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LEUKEMIA AND APLASTIC AiiiiZ!CA I N  A SiiOEWORKEFi COH@tlT EXPOSED TO BEN- 
ZENE 

E.PAC1 1, E. BUIATTI 1. A.R.  SENIOR1 COSTANTINI 1, L. M I L I G i  1. 
14. QUI" 1, J. KALDOR 2 ,  L. SIMONATO 2 ,  R . WINCKELMANN 2 

1 Center for Study and Prevention of Cancer 
2 KARC - Lyon 

I N T R O D U C T l O r ~  

A re t rospec t ive  cohor t  study of  shoe workers w a s  carried ou :  
i n  the l a r g e s t  shoe manufacturing plant  i n  Florence (1). B e x c -  
ne w a s  used as a so lven t  i n  g lues  during the 1950s and 1960s i n  
shoe production and c a s e s  of leukemia and a p l a s t i c  anaemia oc- 
curred i n  t h i s  p lan t .  A na t iona l  regula t jon I l l s i t e d  the use of 
benzene i n  1963 and s i n c e  1965 benzene has  no; been used i . :  t h i s  
indust ry  i n  q u a n t i t i e s  g r e a t e r  than 2% by w e i x t .  

hATERIALS AND METHODS 

t-lembers of the conor'c study are workP.-lj r e c o t ~ s d  i n  --.? 317.n.; 
:?*1nt;-y cs havia2 been e,aalo.f?*i on o r  s f t e r  01.01.1950. The 
.analysis ?resented ilere is r e s t r i c t e d  'ia che s u b j e c t s  a t  W Q ~ K  

%tween 1953-1964; the period in wich oenzene w a s  used. 
Y.\e follow-up ended on 31.12.1984 and nat ional  i t a l i a n  popula- 
t ion mor ta l i ty  rates obta ined by t h e  WHO were used f o r  scandar- 
d iza t ion  by age, sex  and calendar  period. 
Additional evidence of the  cause of death w a s  c o l l e c t e d  for the 
cases  of  leukemia and a p l a s t i c  anaemia using severa l  sources of 
information ( c l i n i c a l  r ecoras ,  l ega l  proceedings, documentation, 
published r e p o r t s  1 .  
The data analysis  w a s  c a r r i e d  out  using the Person Year Program 
(2). 

THE EXPOSURE ASSESSMENT 

A prel iminary assessment of  the average concentra t ion of ben- 
zene i n  the genera l  room air of the p l a n t  w a s  made over the ti- 
me period when benzene w a s  used. 
P lan t  records ,  tes t imonies  submitted f o r  l e g a l  proceedings, in-  
terviews w i t h  p l a n t  managers and older workers, and site v i s i t s  
were used t o  make the benzene exposure estlmates. 
The quan t i ty  of benzene tha t  w a s  used w a s  estimated using infof 
mation including the annual production of shoes. the amount of 
glue used for each p a i r  of shoes, the percentage of benzene c o ~  
ta ined i n  the g lues  and the d i s t r i b u t i o n  of glue use throughout 
the p lan t .  
Blue p r i n t s  and engineerifig records were used t o  es t imate  the 
a i r  changes p e r  
cal v e n t i l a t i o n .  A range of concentra t ions  of benzene w a s  than 
estimated usirig a dynamic model considering continuos ven t i l a -  

- .  

hour on each floor from n a t u r a l  and mechanA 
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Fig.1 a )  Cases and work per iod  
b )  Avera concentracion o f  benzene 5n g e n e r E  room a i r  . -  
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t i o n  r a t e s  w i t h  the windows open and closed. 

ted averages of t h i s  range assuming a '3.5 month cool period 
when windows would be shut  and a 8.5 month period of open Win- 
dows. 

I The benzene air concent ra t ions  presented  i n  Figure 1 a re  weigh- 

RESULTS 

In  the whole cohort 1 case  of lymphatic:. and hem a topo ie t i c  
neoplasm and 1 a p l a s t i c  anaemia occurred among females: s i x  leg 
kemias, 1 "other lympatic and hematopoietic neoplasm" and 6 a- 
plastic anaemias among males. The SMRs f o r  males were 1566 for 
the a p l a s t i c  anaemia (95% CI: 547-3264) and 400 f o r  leukemia 

F i g u r e  1 shows the p a t t e r n  of  occurrence of the case s e r i e s  i n  
the cohort over time compared w i t h  the annual est imates of the  
benzene a ir  concentrat ion the p l a n t .  

Table 1 and 2 show the leukemia and a p l a s t i c  anemia mor t a l i t y  
i n  the subcohort exposed t o  benzene i n  the period 1953-1964 by 
dura t ion  of exposure and r i s k  i n t e r v a l  s ince first exposure 
(1953 i f  they were at work before  t h i s  date). 

(95% CI:146-870). 

DISCUSSION 

The pa t t e rn  of the occurrence o f  cases of leukemia and apla- 
s t i c  anaemia over t i m e  is c o n s i s t e n t  w i t h  the r e s u l t s  obtained 
i n  the cohort mor ta l i ty  s tudy  showing a strong temporal rela- 
t ionship  between benzene exposure and deaths. 
A relevant  f inding is t ha t  no cases occurred i n  people at  work 
a f t e r  the el iminat ion of the  benzene exposure. However, the a- 
n a l y s i s  d i d  not show an i nc reas ing  r i s k  w i t h  e i t h e r  la tency  or 
dura t ion  of exposure. A poss ib l e  explanat ion for t h i s  is tha t  
there w a s  m i sc l a s s i f i ca t ion  of the exposure within the s tudy  
population. 
We -conducting a more precise exposure assessment t o  ca lcu la-  
te an index of exposure f o r  i n d i v i d u a l s  i n  the cohort based on 
the exposure t o  benzene i n  each job over time. 
"ne exposure f o r  each job w i l l  i nc lude  an est imate of the air - - 
benzene concentrat ion i n  work areas and an estimate of the bre- 
a th ing  zone a i r  concent ra t ion  and s k i n  exposure for the jobs  
that involved the direct a p p l i c a t i o n  of benzene-based glues.  
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TABLE 1 

LEUKEMIA MORTALITY I N  COHORT STUDY POPULATION .-  

Observed (0). expected (E), and Standard ised  M o r t a l i t y  Ra t io s  
(SMR) f o r  leukemia by d u r a t i o n  exposure and r i s k  i n t e r v a l  s i n c e  
first exposure i n  the  exposed sub-cohort (Males). 

Risk i n t e r v a l  
s i n c e  first exposure 
( y e a r s  ) 

Durat ion of  employ. 
i n  t h e  pe r iod  
1953-1964 (years)  

0-4 1 0.13 753 i 4 1  1 0.13 719 

5-9 1 0.16 611 i 1-5 2 0.36 555 

10-19 3 0.44 679 25 3 0.72 416 

TABLE 2 

APLASTIC ANAEMIA MORTALITY I N  COHORT STUDY POPULATION 

Observed (01, expected (E) and Standard ized  M o r t a l i t y  Ra t io s  
( SMR ) by d u r a t i o n  of  exposure and r i s k  i n t e r -  
V a l  s i n c e  f irst  exposure i.n t h e  exposed sub-cohort (Males) .  

Durat ion of employ. 
(years -)  

y e a r s  ------- 
I 

0-4 2 0.06 3333 I Ll 1 0.05 2000 

5-9 2 0.06 3333 I 1-5 2 0.11 1818 
I 

I 
10-19 2 0.10 2000 ; > 5  3 0.19 1578 
20-29 0 0.09 I I 

I 
Tota l e  6 0.31 1935 I 6 0.31 1935 .............................................................. 
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