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ABSTRACT.

A 2 -1 /2  y ear com parison o f ch es t X-rays of 6571 p roduction  w orkers and 
420 c l e r i c a l  w orkers a t  Puget Sound Naval Shipyard show th a t  Pipe 
C overers and I n s u la to r s  hand ling  a sb es to s  have 21.27. d iagnosed  pulmonary 
a b n o rm a lit ie s  as a group compared to  th e  nex t h ig h e s t in c id en ce  o f 3.57. 
fo r  b o ile rm ak e rs , w ith  some asb es to s  and s i l i c a  exposure, and le s s  than 
17. fo r  c l e r i c a l  w orkers, w ith  no known asb es to s  exposure. Exposure 
p a t te r n s  suggest th a t  th e  c u r re n t TLV o f 5 rag/M2 3 fo r  a sb e s to s  may be 
too h ig h .

1. INTRODUCTION. Numerous au thors  d e sc r ib e  many case o f  a sb e s to s is  
and th e  in c reased  r i s k  o f  lung cancer fo r  in s u la t io n  w orkers w ith  reg u la r 
exposure to  a sb e s to s  o r a sb e s to s -c o n ta in in g  m a te r ia ls  ( 1 ,2 ,3 ,4 ,5 ,1 2 ,1 3 ,1 4 ) .  
F le is c h e r  (1) found few cases  in  1946' o f  a s b e s to s is  among in s u la t io n  
w orkers in  E a s te rn  Navy Shipyards and m inim ized th e  p o te n t ia l  hazard  
because d u s t le v e ls  w ere below th e  th re sh o ld  l im it  v a lu e . A sbestos 
exposu res to  in s u la t io n  w orkers d u rin g  sh ip  overhaul a t  Long Beach Naval 
S h ipyard  were e v a lu a te d  in  1965 by Marr (4) showing a s b e s to s is  rem ains 
a s e r io u s  o c c u p a tio n a l d is e a s e  a t  Naval sh ip y a rd s . N early  a l l  o f 
M a rr 's  work was done w ith  th e  Bausch and Lomb Dust C ounter.

B a lze r  (7 ,8 )  re p o rte d  in  1968 th a t  in s u la t io n  workers in  th e  San F rancisco  
Bay a re a  were exposed to  o v e r a l l  env ironm enta l d u s t counts n ear th e  
th re s h o ld  l im it  v a lu e ;  however, d e f in i t e  ra d io lo g ic  lung changes were 
observed  in  the a sb e s to s  union  p o p u la tio n . Approxim ately 257. of the  
men w ith  over 20 y e a rs  work ex p erience  and a 457. time w eighted  exposure 
d isp la y e d  ra d io lo g ic  lung changes. H is s tu d ie s  however, d id  not inc lude 
Naval sh ip y a rd s . .

Cooper (6) and B a lze r (7 ,8 )  p o in t o u t th a t  th e  midget Im pinger sampling 
used in  d e te rm in in g  d u s t c o n c e n tra tio n s  in c lu d es  a l l  d u s t ,  and th e  
a sb e s to s  d u s t th a t  i s  counted  i s  m ainly g ra in s  although some f ib e r s  
a re  In c lu d e d . Lynch and Ayers (9) have suggested  th a t  th e  5 mppcf 
th re sh o ld  l im it  v a lu e  i s  no longer a  good measure o f a sb e s to s  exposure, 
because  s h o r t  a sb e s to s  f ib e r s  a re  la rg e ly  below the re so lv in g  power 
o f  l i g h t  f i e ld  m icroscopy.

C ra lle y  e t  a l  (14) has  suggested  th a t  a sb es to s  f ib e rs  a c t as c a r r i e r s  
fo r  ca rc in o g en ic  m e ta ls  o r o th e r  su b s ta n c e s .

2 . STUDY BASIS. At Puget Sound Naval Shipyard , a 2-1/2 y ea r study was 
begun in  1965 to  compare th e  c h es t X-ray f in d in g s  and the  environment of 
104 in s u la t io n  w orkers w ith  6571 p ro d u c tio n  and 420 c l e r i c a l  w orkers. 
A sbestos exposures have been p e r io d ic a l ly  ev a lu a ted  by m idget impinger 
sam pling and counted by l i g h t  f i e ld  m icroscopy since  1956 (1 0 ,1 1 ).
The same methods were used in  th i s  s tudy  to  compare d a ta  c o l le c te d  over 
th e  p a s t  12 y e a rs .
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3* COMPARATIVE REVIEW OF CHEST X-RAYS. Moat X-ray e v a lu a tio n s  were 
based on s e v e ra l reviews over the 2 -1 /2  year study  p e r io d . Those 
w orkers who were exposed to  lung hazardous c o n d itio n s  rece iv ed  sem i-annual 
14 x 17 inch  c h e s t X -rays, a l l  o th e rs  rece ived  annual 70 nan chest 
X -ray s. P h y sic ian s  l i s t e d  th e  X -ray fin d in g s as " f i b r o t i c  changes," 
o r "pulmonary a b n o rm a lit ie s ."

T able I  shows the d is t r ib u t io n  of diagnosed pulmonary f i b r o s i s ,  or 
o th e r  abnorm ality  fo r each tra d e  c a teg o ry . Because the in s u la to r s  had 
th e  h ig h e s t inc idence  (21.27.) compared to  a l l  o th e r  t r a d e s ,  the work 
h is to r y  was in v e s t ig a te d . Table I I  compares th e  age, employment, and 
f i r s t  pulmonary ab n o rm a litie s  fo r 22 in s u la t io n  w orkers.

T ab le I I I  summarizes the  only case  diagnosed as a s b e s to s is  rep o rted  
d u rin g  th e  s tudy .

Table IV shows the d i s t r ib u t io n  o f  pulmonary f in d in g s  compared to  the 
y e a rs  exposed.

No e a se s  o f  lung cancer were re p o r te d  in  the  s tudy  group. .

4 . ENVIRONMENTAL REVIEW. A irborne samples were c o l le c te d  and counted 
acco rd in g  to  Che method adopted by th e  N ational Conference o f  Governmental 
I n d u s t r i a l  H y g ien ists  in  1942 (1 0 ,1 1 ) . P a r t i c le  s iz e  d i s t r i b u t io n s  
were c a lc u la te d  fo r  20Z o f the  sam ples. The geom etric mean d iam eter d id  
no t exceed 2 .3  microns by the l i g h t  f i e l d  method fo r  any sam ple. Many 
a s b e s to s  f ib e r s  were probably  below  th e  l im it  o f r e s o lu t io n  of the 
m icroscope (1 m icron) (9 ) .  The number o f f ib e r s  observed were r e la te d  
to  th e  type  o f  m a te r ia l .

The m a te r ia ls  d esc rib ed  in  Table V a re  used by n e a r ly  a l l  in s u la to r s  
a t  Puget Sound Naval Shipyard . The asb es to s  p ro d u c ts  a re  s im ila r  to 
chose used by union  employees in  th e  San F rancisco  Bay a re a  (7 ,8 )  and 
Long Beach Naval Shipyard (4 ) .

Thoroughly w e ttin g  am ositc o r o th e r  a sb es to s  m a te r ia ls  was found to 
reduce a irb o rn e  p a r t i c u la te  le v e ls  by o n e -h a lf  to  tw o -th ird s  compared 
to  d ry  h a n d lin g  te ch n iq u es . W etting am osite o r m agnesia b lo ck  before 
r lp o u t  o f  o ld  in s u la t io n  aboard sh ip  i s  no t p r a c t i c a l  because che 
ad h es iv e  and p a in t co a tin g  is  w ater r e s i s t a n t .  I n s t a l l a t i o n  or r ip o u t 
o f a s b e s to s  in s u la t io n  aboard sh ip  produces h igh  c o n c e n tra tio n s  o f a irb o rn e  
asbeseos d u s t .  Adequate v e n t i l a t io n  and wet h an d lin g  tech n iq u es  in  the  
f a b r ic a t io n  shop keep th e  d u s t le v e ls  w ell below th e  TLV.

T able VI shows che estim ated  time w eighted exposure to  a sb e s to s  
determ ined  from work schedules and f ie ld  sam pling. The exposure p a tte rn s  
fo r  each in s u la t io n  job on new sh ip  c o n s tru c tio n , o v e rh au l, and p ré ­
f a b r ic a t io n  a re  e s tim ated  in  T ables V II, V III , and IX.

Graph A shows a ty p ic a l  sawing o p e ra tio n  where ex cessiv e  exposures occur 
fo r  b r i e f  p e r io d s .
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Although d u s t r e s p ir a to r s  have been req u ired  fo r in s t a l l a t i o n  o r rip o u t 
o f  a sb e s to s  aboard sh ip  s in c e  1956, th is  su rvey  found th a t  76% o f the  
in s u la t io n  w orkers d id  not use d u st r e s p i r a to r s .  Over 50% d id  not 
possess r e s p i r a to r s  which are  re a d ily  a v a i la b le  a t  to o l rooms.

5. DISCUSSION. The exposure p a tte rn s  of in s u la to r s  a t  Puget Sound 
Naval Shipyard are in te r m i t te n t ,  la rg e ly  ch ro n ic  low le v e l ,  but 
inc lude  b r i e f  acu te  h igh  le v e l  episodes du ring  sawing or overhaul of 
sh ip s when o ld  in s u la t io n  i s  ripped  out w ithou t p re -w e ttin g  the m a te r ia l .  
In d iv id u a l exposure p a t te rn s  vary  w idely w ith in  work groups because of 
h igh m o b ili ty ,  in d iv id u a l work p a t te rn s ,  v a r ie ty  o f job  assignm ents, 
and the use o f  many d i f f e r e n t  m a te r ia ls .

The in s u la to r s  have a  com paratively  l ig h t  exposure when compared to  
a sb esto s  m iners o r f a b r ic  m anufac tu rers , y e t a f t e r  about 10 years  of 
exposure c h e s t  X -rays beg in  to  re v e a l in c reased  d if fu s e  m arkings.
Change of jo b  s t a t u s ,  te rm in a tio n , or removal from th e  hazardous duty  
l i s t  may obscure the  p a s t o ccu p a tio n a l h i s to r y  o f in s u la t io n  w orkers. 
There is  a need to  develop a  uniform  c l a s s i f i c a t i o n  fo r  read in g  and 
id e n t ify in g  such X -rays tak en  o f  in s u la t io n  w orkers (14) and to  
m ain ta in  t h e i r  o ccu p a tio n a l h i s to r y .  T h e -in d iv id u a l h a b i ts  o f  workmen 
appear to  p la y  a la rg e  pare in  th e i r  exposure p a te e rn s .  Some workmen 
wear th e i r  r e s p i r a t o r s ,  w hile  o th e rs  w i l l  n o t .  Mosfc in s u la t io n  w orkers 
were aware th a t  exposure to  a sb e s to s , even ae low c o n c e n tra tio n s , i s  
h azardous. The a t t i t u d e  p re v a i ls  th a t  Che h azards a re  unavoidable and 
must be accep ted  as p a r t  o f  th e  tra d e .

T o ta l d u s t counts a re  b e lie v e d  to  be im portan t because some o f the 
g ra in s  a re  a c tu a l ly  p a r t i c l e s  from the a sb es to s  f ib e r s  o r the p aren t 
rock  in  th e  a sb e s to s  v e in . They a re  in  f a c t  c ry s ta l lo g ra p h ie a l ly  
in d is t in g u is h a b le  from f ib ro u s  asb es to s  (9 ) . B inders, m eta ls from 
p ro cess in g  (14) and su rfa c e  ab so rp tio n  may p la y  y e t an o th e r r o le .
U n til th e se  u n c e r t a in i t i e s  a re  re so lv ed , th e  f in e s  a s so c ia te d  w ith 
a sb e s to s  p ro d u c ts  should  no t be t r e a te d  as i n e r t  m a te r ia l .

The 21.2% d iagnosed  lung a b n o rm a litie s  found in  in s u la t io n  workers 
compared w ith  22% (7 ,8 )  found in  union in s u la t io n  workers in  the San 
F ran c isco  Bay a re a . The 3.5% occurrence o f pulmonary a b n o rm a litie s  
among b o ile rm ak e rs  w ith  m arg inal exposures to  a sb es to s  and s i l i c a  
may be p a r t i a l l y  due to  a sb e s to s . 6

6 . CONCLUSIONS. A 2 -1 /2  y ear com parison o f  c h e s t X-rays o f 6571 
p ro d u c tio n  w orkers and 420 c l e r i c a l  workers a t  Fuget Sound Naval Shipyard 
shoved th a t  104 in s u la to r s  han d lin g  asb esto s  have 21.2% diagnosed 
pulmonary a b n o rm a lit ie s  compared to  the nex t h ig h e s t  inc id en ce  of 3.5% 
fo r  b o ile rm ak ers  w ith some asb es to s  and s i l i c a  exposure , and le s s  than  
1% fo r c l e r i c a l  w orkers w ith  no known a sb es to s  exposu re .
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Only one case  of a s b e s to s is  was diagnosed s ince  Ju ly  1965 when the 
s tu d y  was begun.

Exposure p a t te rn s  and the high inc idence o f lung ab n o rm a litie s  suggest 
th a t  th e  c u r re n t  th re sh o ld  l im it  value of 5 mg/MT fo r  a sb es to s  may be 
too h ig h .

Lung ab n o rm a litie s  o f in s u la to r s  a re  f i r s t  ev iden t a f t e r  about 10'year3 
exposure and p rogress u n t i l  re tirem en t or te rm in a tio n .

I n s u la t io n  w orkers handle asb esto s  m a te r ia ls  between 70 -  907. o f  the 
work s h i f t .  The exposure to  asbestos d u s t i s  in te r m i t te n t ,  although 
b r i e f  ep iso d es  a t  co n ce n tra tio n s  co n sid erab ly  above th e  TLV do occur 
d u rin g  saw ing o r r ip o u t .  The t o t a l  a irb o rn e  p a r t i c le  count ranges 
about 5 mppcf fo r  about 50% of Che work day. The a sb es to s  con ten t of 
th e  m a te r ia ls  ranges from 15 to  95%. The work day has p erio d s  of 
i n a c t i v i t y ,  tim e between job  changes, and tim e fo r m a te r ia l  a c q u is i t io n s ,  
which reduce th e  a c tu a l  exposure to  about 6 h o u rs .

A h igh  in c id en ce  o f lung ab n o rm a litie s  would not be expected  according 
to  tim e w eighted  exposures compared to  th e  p re sen t TLV. T his i s  c o n tra ry  
to  th e  21.2% pulmonary ab n o rm a litie s  among in s u la to r s  shown in  Table I .

P o s s ib le  e x p lan a tio n s  a re :

a .  The pulmonary ab n o rm a litie s  are the  r e s u l t  o f  in te rm itte n t  
peak ex p o su res  throughout each work day fo r more than  10 y e a rs . The tim e 
w eighted  exposure e s tim a te s  a re  low and do no t r e f l e c t  th e  tru e  exposure.

b .  The th re sh o ld  l im i t  value  has been s e t  too  h ig h .

c .  Methods o f e v a lu a tio n  do n o t p roperly  access  th e  exposure
p a t t e r n .

The 21.2% pulm onary a b n o rm a litie s  found among in s u la t io n  w orkers a t Pugat 
Sound N aval Shipyard compare to  25% found in  union in s u la t io n  workers in  
th e  San F ra n c isc o  Bay a re a  (8 ) .  *

I f  w orking c o n d itio n s  rem ain the  same! about 20% of th e  in s u la t io n  workers 
a t  Puget Sound Navel Shipyard  can be expected to have some pulmonary 
a b n o rm a li t ie s  d is t in g u is h a b le  by c h es t X-rays a f te r  15 y ea rs  in  the trad e  
(T able I V ) .
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IN CIDEN CE OF DIAGNOSED PULMONARY F IB R O S IS

TRADE
TOTAL WORKING 

FORCE
WORKERS WITH PULMONARY FIBROSIS 
OTHER ABNORMAL X-RAY FINDINGS

NUMBER PERCENT

S h ip f i t t e r a 890 6 .77.

Sheatmet a l  Workers 489 6 1.27.

Forge Workers 32 - -

W elders 998 11 1.17.

In s id e  M ach in is ts 536 1 .27.

O utside  M ach in is ts 490 - -

B oilerm akera 115 • 4 3 .51

E le c t r i c ia n s 574 «■ as

Pipe C overers & In s u la to r s 104 22 21.2%

P i p e f i t t e r s 765 6 .81

S h ip w rig h ts  & J o in e rs 228 - -

E le c tro n ic s  Workers 280 - ■s

P a in te r s 263 4 1.57.

R iggers • 664 1 .17.

Temporary S e rv ic e s 143 1 .71

C o n tro l Group 
( c l e r i c a l  w orkers) 420 1 .2%

August 1963
TABLE I



INTERVAL BETWEEN EMPLOYMENT AND
FIRST X-RAY INDICATIONS OF LUNG ABNORMALITY

AGE CHEST INTERVAL BETWEEN YEARS IN PC&I
WHEN YEAR CONDITION EMPLOYMENT AND 1 s t TRADE AT PSNS

EMPLOYEE HIRED HIRED 1st NOTED X-RAY ABNORMALITIES (WHERE KNOWN)

1 22 1933 1959 26 years 33

2 22 1933 1954 21 33

3 18 1936 1958 22 30

4 27 1939 1963 24 27

5 26 1941 1947 6 25

6 39 1941 1953 12 23

7 31 1942 1961 * 19 17

8 30 1944 1951 7 22

9 25 1945 1963 18 21

10 28 1947 1965 18 20

11 41 1947 1964 17 20

12 36 1951 1963 12 15

13 - 1952 1962 10 m

14 45 1952 1958 6 -

15 35 1953 1962 9 13

16 U9 1960 1960 m 6

17 38 1958 1960 2 8

18 54 1961 1966 5 5

19 31 1961 1961 - 5

20 57 1961 1962 1 5

21 47 1963 1965 2 3

22 22 1965 1966 1 ' 1

A u g u s t  1 9 6 8

TABLE I I  ..



EMPLOYEE NUMBER 7 :  CASE HISTORY

OCCUPATIONAL PROBABLE ASBESTOS CLINICAL
DATE HISTORY EXPOSURE HISTORY

1942-52 PC&I a t  PSNS unknown X -ray: n eg ac i\

1952-60 PC&I m aintenance work, 
apartm ent houses

in te r m i t te n t ,  le s s  
than  5 mppcf *

I960 PC&I a t  PSNS le s s  than  5 mppcf X -ray: n eg a tiv

1961 PC&I a t  PSNS le s s  than  5 mppcf Pulmonary abnor 
i t i e s  1 s t noted 
X-ray

1967 d i s a b i l i t y  re tire m e n t
•

A sbestos found 
lung du ring  su r

1967 com pensation awarded f o r '  
d i s a b i l i t y  due to  
a s b e s to a is

* 5 mppcf is th e  c u r re n t  recommended th re sh o ld  l im i t  v a lu e  fo r asb es to s

A u g u s t  1968
TABLE I I I



DISTRIBUTION OF LUNG ABNORMALITIES 
AMONG PIPE COVERERS AND INSULATORS

INCIDENCE OF DIAGNOSED 
ABNORMAL X-RAY FINDINGS

PULMONARY FIBROSIS OR OTHER

PERCENT OF
PERCENT OF INCIDENCE BY

YEARS NUMBER MEDIAN NUMBER WITH INCIDENCE TOTAL PC&I
AT PSNS OF WORKERS ACE PULMONARY CHANGES BY GROUP WORK FORCE

0 -5  . 25 37 2 8Z 2%

6-10 28 47 5 18Z 5Z

11-15 11 43 1 9Z 1Z

16-20 20 48 4 20Z 4Z

21-25 7 51 4 • 57Z 4Z

25+ 7 56 6 90Z 6Z

AGGREGATE = 21.67.

A u cu sc  1968
TABLE IV



INSULATION MATERIAL AND USE

AHOSITS
Use: P ip in g , f i t t i n g s ,  machinery u n its  and large  or irr e g u la r  surfac« 

C om position: Long f ib e r  asb estos 957.

MAGNESIA BLOCK INSULATION

Use: Tanks, b o i l e r s ,  v a lv es  and p ip e s  .,

C om position: Magnesium Carbonate 857.

Long f ib e r  asbeseos 15%

ASBESTOS CEMENT

U se: F in ish in g  and In su la tin g , used over bare m eta ls  or in s u la t io n  
and as a f i l l e r

C om position:

Johns-M anvllla  #301

A sbestos (C r y s o t ile ) 15%

Portland Cement 171

Clay 33%

M ineral wool 20%

Diatomaceous e sr th 15%

One-Cote

Nodulated f ib e r  and A sbestos (C r y s o t ile )  -  l e s s  than 503 

Portland Cement 

Diatomaceous earth  

Clay

Calcium s u l f a t e  or n itr a te  

O rganics

l e s s than 50%

l e s s than 30%

l e s s than 20%

l e s s than 30%

l e s s than 5%

tr a c e

August 1968
TABLE V



IN SU LA TIO N  MATERIAL AND USE ( C o a t 'd )

UNIBESTOS

Use: P ip ing  up to  30 in ch es in  d iam eter, very  l i t t l e  i s  used 
a t  t h is  time

C om position: F in e ly  ground a sb e sto s  f ib e r  

W aterproof adhesive

ASBESTOS CLOTH

Use: F in a l  co a t or lag g in g  on p ip in g , v a lv e s ,  ta n k s , f i t t i n g s ,  
and m achinery in s t a l l a t i o n s

C om position: There are th ree  w eigh ts ranging from 1 .25  Co 2.U I b s /s q . j

801 to 95Z C r y so t ile  or Am oslte a sb e s to s  f ib e r  w ith  
co tto n  f ib e r

FIBERGLASS

Use: Many typ es such as b a t t s ,  s h e e t s ,  molded p ie c e s  and f e l t
are a v a ila b le  fo r  d i f f e r e n t  a p p lic a t io n s  such as v en t d u c ts , 
p ip in g  and v a lv es

C om position; Fibrous g la s s  w ith  b inder

CORK

Use: R e fr ig e r a tio n  and a ir  c o n d itio n in g  p ip in g
. ■  ̂ •

C om position: V egetab le  product ' .

RUBBER

Use: R e fr ig e r a tio n  and a ir  c o n d itio n in g  p ip in g , rep la c e s  cork  in  
most a p p lic a t io n s

C om position: Foam rubber

A u g u s t  1 9 6 8

TABLE V (C on t'd )



a v e r a g e  t i m e - w e ig h t e d  e x p o s u r e  t o  i n s u l a t i o n  MATERIALS *

• PERCENT OF TIME EXPOSED
OPERATION AND MATERIAL NEW SHIP CONSTRUCTION SHIP OVERHAUL

I n s t a l l a t i o n

Amo s i t e  I n s t a l la t io n  10% 117.

M agnesia b lock  in s u la t io n
c u t t in g  and i n s t a l l i n g  391 351

A sb esto s  Cloth
c u t t in g ,  g lu e in g  and f i t t i n g  20% 137.

A sb esto s  Cement
n ix in g  1% II

F ib e r g la s s ,  Rubber, and Cork * 30% 13%

Rip-Out

A m osits 4%

M agnesia b lo ck  in s u la t io n , .
A m osite , and U n ibestos 171

F ib e r g la s s ,  Rubber, and Cork 57.

P r é fa b r ic a t io n  in  Shoo Percent o f  Time Exposed

M agnesia b lo ck  in s u la t io n ,
A m osite and A sb esto s  Cloth 50%

F ib e r g la s s ,  Rubber, and Cork 25%

* Baaed on 6 hour work day .

TABLE VI
August 1968



NEW SHIP CONSTRUCTION

M a te r ia l and O peration

A irborne Dust Concentration  
In B reath in g  Zona (M illion  
P a r t ic le s  per Cubic Foot)

P ercen t o f  Time Exposed 
(A verage) Based on a 
6 hour day

Ranee Averaae

A m oaite; I n s t a l l a t i o n 2 .6  to 8 .9 3 .6 10%

M agnesia b lo c k  in s u la t io n :  
c u t t in g  and I n s ta l l in g 2 .4  to 1 3 .3 6 .1 39%

A sb esto s  c lo t h :  c u t t in g ,  
g lu e in g  and f i t t i n g  . 3 .1  to 4 .6 3 .6 20%

M ixing a s b e s to s  cement 1 1 .3  to 8 2 .8 4 7 .5  ’ - 1% or l e s s

F ib e r g la s s ,  rubber and 
cork am sees 30%

A u g u s t 1968
TABLE V I I



SHIP OVERHAUL

M a te r ia l and O peration '

A irborne Dust con cen tra tion  
in  B reath in g  Zone (M illion  
P a r t ic le s  per Cubic Foot)

P ercent o f Time Exposed 
(Average) Based on a 
6 hour day

INSTALLATION

A sb esto s  c lo t h ;  c u t t in g ,  
g lu e in g  and f i t t i n g

Range Ai 

2 .8  to  5 .7

ferage 

A .3 15X

M agnesia b lock  I n s u la t io n :  
c u t t in g  and i n s t a l l i n g 3 .5  to  AO.5 16.7 35X

A m osite 2 .6  to  8 .9 A .5 m

F ib e r g la s s ,  rubber 
and cork —

•
mmt m 13%

RIPOUT

Am osite 1 .0  to  7 .7 A .A 41

M agnesia b lock  In su la tio n  
and a sb e s to s  c lo th 2 .6  to  6 .8 5 .0 n x

A sb esto s  c lo th  and 
u n ih e sto s 2 .8  to 17 .4 6 .7 n x

F ib e r g la s s



PREFABRICATION IN SHOP

A irborne D ust C oncentration  
In B rea th in g  Zone (M illion

P ercent o f T ine Exposed  
(Average) Based on a

M agnesia b lo ck  in s u la t io n

c sm ,
Range

1 .1  to  1 .3

Average

1 .2  (c u tt in g )  
.32 (g lu e in g )

A m osite 2 .4  (cu tt in g )
67%

Asbestos cloth .39 to  .4 1  
.07 to  .1  
.1  to  .1 5

.4  (sew ing)

.0 9  (g lu e in g )

.13  (pinning
and narking)

Fiberglass, rubber and 
cork — — . 33%

A u g u s t  1 9 6 8
TABLE IX
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SELECTED REFERENCES RELATED TO ASBESTOS 
EXPOSURES OF PIES COVERERS AND INSULATORS

1 . F le is c h e r ,  e t  e l ,  A H ealth Survey o f  Pipe Covering Operation« in  
C one true t in g  Naval V e s s e ls .  J .  Induet Hyg & Tox 28 .9  January 1946

An e x c e l le n t  re fe r en ce  th a t shove hov l i t t l e  th e  exposure p a ttern s  
and trad e  method* have changed. The authors concluded th at the  
nuaber o f  d iagnosed  a s b e s to s is  ea ses  r e f le e te d  th e  hazards, which 
has s in c e  been found not to  be tr u e . Most PC&I personnel do not 
f i l e  c la im s .

2 .  M arr, W.T., A sb esto s Exposure Purina Naval V assa l O verhaul. AIHA J
25! 264 May 1964 ‘ — -

M arr's work b e t te r  r e f l e c t s  th e  exposure p a tte r n s  ewl the p o te n t ia l  
hazards from a sb e s to s  exp osu res.

3 .  S a l ik o f f ,  I . J . ,  e t  e l ,  A sb esto s  Exposure and N e o p la s ia .  JAMA A p r i l .6  1964

S e l lk o f f ' e  a r t i c l e  su g g ested  th a t  a h igh  r a ta  o f  cancer was r e la te d  
to  a s b e s t o s i s .

4 .  B a lx e r , J . L eroy, in d m e ^ fe l  Hygiene fo r  I n s u la t io n  Workers. J Occup 
Med, V ol 10 # 1 ,  January 1968

T h is  U n iv e r s ity  o f  C a lifo r n ia  research er found in  the union in s u la to r s  
about eha s e n  ra ta  o f  pulmonary ab n orm alities  aa found a t PSNS.

5 . S a l ik o f f ,  I . J . ,  a t  a l .  A sb esto s  Exposure Smoking and N eop lasia .  JAMA 
A p r il  18 7 o l 204 # 2 ,  1968

S a l ik o f f  lin k ed  smoking to  h igh  r a te s  o f  cancer among a sb e s to s  w orkers.

6 .  C.A. Mangold, R .B . B e c k e tt , D .J . Beesmer, A sb estos Exposure and Pulmonary 
r - m v  nhenoeg to  F ine C overers end In su la to r s  a t  Puget Sound Naval Shipyard. 
I n d u s t r ia l  H ygiene D iv is io n , PSNS, August 1988

A sb esto s  worker s  a t  PSNS have an average o f  21Z pulmonary a b n o r m a lit ie s , 
compared t o  a l l  o th er  work groups. The p ercen tage o f  pulmonary 
a b n o rm a litie s  grouped by years in  the tred e are: (1 ) 15 to  20 y r s -—— 207. 
( 2 )  20 to  23 yre—— 57ZJ 23 y rs  + ------ 901.
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PLAINTIFF EXHIBIT
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J n FEBKt'Aflv or nos rEA* Cooper, m a paper 
I entitled, "Asbestos as a Hazard tc Health,”1 
commented as follows: "We often try to emphasize 
that part of the challenge oi our field is that it ts 
at the forefront of medicine and technology where 
environmental hazards can first be detected m
V>**'*’ r.»f f«*» rabiiys »*»%•**> r»**’ •»V(>o%n'ra* ,.»r»rt <ni»
opportunities to study populations at risk. But 
when the relationships are actually suspected and 
gradually established, very real and practical con­
sequences become apparent. 5o the speculations, 
call them fancies if you will, that are part of the 
normal processes of developing new knowledge 
in other fields become menacing and are misused 
and misunderstood."

a

You have heard today that in industries using 
asbestos as a basic material, that is mining, mill­
ing. fabrication and installation, that a relation­
ship has been established between asbestos 
exposure and fibrosis of the lung, lung cancer, and 
possibly with an increase in the incidence of 
mesothelioma and gastrointestinal malignancies.
The incidence and seventy of the pulmonary 
fibrosis i.ashestosis) are apparently dependent on 
dose. This dose-response relationship ir. asbestos 
workers will probably be proven in time to be 
true also for the neoplasia of the lung, pleura and 
gastrointestinal tract Concern, however has been 
expressed that asbestos in ambient air may con* 
stituie a real threat to the entire public and not 
vast to those occupationally exposed,

This grave implication is summarized in an 
article by Thomson,1 who raises the question of 
"whether a small amount of asbestos m the lung 
bases or in the adjacent pleura or peritoneum is 
an effective carcinogen or co-rarcinogen m hu­
mans. if it is present there for 30 years or more.”
This concern is reiterated by Selikoff and his co­
workers3 in a lengthy editorial with the state­
ment: "The neoplasms now encountered associated 
both witr. industry and environment are conse­
quent upon Shhaiation of asbestos associated with 
the limited asbestos production of some 30 years 
ago. The r.eoolasms associated with current utili­
zation and exposure to asbestos will not be evi­
denced until 1990.”

If this is true, it changes the order of magnitude 
of the hazard and places asbestos in the forefront 
of public health problems, it is to this allegation 
th a t I wish to address myself. A good deal of the 
information on which this potential threat is pos­
tulated is in the realm of “speculation" and it is 
not always possible to separate the “fact' from the 
"fancy." O R  t  1
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The data which lead to this speculation is most­
ly epidemiologic in character. Toere is unequiv­
ocal evidence that fibrosis of the lung (asbestos«) 
occurs in asbestos workers. Pleuritis is a frequent 
sequela of asbestos exposure and a rare ■malig­
nancy of the pleura, mesothelioma, shows a re­
markable increase in asbestos workers and in 
individuals living near asbestos-producing mines 
and '»c'cr-s, h'ecpiasms of the iung occur more 
frequently m individuals who have asbestos« or 
who are occupationally exposed to asbestos.

These findings, per se. would not lead to the 
sweeping speculations made by Thomson. Selikoff 
and others were it not for the additional finding 
that a large percentage of individuals over the en­
tire world show “asbestos bodies" in their lungs 
at autopsy even though most hove had no known 
occupational exposure to asbestos (Table II. Since 
"asbestos bodies" are specific for past exposure 
to asbestos or similar fibers, the speculation that 
all of us are under some increased threat of lung 
cancer due to the presence cf ambient asbestos 
is valid.

Assessment of the magnitude of this threat is 
the crucial question The dynamics of the situation 
will not permit us to wait until 1990 for a defini­
tive answer Forces such as the increased use 
of asbestos products and the general soiling of 
ambient air in our industrial technological society 
demand that we make some judgment now If we 
cannot make this determination, we must direct 
our research into those channels which will be 
most likely to give us early and definitive proof

Epidemiological studies are of prime importance 
and in fact present the most convincing evidence 
that asbestos may be dangerous to the working 
population, but the likelihood of proving that there 
is an increased risk to the public from asbestos 
in ambient air. by using epidemiologic methods, 
is very small Even if all the factors which could 
influence its evaluation are known and a prospec­
tive study devised to demonstrate an effect by 
1990, any conclusions from such a study would 
be subject to severe doubt because of the many

T«LE 1
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variables which Could not be controlled satisfac­
torily. For instance, it would be almost impossible 
to select a proper cohort which could be followed 
over the many years: the selection of matched 
controls would be almost insurmountable: the in­
creasing use of asbestos and th* differences in 
composition and possible exposure in various lo-
rui^ies, end the ^T,cnr introduced by co*
carcinogens in our environment further becloud 
the issues and make it very unlikely that an 
equivocal answer could ever be forthcoming in m  
this type of evidence alone.

The experimental approach car. provide only 
tentative answers since it has been demonstrated 
that, while asbestos will produce irritation, 
plaques and malignancies in serous cavities, it is 
relatively inert as an over-all irritant to biologic 
materials Furthermore, the translation of effect 
from any species of animals to man is difficult at 
best and is made even more questionable by 
marked variations in respiratory tract response 
by different animal species. The anunal selected 
must most nearly resemble the human lung in 
order for the experiments to be meaningful. Dif­
ficulty ls evidenced, for instance in the fact that 
some animals, e g. the cat and the guinea pig. will 
produce fibrosis and relatively few asbestos 
bodies, and others such as the mouse will produce 
relatively few asbestos bodies but no fibrosis * 
This is probably related to the variations m the 
evolution of alveolar macrophages which Collet 
et aid have demonstrated to differ among humans, 
cats, rabbits, and guinea pigs

Exposure factors are not completely under­
stood. Asbestos is said to be indestructible, hut the 
term is a relative one; high heat, chemicals and 
body fluids produce changes m its physical and 
chemical properties in time There is undoubtedly 
a difference m effect from a heavy, brief or con­
tinuous exposure as occurs in industry to a sus­
tained minor exposure which mat occur from 
ambient air pollution. Seltkoff0 has iterated many 
times that there is an increasing use of asbestos 
(Table II) and surmises that we are presently 
seeing lur.g malignancies “consequent upon in­
halation of asbestos associated with the limited 
asbestos of some 30 years ago " The implication 
is clear that if this relationship (tons of asbestos 
produced to incidence of lung malignancy) ts true, 
the multifold increase m its use has started an up­
ward trend which will be reflected for the next 30 
years and more This extrapolation is unwarranted, 

Increased production cannot be equated with 
increased hazard, especially in a substance like

9 8 1 1 0 5  H&rRdbJ 33
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asbestos which is used for the most part in 
products which are unlikely to become airborne. 
The largest amount—one can only guess at the 
percentage—goes into asbestos products which, 
once applied do not disintegrate, such as build­
ing materials and floor tile. A iair estimate might 
be that some 10 to 15% of the asbestos in the ap­
proximately 3.000 end-products containing this 
mineral, e.g. brake lining and asbestos textiles, 
may by deterioration, weathering, heating, etc., 
become airborne. However, there are no studies 
of asbestos concentrations in ambient air. Indi­
cations that asbestos may be earned considerable 
distances in the airstream1 are based upon: (1) 
Analysis of deposits on the surface of the earth, 
snow, etc., (2) evidence that significant numbers 
o: people with mesothelioma worked or lived near 
asbestos m.nes or plants; and (3> evidence that a 
significant population has asbestos bodies m their 
lungs at autopsy. But as yet the type, amount and 
panicle sue of ambient airborne asbestos has not 
lent itself to systematic detection and identifica­
tion. It should also be borne in mind that asbestos 
deposits have mineral outcrops and hence there 
vs a strong possibility that asbestos in ambient air 
may be a natural phenomenon and not only a 
result of increased industrial activity.

Clinical experience indicates that the appear­
ance o: asbestosis (pulmonary fibrosis) is dose- 
dependent. Children have died of asbestosis and 
cor pulmonale after a few years of an overwhelm­
ing exposure "within large shipping bags, tram­
pling down fluffy amosite asbestos which all day 
long came cascading down over their heads."8 
Sluis-Cremer1' gives an average in one factory in 
South Africa of 6 years a: work before asbestosis 
■was manifest. Jacob and Auspaeh,10 m Dresden, 
determined an over-all average of 30 years before 
the asbestosis became disabling. X-ray changes are 
induced in most cases after 20 years' employment 
as an insulator (Selikoff, p. 147). One of our cases 
showed evidence of the fibrotic process on lung 
biopsy some 22 years after a heavy exposure of 
less than 2 years' duration.

While long latency is usual and progression, of 
the fibrotic process may continue long after the 
exposure has ceased, there is little information 
forthcoming regarding quantitative data or. the 
dose which each individual was exposed to Lung 
clearance studies indicate a marked difference in 
the effects of short, heavy dust exposures as com­
pared to minor, low exposures. Heavy dust in­
halation incites an acute flammatory reaction and 
stasis m the respiratory bronchiole and adjoining 
alveolar ducts and may provide a nidus for a con­
tinuing effect.

That asbestosis, i.e. the pneumoconiosis, does 
not present a major problem for the future is most­
ly due to the fact that the occupational population 
at risk, which is difficult to determine exactly, 
,s still quite small and can never reach large num­
bers (Table 111)

While members of the construction industry', 
for example plasterers and some automobile work­
ers, e.g. brake repairmen, may have greater ex­
posures than insulators working directly with as­
bestos products, it is safe to say that the kinds 
of exposure experienced in industry will never 
affect any sizable group m the general or working 
population.

The threat from asbestos, however, lies in its 
possible association with lung cancer; and the ex­
pectation that there will be no increase in the 
mortality from this disease among exposed work­
ers is not so sanguine Cancer of the lung occurs 
more frequently in those with occupational ex­
posure. whether or not they develop fibrosis, and 
this evidence is amply substantiated (Table TV) 
Two aspects axe not known, the pathogenic factors 
and the dose of asbestos which produce this in­
creased susceptibility. We do.not know whether 
asbestos has properties of primary carcinogenicity 
or whether its effect is entirely synergistic. That 
other factors must potentiate the asbestos ex­
posure has been postulated by Selikoff and Ham­
mond11 who show that asbestos insulators who 
smoke have about 90 times the incidence of lung

9 8 1 1 0 5 MarRsbT 11968 Volume 10 No. 1
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malign.ar.cy of smokers who are not exposed 
to asbestos, The metal complexes :n the asbestos 
fibers (nickel, chromium, etc.), benzpyrene and 
others carcinogenic agents absorbed on tbe asbes­
tos, allergic response which produces altered im­
munity. and the increased burden from urban 
populations or smoking are now postulated to be 
the major co-factors which make asbestos car- 
einoger.ic.1:

A dose too small to produce fibrosis, t*. asbes­
tosis, may, nevertheless lead to lung cancer. A 
dose large enough to produce asbestosis may cause 
malignancy if the worker does not die first from 
his pneumoconiosis. However, many men, after a 
lifetime of -work with asbestos products—specifi­
cally insulators—show no evidence of any unto­
ward pulmonary pathology. Again, in all of these, 
the amount of asbestos inhaled is unknown. When 
the dose is known to be related to the incidence 
and severity of a disease (send it grossly appears 
to be the case m asbestosis), it is safer to postulate 
that a non-threshold relationship exists. From a 
practical standpoint, however, asbestos would be 
ar. unusual disease agent if it did not have such 
a threshold. “Proof,” however, will always be a 
speculation, as it is for example m determining 
the carcinogenic level of radiation There is no 
way of estimating this threshold level, which at 
present needs more industrial hygiene studies.

Our findings support those of other investigators 
who state that pleuritis occurs in about 25% of 
insulation asbestos workers. The incidence of 
mesothelioma in this group is extremely large, 
considering the rarity of the tumor Selikoff re­
porting on a senes of 124 deaths from neoplasia 
m insulators found 10 with mesothelioma,' This 
malignancy has also occurred in increased 
incidence m some populations which did not work
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directly with asbestos. In a very large proportion 
in South Africa and in a considerable number of 
the the victims of this malignancy in the United 
States, environmental exposure is postulated as 
the cause since they lived close to asbestos plants 
using especially amesite or crocidolite." The evi­
dence is strong that the source of the »gent was 
v’d-e-i c rrerr. me asbestos factories or
mines, even though many of these individuals did 
not show an underlying asbestotic fibrosis- How­
ever, the ambient concentration or indeed the spe­
cific type of asbestos to which the person was 
exposed and which could be responsible for the 
disease has never been determined, either in the 
neighborhood or in the working environment.

An increased incidence of gastrointestinal ma­
lignancy is still being investigated, but the statis­
tical inference is strong that there is an increased 
susceptibility m those exposed to asbestos This 
will probably be clarified in time Emphysema or 
chronic bronchitis, if it does occur as a result of 
inhalation of asbestos dust, would always be ob­
scured by the underlying pneumoconiosis; and 
the diagnosis of these conditions' would always 
be considered a secondary rather than a primary 
disease.

A link and perhaps the key to the problems lie 
in understanding the role of the “asbestos body” 
in the pathogenesis of the different tissue re­
sponses. Our experience supports the statement 
of Gough:“  “Asbestos is diagnosed histologically 
by the association of asbestos bodies and asbestos 
fibers with fibrosis ’’ However, what the “asbestos 
body” means in individuals who apparently have 
never been exposed to asbestos is not clear. If this 
can "be explained, inferences then could he made 
with some certainty regarding the potential en­
vironmental hazard,

The presence of "asbestos bodies" in the lung 
is a biological indicator of exposure to asbestos 
Whether or not other mineral fibers can produce 
an "asbestos body" is not pertinent in an environ­
mental sense The highest concentration of min­
eral fiber m ambient air is overwhelmingly 
asbestos and hence one can assume that “asbestos 
bodies are almost entirely derived from asbestos 
fibers." “Asbestos bodies" probably can be found 
m every lung at autopsy if searched for long and 
hard enough and an occasional one is adventitious 
and simply indicates that mineral fibers make up 
a p art of the dust in our environment.

The fibrosis of asbestosis is nonspecific and has 
no special structural characteristics except for the 
presence of “asbestos bodies." Hence, interstitial
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fibrosis without the presence oí “asbestos bodies” 
cannot be called asbestosis. Conversely, however, 
“asbestos bodies” in  sputum or lung tissue with­
out fibrosis is not asbestosis but simply an evi­
dence of exposure. Phagocytosis by macrophages 
is e major cleansing mechanism of the lung; they

tfi■ r~>¿»-t-tsl ^Ke
typical "asbestos boav." No relationship has beer, 
established between the number, type, or size of 
"asbestos bodies’ and the tune of exposure, fiber 
size, concentration, or form of asbestos

Individuals who show “asbestos bodies” on lung 
smears at autopsy do not seem to have an in- 
increased incidence of any- specific pulmonary dis­
ease. “Asbestos bodies” may be found in lung 
smears and not a  the correlating tissue. Cauna 
et al,15 found that only 49c of lungs showed "as­
bestos bodies" on histological section, whereas 
smears cf the same lungs showed “asbestos 
bodies'' n  415b Our findings are similar—lung 
smears ir. consecutive autopsies without known 
exposure to asbestos revealed an incidence of "as­
bestos bodies” in i5% while search of the matched 
lung tissue yielded only 35c. This may be a func­
tion of the amount of material available for study 
since the lung smear represents a much greater 
anatomic area than the lung tissue studied in 
histological section. Meurman found a consider­
ably higher correlation of lung smears to lung 
sections but he used special techniques to demon­
strate "asbestos bodies.”

Our own interpretation is that while the differ­
ences in amount of materia) which is available 
for study may account for some of the disparity, 
there is evidence that mineral fibers are cleansed 
through the macrophage system and hence found 
m the alveoli and bronchial lumna but do not 
enter into the interstitial tissue. Only over­
whelming exposure or perhaps some other factors 
which permit fibers to penetrate with formation 
of interstitial “asbestos bodies” lead to lung ma­
lignancy, pleuritis and mesothelioma. "Asbestos 
bodies" are not seen frequently in routine his­
tologic study of lung pathology. This is not an 
oversight by the pathologist since section; of lung 
especially stained and studied for “asbestos 
bodies” do not reveal an increased incidence (only 
about 3%).

Our present view is that asbestos fibers are 
phagocytized in the airways and excreted m the 
sputum. In some instances the fibers penetrate the 
bronchial tree, giving rise to fibrosis, or into the 
pleura producing pleuritis. Co-factors, which are 
not completely understood at present, operating

with the asbestos cause an increase in lung cancer 
susceptibility and in the appearance of mesothe­
lioma. As the role of the "asbestos body” becomes 
clearer and more data becomes available on the 
distribution, type, fiber size, and concentration of 
airborne asbestos and the role of co-factors, the 

able tc assess tiic potential en­
vironmental hazard from this ubiquitous mineral

In summary, if one accepts the assumptions (I) 
that asbestos minerals increase the risk of lung 
cancer in occupational groups, (2) that they lead 
to an unusual risk of mesothelioma of the pleura 
and peritoneum in occupational groups and those 
living near asbestos plants, (3) that such malig­
nancies usually result from exposures 30 to 50 
years earlier. (4) that the “asbestos bodies" found 
in from 25 to 509c of lung smears from routine 
autopsies are probably due to asbestos m most 
cases, (5) that these "asbestos bodies'" may result 
from recent exposures as well as those many years 
earlier. (6) that world production and use of 
asbestos has increased from 500.000 tons to 3.500.­
000 tons in 30 years, it is important to consider 
whether or not asbestos is a major threat to pub­
lic health. One is not yet justified in such a con­
clusion, in view of the fact that much of the world 
tonnage goes into uses that do not lead to air 
comaminaiion; asbestos is not actually inde­
structible, that the effects are dose-dependent, 
and that low doses probably lead to lower rates 
and longer latency.

Nevertheless, theie is need for epidemiologic 
studies directed to groups with intermediate ex­
posures and for evaluation of the beneficial effects 
of cessation of smoking, Another need is for ex­
perimental and industrial hygiene studies to de­
termine the nature and degree of exposure. 
Biologic studies centered on the meaning of the 
"asbestos oody” are crucial to understanding the 
chmcopathoiogic response. Strict control of in­
dustrial and neighborhood environments is essen­
tial, but it is premature to extrapolate from the 
effects of heavy exposures to minor and low level 
exposures.

3206 G n tz ly  P e ck  
Berkeley, Calxj. 94705
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The Urban Environment

Natural resources have always been defined as those parts of the natural 
environment that have value to mankind because the demand tor them ex­
ceeds the limited supply. It is in this sense that "new" resources, other than 
‘he trad itio n a l ones of agricultural land, w ate r , ana minerals, have increased 
m value.

In this light urban land is particularly valuable. J  ust as we had to learn to 
use sgncu.tural land with special regard for its qualities and the demands 
made on n, so we will have to change our vigw or urban land. Today its use is 
Haphazard and largely unthinking We have not yet learned to ask ourselves, 
for example, whether we want to use a third, a half, or two thirds of our urban 
land for the movement and storage of cars. How much are streets worth to 
us—underground, on the surface, above ground’

Equally important, or possibly even more important, we now have to con­
ceive ot yet another critical resource: the thirc dimension o: toe cu t—tne 
space over the urban land This is used even more haphazardly than, the land 
itself, Just on the horizon is a host of problems caused by elements competing 
for this limited resource—htgh-nse buildings, mterbuildir.g walkways, high- 
level and air-cushion highways, and private rooftops. This space over the 
city is an asset that must be conserved, developed, and used with the greatest 
rare. Two-dimensional lan d -u se  p lann ing  is  uu t-u f-date , a n d  we u ig en tiy  need  
to learn how to prepare three-dimensional plans,
—F̂ on; "Modernizing t>ban Deeflcproertt" by Hirvti S PeWoJ? in Daedch*$—Summer, 

1967.
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