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unconstrained construction since it does not
cortespond 1o the theoretical model.

A similar set of measurements were made on
an undamped and damped chute. In this case,
the room acoustics for the test sites were not
comparable, leading to sound pressure level
data which are not subject to direct
comparison. The trends of this data do,
however, confirm the results presented here.

Conclusions
A theoretical model of the impact noise
reduction provided by damping treatments has
been developed and successfully compared
with field data from one inmallation. The
model suggests that the reduction achicved
depends on the added mass and stiffness of the
damping treatment 25 well as the loss factor of
the resulting system. In addition, the
appropriate evaluation of the effectiveness of
the treatment depends on the acoustics of the
space, and a decision as to whether the source
is single or repetitiye impact. For the casc of a
single impact in a large acoustically absorptive
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room, an appropriate measure of effectiveness
is the peak noise reduction, which depends
only on the change in the bending stiffness
and mass per unit area of the surface. Most
materials handling problems on the other
hand, involve repetitive impacts over a short
period of time, within a relatively reverberant
room. For this case, because of the integrating
properties of the structure and the room, a
more appropriate of the effecti

of the treatment is the energy noise reduction.
The energy noise reduction is & function of
the peak noise reduction and the change in
system loss factor.

The experimental results to date, support the
theoretical model. Additional, more detailed
studics of- impact sound from laboratory
samples are now in progres which should
provide additional substantiation.
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' Product Liability and Safety

A new book Product Liability and Safety by George A. Peters (Coiner o
Publications, Lid., 3066 M Sireet, N.W., Washington, D. C. 20007) is a two-
part volume - text and case law digest — which details the concepts of
liability and applics safety engincering principles to case examples of lawsuits
and ssfety incidents. By spanning the disciplines of law and engincering, the
text demoanstrates for professionals in each field how the growing number of

P

ive of changes in the obj

s and

product liability cases are

procedures of designing and manufacturing and of the public skepticisms

id and malfunctions. The book

evident in the lcgal resp o p

previews what may be expected with the broadening responsibility for

d liability, the major legal trends

accidents: who may be

hed by the i

in product lisbility suits, and affirmative actions which can be taken to protect
younelf from liability. In capsule form he defines the underlying concepts of

N 0
ative neghg

contributory negligence,

liability: asumpti

of risk, P

discovery, expert witacss, fraud, last clear chance and others. The textual
coverage is reinforced by the Case Law Digest covering more than 4,000
leading cases in product liability classified by point of law and by praduct. The
thorough, dual-disciplinary approach to product liability and safety make this

| and b

ial to both the legal and manufacturing

book practical
ficlds.
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The Correlation of Clinical and Enyj
vironmenta)
Measurements for Workers Exposed to Vinyl Chloride

C. G. KRAMER, M.D., and 3. E. MUTCHLER®

The Dow Chemical Compuny, Midiand, Michigan 48540

@A aluﬂhud is duscribed for the watlstical Nda) and I
3 and clinical Mladings wiin, -
;c:.:l:,y' ::ll:‘v::l::r .':n":nd routinely to vinyl etl:"ldc l:r p::l::- P lo.l';‘y.-':
¢ sady reveals several statistically i,
chronic exposures to vinyl chloride and traces of vl-ylwu{ c:l.ol:l'::.-. Secta from

Introduction

or validating an industrial hygicn
F standard, it is essential 10 perform )c!:::fu:
and comprehensive studics of the possible
effecl.s of substances on ¢xposed workmen. In
practice, however, very few substances have
bce'n the object of sufficient udy to furnish
reliable guidelines. Today, specialisis in
occupational health myg recognize the need

:«u not been applied, the feedback from
uman expericnce could be expec

describe levels of exposure which Ph:v? ‘I’!ee‘:
shown to be either acceptable or masginally
unacceptable. This information would be
valusble (o toxicologists because it wouid
slteng'thcn their skills in predicting from
€xperimental animal data effects of substances
on humans. In a broader sense, it would be

Ty
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to develop programs which will better identify
the relation between streses acting on the
humgn body in the work environment and
plgy_sncal changes that can be measured
clinically, to expiain the significance of these
changgs and use the results to help refine our
guidelines for environmental control.
Alth9ugh toxicologists are constantly
predicting what exposuses are likely to be safe
for people, there will always be some doubt
about_ their predictions ynti) enough human
experience has been gained 1o prove their
accuracy. The “proof of the pudding” should
reu.m from the correlation of iood
¢nvironmental measurements with the results
of a weli planned medical surveillance
program. It u likely that such feedback from
N expericace will differ from the animal
experimental data in that it will not define a
!eyel of exposure which will actually cause
injury, 8t least frank injury. However, except

in cascs where an industrial hygiene standard
—_—

useful in substantiating criteria to be used for
industrial hygiene standards.

For seversl years The Dow Chemical
Company's medical and environmental heglth
;rou'po have been conducting concurrent
medical and environmenys) surveillance of &
l-.tge worker population cxpoted to many
d:ﬁerent chemicals, The project described in
th{s Paper analyzes the information already
gained .from concurrent surveillance and
relates it to the determination of acceptable
levels qf €xposure, A method is described for
the statistical contolidation and correlation of
cnvironmental measurements and clinical
findings, using as an example a group of 98
healthy male workers who had been exposed
routinely to vinyl chloride for periods up to
25 years. Retrospective in nature, the study
reveals several statistically significant clinical
chang'es due to chronic €xposures to vinyl
chloride and smaijer amounts of vinylidene
chioride. By isolating these apparent cffects
and" examining them in the light of our

*Present Addrear: Gearge B. Cla;
X yion and A {]
BN Southiers Rosd, SouNigid, Mkhi;l “4Q7S
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nterpr w we have develo,
what appeurs 1o be 3 promising technique':‘::
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¥ in i worker
relaling clinical information to ¢
exposures to achieve a more refined industrial
hygiene standard.

Viayl Chloride

1 chloride (CH,=CHC) is a chemical
covni:gound of increasing industrial
importance. It s 2 monomer used as 8
chemical intermediate in the polymerization
of polyvinyl chloride gesin, in the production
of copolymers such 83 Saran, and as 8 solvent.

Animal Toxicity o
toxicity of viny! chloride has n
reTvlh:;wed by :yon Octtingen,! Mastromatico, e:
al.} snd more recently by Torkeison, ¢ al.,
and Lester, et al! This gas is an anesthetic,
and nascosis is the oaly reported effect of
sure.
“;::em?oum.‘ and their wwork?n
sudied the chronic toxicity of vinyl chloride
on rats. Torkelson and associates included
rabbits, guines pigs and dogs in & study of
effects from repeated exposure, i€, using
controlled concentrations of 50-500 ppm.
They found that repeated neven-ho}xr exposure
to 220 ppm caused micropathological changes
in the livers of rabbits, and at 100 ppan noted
slight but sttistically significant incresses in
the average weight of rat livers. Other animals
were unaffected by 100 ppm. Using
concentrations of 20,000 and 50,000 ppm,
Lester found no evidence of effects on lungs
or other vital orgsns upon repeated daily
exposures lasting 92 days at the lower
concentration and 19 days at the higher level.
Like Torkelson, however, he detected some
increase in relative weights of the rat liver
and, in addition, of the vat spleen. The
Commitiece on Threshold Limit Values
(American Conference of Governmental
Industrial Hygienists), weighing both studies.
concluded thac “although the experimental
data are conflicting, the prepo.ndeunce
indicates a compound of relatively low
toxicity with which 3 threshold limit of S00
ppm is consistent.” *

Human Toxiclty

" Few effects have becn reported as a result of
human exposuse to vinyl chioride except for

T
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arcosis upon acute cxposure. However, at
;‘cut two i::uminl deaths have been reported
{som ovetexposure to vinyl chloridet In a
controlled study, Lester, ef al.* exposed six
volunieers for five-minute periods to 4,000
8,000, 12,000, 16,000, and 20,000 ppm_of
vinyl chloride. The first signs of intoxication
appear at 8,000-12,000 ppm. No other effects
were reported. . ) “
Bareta, ef al.} exp ¢
50.250md5_00ppmfot'l ln'bo'..mm.an
investigation concerned .pnmlnly with
expired air studies. No clinical changes nor
neurological responscs were found in 'the
thirteen voluntecrs upon thorough physical
ination.
“l:‘i"l‘::ovu and Oronsberg® reported
angioneurosis of spastic character in worl.(en
exposed to the monomer in a polyvinyl

American Industrial Hygiene Association Journal

symptoms, Raynaud's syndrome and
hepatomegaly, but did not furnish data
regarding the number of exposures to vinyl
chloride and other substances in the work
environment.

Environmental Aspects
The Work Environment

Subjects included in our investigation had
worked in one or both of two manufaciuring
facilities which had been using vinyl chloride
in polymerization processes. In both plants the
environmental stresses of the work area were
essentially equivalent. There were two
airborne materials present in the work
envi t, vinyl chloride and vinylidene
hloride. The ions of vinyl chloride
were much higher than those of vinylidene

-

hloride polymerizagion process. Air ples
:mlly vap:i’ei;“:etween 20 ppm and 315 ppm.
Wilson, ef al.® reported several clscl.ol
acroosicolysis in hands of workmen wo:km;
in vinyl chloride poly iut?on pr _“:l:
vinyl chioride exposure estimales are cited,
but the nature of the disorder and the
circumstances of its appearance suggest that
the effect may have resulted fron} [
“combination of physical inwl’t. fhemtcnl
insult, and personal idiosyncrasy.” Dinman, eut
al.» Cook, et alM and Doc!non..n :i:;l
on a comprehensive epid L 8
::sou:::l hygiene and clinical s.mdy of aver
5,000 employees engaged in vinyl chlor.ide
and polyvinyl chloride manufacturing
throughout the United States and Canads. A
clear association of acroostcolysis and manual
cleaning of polymerization reactors was
revealed, with an expected prevalence of one
casc per 37 reactor cleancrs. The l!udy flid
not implicate vinyl chloride as the etiological
agent but, using certain meﬁOn'l ubout the
meric content of poly due within
the rs, there appeared to be 8 semi-
quantitative correlation between the
prevalence of actoosteolysis and the degrse of
degassing prior to vessel entry.'! .
Suciu, et al.,? studied the clinical
manifestations of a group ?f 186 male
employees working in polyvinyl chloride
plants. They reported the prescnce of the
“narcotic syndrome,” asthenic nervous

hloride, due to the much larger quantities of
vinyl chloride used and its greater volatility.

During the first of two decades covered in
the present study, the exposure of the workers
to vinyl chloride and vinylidene chloride were
estimated solely by pecific bustion

¥

n

exposed started in 1950. From that time until
1959, environmental surveillance was
conducted on a regular basis, but using only
the traditional techniq of grab sampling
and poriable analyzers.'®s'¢ Since 1959,
permanent multipoint continuous monitors
have been used to estimate the exposures
received by the workers studied. The
application of data pr ing and puter
technology to environmental control has
allowed us to document the Intensity of
expasures more thoroughly and validaw our
continuous monitoring technique by breath
sampling surveys.”s’

1 1

n pling relmed to this
investigation has focused on the exposure
levels of men working in eight critical job
classifications. Sampling for one or more of
these classifications was performed in 1950,
1951, 1952, 1953, 1954, 1955, 1958, 1939,
and each year thereafter. Before continuous
monitors were installed in 1959, the periodic
exposure estimates were based on job studies
supplemented by the examination of scveral

techniques.”:** The concentrations were
expressed as vinyl chloride, although both
materials were known 1o be present. In more
recent measurements, infrared and gas

chromatographic techniques have established
that the vinyl chioride i ge

ples gathered over a few days. In
later surveys, the exposure estimates were
based on hundreds of thousands of samples
gathered on a continuous basis over long time
periods using multi-point analyzers. Thus the
quantity of environmental sampling has

10 ppm, while virtually all vinylidene chloride
concentrations amount to less than S ppm, and
most frequently are d ble only in trace
amounts. For this reason, all exposure
estimates used in this study have been indexed
as “vinyl chloride.” Our conclusions, however,
must be viewed in the proper context — that
is, a work environment with two airbome
materials: vinyl chloride in substantial
amounts combined with very amall amounts of
vinylidene chloride. It should be noted,
however, that a continuous 90-day inhalation
exposure of rats and guinea pigs, at &

- concentration of 5 ppm vinyiidene chloride,*

revealed no

h

significant
logic, biochemical
growth-rate psrameters,

changes in
pathologic and

Environmental Surveillance

d and the quality has improved over
the years in a manner that parsllicls the
intensification of the medical surveillance
program.

Suliable Alr Quality Parameters

Obviously, a study of the possible effects of
repeated inhalation of an airborne material
which varies in concentration requires the use
of a quantitative expression of air quality. We
slso recognize the need for an expresion of
air quality that will help characterize the
tremendous variation in vinyl chloride
concentration that may occur, together with s

of i dency. We bass our
choice, the “time-weighted average
concentration” (TWA), on consideration both
of the problem under study and of availability
of data. For this study, from a practical
viewpoint, the heterogeneity of the

.lnduudll hygiene surveys of the operati
in which the workers under study were

envirc nal sampling limits our choice of
an sir-quality parameter to the time-weighted

e
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average concentration, which is a convenient
pression for integrating a variable exposure
‘patiern. However, we wish to point out that
theoretically this expression has no
-relationship to the degree of toxic response.

Bartlets and Carroll ® note that, for agents
passing through the respiratory membrancs, as
viny} chloride apparently does, we know very
little of how repeated or continuous exposure
leads to chronic effects. However, since
chronic effects could presumably be
cumulative and progressive, a suitable
parameter for the study of air quality would be
the mesn concentration, e.g., the time-
weighted average concentration.

As a result of the environmental sampling
conducted since 1950, yearly TWA estimates
have been tabulated for each of the 98
individuals studied, following the work history
of each man s he stayed within the group of
critical job classifications during his
cmployment. The result is a table of yearly
exposure estimates for each individual. With
such a iable, a man’s previous exposure history
is availsble — both on a cumulative dosage
basis (ppm-years) and as s carcer time-
weighted average exposure.

Medical Aspects

Those who have worked in the industrial
setting appreciate the difficulties encountered
in studying s population which is subject to
continuing change and often to mixed
exposures. In actual experience it is rare w0
encounter a sahle population which has had
exposure to & single environmental

. conu.mlnanl"l‘lp‘,,‘ lon in the p

: study is typical in that the cxposure has been
mixed. Likewise, our clinical methods have
varied both as to frequency of examination
and use of certain laboratory tests.

Until recently, our periodic medical
examination consisted of a medical history,
and a physical examination, including chest x-
ray, timed vital capacity, urinalysis snd
minimum hemstology. To this basic
examination we have added those particular
laboratory tests which appear justified by the
perticular hazard to which the worker may
have been exposed. The tests have varied from

7 year to year s the state of medical knowledge

80st
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has changed. We now have a program in which
all employees, in addition to this basic
examination, receive a far morc complese
battery of tewts. We include all individuals in
our plant, regardless of the degree or type of
exposure to hazardous materials. By so doing,
we hope to accumulate data that will be useful
in establishing norms for our working
population, and for providing better clinical
data to be used in similar projects.

Daia on a large group of employees that
would qualify as a coatrol group would be
very useful for a conventional comparison of
mean clinical indices for the “control”
population and the “exposed” population.
Unfortunately we have no such comparable
dawa. Moreover, this type of analysis has the
disadvantage of masking variation within the
“cxposed” group — variation which could be
correlated with the degree of exposure if good
environmenial date were available.

The experience discussed in this paper is
based largely on our previous methods of
acquiring data. At the moment we are secking
to establish a method with which we can study
the data accumulated in thc past. Over the
years, our examinations, which have scrved the
basic purpose of protecting 'the bealth of
individual employces, have resulted in the
discovery and correction of some pbvious
sbnormalitics. However, less obvious effecs
may have been missed.

Though we had no idesl control group, we
campared the results of the examinations on
66 of the individuals in the study group who
had had examinations during 1965 and 1966
with a group of 605 employees from other

ments who had had examinations in the
same period. Ninety-five parameters of the
history, physical examination and laboratory
work were studied. This comparison was
carried out by a test for difference between
means, using & normal approximation. The
summary of significant differences is shown in

Table §. The study group showed an increased
number of responses to the history item on
asthma. This, however, was not reflected in &
final diagnostic category, nor was any

significant difference noted between the timed

vita} capacities of the study group and of the
overall group. The study group also showed an
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TABLE |

Factors in Which VC1 Group Differed Significantl
from the “Control Group™ (P<::5) Y

VCi Group, “Control
% Group,” %
Number of Exsma 6 108
History:
Asthma
la.8 3
Stomach, liver, intestinal trouble 6.2 l:.:
Kidney stone, bloody vrine 9.3 3.0
"‘::tvuuu trouble of any sor¢ 0:6 IJ.O
ve you aver worked with radioscti .
R bt ‘ ive 1.8 18.5
Physical: : \
Anusrectum
13.8 N
Identifying body msrks 7.7 I:.'ll

t

i > in positive resp to the history
item “kidney sionc or bloody urine.” Again,
this was not reflected in the diagnostic
categories. There was a decrease in number of
responses to the history questions on
slomach, liver, and intestinal trouble” snd
“nerv'oua trouble of any sort.” On physical
cxamination, the only category in which more
reaponscs were recorded was that involving
anomn)hiu of the anus and recium. Again,
since this finding was not borne out in the
final diagnostic categorics, it would indicatc
that the various did not id
these findings to be of clinical significance.
.Thete was no difference in overall
d!lgnouic categories except for discases of the
d,geltive system, where fewer specific
diagnoses were recorded for the study group
than for the comparison group. There were no
group diffe in the el diogs or
chus. x-rays. Hand x-rays on the individuals in
the expt_ued" group showed no significant
abpormalities and no case of acroosicolysis.
For comparing the mean BSP of the study
group with that of the comparison group, only
116 measurements were -available for the
comparison group. The mean BSP for the
Study groups was 2.73 (50 observations), and
the mean for the control group was 2.89 (116
obc'crvniom). Although all records were
individually reviewed for data which had not
beer.: _processed  matistically, no significant
additional findings were noted. Considering
the many factors studied, some differences
would be expected. However, this

conventional comparison of test means for the
two groups does not suggest any basic
difference between the two populations with
regard 10 general health, and It sppears that
no significant discase has sppeared in the
study group as a result of work exposure.

Statistical Consolidation of Data for the
Exposed Population

Dependent Variables

Afier the accumulated clinical data from the
98 men in this study had been compiled, there
were 21 clinical parameters for which
sufficient data existed to warrant inclusion in
further seatixical analysis. The criterion for
inclusion was at least onc observation per
man for 2§ men for any given test. The 21
clinical parameters arc listed in Table II.

Independent Variables

In identifying factors which could explain
some or all of the variation in the observed
clinical variables, we recognize the need for
including a record of age and obesity
(important nonenvi | and
the level and duration of exp (esmential
envi al variables). Age was ded to
the nearest whole year. Obesity was defined as
the ratio of actual weight to “standard
weight.” The level of exposure was expressed
as the cumulative time-weighted average

ion. The product of TWA and time-
on-the-job (TOJ) gave a measure of the
cumulative dosage.

riahlas)
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| TABLE Ui
Twenty-one Qinical Parameters Screened for
Corselation with Exposure
' Test
Physical

Bystolic blood presmure
Disstolle bload pressurs
Timed vits) capacity
Chemical
Beomsulphalein (BSP)
lcterus lndcx
Alkaling phas
Serum glut onl tan (SGOT)
Thymol turbidity
Protein, serum (otal
albumin
globulin
slpha
alphs 2
bets
pmms
AG ratio

Hematological
Hsmoglobin
Hematocerit
Red biood celis
White blood celis
Frothrombin time

Urine
Specific gravity

Data Format
At this point we had prepared two
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“step-wise multiple linear regression analysis.”

This procedure, made powerful by the adveat
of digital p sy ically builds a
mathematical model from a choice of
independent variable terms based on the
tal independent variables. In the
step-wise regression procedure, the

independent varlable (X,) most highly

correlated with the response is entered into
the model, and the coefficients are determined
by the method of least squares. Using partial
correlation coefficients, the next variable (X,)
10 enter the regression is that whose partial

relation with the resp is highest. Given
the regression cquation Y=f(X,, X;), the
method now examines the contribution X,
would have made if X, had been entered first.
Repeatedly, the stcp-wise method selects as
the next variable in the regression the one
most highly partislly correlated with the
responsc. At each stage, the “best” regression
equation Y= f(X,, Xy, ... Xa ) is determined
by the method of lcast squares, after checking
the partial F criterion for each variable to
verify the significance of each term included.®

The object of this technique is (o express &
relationship by some relatively simple
mathematical function such- as polynominal
which contains appropriate variables and
whlch approximates the true nsponse of the

American Indusirial Hyglene Assoclation Journat

. TABLEI

Correlation of All Dependent V; les with
All Independent Variables (Ko 05)
Test Ags OB TWA Doss
Physical

Systolic bluod pressure

Disstolic blood pressure

Timed vital capacity
Chemical

Bromsulphaiein (BSF)

lctarus index

Alksline phosphs(sse

Ssrum glut oxul tran

-+
O+~
o+

o++

Thymo) turbidity
Protein, serum totsl
albumin
slobulin
slphs |
sipha 2
bete

o © Peco0

©e+00 © © OO+
OO +00 © © OO+ +
BB +00 © B Do+ -+

cloo+

gamma
AG ratio

Hemastological

Hemoglobin

Hematocrit

Red blood celly

White blood cells

Prothrombin time
Urine

Specific gravity

ocoo |
ceccoo
ooco0o |
ecoco|

o
<
<
o

correlation matrix for all the independent and
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cumulative dose. These were: sysolic and
diastalic blood pressure, bromsulphalein,
icterus index, hemoglobin and beta-protein.
Of these, three showed correlation with age
and four with obesity. Three other clinical
parameters were significantly asoclated with
age.

The correlation-scroening procedure helped
us develop and show that the “independent™
and “dependent” varisbles are inwrrelated.
Table IV shows the correlation matrix
(P‘o 03) for all the crucial variables,

pend and independ The 1
consistency of the relationships indicated
among the variables justified more rigorous
analyiis.

Developmens of Regression Models

In the development of a lincar regremion
cquation for each clinical test Y in terms of
independent variables, age, obesity, TWA, and
dose, we took the view that the complete set of
terms from which a model would be chosen
should include the independ variables
b Ives, 1ogether with int ion or cross-
product terms which might be helpful in
explaining variation in the observed variables.
For cxample, we allowed for the possibility of
age md exposure operating together

dent variable over some |

concurrent sets of data for each man: medical
information and 1 inf i

of ail the variables involved. Sifice this
h is empirical, the resulting equation

All that remaincd was the individual ing
process and collective analysis. At the time of
each clinical obscrvation, both types of data

might be considered to be physically
meaninlleu. nevertheless, it may prove
ly vatuable for predicting the values of

for each man were registered in the foll
format:
Man No., Date, Age, TOJ, TWA, Ht, Wt,
Stld We, Y, ... Yy

: Where TOJ = timec-on-job (time of
exposure), yrs.
TWA = Career time-weighted

average expasure
Std Wt = Standard (desired) weight as
" tabulated by the Metropolitan
Life Insurance Company.*
Y, = Clinical obscrvation i, i=1,
2...20.

Statinical Analysis

The technique used for extracting
relationships hidden in the available data was

SO0SO6V

some dependent variable from knowledge of
other variables, at least under certain stated
restrictions. In using the technique, it was kept
in mind that, just because a particular
functional relationship has been developed
and a specific computational -procedure is
followed, it t be luded that a causal
relationship exists among the variables. After
data had been accumulated and a strategy had
been sclected for analysis of the information,
the remaining steps could be broadly clamified

1 fi

[} g and

Correlation Mairix

The first step in analyzing the consolidated
information was to cxamine the linear

dependent variables ilable. This ing } in a
revealed several clinical variables o
that app d 10 be related to The

L g

correlation matrix is shown in Table 1.

Six clinical parameters of the 21 under study
showed significani correlations (P=0.05) with
the exposure variables, cumulative TWA and

which wouid be
different from that of age and exposure acting
independently. However, we faced two
opposing criteria for selecting a predictive
model:
1. For utility and accuracy we wished our
model to include as many significant

TABLE IV

Cosrelation Coefficient Matrix — Crucial Varisbles

A OB TWA Dow BPs BPp BSP LI Hb §Protein
Ags [} Q + + + [+ -

oB ] [] + + + + : 4] g
TWA 0 [ ] + + + + + - +
Doss + + + + + + + - +
BPg + + + + + + L] o o
BP| + + + + + + 0 o 0
s [} + + + + t 0 [} +
n [] ° + + ° 0 0 [ []
Hb - ° - - 0 [ [} [] o
Birotein 0 + + + 0 0 + ° 0

+  Positive correlation ¥ K0.05
0 No correlation ¥ K0.05
~ Negative cocrelation ¥ &0.08
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TABLE V -
" standard requires careful consideration. First,
N of and bder of Clinical Tests within the Study Group Jol | : ‘4 an acceptable workroom air concenmtﬁou'
Number of Subjects wd . | must allow for men working in the
Total s«mw m: d:;:;.b;:l::w " ab - —— environment for an entire career, up to 45
o Obaerbtions domly Soies . e IEIOE R . years; our data are useful only over a 20-year
- - — » t Tk N span. For effects which are cumulative, as
ystolic blood pressurs : | . most of those isolated in this sudy apparent
2‘:‘.:3'3.‘,"3‘-’“-‘. pressure = oe W o) eiw are, the last part of a man's cnymer is thz
fctesus index 29 25 d — - - limiting consideration. In view of our dawa
2:::“,:;.‘: .:: :: ‘ and their ranges, we can exsmine the clinicsl
pe CRC T T R R T variables at TOJw20, and Age=60, the
S0k, 7u v highest legitimate values of our predictive '
Fi 3 i .
independent variable terms as possible so b fguee 3 Regression model for beu-protei. * 2::!“:;(:‘:1 l‘:" :'l';dc::o rf’w:l:‘: wP‘::‘l:;
that ulhble.valun could be predicied. . the effect of the level of exposure, TWA. For
2. For ll.mpllchy and case of com- Rl . * this purpose, we hold “OB" constant at 1.06
munication, we wanted the equation to ' 1 T the overall mean for the blood presure d'm.'
include ss few significant independent . - The following functions result:
varisble terma as possible. T " =y R*. These ¢s of the “goodnes of fit” for )
'Opeulln; largely from an empirical point of ., LA e ) csch model of the clinical variables are listed Systolic Blood Pressure
view, we drew up a list of 30 independent LA K L in Table VL. All of the regression models are =136.80 + 0.034035 (TWA
varisble terms including transformations of 8= g YO, — significant at the P=0.001 level, except the Diastolic Blood Pressure (WA
the four basic independent factors, Since we el 'te lcterus Index model, which is significant at the =84.74 + 0.01884$
had unequal numbers of observations for each - — P=0.03 level. Bro =84, .01884S (TWA)
1041 e aed, Wk rour ¢ 0" msuiphalein

individual in any given teat, it was necesary to
choose randomly onc observation per
individual for each icst in order to weight

Figure 1. Regression model for bromsulphalein
retention.

Utility of the Models
The regression models must be used with

=2.12 + 0.034599 (TWA)
Icterus Index

=6.82 -+ 0.000000002309522

each man equslly. This random sclection di h
reduced the number of obscrvations for each ucretion. Since the least square regression . (TWA)s Bt
18t a8 indicated in Table V. ap g g e coefficients are adjusied for other variables in Hemoglobin =13.97 - 0.0000000457339 !%‘f ¢
fo L p the regression procedure, attempting to (TWA)? : ’
Sustisical Results TP U T predict the response by changing only one  Dei-protein =14.15 + 0000001371545 ;
. The results of the regremsion analyses for .L- " . —| A variable arbitrarily may be misleading. (TWA)? Wt 1l 1
cach of the six cruclal clinical variables are ; — Because of this, we must specify the prediction These clinical changes are tabulaied in Table f; MBE
i», w given below: ! T 4 - range for each variable under investigation. VI as a function of TWA. Ny |
I Synolic Biood Pressure : M . Such prediction ranges are shown in Table W
8 BP, = ?‘ +B, ( A”)'l +(TWA) V;!.o einte the. satimical , X Discumsion of Clinical Changes B
(Ag®) IC, (OB)-D, ' )~ ical results o the In reviewing Table VIII, we 11
W Diastolic Blood Pressure practical question of an industrial hygiene which relate 'cmplrlcnlly to ex:?:::r 'v./::::: \b» 1
N BP, = A,+B; (Age)¥ R O R ) ¥
S) (OB) % +C, (TWA) (OB) oaren vt TABLE VI 1g
ey Bromsulphalein Figure 2. Regression mode! for icterus index. Sigaifi of the R Models gt
| BSPw= A, +B, (Age) (Dos) . . ! 1
Icterus Index Number Standard Cocl:}acul s |
- of BN I
::. H:lllwa:::. (rwar : Modsl Observations R?:r:ﬂot‘m Ff”m‘u! Multiple ;ﬁi 1, ! i
. Hbem Ag+B, (Age)¥% - CTWAY Statistical Significance of Models Systolic blaod pressure 98 129 .53 Oy 18 } il
Beta-protein An appropriste question is: What measures Disstolic biood pressure s %6 To.4s (,;"}. o180 b G 1R
Beta-protein= A+ By (Dose)y -of precision can be attached to the regression Tetor Phalain s . 4.8 8.::}:. 0.407 ' | 5
- .66 (1; 0.191 ty

Figures 1, 2 and 3 show the regression
responses for three of the above models, BSP,
Icterus Index and Beta-protein, respectively.

models? Three useful indices are the standard
error of regression, Se, the overall F-Statistic,
and the cocfficient of multiple determinatioa,

Hemoglobin 3
Bots-protein 58

8.95 (2;80)* 0.162

12.65 (1;56)° 0.170

*p <0.00¢
**P=0,03

isoososfvz | | i
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the scope of this study the preqicted l?Iood
pressures, systolic and diastolic, did not rise to
levels which would be considered abn9rmll.
The hemoglobin, though statistically
decreased, does not fall ouwside the normal
limits for our laboratary. The significance of
the change in ratio of the beta-protein is not
known. We are left with (wo factors which give
some cause for concern. The changes in the
Icterus Index and in the BSP lend some
support to the hypothesis that some changes in
liver function have occurred in & few
individuals exposed at the higher levels. The
BSP appears to be most sighificantly
cosrefated with exposure. :

Within the study group were several
individuals who, after approximately 20 years
of exposure with time-weighted GKPOI'III‘GI of
approximately 300 ppm of vinyl chloride and
smailer amounts of vinylidene chloride during
the early part of their carcers, demonnmed.a
tendency to develop changes in certain
Isboratory tests which appear to be related to
their exposure. Reference to Figures 13
indicates that our interpretation of the clinical

hanges must be d by the fact that only
a small number of individuals experienced the
highest exposures.

Two of the individuals showing the highest
rise in BSP were rechccked in 1968. One had
essentially normal laboratory findings and,the
other showed persistent elevation of various
liver function tests, even though both had been
removed from further exposure since 1965.
The individual whose liver function tests
remained clevated had a history of hepatitis
p ding his , aithough his pre-
exposure liver function tests had been normal.
Whether his abnormalities represented a result
of his exp or independ quel qf
hepatitis cannot be ascertained. Certainly it
would be desirable not to ider individuals
with a higory of hepatitis as candidates for
prolonged exposure to vinyl or vinylidene
chioride. Unfortunately, since many cases of
subclinical hepatitis occur, there may always
be some individuals in a working populati

NF
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{ TABLE vill

Expected Responso of Clinical Tests asa Function of Career TWA

TWA, PPM Vinyl Chloride

Tosl [ 50

100 150 200 150 30
Systolic blood 136.4 1383 140.2 1419 143.6 145.3 147.0
pressure (Age = 60,
OHES = 1,06)
1Nastulic hlood 4.7 88,7 6.6 47,6 [1%) (LX) 90.4
pevssure (Age = 60,
OBES = 1.06)
Bromsulphslein 2.1 3.8 5.6 7.3 9.0 10.8 12.8
(TOJ = 20, Age = 60) ’ \
Icterus index 6.8 6.8 7.0 &1 1.0 X X
Hsmoglobin 14.0 14.0 13.9 13.8 13.6 13.3 "2
Beta-protein 14.1 14.3 18.§ 18.8 35.1 X X

to be placed on the readings observed for
those ecmployces who experienced high

p levels, ially during the period
1950-38. For ecxample, the average time-
weighted exposure level in 1950 was 155 ppm,
whereas the average exposure level in 1965
was 30 ppm.

Our findings suggest that repeated

X = boyond range of available dats

range of exposures, and the mean clinical
indices for the group may well mask
significant individual differences within the
exposed group that could be detected only by
intra-group analysis.

We have attempted to correlate the clinical
manifestations of a group of men for which

to vinyl chloride at TWA levels of 300 ppm or
above for a working lifetime together with a
very low level of vinylidene chloride may
result in slight changes in certain physiologic
and clinical laboratory parameters. The
possibility of some impairment in liver
function tests must be considered, even though
0o overt clinical disease was evident in any of
the individuals studied. We shall continue our
study, but suggest that similar studies to help
clasify the effects of this material be
performed for other worker populations
exposed to vinyl chloride alone.

Conclusions

The present study offers a technique of
judging exposure cffects on a group of
exposed workmen based on an analysis which

who have had hepatitis.

For most individuals in the study, the hi;heft
exposure occurred in the carly phases of their
careers and their later exposures were much
lower. In the final analysis, much weight had

e ——_- Bo s gmy b M

is intended to for individual levels of
exposure rather than relying on a collective
comparison with a so-called “control”
population. The “exposed™ group, esp y
when it is drawn from an industrial setting,
will contain individuals subject to a wide

o

p data as well a3 clinical measurements

were available. With this approach, the
“exposed’” group will contain some
individuals whose exposures are low enough
to serve as “controls,” The regression
technique we have employed treats the
exposure levels (Dose and TWA) as
independent variables, thereby providing an
open format that allows inclusion of any
degree of exposure, including none. The
advantage of regression analysis in this
application lies in the ability to extract more
substantial information on acceptable
exposure levels by relating measured clinical
changes directly to measured exposure. To use
this method, good environmental and medical
data must be gathered and consolidated
concurrently in substantial quantity.

We have demonstrated the use of this
statistical technique with a group of men
exposed to vinyl chloride and trace levels of
vinylidene chioride. In so doing, we have
found some interesting apparent effects from
chronic exposure to that system but, more
importantly, the methodology looks promising
as 2 needed improvement in our quest to make




peactical use of toxicological feedback from
worker exposurcs. We hope that others will
offer further refinements and suggestions that
will help attain this goal.
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The Massachusetts Institute of Technology will present a special two-week
“program on Biological Effects and Medical Applications of Nonionizing
Radiations, July 31-August 11, 1972, The course will present the basic physics,
biological effects, biomedical applications and hazards of ultrasound, laser,

:

will be in to be suited to

microwaves and magnetic ficlds. P

backgrounds. The information

individuals with

linical and physi

will also be related in context to the activities of the Federal Regulatory
Agencies. Detailed information is available from the Director of the Summer
Session, Room E19-356, Massachusetts Institute of Technology, Cambridge,
Massachusetts 02139,
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| Lead in Hair among Exposed Workers

ABDEL-ARIZ EL-DAKHAKHNY, PH.D., and YASSIN M. EL-SADIK, M.D.

Depuriment of Qccupstional Health, High Insiitute of Public Healik,
Alerondria U, Al

In 8 study performed om 67 |
betwesn levals of lead o halr

dria, Egypt, UAR.

exposed workers, s corvelntion was fownd

e blochemical and cliaicsl findings. A lead

level in halr of more than 30 ug/g conld be considered as 8 sige of excemive iead level.

\

Introductios

Awulth of information on the values of
lead in blood and urine of exposed and
non-exposed persons to lead has been
accumulated during this century. On the other
hand, little knowledge has been acquired
concerning the concentration of lead in hair.

Receatly Barry and Mossman,! in their study
of lead concentration in buman tissues among
69 cases at post-mortem have found that hair
contained rclatively high concentration of
lesd spproximately 20 ppm. They suggested
the importance of the study of lead in hair in
medicolegal investigations for the
determination of the severity of exposure.

The purpose of this study is to determing the
levels of lead in hair of exposed workers and
to compare such levels with some laboratory
and clinical findings in order to show the
extent of lead hazard.

Method

The study was conducted during the year
1970-1971 on 67 workers exposed o lead, at
four different factories in Alexandria, and are
distributed as follows:

Plant Number of workers examined
Lead reclamation 12
Lead battery 10
Tincan | 25
Tia can 11 10

From past enviconmental studies, it has been
found that the four factorics have varying

31

degrees of lead exposure. Exposures were
excessive in the lead reclamation and the lead
battery plants, and, mild in the two tin can
factories.

In this investigacion, each worker was
medically examined with emphasis on
occupational history, looking for blue line
occurrence in the gum, and, for symptoms
of colic as well as consipation. Blood
hacmoglobin was determined by using the
Sshii hsemoglobinometer.

As regards the biochemical tests, lead in
blood and coproporphyrin in urine were de-
termined. As for hair, about 0.2-0.5 gm were
taken from different parts of the scalp of the
examined worker. Since hair of exposed
workers were likely to be contaminated by
lead from the working environment, every
hair sample was soaked and shaken in a hot

detergent for about 10 minutcs. Then it was
thoroughly washed several times with distilled

water, with hot nitric acid 1% solution, and
distilled water respectively. Hair was then
dried in an oven at 105-110°C and was kept in
a desiccator ready for weighing. Washing with
a detergent alone, proved insufficient to
remove all lead contamination completely
from the hair, especially with individuals

exposed to environments high in lead. Our .

washing procedure was tested by collecting the
nitric acid washings into separate containers
and these were analysed for lead

determination. In all tests performed, the -

third washing contained no lead at all.

In this study, the USPHS Dithizone
Method ? was used in the determination of
lead in blood and hair. Coproporphyrin in
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