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M edical Observations on Workmen and Work Environment 
in the Organic Lead Antiknock Production Area of 

Baton Rouge Manufacturing, Ethyl Corporation

This report p resents certa in  medical observations concerning Ethyl 
Corporation 's antiknock production. M ost-o f  the basic  data for the 
report have been co llected and recorded system atical ly  and pers is ten t ly  
over many years by the M edical Department of E thy l 's Baton Rouge 
Manufacturing fac i l i ty . Roy C . A. Bock, M .D . ,  designed and imple­
mented the medical program involved. He a lso  has provided the long­
term continuing superv ision so v ita l ly  necessary  for the program to 
serve the needs of the industry , including the provision and preserva­
tion of the data upon which th is report is based . Without h is strong,, 
support and a ss is ta n c e ,  the stud ies outlined below could not have been 
accom plished. The philosophical teach ings and technica l findings of 
Robert A. Kehoe, M .D . ,  have been s ign if icant in f luences upon the 
medical program from the beginning. A number of other physic ians have 
contributed in varying degree to the actual co llection of the various 
types of medical data during th is period of time. This co llection of 
medical data is  highly unusual in its scope, consistency  of co llection , 
and time span covered.

The following observations and comments are limited to areas 
thought to be of re la tive ly  general in te res t.  Only such deta il  as is 
thought to be e ssen t ia l  for understanding is included. Extensive docu­
m entation, including much s ign if icant medical information of more str ic t ly  
pro fessional in te res t,  is  ava i lab le .

I . Lead Restric tions -

Routine bio logical sampling of each worker in the lead an ti ­
knock production area of E thy l 's ’ Baton Rouge plant and formal, 
fixed medical cri ter ia  for medical recommendations regarding 
modification of work assignm ent to reduce occupational expo­
sure to lead (restrictions) have been availab le  and applied 
cons is ten t ly  for the past 21 .years ( i . e . ,  s ince  1952). How­
ever, in 1972 Operators on restr ic t ion  began to be assigned 
to work involving essen t ia l ly  no exposure to lead , rather than 
to reduced exposure to lead . The duration of restr ic t ions 
would be expected to be a ltered by th is .  Such a ltera tions 
should not be interpreted in the future as representing a 
change in p re-restr ic t ion  exposure, of course.
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It should be noted that, over th is time span, only one 
employee at th is plant has been c lass if ied  as having m issed 
time from work due to i l lness caused by occupational absorp­
tion of lead . A review of th is case  shows that the worker 
involved had non-specif ic  symptoms assoc ia ted  with a level 
of lead in urine thought compatible with the production of 
such symptoms. However, th is same individual J ja s  a long 
recorded history of sim ilar symptoms, both prior^and subse­
quent to the work absence c lass if ied  as due to lead in tox ica­
t ion , when w7ork h istory  and leve ls  of lead in urine were 
c lear ly  not compatible with lead in tox ication. Thus th is case  
should be considered to be "poss ib ly " ,  rather than defin ite ly , 
re la ted  to lead absorption.

A. Graph 1 shows the rate of restr ic t ion  ac tiv i ty , 
expressed as the percentage of the "at risk" worker 
population entering restr ic t ion  each year from TEL 
Operations in 1952 -  1972. The rate of restr ic t ion  
for the la s t  10 years can be seen to be essen t ia l ly  
double that of the previous 11-year period.

Graphs 2, 3 and 4 show the re la tionsh ips between 
a ir a n a ly ses , urinary lead va lues and number of 
res tr ic t ions for certa in  areas from 1952 -  1972. It 
should be noted that restr ic t ions are not expressed 
as  ra tes here— the size of the denominator ("at risk" 
population) for these work groups over the years 
could not be determined very read ily . Restriction 
activ i ty  roughly para l le ls group urinary lead values 
once leve ls greater than about 0.09 mg. Pb/1. have 
been reached. Air ana lyses and group urinary lead 
leve ls show l i t t le  corre lation. A sim ilar lack of 
correlation has been found in numerous attempts 
over the years to re la te  air ana lyses to urinary lead 
leve ls of indiv idual w'orkers. . '

B. Graph 5, covering the time period 1944 through 1971, 
shows the d istr ibution of restr ic t ions by the month in 
which they began. A degree of season  variation is 
noted. The explanation for th is pattern is  not obvious.

C . Graph 6 shows the pattern of the average duration of
. res tr ic t ions for Operations and M aintenance personnel 

beginning in each of the years since cons is ten t 
restr ic t ion  criter ia have been in use . As can be seen, 
the average duration of restr ic t ions has not shown a 
tendency to increase over the 20-21 year time period.
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D. Table 1 shows the number of indiv iduals who have had 
one, two or more restr ic t ions during their career at 
Ethyl Corporation (through 1972). A comparison for each 
individual concerning "subsequent"  res tr ic t ions ( i .e . ,  1st 
to 2nd, 2nd to 3rd, 1st to 3rd, e tc .)  over the time 
period during which cons is ten t restr ic t ion  (and restoral) 
cri ter ia  have been used ind icates that "subsequent" 
restr ic t ions are as l ike ly  to be shorter than any previ­
ous restr ic t ion  as they are to be longer. This means 
that subsequent res tr ic t ions for an indiv idual do not 
tend to be longer in duration. This in turn ind icates 
that medical management has been adequate to prevent
a cumulative "loading" effect on ind iv iduals such that 

. their c learing up would be prolonged on subsequent
exposures at restr ic t ion  lev e ls .

E. Summary: Air ana lyses have shown no usab le  correlation 
with b io logical measurements of worker exposures under

; the conditions experienced at th is p lant for the past 10- ' 
20 years.

Working conditions and p rac t ices (including restr ict ion  
procedures) have been adequate to prevent any cumulative 
"loading" effect (as measured by duration of restr ic tions) 
on the workers in the TEL area, both as groups and as 
ind iv iduals, over the past 20-21 years , and have been 
success fu l  in the prevention of overt i l ln e ss  attr ibutab le 
to the occupational absorption of (organic or inorganic) 
lead .

I I . M ortality Experience of TEL Workers

A mortality study has been done covering a l l  TEL Operators 
and a control (comparison) group of a ll  Sodium Operators and 
Hydrocarbon Operators and Hydrocarbon M aintenance men on 
the active rolls (wage roll) at Ethyl Corporation on December 
21, 1947. The mortality s ta tus of a il of these men was 
determined as of December 31, 19 67. There were 592 men in 
the TEL group representing  11,465 m an-years of experience 
during the 20-year follow-up period. There were 660 men in 
the non-TEL group representing  12,716 m an-years of experience 
over th is same 20-year per iod . There were 51 deaths in the 
TEL group and 68 in the non-TEL group. The d istr ibu tions of 
death  by categories are given in Table 2.

The unadjusted 20-year crude death ra tes  were 4 .4 /1000  man- 
years for TEL workers and 5 .3 /1000  m an-years for non-TEL 
workers. Making appropriate adjustm ents to correct to the
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RESTRICTIONS 1944 -  1972

Number of Times 
Same Individual 
Restricted Operations M aintenance Mixed Totals

ONE 129 89 - 198

TWO 21 14 2 37

THREE 9 5 - 14

FOUR 3 - 1 ' 4

FIVE 2 - - 2

MORE THAN .

FIVE — — —

TOTALS 164 88 3 255

TABLE 1
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C auses of Death in 20-Year Period 
for TEL and Non-TEL Workers

C ause of Death Number of Deaths
Percent of Total Deaths 

Represented by th is Category

TEL Non-TEL TEL Non-TEL COMBINED

Infectious & parasit ic - 1 - 1 .5 0.8

Malignant neoplasms 8 11 15.7 16.2 16.0

Vascular CNS (Stroke) 2 3 3.9 4 .4 4.2

Heart 18 31 35.3 45 .6  " '4 1 .2

Respiratory 1 1 2.0 1 .5 1 .7

Accidents 13 6 25.5 8.8 16.0

Homicide & Suicide 3 4 5 .9 5 .9  . 5 .9

Other 6 11 11.8 16.2 14.3

TOTALS 51 68 100.1 100.1 100.1

592 TEL men, 660 Non-TEL men. Time period 12 /31 /47  -  1 2 /3 1 /6 7 . 

TABLE 2
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1950 d istr ibution of U .S . white male population for these 
groups gave a 20~year death rate of 174/1000 men for TEL 
workers and 209/1000 men for non-TEL workers. This com­
pared with the published ra tes of 190/1000 men and 224/1000 
men for 1950 U .S . white males in corresponding age b rackets. 
Thus TEL workers showed an "advantage" of 8% and non-TEL 
workers showed an "advantage" of 7% over U .S . white males 
by th is procedure.

Using a slightly  different (but a lso  "standard") approach 
whereby 20-year U .S . white male death ra tes (in th is ca se ,  
ra tes as of 1950) were applied to the TEL and non-TEL d is ­
tr ibutions of ages to obtain an "expected" number of deaths 
for a ll cau ses  and for certain  specif ic  d ise ase  ca tegor ies , 
so that the "expected" deaths could be compared to those 
actua l ly  observed, the information shown in Table 3 was 
obta ined. The overall "advantage" experienced by TEL 
workers was 12% and by non-TEL workers was 15% by this 
method. The observed death rate from card iovascu lar dis ­
ease  (primarily heart a ttacks and strokes) was about 17% 
less  for TEL workers than that "expected" on the bas is  of 
the general U .S . adult white male experience. The "d isad ­
vantage" of 14% observed for TEL workers in the "neoplasm" 
(cancer) category actual ly  represented but a sing le "excess"  
death . If ra tes for 1960 were used , the "expected" number 
becomes identica l with the "observed" number. Use of 1960 
ra tes does not resu lt  in any change in "a l l  causes"  or 
"card iovascular"  f igures.

Deaths in the "acc idents"  category for TEL workers were in 
excess of the general U .S . white male category , but such 
scattered reports as are availab le  that concern them selves 
with males employed in industry show a rate only slightly  
less  than that of the TEL group. The non-TEL deaths in 
th is  category were somewhat le ss  than that experienced in 
the general U .S . white male category and probably were 
sign if icantly  less  than would be expected from published 
"employed in industry" f igures.

A third "standard" approach was used which was sim ilar to 
the previous one but with the "expected" ra tes for the U .S . 
white males expressed as an annual (rather than 20-year) rate 
and coming from a somewhat d ifferent source. Applying these 
ra tes to the (differing) annual d istr ibution and ages for TEL 
and non-TEL for each year, and expressing the "observed" 
deaths as a percentage of the "expected" deaths for each 
year (so ca l led  "Standardized M ortality  Ratio" or "SMR), the
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Expected vs. Observed 20-Year Mortality for TEL and Non-TEL Workers and 1 9 5 0 /U .S ./M a le /W h ite /G en era l  Population

ALL CAUSES CARDIOVASCULAR NEOPLASMS

T-------- -----
1950 TEL Non-TEL 1950 TEL Non-TEL 1950 TEL Non- t e :

Age at No. of Men Table Deaths Deaths Table Deaths Deaths Table Deaths Deaths
Start TEL Non-TEL Rate Exp. O b s . Exp. O b s . Rate Exp. Obs. Exp. O b s . Rate Exp. O b s . Exp. Or

20-24 114 65 0.041 5 3 3 1 0.007 1 0 0 0 0.004 0 0 0

25-29 138 143 0.055 8 7 8 6 0.015 2 2 2 1 ,0.006 1 1 1

30-34
!

152 168 0.084 13 9 14 13 0.032 5 4 5 8 0.011 2 1 ; 2

35-39 124 145 0.129 16 14 19 18 0.059 7 6 . 9 9 0.019 2 4 3

40-44 38 81 0.196 7 10 16 12 0.100 4 4 8 6 0.032 1 1 3

45-49 20 36 0.284 6 6 10 11 0.155 3 3 6 6 0.049 1 1 2

50-54 4 15 0.394 2 1 6 3 .0 .227 1 0 3 2 0.069 o 0 1

55-59 2 5 0.525 1 1 3 2 0.316 1 1 2 2 0.090 0 0 0

60-64 - 2 0.670 - - 1 2 0.419 - - 1 2 0.108 - - 0 ■

TOTALS 592 660 58 51 80 68 24 20 36 36 7 8 12 i:

Ratio Observed/Expected 0 879 ' 0.850 0.833 1.000 1.143 ■ 0.917

"Advantage" Observed 
by Ethyl Workers

+12.1% : +15 .0% . +16.7%• T \ Zero • -14 .3% +8 .3%

Tine period 12 /31 /47  -  12 /31/67
TABLE 3



pattern shown by Graph No. 7 was obtained. By th is method, 
the TEL and non-TEL workers showed an overall "advantage" 
of 32% and 34%, respec t ive ly , over the general U .S . white 
male population of sim ilar age d is tr ibu t ions. The SMR's for 
TEL and non-TEL workers appear to have been rather c lose ly  
para l le l over the 20-year time period covered by this study.

Summary: A mortality study with a 20-year follow-up showed 
essen t ia l ly  the same death ra te s ,  both for specif ic  causes and 
overa l l ,  for TEL workers as compared to non-TEL workers. The 
ra tes were less  than in the general U .S . white male population 
for most causes and overa l l. No unusual patterns of causes 
of mortality were seen .

Health Experience of Long-Term TEL Workers

A deta iled ana lys is  has been made of essen t ia l ly  a ll  availab le 
medical records on a ll  those TEL Operators who were hired 
prior to January 1, 1948, and who had worked continuously as ' 
TEL Operators through December 31, 1967. Essen tia l ly  all 
factors measured and /o r  recorded were util ized: age, height, 
w e igh ts , blood p ressu res , hemoglobin content of b lood, urinary 
lead lev e ls ,  blood lead le v e ls ,  d iagnoses (made or reported at 
time of periodic exam inations, during absences due to personal 
i l ln e ss  or off-p lant in jury, e tc . ) ,  number of a b senc es , duration 
of absences and types of i l ln e sse s  causing a b sen c es— all were 
analyzed by d iagnostic  ca tego r ies , by year of occurrence and 
by certa in  sub-groups (as persons with h ighest urinary lead 
le v e ls ,  persons with low est urinary lead le v e ls ,  persons with 
res tr ic t io n s , persons never res tr ic ted , e tc . ) .

A control (comparison) group, properly matched for age and 
length of se rv ice , was studied for the same factors as men­
tioned above. The control group came from workers in the 
Hydrocarbon Operations and M aintenance' and the Sodium Opera­
tions groups, with care fu l  scrutiny of records to assu re  that no 
occupational exposure to lead had occurred for any of these 
ind iv idua ls. Unfortunately, no ac tua l va lues for urinary or blood 
lead were availab le  for th is group. -

TEL M aintenance workers were not u ti l ized in th is study because 
their exposure to lead occurs at irregular in te rva ls , with conse­
quent d iff icu lty  in expressing their absorption of lead over a 
long period of time in any meaningful manner. Confining attention 
to TEL Operators was thought appropriate to magnify or maximize 
any health  effects that might ar ise  from long term absorption of 
(organic t  inorganic) lead.
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The only consisten t ly  recorded factor not util ized in th is study 
was experience concerning occupational in ju r ies. Due to the 
w idely d iss im ilar nature of the physical ac t iv i t ies involved in 
the work of the different groups, a comparison of this type 
of information was considered to be not just if ied  or usefu l.

There were 153 men in each group. As of the end of the study 
period (December 31, 1967), the average age of the TEL workers 
was 53.2 years, of non-TEL workers, 52.5 years . As of th is 
same da te , the average lengths of serv ice were 25.4 years for 
TEL men and 24.6 years for non-TEL men. The TEL men had 
averaged 0.089 mg. P b / l .  of urine over the la s t  8-10 years 
of the study. Blood le a d s , co llected mostly on ind iv iduals with 
higher urinary lead va lues, averaged 0.043 mg. P b / l 00 gm. 
blood. A "real" group average presumably would have been 
lower than th is .

The resu lts  of the multitude of deta iled  comparisons and ca lcu ­
la t ions made in the study will not be presented here. They can 
be summarized by stating that, with one exception, the TEL and 'Y 
non-TEL groups (and a ll  sub-groups) appear to have been almost 
identica l in their health  exper iences, with no s ta t is t ica l ly  s ig ­
n if icant or medically suggestive d if ferences.

The one factor in which the TEL and non-TEL groups were found 
to differ is  shown in Graph 8, which shows that a very small 
but very cons is ten t greater number of absences per year due to 
personal i l lness for TEL workers than for non-TEL workers. As 
can be seen in Graph 9, the average duration of the absences 
for the two groups were e ssen t ia l ly  the same over the years.
This same pattern was found for each of the various sub-groups 
("high" and "low" urinary lead groups, "restr ic tion" and "no 
restr ic tion" groups, e tc . ) .  Analyses made for each of the various 
d iagnostic  categories (as heart d ise a se ,  in tes t ina l d iso rders , etc.) 
failed to show th is difference between the TEL and non-TEL workers 
in any specif ic  category.

At the p resent t ime, the reason for the observed small but con­
s is ten t  d ifference in number of absences per worker per year is 
not c lea r .  The poss ib i l i ty  that i t  might be due to occupational 
absorption of lead must be considered. The fact that those 
workers with the h ighest long term urinary lead levels and those 
workers who have been on restr ic t ion  did not d iffer in th is respec t 
from those with the low est long term urinary lead leve ls and those 
with no res tr ic t ions—or from the group as  a whole—weighs some­
what aga inst th is ( i . e . ,  no progressive dose:e f fec t re la tionsh ip), 
but does not rule the poss ib i l i ty  out en tire ly . If the observed
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difference was due to occupational absorption of lead , the 
effect was present a t the low est leve ls  of absorption covered 
in th is  s tudy --and  did not increase in magnitude up to the 
h ighest levels of absorption covered in th is study. Other 
factors (differences in worker morale, d if ferences in concern 
and caution about i l ln e ss ,  e tc .)  could be involved, but no 
way of evaluating them has presented i tse l f .

Summary: An exhaustive study of essen t ia l ly  a ll  recorded 
health  data on a group of TEL Operators employed for 20 or 
more years has shown them to be e ssen t ia l ly  identica l in 
health  experiences to a matched group of non-TEL workers.
The only observed difference was a cons is ten t ly  slightly  
greater frequency of absence  due to personal i l ln ess  on the 
part o f  TEL workers. No specif ic  d ise a s e ,  d isorder or organ 
system  could be identif ied as being re la ted to th is observa­
t ion. The difference must be considered to be rea l ,  but the 

> p rec ise  cause or mechanism involved is  not obv ious. The 
nature and magnitude of th is finding is  such that it  is of 
academic in te res t to the physic ian , warranting further in v es t i ­
gation when a su itab le approach can be formulated. Concern 
or action  on the part of management or workers is  not ind i­
cated .

IV. • Overall Commentary

An exhaustive search has been made for ev idence of adverse 
health  effects assoc ia ted  with work in the antiknock production 
area of the Baton Rouge Manufacturing fac i l i ty  of Ethyl Corpora­
tion. No adverse health  effects that are of p rac tica l sign if icance 
or concern have been found. The system  of medical monitoring 
and control that has been in use s ince 1952 appears to be ade­
quate for the protection of the health  of the w orkers, not only 
aga inst the development of acute lead in tox ication , but a lso  
aga inst any unusual incidence of other specif ic  d ise ases  or 
shortening of life span.

Theodore R. Robinson, M . D . , I . M . D .

June 1, 1973
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