a b s o r p t i o n  changes the

vibrat ional  or r o t a t i o n a L energy  and i nc reases  t h e  k i n e t i c

enet . gy of t he molecule .

The e f f e c t s  of the  i n t e rac t i o n  between the r ad i an t

ene rgy and the m a t t e r  of bi o log ical sys tems  are dep endcat

upon the energy of t he radia ted pho tons , the degree to which

these photons arc capable o penetrating into the system ,

and the a b i l i t y  o -  sp cc i f i . c molecules  to undergo chemical

change s when these energ ies arc absorbed .  (4)

B . N a t u r e  of U l t r a v i o l e t  Rad ia t ion

The u l t r a v i o l e t  reg ion of the e l ec t romagne t i c

spectrum lies between X- rays  and v i s ib le  light . The energy

range of u l t r a v i o l e t  is from about 3. 26 eV at 380 nanometers

(nni l0~~ meters )  in wave leng th  to about 12 .3  cV a t  100 nut

in wave l eng th .  From a biological  s t a n d p o i n t , the  t r a n s i t i o n

I.... - - ..-~.-—
-- . - .

- -
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between cxc itat ion and ion i ‘at. ion ui m o l e c u l e s  occurs at

about lt)0 nm . The separat ion be tween  t he  u l t rav i o l e t  and

the v is  ib l e  s p e c t r a  i s  about 380 nu t .  ~~~~~~~ Bio Log i ca l ly ,  the

u l t r a v i o l e t  s p e c t r u m  may be d lv i  ded i n t o  the ex t r eme  or

vacuemni reg ion , f r om  100 to 190 nut , the range in which both

air and water absorb the radiant energy . The reg ion f rom

190 to 300 nut is ca l l ed  the  fa r  u l t r a v i o l e t  and the reg ion

from 300 to 380 is ca l l ed  the near  u l t r a v i o l e t . These two

d iv is ions  arc based on the  a b s o rp t i o n  of so lar  u l t r a v i o l e t

(below 300 nut ) b y a tmosp he r i c  ozone . Ph y s i ci s t s  c l a s s i f y

r a d i a t i o n  in the 300 to 400 nm reg ion as the near u l t ra-

v i o l e t , the region from 200 to 300 nut as the fa r  u lt r av i o l e t ,

ari d f rom 4 to 200 nut as the ext reme u l t r a v i o le t .  Anothe r

c la s s i f i c a t i o n  is g iven a s :  b la c k l ight :  reg ion (400 to 300

nm) , erythenia l reg ion (320 to 250 nut) , and the ozone pro-

ducing region (280 to 200 nut) . (6) Table 1 is the t a b ula t i o n

of these c l a s s i f i c a t i o ns  of u l t r a v i o l e t  rad iat ion .

Ul t r av io le t :  energy is emitted whenever excited atoms

make t r ans i t i ons  front one sla t e  to ano the r , concomi tan tl y

releasing photons  w i t h  energ ies in the u l t r a v i o l e t  range .

The two main methods used to exc i t e  atoms are the e l ec t r i ca l

arc , through a gas or vapor , and heat .G)

Ultraviolet produced itt an enclosed incandescent or arc

source may or may not pass through the enclosure , depending

upon the absorbing characteristics of the envelope.

Crystalline or fused quartz t r ansmi t s  u l t r a v i o l e t  wavelengths

- . . ._ _ _  .~~~~.
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TABLE I

CLASS L 1.ICATIONS 01” IJLTRAVIOLIY RADIATION

A . Bi ological  Cl assi f i cat ion

1 . Vacuum 100 to  189.9 nut
2 . Far 190 to 2~F).9 tint
3 . Near 300 Lo 380 nut

B . Physicists Classification

1. Ex t:rente 4 to 199.9 nm
2. I~’ar 200 to 2 9 9 . 9  urn
3. Near 300 to 400 nut

C. IEC C l a s s i f i c a t i o n

1. UV-C 200 to 2 7 9 . 9  nut
2. UV-B 280 to 314 .9 nm
3. UV-A 115 to 400 nmn

D .  Another  Biological Classification

1. Ozone p r o d u c t i o n  reg ion 170 to 730 nut
2 .  G e r m i c i d a l  reg ion 220 to 280 nut
3. E ry th cm a l  reg ion 250 to 320 nut
4. Blackligh t reg ion 300 to 400 urn 

.-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
.
~~~~~~~~~~~~ --~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~ .~~~~~~~~~~~~~~~~ --.
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down o a bout  183 nut . Comme rc i I L y ava [t a b l e  home window

g lass  , about  2 nun t h i c k , is practicall y opaque to ultra-

vjolet energy o I wave lengths shot Icr t hami 300 nm.

t J l t  ~~~~ I ulet energy  may be re i’ l e ct  ed . The r e f l e c t  ion

of incident n it . r av iolet .  r ad i al  ion from p a i n t e d  s u r f a c e s  can

rat igc t r o u t  neg l igiI~ It’ to more than 90°L . A material ‘s

a b i l i t y  to r e f l e c t  vis t b l e  l ight provides no i n d i c a t i o n  of

its ability to reflect ultraviolet energy . For examp le ,

ordin ary white w a l l  p l a s t e r  has a r e f l e c t i o n  of 467~ at

2 5 3 . 7  nut , whereas  z i n c  and t i t a n i u m  oxides , wh ich  are

equall y good reflectors for visible light , re f lec t onl y 2 .57~
and 6Z respectivel y, at  this wave’ength . (7)

~ 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ - - .  -.—
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I I I .  Biolog ical  E f f e c t s  of U l t r a v i o l e t  R ad i a t  Lou

A.  E x t en t  and N a t u r e  of Exp osure

Occupat  ional exposu res  to  u l t r a v i o l e t  r ad ia t i on

occur front b o t h  a r t i f i c i a l  and natural sources . The sun

is the primary f l a t i l c :L l  source . The a r t i f i c i a l  sources

e i t h e r  produce u l t r a v i o l e t  energy as a b y - p r o d u c t , e .g.

w e l d i n g ,  or are manufactured to generate the energy for

u ti l iza t ion of i ts variou s phys ical prop er t ies , e.g.

germicidal lamps. According to a 1972 best available esti-

ma te , the nunmhcr of workers with industrial exposure to

artificial sources of ultraviolet radiation was 320 ,000.~~~
By 1980 ~toss (8) estimates tha t the occupa t iona l  exposure

may be a factor of 100 or more hi gher than the 1972 f i gure .

A l i s t i ng  of occupa t ions  exposed to u l t r a v i o l e t  r ad ia t ion

is found in Table ~~~~~

Occupa t iona l  exposures to ultraviolet energy pose two

d i f f e r e n t  c a u s e - e f f e c t  r e l a t i o n s h ips :  a d i r ec t  and an in-

direct . The i n d i r e c t  e f f e c t s  develop due to the  i n t e r a c t i o n s

of the ultraviolet energy with other environmental agents.

As an examp le , the solar ultraviolet energy below 300 nm is

ef~ectivel.y filtered out by the ozone in the atmosphere

before it reaches the earth. However , this absorbed energy

can photochcmicalty react with other environmental pollu-

tants to produce what is called smog . Ultraviolet energy

below 220 nm is known to produce ozonc~~~ which has an

adopted Threshold Limit Value (TLV) of only 0 .1 ppm. (10)
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TABLE 2

OCCUI’ AT iON S EXI’OSEI) To ULTRAVIOLET RAD IATION

Some of thc oedi p aL i ons  potent i :mlI y associated with
u l t r a v i ol e t  tad [a I ion exi~osur c  include the f o l l o w i ng

Outd oor Sun ~~posure

Agricultural workers Military
Gardeners  S p o r tsm e n
Construction workers  Postmen
L ifeguards l’oliccumeu (includes

cross lug g u a r d s)
F i she rmen  Road worke r s
Op e n - p i t  m ine r s  Landscap ers
Seamen Lu mber j acks
O il f ield wo rkers Outdoor main tenance men
Pi p e l i n e  worke r s  Gr eenskeepe r s
R a i l r o a d  track workers  Surveyors
Ski Ins truc tors Br ick ma sons
Cat  t . lent en Farmers

Welding Arc Ex~~~~ure Plasma Torch E~~~osure

Ue lde r s  and hel pers I’lasrna t o rch  ope rat o r s
Foremen
Main t enance  workers  U l t r a v i ol e t_ Laser  Exposure
Pi pe l ine  workers

Labora tory workers

Researchers

Chemis ts  Ph y s i c i s t s
B a ct e r i o l og ists  Ph ys io log ical op t i c s
Pho to -Bac te r io logists  Lamp t e s t e r
Microscop is t  Tissue c u l t u r e  workers

P r i n t i n g  Processes

Li thographers  Grap hic  i l l u s t r a t o r s
P r i n t e r s  Movie p r o j e c t i o n i s t s

N o n - d e s t r u c t i v e  Test ing

Metal casting inspectors
Textile inspectors

-

~

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

~~~~~~~~~‘.
.
~~~~

— -- - -- . 
_ _ _ _ _ _  ii
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D r y i m n md_ C u r i m ~~~ Pr oce~~scs

Pa m t  c u rer s  Food i rr ad j a t o rs
P Las t i e  cor e r s  Tobacco irradiators
Wood c u r e r s  Meat  c ur er s

Emt v i ronimient a 1. Tes Chambers

Paint :  and color t es te r s
i lo r t i cu l tu r a  I workers
Space s i m m i u m l a t o r s

M e d i c a l  Sources

Ph y s i c i a n s  D e n t i s t s
Nur se s  O p t i c i a n s
Phototherapy t e c h n i c i a n s  O p t o m e t r i s t

Chemit i.cal__Proc ess ing and M a n u f a c t u rin g __( P h ot o ch e r n i s tr y )

P r o d u c t i o n  emp loyees
V i t a m i n  D s y n t h e s i s  workers

Sunlamp_ Exposures

Beau ty salons
B a t h  a t t e n d a n t

Table from r e fe rence  (9) .
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As a f in a l  examp le of i n d i r e c t  e f fe c t s  , u l t r a v i o l e t  ene rgy

e m i t  t ed  f ron t  a ‘.~e Id ing  ar c  can p r o d u c e  the  lol L o w in g  con—

t a n h i n a n t s  : oz o n e  [t orn u l t r a v i o l e t  e n e r g y  be low 220 urn in

wave L eng th  , n it ro~ eu oz ides , and p l iosgene p r o d u ced  b y in t e r -

ac t  ton of n i t  raviolet and a chlorinated hydrocarbon , e .g.

carbon tetrachioride .

Lu cons idering the direct effects , the most important

abso rbe r s  in b i o l o g ica l  t i s s u e  of  u l t r a v i o l e t  energy  are the

o r gan i c  m o l e c u l e s .  U l t r a v i o l e t  r a d i a t i o n s  i n ju m r i o u s  e f f e ct s

on L iv i n g  s y s t e m s  appear  to be r e l a t e d  to the a b s o rp t i o n  of

e i t h e r  the n u c l e i c  ac id  or u n c o n j u g a t e d  p r o t e i n s  of the  cel l ,

and to the phot :ochemical reaction t h a t  occurs  w i t h i n  some

receptors .~~
4) The l e t h a l i t y  on smal l  ce l l s  and on bac ter ia l

and v i r a l  organi sms is one e f f e c t  observed . Other  u l t ra-

v io le t  energy  caused e f f e c t s  observed in c e l l u l a r  organisms

include DNA chain breaking, p ar t i a l  DNA denaturation , cross

l ink ing  be tween  chains  of a DNA molecu le , l i n k i n g  between

DNA and protein , chromosonta l damage and mu tagene sis .(1-)

However , the inability of ultraviolet photons to pene tra te

any app rec i ab l e  d i s tance  into the bod y l imi ts  the areas of

medical  concern to the skin and the eye . E x t e n s i v e  reviews

of the biomedical aspects of ultraviolet exposure appear in

the papers by Leach ,0~
) Urbach ,(12) and Pitts . (1- 3 , 14 , 15)

B . Effects on the Skin

The fact that in the intact animal , incident ultra-

violet energy does penetrate through the skin , makes the 

.- 
- .- -. ~~~~~~ 
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r e sp o n s e  t o  t h i s  e r ie  try ci ~>m i ni:rrv cemtci rn [tour an occupa—

t i oual  v i & . *;po int  Some o f  t h e  s k i r t s  r sp on s c s  ( a c u t e  and

ch r o n  ic)  i n c l u d e : e r v t l t i n i a  , hi i er im g and des juarrsttr ou ,

P I LR t l t  d a r k en  [r i g ,  t a nn  lu g , ep i.dermua I t N i  ckcui rig, act iuic

s k i m i , p }r o t o s e ns i t . i :at ion and sk mi cancer .

S t r u m c  t u r a  L i v  t i r e  sk in is composed  of t w o  layers — — — the

epidermis and the Lie t in i s  . 1’ i r ir re 2 shows a i i i  ar r a n t  of the

sk i n .  The ep i d e r m is  has  L i e  es~;ent  i;ri Le ers — — —  an outer-

most  t r a t  i f  Led Liv . r of h o r n y  cc 11 s ca Lied t h e  ‘‘s t r a t u m u

c or n eu m ’’ and the inner I i v i n g  c e l l s  [to ur  which the  h o r n y

ce l L s  a r i s e . S L r a t u m  c or n eu nt  c e l l s  a re  cent  i nu a l  I)’ he Lug

s loughed and rep laced by ee l  Is w i t  [cli a re  reproduced in the

h rsa 1 c e l l  l aye r . Between tir e basal ccl. Is are me L a n ocy l : es

(p igment produc Lag cells) wh [cli when i r r a d i a te d  b y u l t r a —

V [ole t ene rgy  produc e me lan in gr a n u l e s  . These granules

m n L g r a t e  toward the  s t r at  urn corneum front the basal cells

t h r o u g h t h e  mai phi g ian ( p r i c k l e  cc 11) layer . The derma l

layer is t h i c k e r  t h a n  t he  ep idermis and is composed of

elastic and collagen t i s s u e  w h i c h  p rov ide  t he  sk in  w i t h  i t s

resi liency. Other constit uen ts of the  de rmis  are : sweat

g lands  and duc t s , h a i r  f o l l i c l e s, sebaceous  (o i l)  g lands

blood vessels  and nerves . (4 , 16)

The degree of p e n e t r a t i o n  b y u l t r a v i o l e t  energy in-

f luences  the response elicited. Below 290 nm , u l t r a v i o l e t

a b s o r p t i o n  in humans is e n t i r e ly in the ep idermis . Between

290 and 320 nut , less than  l0~ of the i n c i d e n t  u l t r a v i o l e t

-- --- - -~~~~~~~~~~~~~~ ~~~~~~~~~ . 
- - 
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EPIDERMAL KERAT IN SURFACE

A

c_ _ -I. t -
-- , 

c

• 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~
E6AC1 -

SWEAT—~’~~~ 
PIGMENT IIJ~ -~~HA I R (

B

G L AND FOLLIC E

Figure 2. Diagram of skin s layers .

A .  Ep IDERMIs : a—STRATUM CORNEUM , b — STRATUM

GRANULOSUM , c — STRATUM GERMINATIVUM C PRICKLE CELL)
d— BASAL CELL LAYER .

B.  DERMIS (CORNEUM ) .

Adopted from refere nce (4) and (16)

-—rn- - ~~ - ~~
- --~ -~ —-- _ - _ -.--,- _ -
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--- -

~~~
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I t

e m m e r g v  ~L C l i i m l g  I lie demmu is inc m a z ;e : :  n u t  i i . a t  i r e  heg 1 1 1 1 1  i m ig

ci ho vU:  Lb Ic t ’rier -~ y range cmi I y ii I i  I t  Ic wore t hai r  r t ) .~, 0

t h e  i ire i d e n t  e m r c r g v  r e a c he s  t he de rum s (~e m r c r a  I l y , wi.  th

Ic:;:; t h a r t  50/. c i  t lie i i re  i. d e n t  t m I  t r ; n ~ I o l e t ’ cc-re i n mt~’ I Ire i l e m i n , i l

L a y e r , t lie j il t emm ;m l org :mit: ; of the bod y ~rre r iot colts i di ved to

be :; u s c ep t  i i )  Ic I c u it rir v Ii) Let ’ d~mr ’i ; ige

T u e  dcv i  i o p m e m t t  o f  e r v t l m e m r r m  , d e f i n e d  i t s  t he r edde n  i

of the sk i n  t rori m t he di l it t i on  and  e r tgo  rt,enrerrt of un n ot e

1) 100(1 Vt ’ ss e is [mi the de trim I s , is I lie t i c s I c om is p 1 c trous c ir~mrig e

in the skin b r o t i g i t t  ; m b o t m t  b y t i l t  m a y  ic  l e t .  e r t e r g v  . Th e re

have  hi ’ er r  v a r  i O U  s m et  hod :; I ’ VOl  ye d to t m y  to t i m  t it a t - c t he

degree of eu yL lr t ’mn m to I t ic dose . One met  hod used g r aded  r e d

Cc 1 O i t ’d p ape r  wit l e N  was I l ien co m l t l ) i l re ( I  to I lie r e s p e m i s e  01

exp osed  [m id [v i i l n r ; m  l.s . 0.7)

The d e c r e e  o cry  t . hema pr oduced  by a cc rt a in dose

d i  f le rs  c m - eat lv at var Lous ul tr:ivio Let wave I em i g t h : ;  . W i t  ii

l ower  wave  L e n g t h : ;  , a ye L i n t  ly e  l y srn :m I i dose is sri  f i l e  i cut

o 10 p r o d u c e  a b ar e  lv  m mcl i ce a b l e  c m v t h i e i t m a  . W i t  Ii i m i c r e . i s i m i g

dosage , (lie degree ot ery t  l iou m ir  p r e d i r c e d  does riot i ncr e a se

p r op or t .  L ona Ily to that produeed at e t ju i l  I doses o I: longer

wavelen gths . For i’x~ir1ip le , a ~3 x 1O~~ Watt , 70 n i in u t e ex—

p osure  o 1 220 nut en er gy  ml gbt . p rotluce a s 1. i gli t r edden t r i g  (1 1

t 
t lie skin w i iii a i-edden Lu g last ing for  a day. However , a

3 x l0 ~ Wat t , 70 im t i.mlU te  exposu re  of  2 97  mini energy  mi gh t

produce a deep redden ing  w L t l i  a r e dd em i  ing la st lug :;evem;n 1

(ray s . Fr or m i t h i s  o bse r v a t i o n , i t  c , i m r  be m iot ed t ha t  t he

~~~~~~~~~~ _  
. _ _
_ _  _ _ _ _ _- -~~‘~~~~~~~~~ ‘~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -  -~~~~~~~~~~~~~~~ 
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slro r er w~m ye I enr ~’t 1i:; i n c  onl y how a in [ m m  i m mm c m 1 1 ore’, — ~re I i ‘ig

e ( f eet  but: a l s o  t h a t  t ime l l m c r v ; m s e  i n  e r y t  l ie iua  i n t l  i ii:; i t  y

w i t  Ii im ’tc re~n s Lu g  dose 1:; l ess  t i t a n i  w i t h  I onlgt ’r w a V e  I ellgt hi s ([7)

In  a d d i t i o n  t o  the  wav e  l e n g t h  t l e p e m m d c m i c v  c t  t i l t  r m v  b i d

he e ry t .h em ;i  r e s p o m i s e  of  hum iman s k i t i  is de ) e r r d e m l  I u p u m t  s r m c h r

~r ar  i al) L’s is t Ire fol I OW i i i : ’  t h e  ang ie ar id  :;pec t r a t

clia t a c t  er is tic :; of the i n c  i d en t  en e rgy  , t h it ’ Li t  i c k e m i  i ng  of

he s t r . m t u m m m  cor n cum , am i d t h e  d egr e e  o I c u t  ~m n l e o t m s  P i glincnt a—

j o~i . (18)

A:; me r i t  i oned e~n r L i e m - 
, t lie rel .~m t  i ye e h e e L  i vem le : ; s of

di  f Ce rcri t wave l e ng t hs  i n  e L i  c i t  ing a spec [ f ic re :; ponse

Co ns t [t i t L e s  t i l e  ‘‘ r e t  ion spec t. r t m rnm ’’ f o r  t h a t  p a r t  j e n i l  ~nr

re :;porise - The “ ;ic 1 ion spec t rtmut ’’ dove loped for  t h e

e ry t  henri  1 response  t o u i t  r~rvi o let: ene r v  sh ows t i m a t  t h e r e

are  two  max inn fo r  the  e r y t h e m i r . m l  e f f ec t  i n  norma I skin : one

p eak a t  abou t  297 nut and a n o t h e r  peak a t  a b o u t  750 urn .

Depend i mm g upon the in v e st  ig~tt or and Ii is expe r  Lumen ( a  I I (‘ch-

tt i que , the peak at 230 nun could  e i t h e m -  be i m n i r j o r  or  rii i i t o r .

F I gore I shows a ii ‘‘:mo t ion spec I t urn ’’ deve loped by a ii i i r m mbc r

of i live :;  t i gir  t cr 8 for  I lie cry t l ie r mi  I nec po l ice .  (19)

Oitce  h i t ’ sk i t i  is expo~ cd I o u l  t r a v i  ole t  energy  and the

ph o t o c i n e m i c . m l  r t ’sponse of  the s k i n  (leve lops , a per iod  of

Ian e’fl~~y insues  p r i o r  I o an er y t h e n m a l  re~m c t ion o c c u r r i n g .

Dur l u g  t h i i r ; l . i i . om i cy  p er  lcd , mel ;lnin g r a n u l e s  f r o m  t i re  basa l

cells iu I gr.i t e i i t t  o the  ma i ph i gan l a yer  w i t  It a t h i  e k e n n i  ng of

the ho mm y l a y e r s  of he skin  . l i ii  s mi gr a  I i on of ume 1 an in

-— — _~~~~~~~~~~~~~ -_ ~~~~~~~~~~~~~~~~~ 
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1.o_

O.9 .~ .

I;! 1t~O.8~ k-
Il I

0.7~~.

w O.5.. 
- 1 1  -

‘ — I f~ I F ’ i ’  i
240 260 280 300 320

WAVELENGTH .

FIGU1U~l 3
ERYTHi2-; A AcTIo :! SPEO T HA ( pr ov i ou s o bs er v er s) .
FttOl-l EVF :HETT , OLSON , and SAY ~~~. (1 9)

LUC K I LSh , I i OL.LADA Y , nr id  TAY LOR — A
ilAUsri gri vnd V A J i L i ~ ( 1922 )  —
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t h e p 1 gu n eut .  r esp oni : ;  Lb Ic f o r  v ar y  inig t l e l ’ r c e s  of s k i n  cc b ra—

t ion , scen ic to p rovi do an incre~m s ed degree of I~~
o t cc l  ion

a g a in s t ,  r e p e a t  ~‘d u l t r a v io l i ’I i n s u Lt s . (7)

l ’h r o t  oselt :; i t  i : :a t  ion of t h e  s k i n  is i m n o t  t i e r  re :;ponsc

obse rved  Co 1 Low i rig u It r~nvio let: expo:;ure . Two gen et  t ea l  ly

[nbc r it ed di  cc as cc X e rode rimi a 
~ glue m ’r t  osum am id congen it: a I

e r y th r o p o  j e t  c p r o p h yr  iii a r e  endogemious  d i sorde  r s e x a c e r b a t e d

by u i  t . n ;m v i o l e t  en ergy expo: ;ure . There  a re  exogenous  f a c t o r s

w h i c h  can p roduce  photosen :;  i t  i z a t  ion in t h e  i n d i v i d u a l .

Ex a n t p l e s  of  t hese  f a c t o rs  a re  cor l  a in oral  and t o p i c a l

a ~~ I [Ca l  ion (m ug:; many p l a n t s  such :m s f i gs , lime s and

p arsn  ‘1~~ 
( ‘Ott L a iii ph o t o s en s  i t  ía ing c h e m i c a l s  ; and cer tain

imidu: ; t r [al c l i e n m i c a l s  :;uch as coal tar dcniva t i yes and ultra—

vio  Let  cured  inks . (4 , 7 , 20)

Chronic  exposures  to t i l t  r a v i ol et  en ergy p r o du c e

a c t i n i c  sk in  wh ich  is m a n i f e s t e d  by a dry , brown , i n e la s t i c

and w r i n k l e d  skin . The c o n dit i o n  of i ict in ic  s k i n  does not

in it s e ll  appea r  h a r n m f u l  but should be heeded as a warn i n g

10 sn i c c e p t  ib le  i mid iv iduals  o h , p o t e n t  ial f u t u r e  comp i tea—

t ions . There is aitmp le da t  a to i n d i c a t e  tha t  chronic

exposure  to u l t r a v i o l e t  produces care  inogene s is w i t h  t h e

p r i m a r y  c a r c i n o gen i c  s p e c t r u m  bel ieved to be between 230

and 320 nm (21- )

C.  E f f e c t s  on the Eye

The u l t r a v i o l e t  en ergy t h a t  is incident upon the

eye is absorbed by t h e co rnea , the  a queo u s h umor , the lens

— - — ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — --:~--— —
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and / or t he v i  I r cou s hutno r dope t i d  I t ig U~~OU I Is  wi vol  cog t hi

i ’igu re  4 p r e s e n t  the :;trmlcture of t h e  eye am id  i mid [cates

how till ray 10 Let i :; absorbed a t  cc lee tC (l wave I e ngt h s  (4 , 22)

In t he in t a c t  eye , ultr :iv [ole t energy doe:; not: reach the

retina . This  i :; fort u n a te  since t ire eye , nm n i ike the skin ,

does not  deve l Oj) ii tolerance to s u bseq u e n t  irradiation

The c las: ;  teal effects of ult raviotet on the eyes  are

photophob i~l , p a in  , epip hora , excess Lye I, acr [m a t  ion , i rrita—

t ion , congest ion of t:he conij unct iva and c i i  i : m r y  spasms

These symptoms  a rc  f r e q u e n t l y scent in i ndust:ry and des—

cr [bed as ‘‘ C l a sh — b u r n ’’ or ‘‘w e l d e r s  eye . ‘‘ Tiii s acute

phonomenon is [ocapacitat I ng at the t iwo bu t  d i  sapp ears

a ft:er severa l , days  wi th rarely any perntaneni: ccii i ar

damage . (23)

Pitt s and Tredici (13) invest .Lgat:cd threshold itit: eflSi —

ties for  t h e  produc t ion  of ph ot o kor a t i ti s . The i r  f i n d i n g s

con cluded t h a t  u l t r a v i o l e t  induced p h o t ok cr a t :i t i s  is

in ct d io us  and in c a p a ci t a t i ng . Mos t of the sympt oms of the

ph o tok e ra ti t i s  appeared  in about  4 t:o 12 hours w i t h  about

8 hours e l a p sin g  for evidence of visual incapacitation .

The ker~mtit i s was an i n f l ammat ion  of the  cornea  w i th  pu n c—

ta t e  lesions or u lcera t ions in the s u p e r f i c i a l  ep i t he lia l

layers .

In a l a t t e r  report  by P i ths  and Cibbons ,U4) a similar

threshold response to ultraviolet a t 260 nm and longer wave-

lengths was shown to exist in rabbits and primates. At 250

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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Figure 4 . General structu re of the eye and t he percent -

of energy (uv) absorbed by the - v arious

components . -

Mod j fj ~d horn refe rence 14 ) ond ( 22) .

_____________________________ - ~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 4



24

min t and :; hor tir w a v e l e n g t h s  , the pr i imiat e c (inc lud imig h u m ans )

were the more cons i live compared  t:o the rabbits . At 270 nut

the human cornea thre shold wa s 0 .4 x io 2 W a t t s / c m 2 . Fi gure

S shows the  c o m p a r is o n  of  t h e  u l t r a vi o l e t  “ac t  i o n  sp e c t r u m ”

f o r  the r ah b  it , the 1) 1’ i nu t e  and the  human

As r ep o r t e d  b y v L t t s ~~
15) mos t  of  t he  w a v e l e n g t h s  below

300 nut were absorbed  b y the cornea  while the wave l engths

be tween 310 and 390 nut were absorbed  b y t h e  lens . The

“act ion spec I runt” f or the r a b b i t  lens e x t e n d e d  From 295 to

at least 335 nm . It appears that the most effective wave-

length range for producing icriticular opacities , local ized

areas of opacificat ion in the lens , is f r o m  295 to 315 nm.

A surprising finding of Pit Is ’ stud y was t h a t  a r e la t ively

low r a d ian t  exposure  f rom 295 to 315 nut in w a v e l e ng t h  was

requi red  to produce le nt i c u l a r  op a c i t i e s . At lower radiant

exposures in the samne wavelength , the  cornea wa s damaged bu t

not t he lens . The re fo re , the cornea threshold  should p ro-

v ide a d e q u a te  protection aga inst lent’icular damage .

As repor ted by Pitts ,(23) the human u l t r avio let “a c t i on

sp ec t rum” extends from 220 to 310 nm w i t h  a minimum at 270

nm and an cn er m ~v d e mi s i t v  th resho ld  of 4.0 nm i l l ij ou l e s / cn m 2 .

He ba sed h i s  find ings  cn an experiment where he exposed

t h i r t y - n i n e  (39) human cye s to ultraviolet energy. Pitts

used seven c r i t e r i a  to determine the th resho ld  level;

epithelial debris , ep ithe lial haze , epi rhelial granules ,

phot ophobia , symptomarolo gy , visual acuity and corneal

_ _ _ _



_- - -~~~~~-~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~ 
_

25

‘

~~ 
5.0 - 

. 
-

~~ :: ~~~~~~~~~~~~ /
“

~
\

~ 

m~~~~~
i
~~ &~~~~D 

/

::
jE 22~~ 230 240 2~iO 260 210 2~ O 2~.0 300 310

- 
- 

- 

- 

W~ VrLL:N GTh. nm

. co: :p;~i~I ~;o~:- o~’ TIi~
’ 1Ji, i~AV IOLI ;T

AC ’i’IOi ~_;1’ :-: (; ‘i ~UI i- ’(~)~~ ~
‘ ; ~E Ui’~i~-)~ t 1 ,

Al~1) 1iui:1~n • F~ 0i-i 1’I~~f~ ~:L G ].Ii3B0fl ~ • (1 1T )

-~~~~~~~~~~~
- 

~~
— - - - .——- ---_ - 

~~~~~~~~~~~~~~~~~~~~~ 
-. - -

~~
,.. 

~~~~~~~~-.--.



- - - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —~~~~~—-—~~-~~~~~~~~~~

26

li ght scatter. Two observers independentl y de termined the

cr i ter i a st a tus and c l a s s i f i c at ion of each eye . The re sults

indicated that the nrost effective wave band was 270 nm with

a t h r e s h o l d  of 4 .0 niillijoules/cn-m 2. The most commonly

r epo rted symp toms were tearing and a f oreign bod y sensation .

The eye appears to be most sensitive to ultraviolet

radiation of 270 rim . At low exposures , the cornea is the

f i r st to react  to the insul ts by ul traviolet energy with

the e f f e c ts be ing delayed depend ing up on waveleng th , ex-

posure dura t ion and exposure ra te . W i t h  low exposures ,

these e f f e c ts are t r a n s i t o r y  in nature and usually disappear

within 24 to 48 hours after exposure cessation . At longer

wavelengths and higher irradiance levels the lens may under-

go lenticular changes. However , at these higher levels

where l en t i cu la r  changes occur , the cornea may a l ready have

developed such permanen t damage as stromal haze , stromal

opac i t i e s , endothe l ia l  changes and th icken ing  of the

cornea . (23) Table 3 p r e s e n t s  a summary of some of the bio-

log ical e f f ects of ultraviolet radiation . -

D. S tandards  for  U l t r a v i o l e t  Rad ia t i on .

As has already been discussed , the d i rect  bio-

logical effects of ultraviolet are wavelength dependent.

Each of the biolog ical effects mentioned have their own

action spectrum . Unf ortunatel y, most ultraviolet sources

emit broad band spectra so that the wavelengths emitted

may be associated with one or more action spectrums .

— — —.-‘
~~ 

.- — 
~~~~_ - — --— -—-~~ .--~~ ———— —-———— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



27

TABLE 3

~i 1lMNAR Y OF SONE B b LOC [CAL EFFECT S; OF U L TRA V IOI .~ET RADIATION

Eu’ I~’Ec’r UI .TRAV T0 1.E T 1- AVEI ,F N C T II

C er n m i c  [dat  254 nut  uma x in tu mm m — e f f ec t s  f a ll
r a p i d L y  at  ; l t o r t  or or longer
wavelengths.

Care inogenic 200 — 400 mint ; maximnuut effect
290 - 320 nut .

Phot osensit i ::at: [on W a v e l e m i g t h s  a t  w h i c h  t h i s
occurs v a r i o s  w i t h  absorption
charact:erist ic of chemical
comnp ound s  mivo lved

T h i c k e n i n g  of S tr a t  uni Solar range , 3 0 0—400  mini .
Co r n o urn

K e r at o c o n j u n c t i vt t i s  Creat : er  e f f e c t  a t  sho r t e r
wave L e ngt h s

Lenticutar damage Limited to wavt bands above
295 nut . A c t i o n  spectrum it for
lens: 295 to about 315 nm.

Erythema Peak e f f e c t s  at 250 nut and
290 nut.

Pi gmen ta t ion 280 — 320 nut st i m u l a t e s
f o r m a t ion  of m e l a n i n  — little
t an n i n g ;  300 - 650 nut ox id i ze s
pre formed me l an in — t anu ing

Modit ied froni ~t[chaelson~
5
~

~ 
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~\ mt  e .mr lv m t  t e mm ip t . i t  i~ ’ r i i u m l ; , t  im i g  i i i  t r m v i ~~ i e t  t ’X I) I O l J i’C

~u I dance ~s’~m s uhm ie I m i I ~~ by he Cotimm e ii on h~hvs i c a l  N e d—

ic inc ot. I lie $uuem : ic.tti ~k d  Lea  I Assec t a t  ion . They m ceu:::eud—

er it cc ia for expe sure of lie eve or sk m l o u l  r. viol t ’t

ener ’,v remit ‘erm [c da L I mn~p:; . pr i mar  i I v a ses~’ch omua t [c

euti t I or  i t  2 5 .~ .7 num . Th ey p roposed a L i m i t  f o r  the 1 . :up of

o - .
~~~~ / enm- ~ f o r  a 2-~ hiou r cx p o su r e  amid 0 ~ p \~ / cm 2 f o r  a 1

lieu r • ~i’ sl ie r  I or , exposure . [‘he c r i cc i a were based  on

a dose wh icli would not produce an e n t  henma

~-L m t e I sky ~ roe egm i iso ~i IL m t ma m m v P~ 
r a i sE  e r os  a f lee t

htie ~ lie h va ties , so h e :; t m ~~r~o st- ed he lo L i ow I mm
~; 

t hires hold

doses we i gli t eil on t l ie h - is  i 5 0 1 1 he i L’ act i üi i  S peel  F~i

I )  ~-~i ti l niumu cry ! henhil dose lot.’ pre y i ens Iv mionexpoced

skin: 2 x LO’ ~ — 2 .5 x t 0~ ;W s e e / cn i - ~ 01 erv t hieuia L l v —

we [gu t. ed ultr avio let

2) Ni n imn um er \ ’ t h ien m a I dose [or p r e v i o u s  L v  exposed

sk in 5 x tü~ — :~ . 5 ~~ w /cnr? of rv hommia I lv-

we ig hi t  ed U It ra~ LO l O t  -

3) Minimum k e r a t  i t  ic elose : 1.5 x tO~ 11 W so c/ c u t 2 of

kerat i t  Lea I t  v — w e  i g h i t  ed u I t  r av io  le t

In  197 1 t be Ceumt i t t eo on Pbvs  I ca t  A ge n t s  o f the

Am er i c an  Conference of Coverm-mumeut at Indu ct rizm I h yg ienist

(AC CI I I )  proposed a g en e r a l  TIN [or exposu re  of  1)0th t:he

sk in  and eye to u l t r a vi o l e t  r a d i a t i o n . (2 5 )  In 1972 , NIOSH

p u b l i s hed  i t s  Re commuen da I ion for  UI t r j~~i.o le t  R a d i a t i o n

S t and a rd (7 )  wh ich  was t ho same as t h a t  p roposed  by the

~~~i~
_

~--CIi1 T T~1~~ T* •ii~~ T~~ij.~
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ACC Ill .

The r e c o n i m i m e n d a t  ion was based on t h e  e I f e ct  of u L t r a -

v i o l e t  on sk in o r y t h e n i : m  and ph o t o k e  r a t  it is p roduc t ion.

~~~ 
(2 5 )  Co m np ~i r od I lie  a c t  ion S pee t ra , hot Ii f o r  c m  y hem n~i

— and [or p h i o t ~o k c r a t . i t  is and plot ted energy as a funct ion of

wave l en g t h  for these act ion spec Lra . lie then drew a n u n  iu iumn

I m a s a  rd c u r v e  wh ich comi t o rnied t:o the genera L dis tr ibut ion

of t h i s  data. This c u r v e  drawn b y Sl i ney  was the basis of

the recomuienda t  ion b y N lUSH for  the s t a m i d a r d  front 220 to 315

DIII .

The recommended standard (A p p en d i x  1) was b ased  upon

the action spectra for  b o t h  e ry t h em a  and k e r a t o c o nj u n c t i —

v i t  is and was L n t cn ( l e d  to  p r o t e c t  the  s k i n  and eve ; against

a c u t e  e f f e c t s .  T h e r e f o r e , s e p a r a t e  skin and eye  s t : an dard s

were not necessary and were not recommended . The reconiniended

standard  was umore  r e a d i l y a p p l i c a b l e  to the eyes s i n c e  the

eye , unlike the skin , does not a cquire  p r o t e c t i v e  capabi l i -

t i es  a f t e r  r epea t ed  exposures . The s t a n d a r d  was in tended

to.ad equa tel y pro tect normal individuals so it may not be

adequate for photosensitive individuals . F i n a l l y, this

standard has yet to be given a legal mandate for euforceutont .

_ _
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IV.  Measurement of UI t ro vio L e t  Energy

A. Design Criteria

Ultraviolet energy normally occurs over a broad-

band reg ion and not p r e d o min a t e l y at one w a v e l e n g t h .  Wi th

the publishing of the UIOSH Ultraviolet Criteria Document ,

a measur ing dev ice that would integrate t he  ultraviolet in-

tensity over a specified range became a necessity. Problems

that had to be considered with such instrumentation were :

it effectivel y had to be non-responsive to the low visible

rad iant energy wavelengt.is and it had to be biologically

weigh ted in uni ts of a “hazard factor.”

1. Guidelines app licable to all instruments:

a . The ins trumen t should be por table , compact

and ligh t in weight. This design guideline would allow the

measurement of the ultraviolet energy with little to no

in ter fe rence  from the ins trumen ts presence in the f ie ld .

b . The operation of the instrument should be

simp le so that it may be opera ted by a trained technician .

c . Adequate filtration should be provided to

eliminate or minimize the out of wavelength band leakage .

d. The instrument should be rugged and stable

under normal operating conditions . This feature would

permit field use of the instrument without unnecessary

concern about the validity of the data due to the frailness

of the instrument.

e. The instrument should be calibrated with

~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
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minimum inconvenience using a reliable standard.

f. Reflec tion front nearby su r faces  should be

ei the r el imina ted or minimized . This feature would permi t

true measurements of the ultraviolet source .

g. The instrument should have an acceptance

angle of no less than 30 degrees. This characteristic

would permit survey work of nonpoint sources. It would also

permi t a survey of po in t sources close enough to each o ther

to account for an additive effect upon the exposed individual .

2. Add itional guidelines applicable to the UVHM :

a. The instrument should have a sensitivity to

0.05 x io 6 t~att s/ cm 2 over the wavelength range of 200 to

315 nm. This sensitivity would permit an evaluation of the

ultraviolet energy source to determine comp liance wi th the

recommended standard.

b. The instrument should have a spectral res-

- - ponse curve peaking at 270 nut with essentiall y no response

to wavelengths above 325 nm. This would permit the evalua-

tion of an ultraviolet energy source in accordance with the

recommended standard.

B. Instruments in Use

In measuring ultraviolet energy , there are three

main detec tion methods employed: physical , chemical and

biological. The principal disadvantages of chemical (e.g.

dosimeters) and biolog ical (e .g. p igmentation) detectors

are low s e n s i t i v i t y ,  re la t ively long response times

_ _ _ _  
- - ..- 
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and unsuitability for continuous recordings .~~
26
~

Shor t ly after the publishing of the NIOSI-i Ultraviolet

Criteria Document , a company submitted to NIOSLI a proposal

for the development of an industrial ultraviolet radiation

bad ge- type dosimeter. Th e bad ge would be able to indica te

to the user the dose of ultraviolet energy received (8 hour

close 3 mW sec/cm
2 

effective at 270 nm). The basic

princ ip le was the us e of a pho tosensi tive ma terial  tha t

upon exposure to ultraviolet would change color in relation

to the close received. To da te , no bad ge has be en developed

from this proposal.

In England , Challoner and others~
27
~ used a s imp le

bad ge dosimeter based on measuring optical absorbance of

ul traviol et on a pol ysuiphone film. The op tical absorbance

was measured before  and af ter each exposure wi th the dose

measuremen t being converted to the effective erythema dose

equivalen t of 297 nm in mJ/ cm2
. This device may be useful

for solar radia t ion measuremen ts for an epidemiolog ical

stud y but it would not be useful for the measurements re-

quired in an industrial environment .

Al though at tempts have been made to develop a reliable ,

cheap and simple film badge de tec tor , the problem of low

sensitivity and long response times continue to p lague the

developers. Another problem with these personal type dosi-

meters is in obtaining a response similar to the NIOSH

recommended standard. 

~~~~~~~~~~~~~~~~~~~ - _--—. - --~~~~~
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T h e  ut e t  hod of phy:; ica I dot cc t ion has been the  mutost

ide ly used ium e as urem iu e i i  t mc L h m o d  b ecause  i t :ippea r !; Lu  be the

nios t r d .  lab  I o . The pltys [cal r ime I hod of I l m e a s u r e n m u m i  t depends

upon p1ioto ~~ ’ m i: ;  i t  ive e 1 ement s  co n v e rt  ing electromagnetic

e m i s s  i ons  i n to  elect rica]. energy . There ar e  two bas ic  ty p e s

of physical d et e c t o r s  : R ;m d i o m n e t r i c  — — t hose t h a t  absorb

radiation which i th erm degraded  to beat  and Pbot;oolectric — —
Lhl ose  w h i c h  pr o e l tmc e  e l e c t r o n i c  d i sp lacement  or e j e c t  elec-

t cons front p h o t o e m tm is s ive nuate r ia  Is

There are  a v ar i e t y  of i n s t r u m e n t s  w h i c h  emp Loy the

phys ical d e t e c t  ion method . The s imp les t  device is the  h a r r i e r

or ph ot o v o l t  a le  cell . In t h i s  me t hod , c e r t a i n  s e m i c o n d u c t o r s

such as so Lem ilunu or copper oxide  depo si t :ed on a s el e c t e d

me t~ m 1 deve Lop a pot  ential ba r r i e r  b e tween  t he  l a y er  and the

m e t a l .  Energy  f a l lin g  upon the s u r f a c e  of the ce l l  causes

the  f low of e l e c t r o n s  from t h e  s emiconduc to r  to the  m e ta l .

A s e n s i t i v e  u -meter  p Laced  in such a c i r cu i t  w i l l  record  the

i n t e n s i t y  of  r a d i a tio n  f a l l i ng  on the  cell .

Some ot  her i n s t r u m e n t s  developed  use vacuumu tubes or

p ho t om u lt i p l i er  tubes to achieve the des i red  s e n s i tiv i ty .

Most  of the  commerc ia l ly a v a i l a b l e  u l t r a v i o l e t  equ i pment is

wa ve leng th  se lect ive . Wi th  these i n s t r u m e n t s , sp ec ial  f i l -

ters  are required to isolate  the port ion of the u l t r a v i o l e t

s p e c t r u m  of i n t e r e s t .  As a r e su l t  of t h i s  s e l e c t i v i t y  prob-

lem , mos t of the ava i lab l e  u l t r a v i o l e t  i n s t r u m e n t  ;m L i o n  is

desi gned for  and used at very sp e c i f i c  w a v e l e n g t h s .
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Sonic ex amtu l ) les  of the  i mis  L r u m n e n t s  c u r r e n t :  ly he lug used
in the f i e l d  to measure ul Lr ;mvioiet are  : I) B l a k — R a y  UV

I n t e n s  i ty  t i et er , (28) 2) a p o r t : ab l e  s p e c t r o r a d i o um e t er

deve loped  b y the  US AV , (29 )  3) t he l u t e  en a t i o n at  Li ght Mod e I

Il L 700 (30) and 4) t Im e  NIOSII I J V I I M . (31)

The B Lak—Ray nieter is a coumn iorci . : i  I l y a v a i l a b l e , h a n d —

he ld su rvey  m u e t e r  t h a t  was desi gned fo r  m e asu r i ng  UV i n t e n —

sities in indust r ia l  ap p l i c a t i o n s  such as under  g e r m i c i d a l

lamups . I t  is not the  h a z a r d  survey  mrt ete r  r eq u i r e d  for  t o tal

tJV haza rd  e v a l u a t i o n s  because  it has a l i m i t e d  w a v e l e n g t h

s e n s i t i v i t y .

The p o r tab l e  S~~ CC t roradiomiie t e r , deve loped at  Wri ght  —

Pat t er sou  A 1’B is an a t t e mp t :  to s a t i s f y op er at  i.ona 1 r e q u i r e —

nients  for  an u l t r a v i o l e t  h a z a r d  survey me t :er . The i nst r umen t

cons i s t s  of a m in i a t u r e  tandem gr ;m t ing  mu onoc l i romato r  Wi tli a

p h o t omu l t  ip t i e r  d e t e c t o r . One of the drawbacks  of the

ins tr umen t is t h a t  incremen tal measu remen ts of the  source

mu st  be mad e over the  wavelength  of i n t e r e s t .  The integral

of the product of  the  meter  response and the  r e s p e c t i v e

wave length correctiomi factors for the in s t r u m u t o n t  r e s u l t s  in

the t o t a l  i r r a d i a nc e  c or r e c t e d  for  the ACG I1I /N IO SI I  ac t ion

spec t rum . Tb! s i nst  runu ent  is not a d i r e c t  readout  , broad-

band ultr aviolet survey meter .

The IL 700 is .i c o m m e r c i a l l y  avai lab le  instrument

w h i c h  has extremely hi gh sensit:~ vity (down to about

I ~~~ iO~~~~~~~~~ W / c mn 2 w i t h  s u i t a b l e  acces sary  o p t i o n s )  but has no

-- ; ~~~~~~~~~~~~~~~~~ .~~~
:-•
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b iolog tea I—we ight i u g  func t ion . The Inst r um m i c u t  ut : i i  i zes

ph otod  Lodcs , ph otornu l t ipl i ers , and sol d s t a t e  det e c t o r s

I hu e  rub y a l l owing an i n t e r c h a ng e  of de t ec to r s  fo r  con t inuous

flue m s u r e m n e n t s  of power in var ious  sp e c t r a l  bands  f rom 200 to

L lOO nm .

C . Ul traviolet Hazard Meter

[‘110511 was f u r n i s h e d  a p r o t o ty p e  u l t rav i o  !et  h a za r d

monitor in Ap r i l  1973 . The UV IIM is an a t t e m pt  to develop a

d i r e c t  readout , p o r tab l e  m o n i t o r  capab le  of d e t e c t i n g

p o t e n t  ia l ly  hazardous  broadband sources of u l t r a v i ol e t

radiation . The instrumitent had been desi gned to re spond to

the  exposure  l i m i t s  set  f o r t h  in the N 1OSH Cri teri a Document

f o r  U l t r av i o l e t  Exposure . In Sect ion V , the p e rf o rmance and

ph ys i ca l  c h a r a c t e r i s t i c s  of the UVHM which  were o per a t i o n a ll y

eva lua ted , are discussed .

.---— — - - — ~
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V . Evaltr at Len of t h e U l t r a v i o l e t  M o n i t o r ’ s O p e m : u t i n g

Par;mumeters

In order to cu nm p l y w i t h  the re commu end at  ions set: f o r t h

in the  NIOSII Ui t r ay  Lo let. Cr iter Li l)ocumeut , N I OSI I  awarded a

c o m t t  rae  L for the clove Lopmuent of an u l t r a v i o l et  energy  n ioni—

t o r i m i g  dcvic~~. Th i s  dev ice  had to c o n f o ru t  to a sp e c i f i e d

sp e c t r a l  wave l en g t h  resp onse  curve  peaking at  270 nut w i t h

essemi t ia L I  y no response  to wave Lengths above 325 nmn . In

~\p r i  1 [973 , CB S Labo ra to r i e s  de l ive red  a p r o t o t y p e  i n s t r u —

mue m i t ( r e f e r r e d  to as UV UM) t h a t  was i n t ended  to meet: t he

~~~~ i f  Led cc [t er  ia and enab le  a d e t e r m i n a t i o n  to be mach e of

t i m e  p o t e n t i a l  r i s k  to work ers exposed to u l t r a v i o let  energy .

in t hi s  sect:  ion , var  ious o p e r a t in g  p a r a m e t e r s  of this proto-

t y p e  i n s t r u m e n t  w i l l  be d iscussed . T h i s  evaluat ion was

p e r f o r u t e d  to de t e rm um ine  the  p e r f o r u t a u c e  c a p a b i l i t i e s  and

l i m i t a t i o n s  of the UV IIM .

A. Basic  I n s t r u m e n t  Desi gn and P r i n c i p les

The bas ic  com ponents  of  the UV IIM are  shown in

Figure 6 . (31)  The U V IIM employs a m u l t i l a y e r  in te r fe rence

f i l t e r , u l t r a v i o l e t  d icl iro ic  mir ror  and a q u a r t z  lens in a

fo lded  opt teal  systen i  to ach ieve  the d e s i r e d  spect ra] .

respo nse.  A me ta l  oxide si l  icon ( [‘lOS) pho todiode  o p e r a t e s

in a biased mode which de tec t s  ti - me u l t r a v i o le t  energy

transmitted t hrough the bandpass filter system. To maintain

l inear  dynamic opera t ion  on the [‘lOS P hotodiode , the maximum

input  f l ux  is l imi t ed  on the hi gher input, ranges by means of 
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a nuoveable  a p e r t u r e  s t o p .  A r o t a t i n g  op ical chopper

interrupts the optical si gnal , thereb y a l l o w i n g  s e p a r a t i o n

of t:he ph o t o d i o d e  o u t p u t  signal from ‘the dark  curr en t .

The detector o u t p u t  si gnal  is au mp l i f i e d  in a two s t age

a l t e r n a t i n g  c u r r e n t  (AC) amp l i f i e r . The s e n s i t i v i t y  of

the i n s t r u m e n t  is set in the  AC ; m mm m p l if i e r . This  AC s i gnal

is r e c t i f i e d  in a synchronous demodulator consistin g of two

pho toconduc t ive ce l l s  coup led to the o p t i c a l  chopper  wheel . .

This synchronous demmuodulation rejects the  nonsymichronous

signals , thereb y pr ov iding  a hi gh noise immunity to the

system . The detected direct current (DC) is filtered and

d isp layed on a panel n-meter which also serves to mitonitor

the battery condition.

Fi gures 7 and 8 show t:he U l t r a v i o l e t  h azard M on itor  and

a functional diagr am of the c i r c u i t r y  of the UVI - IM respec-

t ivel y. A simp le two p iece alumin uni enclosure contains the

componen ts of  the me ter . The instrumen t controls consist

of the power switch , a charger inpu t  jack , a func t ion

selector switch (fast or slow response) , a 2500 d e f l e c t ion

indicator  me t :er (range 0 to 3 u n i t s )  which  can a l so  i nd ica t e

the cond i t i on  of the b a t t e r y , and a range swi t ch  ( s e l e c t i o n

range from l0~~ to l0 2 W a t t s / c m 2 ) . The instrument is power-

ed by a four unit , 6 vo l t , 750 mil. liam per e/hour  rechargeable

nickel  cadmium b a t t e r y  which a l lows ± 12 vol ts  for the

e lec t ron ics  and the 24 vo l t s  for  the motor supp ly c i r c u i t .

The bat tery  charger comp letel y re p lenishes the b a t t e r y  in

- - 
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fl gu ré 7. The u Itr ov ~o Iet hazard mo nit or 
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ab out  1 -‘~ hour s  No LL mm u . i g t ’  o ccu r s  i f  t i e  h a t  t u r y  ht ’com uucs

modi r~m te l V ove r eh a r r e d  - 
( 3 1 )  The re is a recorder j Lick on

th~ face  of t h e  U V I I M  wh ich a l l ows  :m p e r m an en t  r ecord  of the

tJV H -~ re 5 p o m i  sc t o be ob t a i 11cc1 whc a c o n n e c t e d  t o a r e C Or d e r

B . P c i  1on~. m m i c e  Chia rae i c r  i s  I ics

a. W ; m r m — u p  ‘r imne

The wa rm— c mj )  t i me was d e f i n e d  as the c lapsed

t ime necessa ry  for  t:he tJVIIM to meet stated performiiance

sp e c i f i c at  ions a f t e r  being o f f  fo r  a t  least  24 h o u r s .

Dur ing a l l  pe r foru i ance  t e s t i n g , ti -me UVUM was  ~u l Loweil  one

m m u in c m te for  wa r u m — u p  . Based on the  r e s u l t s  of t h i s  es t l u g ,

a one minute  war m —up t ime is sat  is t a c t o r y .

b .  Respo n se Ti me

Res ponse t ime in t h i s  ev a l u a t i o n  was the

to ta l e lapsed tinte between exposure of t:he UVIIM to a known

u l t r a v i o l e t  source and a l007~ f in a l r e s p o n s e .  K n ow led ge

of the  r e sponse  t i m e  is  i m p o r t a n t  for  i t  p rov ides  the

ope r a t o r  w i t h  i n f o r m a t i o n  on t h e  ab i l i t y/ i n a b i l i t y  of the

UVH M to adequa te l y de tec t  p ulsed or shor t  du rat ion  ultra-

v io le t  energy . The UVIIM ’ s op t ica l window was blocked f rom

a 30 W a t t , deut e r ium . u l t r a v i o l e t  lamp . The t i me front  the

UVHM ’ s opt i ca l  window being exposed to the lamp to the

indicator  metcr t s full response was checked using a

Sheff ie ld  Sto p watch.  Ten different trials were made on

each res p onse s e t t i n g.  On t he fast s e t t i n g ,  ti -me f i n a l

response was achieved in 1.8 ± 0.2 seconds. On the slow



Standard (7) which  was the  samut e as t h at  p r op o s e d  by the
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set Ling, the fitual response was achieved in 30 t 2 seconds .

The re sp onse t ime on the slow setting limits the use of this

s e t t i n g  t o the mu cas ure me nt  of u l t r a v i o l e t  energy sources

that ope rat e  cont  i rtuous l y for  longer  t h a n  32 seconds . The

f a s t  respo nse s e t t i n g  can be used for c o n t i n uo us  or inter-

mittant sources which ope ra te  longer than  2 seconds . The

UV II M is l inu i L ed  in i ts  a b i l i t y  to measure  pu l sed  sources to

energy pulses longer than 2 seconds .

c. Relative Spectral Response

The relative spectral response was the response

of the UVHM to the incident radiant energy of a particular

waveleng th  or wave leng th  b a n d .  The r e l a t ive  spec t ra l

response was made to determine how well the response agreed

with the publish -med biolog icall y weighted NIOSI! standard .

The relative response measurements were made using the setup

in Figure 9. A 30 watt dcuteriuun ultraviolet: lamp was used

as the ultraviolet source. After the ultraviolet energy

passed through a single converging silica lens , it filled

the entrance slit (3 mm x 3 mm) of a Minuteman Model 305-M

half-meter , vacuum Monochromator . The nionochromator ’s

optical system emp loyed a modified Czerny-Turner system

positioned in such a manner that no double diffraction

occurred . The exit beam from the 3 mm x 3 mm exit slit was

similarly directed through a simple converg ing silica lens

which was positioned in such a manner as to fill Less than

half of the UVHM detector ’s quartz condenser lens . Ti-me 

~~~~~~~~~~~ ~~~~.;. ~~~~~~~~~~~~~~~~ ~~~——.-—---—~ -
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- CONVE RGING
L ENS D E U T E R I U M

S O U H C E

- 
MONOC HRO MOT OR

ELECTROME TE R

Figure 9. Exper imenta l arrangeme nt for U.V. alert hazard

monitor re lat ive s pectra ) res ponse chec h . 
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1
N a t i o n a l  Bu r ea u  of  S tamida rds (NBS) Truts fer St a n d a r d

Pho todj ode  and t h e  UV IIM w e r e  posit ionecl at the same

dis Lance from the c o n v e r gin g  lens  so th a t .  t he  same amoun t
— of inc i d e m i t  r a d i a n t  e ner gy  imu p ac  ted  upon the pho todiode or

t:he UV hl ~-1 condenser lens. The p h o t o d i o d e  ‘ s e l e c t r i c a l  im-

pu l s e s  wer e fed  to a K e i th l ey  Model  602 Solid SLate Electro—

m e t e r  whi~~h measured  the  c u r r e n t  ( l0 8 Ampere s )  . The c u r r e n t

rc sponsL ’ was rec ord ed as a f u n c t i o n  of w a v e l en g t h  us ing a

h e w l e t t - P ack a r d  ( 11-P) 7004B X -Y R e c o r d e r .  The UV EiM r e sponse

as a f un c t i o n  of w a v e l e ng t h  was r e c o r d e d  d i r e c t ly us ing  the

li-P Recorder .

Us ing  the cu r r en t  measu rem en t s  f rom the NBS c a l i b r a t e d

t r a n s f e r  s t anda rd  photodiode , the  i nc iden t  power was

de ternu ined  us ing  the f o llo w i n g  equa t ion :

I .P .  = 1. 24 — E q .  3
( A ) ( Q . E .)

where I = current in amperes

= wave leng th  in mic romet e r s  ( t im)

Q.E. = quan tum e f f i c i e n c y

I.P. = incident power in microwatts (pt’l)

The developmen t of equation 3 i.s shown in Appendix 2. The

inc ident  power at each wave leng th  was then n -mul t i p l ied b y the

r e l a t ive  spectra l effectiveness values listed in the NIOS1-i

Cri te r ia  Document for  U l t r a v i o l e t  Rad ia t ion , page 1-5 , to

produce an e f f e c t i v e  power value . (7)  These e f f e c t i v e  power

values were then normal i zed  to a maxim um r esponse at 270 nm 

:~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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to ma tch  the N IOSH recomntendcd u l t r a v i o l e t  exposure  response

curve . The two curves  were then p l o t t e d  (Fi gures  10 and 11)

wi th  the UV IIM compared to the n o r m a l i z e d  photodiode  curve .

The da ta  used to p lot Fi gures 10 and 11 are in Appendix 3.

The UV IIM curve ( f a s t  response)  showed good adherence to

the  nornu al ized  curve from 220 nm to 2L 15 nm and f rom 265 nm

to 300 nm . At 255 nm the UVHM curve was about  40% hi gher

than the normal ized  curve . The UVHM curve (s low response)

did not show good adherence to the normal ized  curve . The

peak UVHM response occurred at 265 am ins tead  of 270 nm .

This was probab ly due to the re la t ive ly f a s t  monochronuator

speed (100 speed sett ing)  and a slow UVHM response (30 ± 2

seconds). Therefore , the UVIIM did not have the opportunity

to adequa tely respond to the incident energy. The UVHM

results below 220 nm and above 310 nm were not discernabje

because of some internal instrument noise that developed in

the instrumental setup . Previous cal ibra tion runs indica ted

that the relative spectral response as a percent of maximum

response was less than 2.67~ for wavelengths below 220 nm

and was less than 3.5% for wavelengths at or above 310 nmP1)

Table 4 lists the relative spectral response of the UVHM

(fast setting only) as determined during this evaluation .

The UVIIII relative spectral response was not determined for

the slow setting because of the variation that occurred in

the location of the response peak . The UVHM fast setting

response adhered well to the normalized curve . Although

-- 
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TABLE 4

REI. AT [yE SPEC’I’RAL RES P ONSE 01” UVIIM
( 1”AST RES P ONSE SETT I NC ONLY )

MEASUREI )  RES P ONS E
WAV E1 ,ENC’11 ( N A N O M E T E R )  (‘;‘

~ 01” MAX IME Jr1 )

220 11 . 6

230 24 .3

240 29 . 5

245 40 . 2

250 53 ,8

255 75 .7

260 82 .9

265 90 , 9

270 100 . 0

275 82 .7

280 78 . 2

285 6 . 5

290 56 . 1

295 45 . 7

300 35 . 3

305 21 . 4

- —~~~~ ——- _ _ _ _ _
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the  slow set I ing i- e sp on se  d i d  not  adhere  as we I I , t ii  is mm i:m y

be due to t he monoch roma a r speed iri s tead of inst ru nmen t:

desi gn .

d . UVIIM Ca Ii b r at  ion  F a c t o r

The c~m L~~b r a t  ~on of  t 1i~• U V IIM was cond u m c t ed us i ng

an Opt m o n  ft s 1,abo ra t ar  ies 30 Wa t L 40 spec Ira I Ic  ra d  iance

1)eut i’ r i ucmt (
~

2) Lamp (.~cr ia 1 No . U V— 205) connect  ed to an

O p t e on  Len  Lab M o de l  45 P2 Lamp [‘ccc i_ si on C u r r e n t  ~;OUrCC set

a t  550 i u u i l _ [ L am uu p s . The D Li mui p , t r a c e a b l e  to the NBS , was

pos i t  j Un e 11 a t  a d is I ance of 30 i’m , the cal  ii ) m a t ion d i n t  ance

a t  t h i s  lamp , Crou u t he OV U M. F ive  r e a d i n g s  were  t a k e n  w i t h

tlic man itac being waved and r e t u r ne d  t o  t h e  same :30 cm

p an it  Len a U er each reading . The ave rage max i mn um uu r e a d i n g

was 2 . 91 ttW/ cuu 2 with the range b e i n g  2 . 87 t m W / c u m 2 
~ 2 . 96

i~W/ cm 2 . h i s  ing  the  spec t r a l  i r  cad m a n c e s  from uu he P., l amp

t h e  Co 1. lo w i n g  f o r uuu l a  f rom A p p e n d i x  1

T e f C  = 
~.l \ A \ S A Eq .  4

ihe total e f f e c t  iv~ i r c a d i a n c e  b et  ween 22 0 and 30 5 cm was

i-a I cut a ted 0 be 4 . ‘
~5 ~ W/ cm 2 . The ave c m  cc ft cad i ami ce  read —

in~ oh) ta  ined  was o n ly  6 ~~~~~ o f  I i i  L :; ca L c t t l a t c d  v a l ue  . There—

fo m- e’ , the intl i cated max i nuuu i mon i t  or va ftc nuus t: be in c r e a s e d

by a factor of 1.53 to y ield a reliable value .

c . Ma x i mum OVu M Response

Dur ing  ti -me t e s t  ing of t h e  OVU M , the  max I mum

i r rad iance  reading was ob tained by keep i ng the cen ter of .

ti -me O V u M ’  s opt  ical window at t h e same d i s t ance f r om a s t a n d a r d
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source while p ivoting the muc I er j 4 0 o t h e  le f t  . F i g m m m ~i’ 12

shows ti -me UV 1IM pen i lion t o  r t i le  uma x i miuu m uu m e n  1)01) se .

mm x i  m m mm n r e sponse  occur  u :ed a t  1.40 ía r a 11 t b  c c ’  d i n t  al ice s

c h e c k e d .  When t hi ’ OVUM was moved I row 14 0 I t >  a pos i t  I on

d i r e c t  l y Car ing the sour ce , the  r e a d i n g  was r educed  b y ab o u t

o n e — h a l f .

Th i s  140 d e v i a t i on i n d ic at e s  t h a t  a p o r t  ion of the

optical system is off cen t e r . T h i s  deviat ion may h ave  always

been i n h e r e n t  in t h e  OV u M Cr aiim ( h a t ’ of m u mam u m f .m c i  u rn ’  or may

have occur red  d u r i ng  a check  of ti -me O V u M ’  s i n t e r n a l  c om ui po —

fle nt s  . When using the OVUM in it:n p r e s e n t  coi I i m  ion , the

optical win dow should be held  abou t  [4 0 toward ti-me Ic f t  of

t h e  u lt r a v i o l e t  source  to he muon it o  red . A 1 o~’ i c ,u L so lot  ion

would be to cou: :ec t ti -m e devia t ion prob  [cmii b y ~l ’  t e r n u i n i n g  i f

the  opt ical as semumb ly or i f  on l y one of i t  s i mu I e mmm I com-

ponents needs to be repositioned. As an m t  er m u  m easure ,

an arrow drawn omu a p iece of mask i m ug t a p e  has  l)ee’m p laced

on the top  of the  OVUM to guide  the  o per a t o r  in oh L a  mu ing

the max i imuunu reading.

f. Sensitivity Response

Tlw semi s it ivit:y response was d e f i n e d  as the

r e l a t i v e  s p e c t r a l  r esponse of the d i  f f e  remi t OVUM ’s sens i—

t i v it y  scales  to t i-me same u l t r a v i o l e t  source . Of the six

scales , three arc i nope ra t i ve . Only the three lower s ca les

(3 x i~~
— 7 , 3 x 1O’~~ and 3 x i ø — ~ W a t t  s/ c m 2) ar e  u s a b le . The

r e 1,-it Lye spec t ra  I response was checked u s ing  t he same
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equi p u ment  re fe r r e t !  to in sec t  ion c . T u e  r e su l t s  of check-

ing the th ree  sca I en showed a imn i  f o r m i m y  a C r e s p o n se  with

the  peak of the  spec t m a  I r e sp o n s e  ac c u r r i n g  a t  270 cm

A ii i f tcrent check a U t h-me sen s i t  iv j I  y ci’ ;p on~-~~ w a n  p e r —

Co m mc d us Lug  :1 1000 1-.’. L I  Tongs Len — ll ;i lot ;cn Spec I ra 1 Ic rail Lance

Lamp (a :-~omle  t r ee )  . The L a m u u p  was coo I ‘d us i mug :1 siuua II f-in .

The uvti~ was P°5 i t  t o n e d  about t w o  nu e t e c~; f r om  t h e  1 t r Ip  and

a read Lug  t aken , c . g . 2 . 75 x io—~ W / c n u 2 
- The sea Ic se l e c t o r

s w i t c h  was changed  to t he n e x t  h i gh er sca le amid t he OVU M was

aga in  read , e . g .  0 .21  x io-6  W / c m n 2 . This cli mm ig in g of s c ale s

produced  an 1S7~ d i f f e r e n c e  in r ead ings  w i t  ii I he 10 ~ s c a L e

read ing  be ing  ti -me h i gher  f i gure . This  g r eat e r  sens it i v i ty

on the l0~~ W/ cmn 2 sca le  was to he expec t ed . The l8’7~
v a r i a t i on  between ti -me two s c a l e s  int l  [ca ted  t h a t  the s en s i t i —

v t t y  p rov ided  un i form l i m l e , L i  L 5 j ~~~~~~~ on a 1 1 :~ca1os -

g. F it t r a t : ion Addi t ion

W i t h  t h e  UVIIM ’s indicator r e adou t  m e t e r  onl y pro-

v id ing  a 0 to 3 readout and rhe 10 ~ W/ cm 2 s c a le  se t t lug

bei ng the  h i ghes t  o p e r a b l e  scale , il - me use of  op t  ica I n eu t r al

d e n s i t y  f i l t e r s  of v a ry i n g  shades , e .g .  0 . 5  or I.,  cou l d be

used to compensa te  for these l tm it a t  ions . Us ing the 1000

Wat t  Tungs t e n —  N a logen lamp men t i on e d  earl .  icr  , the OV U M’ s

response was eva lua ted  w i t h  and w i t h o u t  an opt  ical neuLral

dens i ty  f i l t er of one . The o p t i c a l  f i l t e r  of one ~ as in-

tended to reduce ti -me irradiance value by a factor of t e n .

The resu l t s  showed that the u i l t r a t  ion did produce
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approxinua tel y a f a c t o r  of 10 decrease ( r educ t ion  of 977~
noted) . For examp le , one reading wi thou t  f i l t r a t i o n  was

2.25 x iO”6 W/cm2 while the reading with filtration was

0.3 x io 6 W/ cm2. Ins tead of achieving the expected 2.02

unit reduction , a 1.95 unit reduction was obtained . This

factor of 10 reduction showed that neutral density f ilters

could be used with satisfactory results b’ing obtained .

h.  Inver se Squar e Law Adherence

One of the basic rela tionships tha t general ly  hold

for electromagnetic energy is the inverse square law (ISL).

A reasonable test of instrumentation that measures electro-

magne tic energy would be how well the instrument fo l lowed

ti-mis relationship . The ISL states that the propogation of

energy through space is inversely proportional to the

square of the distance it must travel .

Ultraviolet energy theoretically follows the ISL . The

UVFIN was evaluated to determine if it would respond accord-

ing to th is rela tionship .  The Optronics UV—40 Spectral

Irradiance Lamp mentioned earlier was used with the UVHM

be ing positioned at three different distances (30 cm , 60 cm ,

and 90 cm) from the source. The placement of the UVHM at

these locations followed a randomized pattern established by

us ing the random number selec tor program on a Texas

Imi strument SR-5lA Pocket Calculator . Three read ings were

taken at each location with the average reading being :

1) 30 cm = 1.44 x lO”G W/ cm 2, 2) 60 cm = 0.5 x 10 6 W/ cm2

r ~~

--
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and 3) 90 cm = 0. 25 x i o -6  W/ cm 2
. Using the  average 30 cm

reading  as the r e C cr cn c e , the 1ST. p r e d i c t e d  t h a t  ti -me 60 cm

r e a d i n g  should  have been 0. 36 x io
_ 6 

W/ cuu 2 and the 90 cm

reading should ha ve b e e m u O . 16 x iü 6 W / c m 2 
. The average 60

cm reading was 38 - 9% h igher  t b - u i expcct : ed  ami d t he  average

90 cm r e a d i n g  wan 56 .3 % h i gher t:han expec t ed . If the average

60 cm r ead ing  was used as the r e f e r e n c e  in pre dic t : ing  ti -me

e x pe c t e d  ISL r e a d i n g  , i m t  90 cm , then ti-me ol)served 90 cm read-

ing was only 13.  6Z ~ h igher  than the p r e dic ted  read ing .

One poss ib le  exp l a n a t i o n  for  the  d i f f e r e n c e  be tween  ti -me

c a l c u l a t e d  ISL va lue  (30 cm re fe r ence )  and the values  ob-

t a i n e d  could  be due to d i r e c t i o n a l i ty  problems  w i t h  ti -me u l t r a -

v io le t  source . A f t e r  comp le t ion  of the UVH M e v a l u a t i o n

testing , it was discovered tha t  the s p e c t r a l  i r r ad ian c e

lamp used had an ex t reme ly c r i t i c a l  d i r e c t i o n a l i t y  require-

m e n t .  This  r equ i r emen t  was t h a t  the p r imary  u l t r a v i o l e t

energy beam from the lamp be a lmos t  p e r f e c t ly nornual to the

measurement  device . If the lamp ‘ s primary beam was a degree

or two off the normal , there would be a definite drop in the

irradiance levels measured. If the 30 cmii readings were not

perfectly normal , then this could account  fo r  ti - me devia-

tions noted.  Further test ing wi th  a source ti -mat is not  so

directional  should be conducted to de ter f f l ine  if ti -me OVu M

responds according to ti -m e ISL at: 30 cm .

The OVu M can be used to e s t ima te  i r radiance levels  at

various d is tances  from an u l t r a v i o l e t  source using ti - me 1St .

I
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U n t i l  f ur t h e r  t en  r i ng ,  Lh e mn ea sur cu ie n  t s h o ul d  be made ;u I a

distance of 60 cm or g r e a t e r  f r on u  i -m e source -

i. Ang le of A c c e p tan c e

Fi gure 13 depicts t hu  s e t u p  f o r t h e  ang le of

a c c e p t a n c e  check . The cl -meek was made to de Le ru m ice ti -me re-

sponse of the  OVu M to u l t r a v i o l e t  e n e rg y  a t  v a r i o u s  ang les

fromn the norma l to the UVht~-t ’ s opt ical window . A n o t h e r  t e r n u

that could be a p p i Lcd to the  ang le of a c c e p t a n c e  is f i e l d  of

view . Measuremen t  of two or n-more n e ar b y u l t r a v i o l e t  po int

sources could be made to o b ta in  ti - me t o t a l  ir r a d ~~an ce at: t he

measurement  loca t ion  if the  sources are w i t h i n  ti -me f i e l d  of

view of the U VI-IM . By knowing the ang le of a c c e p t a n c e . L he

OVUM ope ra to r  would  be able  to d e t e r m i n e  if one or nu or e

measuremen t s  would  be r equ i r ed  to ob ta in  ti -m e t o t a l  ir r ad ia n ce

at a given location.

In ti -m e check , the n -moni to r  wiis p o s i t i o ned  at  103.3 cm

f rom an O pt r o n i c s  Lab UV— 4 0 Lamp . The lamp was mounted  so

tha t  it could i)e moved along a t r ack  norma l to t:he p r i m a r y

beam of the lamp . TI-me lamp was nuoved e i t he r  l e f t  or r i ght

f rom the cen te r  of the UVIIM ’ n o p t i c a l  window . The l am uu p ’

p rimary beam was ma intained normal to ti-me track . Ti-me result:s

i nd ica ted  ti -mat ti -me t :otal ang le of acceptance was 180 for a

50% or greater  response .

The ma ximum response of the OVu M occurred when the

source was m oved to the r i ght  of ti -me o p t i c a l  w in d o w . Ti-m e

maximum reading occurred at an an g le of onl y 80 to the r i gh t
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of  c e nt e r .  ‘ th in  ii id not  c o L i t c  ide  ‘.~i t h  t ic 14 0 d e v i a t i o n

d e t er m i n e d  i - a r  I iem . Time d i E  f e l e n c e  p o s s i b l y  he ng accounted

tar by di f (erent i’:- :l -& ’m i m n e n t a l  Se t  UP S . In t i ie  80 de v iat i o n ,

lie s ou rce  w a n  moved .  in tIme 140 d c v i  a t  ion  , the ins trumnent

Was r o ta t e d .  B at  i t  t he 80 and 140 d e v L a t i o n l ;  i nd i ca t e  t ha t  a

p i o b l e m i - t exU ;  t s  w i t h  be U VIIN ’ s o p t i c a l  sy s L e m . This  p rob l em

causes  L he : u m l g l.e a t  a c cep t a n c e  to be d e f i n i t e ly l in u i t ed  . As

the  lamp w an moved f u r t h e r  to  ti -me r i gh t of ti -me max imum

resp onse , the UV II N ’s response plummeted . As the lamp was

moved to the l e f t  of ti-me maximum response , th~ UVHM ’ s response

showed a n -more g radua l. dec l ine . This u n s y m m e t r i c a l  a ccep tance

b y ti -me UV I - IM i n d i c at e d  t i -mat  the  housing was b l o c k i n g  some of the

i n c i d ent  c ncr yy .

- Minimum Aperture i~eam Size

The minimum size of beam t h a t  would  be r e q u i r e d

to y ield a Cull  r e sponse  was examined . U s i n g  an Or ie l  Corp .

Var iab le  A p e r t u r e  Guide a f f i x e d  to the  IJVUN ’ s o p t : i c a L  window ,

u lt r a v i o l e t  energy from a 30 W a t t  D 2 Lam iu p was beamed at ti -m e

n u o n L t o r  fr onu a d i s t ance  of 47 cm. TI-me a p e r t u r e  set t i n g s

were varied and the  r e s u l t s  were  P l o t t e d  (Fi gure 14) . The

r e s u l t s  i n d i c a t e d  t i -mat  for  a Cu l l  response  of the OVUM , a

pr imary beam diameter  of at least  1.3 cm m us t be p re s e n ted  to

the cen ter  of the op t i ca l  window.

k.  Response R e l i a b i l i t y  as a Func t ion  of Operating

Time

The operating time of ti -me UV I1M was noted to be
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onl y about 1-1/2 to 2 hours continuous before a drop in

response would occur . The response  of the m o n i t o r  decreased

abou t 20% as the batteries neared their charge point .

Accord ing to previously pub lished literature , (3U the oper-

ating time of the UVHM was stated to be 20 hours; however ,

they  did not  s t a t e  if the opera t ing  t ime was cont inuous  or

i n t e r m i t t e n t. Also , the l i t e r a t u r e  did not  ind ica te  if any

reduc t ion  in UVHM response  would occur as the  charge con-

dition of the batteries deteriorated . Cons ider ing these

f thdings , the rechargeable batteries are possib ly nearing

the end of their useful life and could be replaced. The

rep lacement could allow the UVUM to be more reliable over

several hours of continuous use. Prior to conducting a

field survey, the batteries should be fully charged . As the

survey progresses , the battery condition should be

periodically checked.

C.  Phys ica l  Cha rac t e r i s t i c s

a. Portability

The IJ VHM is p o r t a b l e  because of i ts legal

wei ght  (3 Kg) , small size (23 cm b y 11.5 cm b y 16.5 cm) , and

its ability to operate from its own rechargeable b a t t e r i e s .

This uni t can easil y be carried with one hand . The in ternal

charger circuit does not enable recharging of the batteries

from a 60 Hz power line while opera ting the UVHM from the

same power line . In fact , the response produced when

opera t ing from th e charg ing line was always lower than the

I
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r i - sp o u s e  p roduc e-i l w i u e i - m  ~ pe m :a t i mu g w i t I - m  t lie bat ( i-m i en J u l  1 y

c i u - i  i gi-d

I) . Ri’ . t ( I O l t t .

‘l’i-ie to uiu m of  t h e  L I V I ( M  i - e a i l o u t  is aim i m u p o r t  ~im u t

p Ry : ;  i c al  c i m : m  t i c  I cc i st  i e . The m ’en d o u t  net e m  r ange ; I rem 0

o I u tu i t n l u l l  s c m  it ’ . Ti m e  nu e I c r  in b a t e d  on t i m e  u p p e r

j i o m ’t i o n  a t  he e p po s  i t  e n ide  l r o m m m  t im e  o p t  i c m  1 wi m m d o w

( o p t  i c a l  I n p u t )  - To i - cad t h e  met  cc , t ime  o p e i a t o m  m u s t  l a c e

t h e  u l  t r a v ; o i i ’t  so u m -ce w i t h  h i s / h e r  ey es  d i  m e e t l y i n  l ine

w i t  it t h e  s o u m - ce .  T h i s  ras~’~
; t i-me pons  ii ) i I Li Y 01 t h e  op e r at o r

ace I d en t  I ‘i be iF-mg o v e t - ex p o n e d  . I I t he mue I cc was on I op 0 I

lie OVU M , the  op t ’ - i t  or  wou Id no t  i- i t t  ye t a woe ry i N  ou t  thu is

~~~~~ ib Ic overexposure . The readout is I ium _ ’ar ,tnd in u n i t  s

of W/ -m 2 a n d so n o F-i’ Ic reuic e h t m n  t a he m n:m Lie t o  a ca 1 j R  ra —

I ion chart or c u r ve  . S I nec t he met  er  has  on l v  I h r ee  i_ mn i t  ~

t i _ i l l  s e t t l e , when a s o u r c e  has  au I rt - t mil I • m m i c e  g m e a t  cc t han

i u r ee  , c i t  R e m ’ a m - m e u t  c a l  dens  i t  y l ilt er or t h e  next h i gher

sens i t  iv it y scale has to be used . I I :u 1 i neam response

m im e t e i  f r o m  0 to 10 lull s c a l e  de t l e e  t I on wou Id h ave been

ins t t i l l e d , I b m ’  need f o r  l i l t  r u  i o m m or t h e  :;w i t cR i tic , of  n e i l —

a i t  L v i  t y sea I en I a utic a su re  an i _ m i t  r ay  I a l e t  sou rce  , eou Id

p o s si b l y be ci. in u i n a t e d

Out put i ’ Iug  A d a pt : e r

rht ’ E JVIIM has tin ou L p u t  p l u g  ad a p t  er  wh [cii

,mI lows connec t  ton of he OVUM to a da ta  r ecorde  ~. . Tb is 
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l e it nrc is ii 1 gb 1)’ di’s i re ab  ic foe I t. a l  low :;  a pe rm iu a m u c n t :

eceo ril Li) l)C’ k e p t  tar l i _ t t i _ m r e  r e t  or  e n i - i- . Om m c e t iui ’ m t - c o t - d m- m : s

r & ’n p u n s e  i s  p r o p e r  1 y Ca I ibr ;tt ed to the OVUM ’s rm ’s p oUne  , t h e

( I V I IM coUl i l  1)1’ Ic I t  f o r  a p e t - j o d  of  t I mue ’ in the  g e n e r al  a r e a

a t  t i l t  u i  t m t m v  i o l et  s m ) i L r e ( !  ar i d  t i m e  I r i-id  i - m mmci - l e v e l s  nu& - t m n u r e e !

w i t h  mu i_ I-i i m i n i m um e x p o s u r e  tO t lie ’ 1 b V t l ~-i O p e r t m t  or

d . Ease of  U pe r a t  i O U

It  is esaent itmI t h t m l  I i-i c tJV 1IM be e a - ;y  t o

o per at e  in ti -me Iii ’ Id b y tin o I ) e r tm t or  W i t  R o u t  spec ~a I know-

ledge or t ea  il - i i n g  , a m il L h at  t i m e  cant  ro l :;  p ro \ - i dcii m i mi i rm uiee

a p i - F - t u t o r  b i a s .  Even t h o u g h t h e  OV UM I a .1 p r o t o t y p e’ , I I  I S

ve ry  easy I t )  o p e r at e  - The c o n t r o L s  ar e  e m : ; I L y t l c c e : ; : ;  i b i c -

and c beam - ly I t i b e  led bu t  a I _ _ C’ I oe a I cii arm t he oppos i t e  a i d e

f r o m  the o p t i c a l  i np u t .  T h in  ug a  i n  h1o~;t ’n a r i n k  o f  aim

ace i r l en t  a l  o ver e x p o su r e  t o  t h e  i ) p e r t l t  or ’ s eve :;  ic h u I Ic u u u i k  i m u g

a I m t t a a r d  su r v e y  - I I the  con t  ci) Is were  on I he t op of  i he

OVUM ,u l ong w i t  h the  readout  ume t cc , t he  e h a m i c e  of  . m t m  a ce  i den—

a 1 o vet - i’ xpo m; nrc  woi m 1 ii be iii i n  i mu ~ cii

e . Zero  Ad~ us tmuemi t

Th e’ OVu M does n o t  have  an e x t e rn a l  :;ero

a d j u s t  so t ha t .  when tim e ap t  i c t m I w in dow i a b l a c k e d  tm m u el  no

ub  t r a v i o l e t  energy  is b eing  op t  i c a l l  iu m e t u s u r e d  , be OVUM

cannot  be ad ii_ m s ted t o  o l ) t t m in  t l i e  a e i _ o  r e t m d  I rig. Si rice t h e r e

is i-mo e x t e r na l  aero  a d ju s t  knob , t_ hen  t h e  ope r tm t or inns

b lock the opt ; [cal. w indow to p i e v en t  st :ray  U l t r a v i o l e t .

enc egy f rom e n t e r i n g ,  obta  in the  r e ,m d L ug , and use h at
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ri -ad i m l : ;  a:; 1 lie iii:; i~ I 01 I a i i t i i & ’ i  i-cad i m~ ;s -

I. Opt I c m i  W i n d o w  N tm i i i  t e m l t m m m c e

To p re V e m u  I d i r t :  and t iu s  m lromuu em - mt cc lug hi ’

0 1) 1 i e t l  I a a a m ’I t t l )  I V , t he ou t  i’ m - e’nd 0 1 t i l e ’ m mt o tmu I ; rug 1) 1 i — re L wan

e r m i u l n a  t ed  i-. it i’m a r ec ess e d , i _ t i  F - t l \’ 0 Ii ’ t ; ‘, r t j i ie q i _ m a  e t  a w iiiilo~

TIit ’ w in d o w  a L I  awed t he t i L t  r u v  I a l e t  e n e rgy  t o  be t m a u s u t i t  ted

t l m r o t m g h  i t  w i t h  a m i i i  i mnum I o n : ;  ol  e ner g y  ~ fl) Tb I:; w i n d o w

sl iou Id no t  be t o uch e d  wi t h - i 1 i uge en or c i  m ’tttueil w i  L i i  eo~i t i’d

I i : ;aUca  - Re :; i t t _ ic  ~Ii ’pon i t  ed cou ld  d e e r e u n c  t i - m m~ t t i i i a i _ l f l t  o t

i _ i l  t r ay  io Let ene rgy  t rtmns nu [t t cmi to t he  S e m i s u m - . ihi’ wi n i_ lows

t ie  i i  c t i e y  d c l i i i  [ [e l y c m t ’t m t e : ;  a p r ob  Le n u in i t s  c i  e a m i  iimg .

S p e t- i t t !  t’ I m ’ t t Z  zi g I cc hu m i I qemes uti’cd I t )  be t i e  V i ’ I ape ii I a p r e v ent

Los s  of  e i -  r y  t 1 :tlmi: ;m n I as ion ili _ m~ o e it : h e r  a d i e m  y w i mi d ow

i ) U  t O  t he d t i n m t i g e  f r o m  i m u mpro pe ’ c e L e a n i n g .  On li_ i t i_ i re  nit rtm —

violet um et isi_ ir: ing inst r u mml en t  a , an op t  Lc ’ t i  I w inul oi~ w h i c h  can

b e m e t i m l  j ly ci caned and at L I I  a l  low ti -me mu:m ximu m t i l t  c tm v Lo l e t

m t i n n f l l  [55 I On sh ort Id i)e’ dcvi ’ loped -

I) . Re m ’ a ni m u uem i di ’ ii lb s  e Ti ’ chi n i qi_m e s

lbs i rig t he  re:;u I t s  oI  t i m e  eva I u t i t  i on  ot T t h e  lbVilM

lie t o  1 Low i rug are ree ou -n mm t ende d mim e t hods a I us ing the  OVu M in

it a present: eond~J ion .

a .  For m im o at  su rvey  work , t he OVUM nh ou  Id b~’

set at: LIie Ca s t: response pos i t  ion I o u m i i i  im mtiae ’ I he t ime

n e ce ss a r y  t o obt  a i i m  m a x i m u m  i erad j anet ’  read ings

b . ‘ri-me ba t  t c ries  sh o u l d  he fu l l  v -ht i rged  p r io r

to use . A ft e r  about 1. hour of can t  inuo tma  use , t h e  ba t  t cry

_ _ _ _ _ _ _ _  _ 
_ _ _ _

___



- —~~~-~~~—--~~~~~~~~~ ~- - _ - _ - _ _ - -  - _ - _ - -

63

c-On e1 i t :  i_aim sliam i Id be checked  - I F t he rue Let : L ui d  i cat en t hat

the b a t  t cc Ic’ a it- c nc’tm i- t i - ic re  c h t m  rgc pa m t  , 110 In t her

m e a i l  I m ig s  shmut i  1 ii be made

e . Re t o r e  i n t L  l ug  u i e t i s c m r e n m e n t  a , t h i ’ opt i cal

w i n d o w  s h o uld  be N l o c k ed  i. i t i m  a o m i i e  mater i ti l o p a qu e  to cii Lr tm —

via I c i  and t he  :i -r o  I r ~~ c i I t i u c i -  mne ’t cc i t - m i ll i - a t  i on  no t  i i i  on

t i l l  ape r a t  ing sea Ic a . t h e ’ a e’ - :  i -co cc a d i  rigs a h a u l  1 I l m m ’n be

au b t  rae  t~~ ii I r ain I I - m e  l i t i ’ t l  a i m  r i ’ i ;m e mi t  r e ad  m u g s  1 0 oh) I a in the

tme  t i_ itt I ci - spo i l : ;  e a IT t he OVUM .

ci - The s i _ m r v e v  : ;h c , i_ t  Id l)e p er  It -i i- t ime d U:; I i -mg t h e

h igiles I: sena it iv it v scale  se t  t ti - m g anti t I m e n  1 owereil t i n  lii

d ic -a t e d b y i m e  me t er r( ’:; panst’ . The s e m i s  i t  i v  i t  y s ca le  wh ich

g ives t he uma x i nmu m m i del lee Lion  w i t hou t  pe~’,g I 1mg t hi ’ r e ’t m d out

mi me t cc- ahoul  ci be u s e d .

e . When us ing t lie IIV I IM dur  ing a a t m r v ey  , t h e

Opt  j  i’a I w in d ow  5 hon Id be p o in t e d  t oWti rd I lie i t ’ It ( o p e c t t  at’s

l e ft )  of  t h e  n It m tm vi a l c ’ t sour ce  n ut  i I t he n t i x i mum read iti g

is 01) 1 a i n e d .

IT . A l t  cc Ito m e ,m :;imr eumen t a hiti ’,’t ’ he ’n mn , i d e , t l e

icc-ad Lan c e  m - & ’t t d  t ri g s I iau  E d  be’ mu It I p I i c _ i  by he et i  I ibr tit i on

[ac to r of 1. ’ b  La obt  t i m  t l i ’ c o r r e c t e d  i t r a d i a n c e  lev e ls .

E - Su im mm ;m ry

The I JV IIN iS  a pro I t )  I ype j u s t  r um mi em i ~iitut was bu i l t

unule i  a can t  rti ct far N [0511 . Its des i gned I )u t p o s e  was to

prov ide an easy to u ri c i i i nt  rum en t  to  m e t m a u r e  b r o a d — b a n d

ul t r .m v i o l e t  en ergy  ac c o r d i n g  t o  t he N lOSlI and the  ACG IH
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rucommuncuded ul tr ivia let exposure S t  t im id t t rd . Th e vtm r ions

po rIo rimm ttu cc tim id p iuy:; I Ca 1 pti r amue  te  rs a I t h e UVJ!t-I found i i i

L i t i s  s tud y ; m c e  su mmuu t uc  iaed  iii Tab Ic ’ 5. Kn ow I ed ge of t h e

OVUM opt ’ en I L u g  pa m:aum m e tees is c ’S: ;etlt  in  1 if one is t:o p e r F o r m

a p r o p er  nit ravioleL energy h i a a a r d  t - v t m l u a t  ion .

In a d d L L  ton t o knowing the O 1) er t l [  I tug p a r t m t m t e t _ e u s  of ti -me

detector , one nust also know when and w h e r e  to i_ 1 : ; c  the

d e t e c t o r .  This  a u t h o r  h t u s  deve loped a guide to use in

pet: F orming  a OV haattrd evt ilutmt ion . Tb is is shown in

Append ix  4 . Wit: h t h i s  gu ide , and Lhc ’ knowled ge of the OVu M

opera t ing pa ranme [c  L-s , one shou ld  be al) be to pci - fo rum t i q i_ t i c k

bu t  t m c c u r a t e  ha ; : t i rd e v alu a t i o n . As I n  r as t h is  t i l t  bar

knows , t h i s  is the first t ime an u l t r t t v i o  l et  w o r k sh e e t  btis

been deve loped .
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l’ARI . I ~ 5

SUMMAR Y OF UVtI~I (:IL\RA (:-uL-: R [ST [CS

Ang le of Acceptance 18 0 i o t i l

Calibt-tution Factor 1~ 53 t itnc ’ a t I V I L ~1 Ct ’ R l  i m m g

Ca n t  m uons B a t t e r y  Opc cii i lug 1 to 2 hours
Time

Inverse  Square  Law 1’ri ’t h j  ctc ’ d vzm I etc w i t i m i u
Reltit I om i s h i p  13— 14T oI 1JVIIM va l u e

Maxinuumtm UVIIM Response  UV IIM f ;t c I ru g 140 tO l e f t  alT
UV :;oUrci ’

M in i nu t in  Be ;itn D i a met e r  [Tar
Fu l l  UV 1IM Re spomise 1.3 cu-i

R e l a t i v e  Sp e c t r a l  Response  Peak at  270 rim (Fas t
R e sp o n s e  Set  L l u g )

Response  Time for  100% Value 
+Fast :  S e t t i n g  1 . 8 — 0 2  seconds

S l o w  S e t t i n g  30 t 2.0 seconds

Sen s i t i v i t y  Range (Fi_ill Sca l e) 3 X 10~~ t:o 3 X t0~~ W / e m t m 2

Warm-up Time L Minut e ’

Data  O u t p u t  Jack for
Connect ion to Reco r de r Avti i lable aud Functional

Ease of O p e r a t i o n  Ex t r e i u u c l y Easy

P o r tt t b  [1 it: y E a s i l y Ca r r i ed

Size  23 emu X 11.5 cm X 16 .5 cm

Wei gh t  3 Kgm

Zero A d j u s t  Cont ro l  None

____ _ _ _ _  14



The resu l t s  showed that the f i l t r a t i o n  did produce
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VI. S u r v e y  o f a n I n d u s t r ia l P rocess

As a f i n a l  eva lua t ion  of the OVUM o p e r a t i o n  pa rame te r s

and ch ar a c t :er i s t i c s , an indust : r ial  surve y was conducted  of

a w e l d i ng process at a valve rn,-tnufacturer . The survey was

conducted to determine the UVHM capabi l it y of provid ing

reliable data  tha t  could be used in de te rmin ing  ti -me poten-

t :ial u l t r a v i o l e t  hazard  to the welders  and to the nearb y

worke r s .

A . Survey Conditions

On 7 July 1977 , a survey was conducted in the

welding depar tment  of the valve m a n u f ac t u r e r  for  u l t r a v i o l e t

energy using the UVHM . Two d i f f e r e n t  arc weld ing  units

were surveyed in one section of the welding area~ a

Wes t ing house D . C . Arc Welder and a Mi l le r  Arc Welder . A

th i rd  arc welding process was surveyed in a d i f f e r e n t  loca-

t ion from the f i r s t  two welding u n i t s .  All the welders

wore long sleeve s h i r t s  w i th  the sleeves bu t toned  and had on

welding face sh ie lds .  Welding s c r eens/ cu r t a in s  were located

around a l l  the weld ing  u n i t s  to reduce exposures to

ad jacen t  personnel .  There was no local mech an ica l  exhaus t

v e n t i l a t i o n  i)rovided to these surveyed u n i t s .  At each of

the un i t s  surveyed , the welder  was the onl y person in the

enclosed area.  The welders  main ta ined  a 30 to 46 cm dis-

tance from their face shield to the welding arc. The

workers actual exposure to ti -me arc welding process varied

depending upon the size of the items to be we lded . The



1) 30 cm = 1.44 x 10-6 W/ cm 2, 2) 60 cm = 0 .5 x i0 6 W/cm2
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we I det s  st : t t eil  tha t t he i r  t o ta l  a c t u a l  w e l d i n g  I inte r anged

from 3 t:o 5 hours  per day depe nd in g  upon the  s i zes  of ti -me

p ieces to be wel ded t i_ n d the production requi -cnicnts  for  t ime

i~ i ’- c c s  - On the day of the su rvey ,  t ime roo mim tempe r a t u r e  in

th~’ welding area was e s t i m a t e d  to be h i ghe r  than 850 F , dry

bulb.

B. Semrvey Results

The comple ted  u l t r a v i ol e t  h a z a r d  worksheet  used for

the’ survey  is in Append ix  5 .  Ti-me three un i t s  surveyed

y i e l d e d  t he f ol l o w i ng  arc  i r radiance  data  wi th  the calibra-

t io n f a c t o r  hav ing  a l read y b ee n app l i ed :

I . Westinghouse Argon Gas Arc Welder operated at

210 amuper es  and welding s t e l l i te  on s t e e l ;  the cor rec ted
-5 2reading at ti-me survey distance of 254 en-i was 1.7 x 10 W/cm

2 . Miller Arc Welder operated at 300 amperes and

weldi ng s t :e l li t e  on s teel , the co r rec ted  read ing  at  the survey

d i s t a n c e  of 188 cm was 4. 4 x lO~~ W/c m2 .

3. Arc welder welding 7018 tm -mild steel on steel ,

t h e  corrected reading at the survey d i s t ance  of 190 cm was
-7  21.5 x 10 W/ cm -

A pp ly ing the inverse square law , t i-ic welders  e s t i m a t e d

p o t e n t i a l  exposure at 30 cm was :

1 . West ing house Arc Welder : 1. 2 x lO~~ W/ cm 2

2. Miller Arc Welder: 1.6 x 1O~~ W/cm
2

3 . 7018 Mild Steel  Arc Welde r :  6 . 0 x io 6 W/cm2

_ _ _  
_ _  

J
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C.  Compa r ison of Resul ts  wi th  N IOSH C r i t er i a  Document

L i s t ed  in Table 1-2 of the N IUSH Cr i te r ia  Document

are ti -me maximunu per m i ss ib le  exposure t imes for selected

values of e f f e c t i v e  irradiance levels.  The table utilized

an inverse relationship between exposure duration and

e f f e c t i v e  i rradiance . The maximum permiss ib le  time at any

given e f f e c t i v e  irradiance can be ca lcula ted  from the

fol lowing equation :
Ief f

= ( ) (T
1) Eq. 5

teff2

where T1 
= Maximum permissible  exposure time at

t e f f  (from Table
1

I ff  = Effective irradiance at

I .ef f 2 = Effec t ive  irrad iance at T 2

T 2 = Maximum permissible  exposure t ime al lowable

at ‘eff 2

Using Eq. 5 , the maximum permissible exposure t ime without

adequate protection calculated to be:

1 . Westing house Arc Welder operator : 2 . 5  seconds

2.  Miller Arc Welder operator : 1 .9  seconds

3.  Welder operator using 7018 Mild S tee l :  8 . 3

minutes.
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~\:; can be Scc ’u , t h e r e  was not  a r e :t soua b  1 e t i !  lowahl  e t j une

the w e l d e r s  c o u l d  work w i t h o ut  wear  il - mg p r o p e r  eye and skin

protect ion .

D. D i s c u s s i o n  o f R e s u l t s

Thc’ r e s u l t s  of  1-ic survey  ind i c t i t ed t h a t  t h e w e l d e r s

tIe l i n i  te  ly  t ie ’eded t o  Use’ proper eye and skin protection. The

w e l d i n g  c u r t a i n s  t h a t  were around all the w e l d i n g  u n i t s

c l e l i n i  I ely were needed to provide acl eq em ate p ro t :ec t ion  for

personne l in surrounding areas.

Ti -me r e a d i n g s  taken were p robab l y u n d em - s t a t  ing t :he a c t u a l

u l t ra v i o l e t  energy  ir radiance  beve ls  because  the fume s gener-

a ted  du r ing  the  weld ing  process  were nor be ing  re m oved  by tu

v e n t i l a t i o n  sys tem . These funues were a b s o r b i n g  some of the

u l t r a v io le t  ene rgy  pr oduced which would yield the lowe’r

irradiance levels.

A limiting factor in the exposure pattern of the s-elder s

on the clay of ti-me survey was the high temperatures in ihe

a rea . This hi gh tempe r a t u r e  coup led w i t h  ti -me h etu t )‘, L ’ l i c r t m t  e~1

b y the we ld ing  process seetued to l imi t  the L i  no t b m t  a w e l d e r

would weld con t inuous l y to about 5 to 10 m i n u t e s .  A l t e r  t h i s

time , the welder would cease and r ake  about  a 5 to 10 mn i t mi _ u t e

break in a cooler environment.

E. Discussion of UVUM Handling and Use

- The UVHM , being portable , was etmsy to ham-idle du r ing

the survey. The location of the readout meter cr et ited ti - me

problem of a potential  ul traviolet  energy exposure to ti -ic

_ _ _ _ _ _  - - --- -
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o p e r a t o r s  eyes as the  o p e r a t o r  oh t a i  med the i r rad iance

readings  - To avoid t h is  p o t e n t i a l exposure , t u e  UVF IM was

held  h i g h enough to b lock ti -me soui-ec f rom the o p e r at o r s

eyes while  al lowing  time ope ra to r  to read the  m e t e r .  The

OVUM was held a t  an ang le w i t h  the f r o n t  of the  IJ VIIM l ower

than the back so th at the  w e l d i n g  puddle  was in fu l l view

of the opticaL window .

Having solved the problem of the potential exposure to

the operators eyes , another problem developed. With the UVI-IM

being held with both hands above shoulder height , the adjust-

ment of the sensitivity selector became difficult. This pro-

blem was corrected by lowering the UVHM , maki ng the adj us t -

ment while not looking at the welding arc , and raising the

UVHM to o b t a i n  the  reading as stated before - With the  OVUM

held high , the siting of the optical window toward the weld-

ing arc to obtain the maximum response was a little tricky but

not impossible.

The OV UM has a mounting on the underneath of its casing

that would enable it to be mounted on a t r i pod .  I f  a tripod

would have been availab le , ti-me operator problems noted earlier

may have been avoided. Another possible solution to the

problems would have been to use a data  recorder  connected to

the UVHM. This would have allowed minimal operator exposure

while obtaining a permanent record of the data . 



Time

Ti-me ope ra t ing  time of ti -m e OVUM was noted to be

7 1.

V I I . C r i c lu s ion

W i t h i n  ti-i c la s t  decade , emp h - mti s it ;  has been pu t  Ofl

rc c ot mi te t -m ding  st anda rds  tl -mti t would i t t  cnmpt to c o n t r o l  mati ns

o c c u m p a t  lomia l  ex2 osu re  to u l t r a v i o l e t  ene rgy .  The s t anc la rds

proposed  b y N tU SH - i_ r i d t i -ic ACCII U were  s i m il a r  and were based

on the effects of u l t r a v i o l e t  ener~~y upon t he  skin and the

eyes .

W i t h  the pub l i s h i n g  of the recommended a t andard , a need

for ult :rai_ ’ioiet hazard evaluation in s t r u m en t a t i o n  was created .

~ iosu t i_ warded  a con t r ac t  to CBS L a b o r a t o r i e s  to develop a

protot:ype ultraviolet hia :-:ard monitor w i t h  pe rmanen t  de l i ve ry

b ein~ made in A p r i l  1973.

A st u d y of the  p e r f o r m a n c e  ari d p h ys i ca l  c h a r a c t e r i s t i c s

of t h t ’  U VHM was made to determine if th i s  n -moni tor  would

accomp l i s h  i t s  desi gned o b j e c t i v e . This  ob j ec t i ve  be ing  the

i n s tru m e nt  wouLd measure  r i e  u l t rav i o l e t  energy whi le  yield-

ing a va lue  which would be b io log i ca l ly n m e a n i n g f ub  in rela-

t io n to ti -me N IO SII s t anda rd .

The (JVHM basica l l y i n c o r p o r a t e d  ti -ic des ir ed  c h ar t i et e r -

istics to make an assessment  of the biolog ical  si g n i f i c a n c e

of the incident u l t r a v i o l e t  energy upon o c c u pat i o n a l l y ex-

posed workers. However , there were a few i_mnd esirable

ph ysical  c h a r a c t e r i s t i c s .  These w ere  the locat:ion of the

con t ro l s , the p roblem w i t h  the c lean ing  of the opt ica l

wi ndow and a lack of a ze ro  t t d j ust  c o n t r o l .  One major  per-

formance problem was uncovered dur ing  t h i s  e v t t l i _ m a t i o n .  Th is

_____ 
- 

- A



7

- :1 : :  1 d t O (  Cu t i r e  U~~~ L C t t l  c ; y a t : t - t : u , or Jr iC o f  its

t u n e s  - u :  a:i- ew . [ i t ’  ~e~-.’~~d a p t  i’s s i- ; ’ - i i i  r e q i a  -~ i [ t o

PVIL .  t o  be [ r u t ; : I sa s t i  t o t  ~h i  r e c r l . v f a ct s ; ;  i_ lie ub ;v~ olct t

s o u r e L ’  - C  ) t: t t i L ’ ; I ( i , t t  I 0t1: , re isa-i c to correc t the op t i c a L

i t  o t h ’ r  such  - u L t r a v i o l e t  i t o s i t  or : :  - - c r0 to be b u i l t ,

r~~c :- : : ;en d:i t Lo u t : ;  v-co : : t : u i ~~’ t a r  c e r t a i n  ph”n ical ch :ir :mctcri.stic

a ‘ a  -

o r . m L : iho i ’;t ~ or’i ev:ilucu i ion  of t h e  c h a r a c t er i s t i c s

v t s  c u p  l o t  o . l  s:urvcv p : u u r c J : : r ~-:: :-.‘e:’o d ev e l o pe d  For use with

to U~-~l P- I A [ o u t ; ;  ~ -; it I he so p r o c i - P u r e ’ ;  , a s : u  c r ay  w o r k s h e e t

i ; d ~~. e T  ~pad to a i i  in : u c r :p l i s h i m i g  :t h a s - t n  ‘~~:m L u a t :  ion  of

at  t i l t  u - : u v i o l  u ’ t  t ’ t m c r g v  s o u r c e  - Flu :; n i t  r a t i s l ot  e n e n ; - , v su t ’v ey

vi ) Oh ‘iiee t 1 ~~~~5 t 0:; a ‘c t h e  f i r s  I: o f  it s  1: Int l  t 0 5 i d  i n  per-

t ’s ‘u  f lr  a [ i t t  -- 2 C v i  I i_ta ; on -

F i n a l  1 r - a l m t m s a r d  a u r vey  o f t i n  j u d a s  t ii [a l  vol cii  rig 

. ; : ;cc onm p l~ sbcd to vet: i lv t he  la b o rat o ry  e va l u a t i o n

f i n - h i s  - : 1  - T u e  ~~!F - t  n - s p o u s e s  I nd i cat e d  t l i tm t the  vol dcr s

& l e t n ut  ely needed  ad e q u a t e  p r o t e c t  ive equi pment  and t h a t  t hie ~

we l  d i i i : ’, c u r t a  [n ;; : t u o u nd t h e  c l ii ; ; ’;  p r o c e s s es  w e r e’ needed  to

p r o t  et ’ t  - -a rk  er :;  i n  a dj  S c e n t  areas at-m ci pa it a e ra  by -

Time tP.’i Pt he; lit ; tu pro I 01 vpe mon l i a r  , yes ~~~~ dod t i 5

sa t in :  f a c t  on ly  as cormi d have lu-en expected . I t s  response  wa s

h ;u si c’.ml l v  tus rc’quircci by t i m e ’ N I O S l I d esi gn g u i d e l i n e s . By

hn a v i u t ;  the lim i t ;mtion :; of I l i e  t1\’llI- I - ti-ic sam; itor wa~: i_ u se  li_ mi

in di’ F eu - rn  i n i m ; ;~, i - I - i c im ~u ::r i rd to i t t  d iv i (li_it -mi S o c c i _ m p a  t i ona I lv expos —

ed i_ t o u l  t ray i o I e t energy . I I an ul. t t : m v  t o  l e t  i i i . ’ .; nd  man i tor 
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desi gned along the l in e s  of UVI-IM would become commercially

avai lable , at  a reasonable  cost , a very important  mi les tone

would have been achieved in hel p ing to con trol occupa tionally

r e l a t ed  u l t r a v i o l e t  energy exposures . 
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I - REC0~tNEN DiVI ’lONS 1-’OR AN UL TRA V LOLE’I’ R,\ [) I A l .’ [ON STANDARD

The N t t t i . o n t m l  Ins t :i  L u t e  of  Occupat: ~.onaL Safety and l lcalk h

(N lost!) r e c -o nm umen d s  t h a t  oc cu pat :  i o na t  expo su re t:o u l  L raviolet:

ene rgy  in t: it e work p lace  be con t  no liL e’ ci by ct ) m mt p i lan c e  w i t h  the

lot  L o w i np  S ec t io n S  - U l t r a v i o l e t  r a d i a L  Lou ( u l  t r t m v i e l e t

e ner gy )  i.s d e f in e d  as t h a t  p o r t  [on of t:he e l ect r o m a g n e ti c

sp et -t : rum t l e s cn i b e d  by wave l en gt h s  fro n m 200 to !iOO m m .  Ad-

he rence  to the  recomm ended st;mndtircl s will. it: is be lievod ,

p r e v e n t  o c c u p a t i o n a l  iuj  ury  f rom ul tm :av io  i t ’ t r t i d i t m t :  Lot - i , t ha t

is , w i l l , p r e v e n t  adverse  acu te  and chronic cutaneous and

ocuLar changes  prectpLttmt:e d or t iggravat :ed  b y o c c u p a t i o n a l

e - t p O s L i V Q  to utt : i : av io le  L radtat loi -

S u f f i c ie n t  t e c h n o l o g y  exi. s t:s to p 0 e v c~ il t  ad v e r s e  e f f e c t s

on worke i-s , but  t e ch n o l o g y  to measure  u l t  ravio le t  energy

f o r  conmp 1, it lf lce w i t h  the rccomiiiendcd S t t t u d t i  rd tS  tb I flOW

adequa te  , so work p r a c t i c e s  are  recomm ui ue nt le d for  corm t ro 1 of

exposure  in eases w h e r e  s u f l i c i  cut  mn e t u s u t - e tm m ent  or e lmmi s s ion

data are not  available.

‘l’hesc c r i t e r i a  and ti -m e r ecommended at  andard  w il l  be

reviewed and rev ised  when re 1 cv t m n  t: in forma t ion w;m r rants  -

SECTION 1 - EXP o SURE STANDARDS

(a) For the ultravioLet spectral region of 3 15 to 400

nun , total  irr t mdi an cc inc i dent on unprotected skin or eyes ,

based on e i ther  measure n ment data  or on out:put  d a ta , shall

not exceed 1 . 0  mW/ cm 2 for  per iods  g r e a t e r  than 1000 seconds ,

and for exposure t imes of 1000 seconds or le s s  the total

--- ---.----‘- - - —. , --——----—— --.- ---.. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . —~~~-‘-- -~~~~—.-—- . - 
-—. —=--— ‘- ‘ ‘.-- - -
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2 2
ea d L a nt  e n e rg y  sha l l  not exceed 1000 nuW s e c / c n m  (1 . 0 J/ cnt  ) -

(h) For tim e ultraviolet spectral region of 200 to 315

urn , t o t a !  i r r t u d i t m n c e  i nc iden t  or -i unp r ot : cc tec i  a L i n  or eyes ,

based on either nucasuremcm t da ta  or am -i o u t p u t  d a t a , s ha l l

h o t  exceed  l eve l s  desc r ibed  below .

( I )  I f  t im e u lt r av i o l e t  energy  is f rom a n a r r o w —

band or monochromat ic source , pcrnmissih le (lose levels for a

dail y 8-hour  p e r i o d  can be read d i r e c t ly from m u Fi gure 1-1 , or ,

for  s el e c t e d  w a v e l e ng t h s , f rom Table I - i.

(2)  If the ul traviole t energy is fromn a broad-

band source , the e f f e c t i v e  i rr adiance  
~~
1

C f f ~ 
relative to a

270 nun m o n o c h r o m a t i c  source shal l  be c a l c u l a te d  ironu ti -ic

f o rmu la  below . Frou:~ ‘e l f ’  ti -ic p e r m i ssi b l e  ex p o su r e  t ime in

seconds for u n p r o t e c t e d  skin or eyes  shall be couiput :cd by

d i v i d i ng  0 . 0 0 3  J / cnu 2 , the p e r m i s s i b l e  close of 2 70  nun radia-
2t ion , b y ‘ef f  in W/Crn -

‘ef f  ~ ~~~~~~~

I e f fe c t i v e  i rr a d it u n c e  r e la t i v e  toef f
a rnonochroma t: Ic sourCe at  270  urn .

I~ = sp - ’ct r al  i rr ad i an ce  i n  W/ c rn 2 /nm

S = re la t ive  spect ra l  e f f e c t i v e n es s
(un i t l es s)  see Ttub le  1— 1 for
values of S A at  d i f f e r e n t  wave-
lengths .

= bandwidth in nun .

_ _  --- -- -- -——--‘ — , .- - .--- ---
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T a ble I — I

Tot a l I’ ermtiis si .i, Le 8 — I l o t a r  Doses and
Re l. . m t  L v i’ 5I~ ’c tr a 1  E f f c ’et i. V enmes s  t f  Som ~~Sc lee  l e d  M o m t o c h r n m n a t i c  WOV e 1 c’ng th s

Wave [em - i 1 ’t h  P erm ia s  ib le  B — h o u r  R e l a t i v e  s p e c t r a l
( rm mmm ) dose (u im J / elm’) e I ft .’ c t i VI’ mess (S A )

20() 100.0 0 .03

21 0  4 0 . 0  0 . 075

220 2 5 . 0  0 . 1. 2

730 16 . 0  0 . 19

240 10.0 0.30

250  7 . 0  0 . 4 3

2 56 6 . 0  0 . 5 0

260 6 .6

2 70  3 . 0  1 .00

280 3 . 4  0 . 88

290 4 . 7  0 .64

300 . L 0 . O  0 . 3 0

305 5 0 . 0  0 .06

310 2 0 0 . 0  0 .015

315 1000 .0  0 . 0 0 3

‘rhis [ t u b  I . ’ was a d a p t ed  fro t mu a t a b l e  deve lopet i  and p u b l i s h e d
by the Amer ic :tn Con f e re nc e  of  G o v e r n m e n ta l  I n d ust r i al
il yg i c m i i  at s  in ‘‘‘I’hreshoId l., i im -t i t  \-‘ t i  c m o s  f o r  Ch enmic t t l Sub —
s t: anc e t ;  and Phys i ca l  A geu I s  in the Workroom Env ir onmneu t w i t h
I n t e nde d  Changes for 19’/2  -

— - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - — — ~~~~~~~~~~~~~~~~~~ —‘~~- .--~~-~~.--—,.:_,,-: — . . 
— ___________________
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Table 1-2 l i s t s  p e r m i s s i b l e  exposure  t imes  co r r e spond ing  to
2se l ec t ed  values of ‘ef f  in [lW/ cm

If r a d i a t i o n  i n t e n s i t y  f r o m  a po in t  source  is knows at

sonte d i s t a n c e  f ront  the worker , f o r  examp le , front  measure m ent

at  ano ther  po in t  or f rom o u tp u t  data  at a known d i s t a n c e

front the u l t r a v i o l e t  source , a t t e n u a t i o n  of r a d i a t i o n  de-

creases w i t h  the square  of the d i s tance  it mus t  t r a v e l .  For

examp le , an ob jec t  3 f ee t  away from a rad ia t ion  source

receives 1/9 the energy of an obj ec t  1 foot  away . This

assumpt ion  is conservat ive  in some ins tances , s ince u l t r a -

v io le t  radia t ion, especia l ly a t  very low wavelengths , may be

absorbed by some components of the atmosp here . Where infor-

mat ion  on at mospheric absorp tion of ultraviolet ratliation is

known , fu r t h e r  cor rec t ion  may be app l ied .  The calculat ion

of i n t ens i ty  of r ad ia t ion  at any given point  by use of the

inverse square formula explained above does not take into

cons idera t ion  r e f l e c t e d  energy .

The recommended s tandard  is not proposed for  app l ica-

t ion as a s tandard  to l asers .  It should be r ecogn iaed  t i m a t

s i g n i f i c a n t  n o n - o c c u p a t i o n a l  exposure to u l t r a v i o l e t  r tmd i a -

t ion can occur from exposure to sunl i ght , p a r t i c u l a r ly during

the summer months .
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Table 1-2

M axi mnun m P er u m i a s i . b le  E x p o su r e  Timm m e s
f o r  SeL e c t e d  Values  of

D u r at i o n  of  E f f e c t :  i.ve ir~~;t t l i .t u n c e ,
E x p o s u r e  p er  day elf (jW/cm ’ 

-

8 hrs 0 . 1

4 hrs  0 . 2

2 hrs 0 . 4

1 hr 0 . 8

30 miii 1 . 7

15 n-t in 3 . 3

10 mu m in 5 . 0

5 mm 10.0

1 mm 50 .0

30 sec 1.00 . 0

This t ab le  was a d a p t e d  f rom a tab le  deve loped  and  p u b l i s h e d
by ti-ic At iuer ican C o n f e r e n c e  of Governments  I Hvg ien is t I s  in
‘‘Thresho ld  L i n m i t  Va lues  for  C h e m i c t m  1. Subs Lances  and Phy s i ca l
Ag e n t s  in ti-ic W orkroonm Env i ronment  w i t h  T i t t : en d e d  Changes  f o r
19 7 2 . ” 

~~_ __ _ _~~ ,.. — -.------ -- - - - -  
~~~~~~~~~~~~~~~~~~~~~~~ —.---— ‘ ——-- _~~~- .—-- --~---- - - — - - - - —
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APPENDIX 2

DERIVAT I ON OF EQUATION 3

The NI3 S c a l i b r a t e d  phot od iode  was f u r n is h e d  w i t h

mumctm suremncn t :s of it: s Q uan t u m  E f f i c i e n cy  ( Q .  E .  ) - The Q. E .

was defined as ti-ic ratio of the number of e l ec t r o n s  e m i t ted

to the number of inc iden t  quanta. The phot:od i ode current:

was measured  as a fu n c t i o n  of wav e l e n g t h  - From the c u r r e n t ,

the power of t h e  inc iden t  r ad i an t  e n e r g y  was der ived  as

to l lows :

C = f A  E q .  1

E = hI E q.  2

By so lv ing  for  f in E q .  1 and s u b s t i t u t i ng  t h a t  value in

Eq .  2 , the f o l l o w i n g  equat ion  r e s u l t s :

E im—~-- energy Eq.  A
A ( [uanturn

The inc iden t  power ( I . ? .)  would  be :  the number of quan ta  per

second t imes ti -ic energy p er  quan tum . The number  of e lec t rons

e n m i t t . c d  per  second woUld he the  number of i n c i d e n t  q t t t m n t a

per second t ime s ti -m e Q. E . , or

Q. E .  x N o .  Qtmanta  = No ot el,ectrons = c u r r e n t
second second charge

elect:  ron

There fore ,

= ~~~~~t a  ener gy Eq.  B
secon d Quan tum

-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -‘ — — — —~~~~~~ -— ~~~ 
- -
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, 
~~~~~~~~~~~~~~~~~~~~~~~~~~~ x —

~~~~~~~~ E q.  CQ. I ’ : . A

I .P . (-~~~-) (~~~~ ) (~~~~) E q .  D
~nt Q . E .

wlie re

I = cur ~-~~-~ in amper es
h 

~ i an c k ’ s Const ~int  = 6 .626  x ~~~~27 e rg_ s c~~0~~~5= 1.6 0 2  x io~~~
9 

Coulom b
10C = 3 x 10 cnu/ seco n d

U si ng  the  tmbo ve  values  and sim p li f yifl8 .

~ .P . = 1 . 2 4  ~~~~~~~~~~~~~
( - \ ) ( Q . E .) 

E q.  3
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APPENDIX 4

RECOMMENDED ULTRAVIOLET HAZARD

SURVEY PROCEDURES

The following procedures were formulated to aid a

surveyor in accomplishing a hazard evaluation of an ultra-.

violet energy source using a biologically weighted ultra-S

violet hazard monitor .

A. Prior to actual survey :

1. Using a NBS traceable calibration standard , cali-

brate the monitor and determine the calibration factor for

the monitor .

2. Charge the batteries allowing sufficient time to

obtain a full charge .

3. Insure availability of all necessary survey items ,

e.g., worksheets, extra paper , tape measure, pens , etc .

4. Check condition of suitable safety/protective

equipment, e.g., coveralls and welding goggles/shields .

B. During the survey :

1. Turn on the monitor and allow sufficient warm-up

time.

2. Check the zero reading by covering the optical

window and either zero the monitor or record the zero read-

ing value for future irradiance level corrections .

3. Wear suitable protective equipment.

I L ~~~~~~~~~~ ____________________
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4. Obt: a in i rrad iance  readings at locat ion:; rout  ine ly

occupied.

5. If u s in g  the UV UM with  the o pt ica l  sys t em problem ,

p O S l t l Of l  the UVI!M at: such an ang le f rom the  u l t r a v i o l e t

source as to o b t . t i n  the maximum i r r ad iancc  reading.

6.  Pe r iod ical l y check the b at t e r y  cha rge  cond i t ion .

7 . Comp lete  the worksheet  as thoroughl y as possible

so that:  a de t e rmina t i on  of the biolog ical hazard  of the

u l t r a v i o l e t  source could be made .

8. A f t e r  a l l  i r r ad i ance  levels have been taken ,

app l y the c a l i b r a t i o n  f a c t o r  to obt ath the corrected

i .r r adLmce levels to be used in making the hazard eva luation .
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APPENDIX 5

DV HAZARD EVALUATION

SURVEY WORKSHEET

COMPANY : __________________________ DATE : 7 July 1977

CITY : Cincinnati 
— 

STATE : Ohio ZIP:4 5214

DEPT . : W e l d i n g  SECTION : 
_ _ _ _ _ _ _ _ _ _ _ _ _

PERSONNEL CONTACTED:

NAME : POSITION : PHONE :

Mr . __Russ C l a y t o n  Eng ineer 
_________

DESCRIPTION OF OPERATIONS : The comp~~ y manu Cactur e r s  va r ious

t~~~~~~of va lves  for d i f f e r e n t  indus t rie s,  e . g .  , the chemical

process  i n d u s t r y .

DESCR IL ’TION OF AREA SURVEYED : Welding of different: valve

p art s  two d i f f e r e n t  locations where welding~ p e r f or m e d ;  hi gh

c e i l  ings t h roughou t

DESCRIPTION OF SOURCE(S) OF ULTRAVIOLET ENERGY :

SOURCE 1: - SOURCE 2:

POWER RATING: 
__________________ ____________________

SPECTRAL RANGE : Broadband Broadband

MANUFACTURER: Westinghouse Mi l le r

TIME IN OPERATION : 3 to 5 hrs/ day 3 to S hr s/ day

OTHER INFORMATION : 
_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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WORKER EXPOSURE :

NO. WORKERS EXPOSE D: o n e/u n it  DISTANCE TO SOURCE :

30 — 46 cm EX P OSURE TIME : 3 to 5 h o u r s / d a y

NO. PERSONNEL IN ADJACENT AREAS : v a r i es  
_ _ _ _ _ _ _ _  _____

DISTANCE FROM SOURCE : 
_____  _ _ _ _ _ _ _ _ _ _ _ _ _ _  ___________-____

POTENTIAL EXPOSURE TIME : 8 h o u r s/ d a y  _______—___

WORKER PROTECTIVE EQUIPMENT :

EYE PROTECTION WORN : YES X NO 
— 

TYPE : Face sh i e lds

w [t:h l i lt e r s  PROTECTIVE CREAMS USED : YES 
—

NO X COVERALLS WORN : YES NO X

OTHER PROTECTIVE EQUIPMENT : Long s leeve s h i r t s  worn hy 
_____

welde r s ;  w e l d i n g  screens around w e ld in g  u n i t s  ______—

~~~~~

WARNING SIGNS POSTED : YES 
— 

NO X

INDIRECT ENVIRONMENTAL PROBLEM POTENTIALS :

GASES USED: Argon

SOLVENTS USED (TYPE AND QUANTITY) : None

NOISE : Not checked ____________

LIGHTING : Appeared adequate

FIRE/SAFETY PROBLEMS : ___________________________________
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VENTILATION USED: Genera l  room ; no mechanica l  local

exhaust  sys tem.

SKETCH OF AREA :

_ _  c~I c D ~
:~_j_~1 

®1

I - M i l l er Arc Welder

2 - Westinghouse Arc Welder

3 - 7018 M il d stee l Welder

SURVEY DATA:

LOCATION : TIME: READING: COMMENTS :
( WI cmL)

See add endum f or welding surveys
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SURVEY EQUIPMENT : MANUFACTURER: CBS Labora to r i e s

MODEL : UVALERT ____- SERIAL NO: _________________ -_____

CALIBRATION DATE : _~~ L 1977

SURVEYOR : RONAL D L. SCILILLER
N AME (PRINT) SIGNATURE DATE

ADDENDUM FOR WELDING SURVEYS :

LOCATION : TIME: ELECTRODE AMPERES : READING :
TYPE : 0,4/cm2)

A (254 cm) 0910 Stellite 210 1.1 X lO~~

B (188 cm) 0920 Stellite 300 2.9 X

C (190 cm) 0927 7018 Mild Steel 1.0 X 1d~

COMMENTS :

The welding area was quite warm; estimated dry bulb tempera-

ture hi gher than 850 F. Workers shorts were wet with

perspiration . Welding process quite warm.


