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To the Designated Contacts of Companies BARR

supporting the Acroosteolysis Registry
and Consultation Centar (The University
of Michigan)

Dear Sirs:

Distributed herewith is the status report
recently received f£rom Dr. Dinman, the previous Di-

-rector of the Acroosteclysis Registry and Consultation

Center.

At this time we have not been informed who
will take over the duties of directing this project,
as Dr. Dinman leaves for his new assignment as Corporate
Medical Diractor ot the Aluminum Company orf America.
You will be informed on this point by a supplemental
mailing as soon as we have this information.

Sincerely,

) aar

Kenneth D. Johnson, Ph.D.
Assigtant Technical Director
Occupational Health
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Alg 11973
A. K. McMILLAN
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REPORT OF ACROOSTEOLYSIS REGISTRY
1970-73

I. Introduction

A. Participation - Of the 19 corporations that elected to participate in the
original 1967-69 MCA Study of Acroosteolyeis .(AOL), all but four agreed to participate
in the subsequent AOL Registry Program of The University of Michigan. Thus from the
.32 plants engaged in PVC synthesis and/or compounding, 27 agreed to participate in
the Registry activity.

However, with the passage of time and despite repeated communications, there
vas a progressive decrement in these numbers. By June 1973 among those 15 agreeing
to participate, only eight corporations (i.e., 12 plants) provided the data requested.

The reascns for this decrament are a reflection of plant closings, turnover in
medical and adninistrative personnel which impaired communication, plus an inevitable
slackening of concern. The last stemmed in fact from tha ‘1969 Report: for many -
corporations it appaared that the AOL problem did not affect their operations. 1In
addition, as the delineation of the AOL problem became more clear by virtue of the
Report, previous concerns were somevhat abated.

‘The net rasult wag to impair any ability of tha Registry to define the prevalence
of the problem, or to clarify what direction the problem wag taking. Further, it
made difficult any valid indication of whether changes in polycleaning-techniques
was having any implct upon the: trend of AQL occurrance.

B. Fresent Status and Limitations of Population Base ~ Of a total population of
5011 vorkers in the original 1967 study, only a total PVC population of 1332 could be
aerommtrad for 4n the Reofrtry as of 1970-71. Tt is of interest tn nots thar this
cepresented 50X of the population in 1967 at the reporting plants, i.e., plant popula-
tion among 1970~71 reporting plants was 50 of their 1967 enrollment. If the agsumption
iz made that the plants providing no information also decreased their population by 50%,
it might be estimated that presently there are approximately 1173 employees engaged in
PVC operations among the non-reporting plants. 'Thus among the 19 corporations originally
participating it might be estimated that as of this date there are 2505 employees in
PVC synthesis and compounding. -

So that one would not be tempted to consider the present population base as
representing a valid 50X sample for the 1970-71 population at risk, the salection
process whereby corporations elected to continue {v.s.) should make it clear that those
participating represent a very biased population. This bias is also clearly apparent

. from review of Table I which indicates that participation was in some part conditioned
by perceptions of wmanagement of the extent of the problem in their individuval corpora-
tions, TFor these reasons, any attempt to consider the presently available data as

:

No. of Diagnoses

_ 1967 1970 % Lost
Dx Cat #3 74 25 33

. Dx Cat 24 16 3 19
Dx Cat _#5 25 g . 36

Table I.: Diagnoses Made in All Plants in 1967 vs Diagnosas From Plants Not
Reporting in 1970-71. -
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repreprasentative of a valid population base for epidemiologic analysis would be
totally inappropriate. Accordingly, tha best this report can do is is to present

- tabulations of present date plus other information which has been derived from the
literature or experience of the Ragisctry.

II. Present Status of AOL in the PVC Industry

A. Definition of AOL - By definiti{on, sctive AQOL was defined as Raynauds
phenomenon associated with x-ray defects. Specifically the x~ray defects were
considered significant {f thay demonstrated more than one marginal tuft defect,
transverse defect(s) with or without distal phalanx resorption or fragmentation.

There were 22 cases of active AOL discovered in the original 1967 survey im addition
to three inactive cases. '

Inactive ACL was defined as the presence of the above x-ray changes or a
"collar button'" type or shortened distal phalange(s) in tha absence of Raynauds
phenomenon. Shortened, atubby discal phalanges were considerad as highly suspicious,
especially among workers with a present or pest history of Raynauds phenomenon.

B. Present Status of AOL Among Reporting Plants in the United States - As of

this report, the present status of AOL in the PVC industry as known to the Registyy
48 as shown in Table ;I.

Corporation , Reported Reported

Coda No. T 1967 . 1972
2 17 23
4 3 No response
1n 2 2
14 .03 Plant closed
18 0 k3
20 0 1
X% — —

‘Total ' 25 28

Table II: Cases Reported to Registry, as of 1972. ) e

*This corporation did not participate in 1967. Undex'hew
wmanagement, it has reported in 1972,

If we assume that the cases seen in 1967 in corporations & and 14 still

exist, the totzl cases in the Registry at thig time should aumber 33. Whether new
cases have developed in those two organizations is not kuown at this time.
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C. Clinical Features of New Cases.

1. As of this report, the following tabulation describes the previous status
of thess nawly discoversd cases:

Previcus Reynauds only 2
Previous nonspecific x-ray without Raynluds 2
New AOL praviocusly unknown 4

2. Discussion - Examination of the details of this data suggests the

possibility that ACL may be manifestations of two etiologically different
conditions. This possibility is suggested because:

1) Two cases have gone on to show heeling bone changes characteristic
of AOL without spparent history of Raynauds;

2) The incidence of Raynauds in plants polymerizing PVC which have not
had cases of AOL since 1961 is 0.56X (i.s., two cases smong 357
males) vs 0.2X in compounding plants in 1967;

3) Recent discussions with Suciu (who originally reported in their
Rumanian literature) (1) indicates that he still sees Raynauds in
PYC workers, yet has never succeedad in detectins x-ray changes
of the hands. -

. The question might be raissd whether the Raynauds and dermatoc manifest-

ations represent e response to. one etiologic agent in the PVC polymexization process,
and that the bone changes are dfuc ta a second agent. Given the small numbers involved
above, this possibility is at.best speculative, nevertheless, consideration of this

queation should not place zn additional burden upon ongoing medical surveillance
programs.

3. Atypical Forms of AOL - One polycleaner who has manifested Raynauds in
1962 still had this condition in 1970-71 and in addition had by then developed
a transverse defect of the ulnar styloid. A hiatory of injury or fracture
could not be established in this man’s previous data. We suggest that this represents,
an atypicall form of Acroosteclysis. .

D. The Roentgenographic Courss of AOL
1. Previous Concept and Proposed New Course of AOL - in the published reports

derived from the 1967 survay (2), it was indicated that the radiographic sequence
of change was as indicated diagrammatically:

Plus Distal Total Shortening,
Transverse Fragmentation Resorptions Healing
Defect Stage 3 Stage 4 Stage 5
Stage 2
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However, we hava found one case of AOL which over a four-year period went from
Steps 1 to 3 to 2. Whether he will ultimately go to & or 5 cannot be sbsolutaly
predicted. However, we would suspect on the basis of previcus snd stages seen
that he will go on to a minimal shortened terminal digit indicaced in Step 5.

¢ .
Discussions with Dr, J. J. LaFevre in Brussels revealed that he similarly
had observed this new sequence of events. Thus it would appear that the trans-

verse dafect, rather than being an early stage of AOL, actually represented a
later stage in the proceas. ’

2. Proposed New Natural History of AOL - We would suggsst that the bone
nanifestations of AOL go through the following steps:

Former Stage ' Px:oposed Stage

1 Step #1 Marginal Defect
2 _Step #2 Partial Decalcification ~
' Distal Tip

. Step #3 Tofal Dacalcification with
3 Collapse of Distal Tip
4 Stéﬁ #4 Parcial Recalicfication of

' Discal Tip with Iransverse
Discontinuity :

5 Step #5 Recalcification of Distal

Tip with Shortening
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If these are indesd the case, it would appear. that the process represents
- a decalcification of tha osteoid matrix. To what extent there is a decrease in
- the osteoid matyix itself is not clear; that there emn end decrease in the healed
bone wass suggests that this is a process which also involves the matrix. Thus
the condition appears to be coubination.of osteomalacia-iike (i.a., decaleifica-
tion) and osteoporotic-like (i.a., dacrease in osteoid matrix) change. Bone
biopisy would further aid in delineation.

I1I. Present Practices Utilized Reactor Cleaning

A. Reactor Cleaning Practices, 1967

Of the 27 synthesis plants surveyed the practices utilized were:

Method Ko, % of Response
Hand cleaning only 18 672
Hi-pressure water only -2 7.5%
Solvent only 2 7.5%
Combined

Hand and water jet B 3 ux

Hand and solvent ' 2 7.5%.

B. Reactor Cleaning ?:.-o;:cnu, 1972

. Of the 10 synthesis plants responding, the reactor cleaning processes
utilized were: )

Method * No. X _of Response
Hand cleaning only 4 502
Hi-pressure water jet only 0 0
Solvent only o ]
Combinations No. % of Response
Hand and Hi-pressure water 3 302

Hand and solvent b 102

All three methods 2 © 202

+

On the basis of reported man-months spent.in each proce;is in 1970, the
distribution of actual time spent in cleaning reactors by various methods are
« 8s follows: ’

3

Method Man-months X Total
Hand cleaning 292 222
Hi~presaure water jet 28 . . 2z
Solvent ) 0 Y
Combined . '
Hand and water jet - 859 647%
Hand and solvent 36 3%

Hand and water jet and solvent _122

—

Total 1337
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C. Discussion

.

It sappaars that hand cleaning alone is less frequently employed today than
has been the case in the past. On the other hand, solvent cleaning while still
used, is not used to the exclusion of othcr wethods smong the companies rsporting.
The decrease from 1967 to 1970 in solverit use may be more apparent than real; oune
company which used this method in 1967 did not report in 1970; the other corpora-
tion which ‘used solvent cleaning in 1967 now uses water plus solvent. Further,
what appears to be uncommon usage of solvent is probably more epparent than real.
That is, little actual wotking time is involved in transferring solvent from
reservoir to reactor and out again.

In the two plants reporting in 1970-72 with new cases, hand cleaning and high
vater presaurs jets are used. Thoas corporations previously known to have cases
of AOL sppsar to have made iuncreased use of high pmsun water jet to au;nent
hand scrapping (except in cme cass). . . i

REFERENCES

(1) Suciu, L., Drejman, 1., and Valeskai, M,, Investigation of the Diseases
Caused by Vinyl Chloride, Med, intera (Bucharest), 15:967-78, 1963.

(2) Dodson, V. N., Dinman, B.D., Whitehouse, W.M., Nasr, A.N.M., and Magnusom,
- H.J., Occupational Acroosteolysis III. A. Clinical Study, Archives of
Pnvivenmantal Realth 22:83-91, 1971.
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T "'"','j;' lnciolld ‘L¢ the eaaphtl package of informstion relstive
to our participation in the AOL Program. Some of the grouandwork
hn cl.uldy hm laid as noted in menos.

. e "I voula imut you coordinate the initiation of this
pru;ru with L..Plowssn, B. Pulaski and E, Primesu. Ron Beech
' lhoul.d be able to gin yuu Some imput aho.

_-.."" ',.-\0.~ <. ,l.::-&'
“We u:od to lutt thl.l i.-ldi.ntoly. 1€ I can lead you

- " ul:l.lmu,, let me know, Mrs. Puleski should be able to
TS establisgh uhc&.th. _-ce. on z-hyl end i.nt-zpntltinn by

-n:."urun‘“" A S N ,
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CSCAMSBIA PLANT

INTEROFFICE ‘MEMORANDUM

7
To: Mr. R. E. Davis Date: January 28, 1972
Copies: E. M. Spurlock
From: R, W. Beech A. K. McMillan
W, .C. Wilde
Re: AOL .
. £ B

1 have supplied Mr. Spurlock with all information concerning
AOL of which 1 have a copy., This includes the MCA report which was
subsequently published in the Archives of Environmental Health -
Volume 22, January, 1971.

I believe the X-Ray program should start immediately and
also the program should include a questionaire similar to that used in
the MCA study to indicate possible susceptability to AOL.

Mr. Spurlock will be supplied a list of employees and their

current jobs., Also, we will establish record keeping procedures on
each employee to determine length of time ‘'on each job and duties

:performed for each job, Especially records of reactor entry will be A
maintained. ?
R. W, Beech
RWB:fle

1. Dy BARABSE S DAl Ach ..Hwb*

/em ﬁ.uT qu twl-“ d’g ;l'y
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Z !. afkmdw Date __January 5, 1972

Te

From

Distribution Below

INTER-OFFICE PVC Operations .
MEMORANDUM \crcoutcolyuis {(AOL) Program

wj C}‘D'DHJ«S

1.2
{Locstlon, Orqmlutlon. ar, Depunm t} b—"
o Deparsmany b

T. L. Carey Valley Forge

{Location, O_mnluﬂm, or Department)

i

L" -

‘:‘t ’-".,._.s «v;
Effective Immediately, the attached AOL PROGRAM shall be implemented
for PVC operations at the Escambia plant and the Calvert City plant.

This program for monitoring AOL has been developed as a result of
studies made by John Barr in consultation with Martin Spurlock,
Ron Beech and Dick Harvey.,

TiCarey/d ‘ /W
attachment T - 5

- i%
A, R, Adams A, K. McMillan -~
J. T, Barr H., W. Smith ree .
J. L. Cost W. Mayo Smith : )
R. B. Cross E. M, Spurlock B
R, Fleming (2) H. L. Watson BRI,

G. J. Mantell

{ all with attachments)

{320]
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P A Fhodits ant Uhopyials

PVC OPERATIONS
CALVERT CITY AND ESCAMBIA PLANTS
AOL PROGRAM

1, X-ray the hands of present PVC production workers who have
participated in reactor cleaning to establish a base line for
present conditionrs, Those to be included are polymer building
operators, pilot plant operators, laborers (utility rnen or trainees)
and dryer operators, if they have been involved ln reactor cleaning.
Not included are baggers, maintenance men, compéund operators,
or supervisors.

2. As a part of pre-employment physical examinations, include hand
x-ray studies for all personnel to be assigned to PVC operations,
This shall include personnel transferred from other operat;ons
who may be i.nvolved in reactor cleaning.

[ R

3, An annual x-ray examination shall be performed on the specified
employees and the records maintained on each plant with the work :
histories of the employees involved. . {

- {

( {. Each plant shall have x-ray films read by a competent radiologist. :

Background information on AOL shall be furnished him, Such _ i
information would include MCA report and article by Dr, Dinman, v

If required, a consulting arrangement should be developed with i

the University of Michigan Institute of Environmental and Industrial

Healil or other competent specialist.

5, Review and update existing work procedures, protective eguipment
and instructions for reactor cleaning and establish formal procedures

which contain requirements for operator compliance, Emphasize -
enforcement to supervisors.

6. Continue work on plant modifications such as golvent cleaning, )
that will reduce personnel exposure,

7. Continue participation in the MCA and Vinyl Chloride Safety Association
studies to enable us to provide maximum protection for personnel,

. -
b
3

W RIS,

I it
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Calvert City —e

IVC = AQOL Frogram -

"y

LN

H. L. Wathn

T. L. Carey ’ Calvexrt City

I have John Darr's memo to W. M. Smith in Allentown
{the subject of which is proposed AOL program
continuance, dated Octoker 1, 1971).

T would like to have John PRarr make a trip to Pensacola
in order to look at the requirements for this progran
at Pensacola and sea if we can cone up with a uniform

program for koth locations. At least, I would like to
have his recommendations.

At the same time, I think it might be of value if

John would take enough time to review the manufacturing
procedures, techniques ard/or procedures in sufficient
detail to make a comparison and hopefully indicate some
practices that might be utilized bty tke other plant.

TiCarey/d % ‘ )
cc: A.K.denillan / /

A. R. aAdans

' 8. ~ R, Flerming has cormented on the need to X-ray new
pr=loyecs and =says he believes that we need to
X-ray only these who would reasonably he expectad
to hava continuinc exzosuca.

N o
PR -
HE -
{‘3 ;{o {:"';:vlnl_;dn.?‘r

L |
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7 E; %&W and [’/mg:c&aﬁ Date ..Tanuary 5, 1972

PVC Operations

INTER-OFFICE . _Sub -
) MEMORANDUM ;croostcolysh (AOL) Program
'“l ‘I't".' ,M) (,P D . -i :;,I'..-n
To___Distribution Below fo v L

L/ l/ {Location, Organization, or Depann}ent) PR o
T S
T. L. Carey Valley Forge t.

{Location, Organization, or Department)

From

*  Effective immediately, the attached AOL PROGRAM shall be implemented
for PVC operations at the Escambla plant and the Calvert City plant,

This program for monitoring AOL has heen developed as a result of

studies made by John Barr in consultation with Martin Spurloci,
Ron Beech and Dick Harvey,

TLlCarey/d | | ' | : /W/@?

attachment -
‘Distribution:

A. R, Adams A, K, McMillan ~~ "

J. T. Barr H, W. Smith roee .

J, L. Cost W. Mayo Smith ’ Y
R. B. Cross E. M, Spurlock O e
.R. Fleming (2) H, L, Watson “4 T E
G. J. Mantell ;’l- ""‘ ;4 ..

{all with attachments)

(320}
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2.

3.

5,

6.

1.

./ S0dndld and ( Zv'r!!_r?'nﬁ

PVC OPERATIONS . ‘
CALVERT CITY AND ESCAMBIA PLANTS
AOL PROGRAM

X-ray the hands of present PVC production workers who have
participated in reactor cleaning to establish a base line for
present conditions. These to be included are polymer building
operators, pilot plant operators, laborers (utility men or trainees) C
and dryer operators, if they have been involved in reactor cleaning. : o
Not included are baggers, malintcnance men, compound operators,
or supervisors.

As a part of pre-employment physical exaniinations, include hand
x-ray studles for all personnel to be assigned to PVC operations,
This shall include personnel transferred from other operauons
who may be 1nvolved in reactor cleaning.

An annual x-ray examination shall be performed on the specified

employees and the records maintained on cach plant with the work

histories of the employees involved. e

Each plant shall have x-ray films read by a competent radiologist.

Background information on AQL shall be furnished him. Such _

information would include MCA report and article by Dr. Dinman,

If required, a consulting arrangement should be developed with

the University of Michigan Institute of Environmental and Industrial
. Healtk or other competent specialist.

Review and update existing work procedures, protective equipment

and instructions for reactor cleaning and establish formal procedures

which contain requirements for operator compliance., Emphaslze -
enforcement to gupervisors. !

Continue work on plant modifications such as solvent cleaning,
that will reduce personnel exposure.,

Continuc participation in the MCA and Vinyl Chloride Safely Association
studies to enable us to provide maximum protection for personnel,

ERE L

s
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Mr, T. L. Carey February 23, 1971

A. XK. McMillan

Occupation AQL from PVC Operations

The Archives of Knviroamsental Health Study Report of
Jasuary, 1971, indicates the AOL condition is clearly associated
with hand cleaning of PVC reactors. Of the 5, 011 employees
examined there were 25 definite cases of AOL and all had bsea
involved in hand cieaning reactors. The probabllity of devslop~-
ing AOL is one case in 32 for workers in reactor cleaning and
one case in 140 workers for the total PVC study population,

Work practices such as (1) uss cleaning methods used, (2) use

of gioves, (3) reactor evacuation procedure have a stromg
influsnce on the occurreace of AOL. Msthod of entry of the agent
causing AOL is also not established and the writers were in-
clined toward the respiratory method of entry rather than absorp-
tion through the skin.

The report recoramends: -

¢1) Mors extensive use of high pressure water sad
solvent cleaning

(2) Good ventilation of rsactors

(3) Usas of gloves in reactor clsaning.

Our resctor svacustion and cleaning procsdures strongly
favor good experieance with vegard to AOL, Use of chemical
cleaning for all reactoxswill be accomplished this year. As
additional prscautions, we will see that gloves are worn by
rsactor cleaners (this is now required but may sot be rigorously
followed) and that explostmetars used to check reactors are
calibrated on pentane as recommended in the study. I suggest
that base line X-rays of the hands of PVC personasl be taken
at the time that all reactors ars converted to the chemieal clean-
ing process. The medical questionairs {in study) should alsc be
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Mr. T. L. Carey el February 23, 1971

completed at this time. Xerays should be repeated on an annual
basis until such tims as we consider ACQL not to be a problem in
our operation.

A. K. McMillan

attachment

—y
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' ESCAMBIA CHEMICAL CORPORATION
/ INTIROPFICE MMNDU“
To: Mr. A. K. Mc‘Mllla.n Dots: February 25, 1971
Coples:

From: R. W. Beech
Re: Summation: Institution of Environmental and

Industrial Health Report on Occupational

Acroasteolysis

This condition is clearly associated with hand cleaning
of reactors. Workers engaged in other phases of PVC manu-
facturing do not appear to beat risk of developing AOL, Incidence
of cases are low with only 25 definitive cases out of 5, 011
employees having 21, 510 man years experience in various phases
of VCM and PVC manufacturing. Of the 25 definitive cases all
had been involved in hand cleaning of reactors and 24 of 25 had
symptoms of Reynauds¥ phenomenom as a concomitant disorder,
Indeed the probability of AOL developing was one case per 32
workers for reactors cleaners vs, one case per 140 workers
for the PVC study population,

At this time work practices, rather than any one specific
ingredient or combination in process, appear to determine whether
this disease will occur.

In those plants using high pressure water lances or
chemical cleaning, there were possible cases in only one. Those
plants with AOL provided gloves for reactor cleaners, but in-
consistent usage was observed and freguently airing out of the
reactor was short cut,

‘The etuggtcal agent (8) causing AOL is not kwown nor
is the ',mﬂmd of entry. In view of the systemic characteristice of the

dise ‘"‘Mthc writers were inclined toward the respiratory method
of edtry rather than absorption through the skin,

*Cold, white fingers brought on by hand or body chilling or both.

AP00042548




Mr. A. K. McMillan -2- February 25, 1971

The writers recommended:

1, More exteneive employment of high
pressure water and solvent cleaning.

2. Adegquate ventilation of the reactors
prior to entry. This should be checked
with a flammable vapor indicator with a
scale of greater sensitivity than 1% of the
lower explosive limit of vinyl chloride.

3. An intimate review of the procedures
and actual practice of those procedures
for reactor hand.cleaning.

They alao concluded that with the present knowiedge
of AQL 1s such that catagoric statements as to preventive
measures is not justified.

Hinn,

With the use of solvent cleaning (curreatly scheduled
for completion in June). I do not believe we should make any
changes in our current procedure. Any X-ray work should be
delayed until just prior to advent of solvent cleaning. This
will establish a base from which to judge future X-rays.

A 1. Bse L.

R, W, Beech
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Mr, T. L. Carey February 23, 1971

A, K, McMillan

Occupation AQL from PVC Operatioas

The Archives of Environmental Health Study Report of
January, 1971, indicates the AOL condition ia clearly associated
with hand cleaning of PVC reactors. Of the 5, 011 employeas
sxamined thars were 25 definite canes of AOL and all had been
involved in hand cleaning reactors. The probabllity of develop~
{ag AOL i» ons case in 32 for warkers (a reactoy clesning and
ons case in 140 workers for the total PVC study population.
Work practices such as (1) use cleasing methods used, (2) use
of gloves, {3) reactor evacuation procadure have a stroag '

- {influance on the occurrence of AOL. Methad of entry of the agent

causing AOL is also not sstablished and the writers were in-
¢lined toward the respiratory method of entry rather than absorp-
tion through the skin,

The report recommends: 4

)
i1} More extensive use of high pressure water and
solvent cleaning
{2) CGood veatilation of reactors
{3) Use of gloves ia reastor cleaning

Our reactor evacuation and cleaning procedures strongly

favor good sxperience with regard to AOL. Use of chemical

clesnipg for all reasians will be sccomplished this yesr. As

1 yuautio:u. we will see that gloves are worn by
rnmg_ cleaners (this s now required but may not be rigorously
followed) and that explosimetars used to check reactors are
calibrated oa pentane 88 recommanded in the study. 1 suggest
that base ling X-rays of the hands of PVC personnsl be takea

at the time that all reactors are canverted ta the chemical clean~
ing process. The medical questionsire (in study) should slso be
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Mr. T. L. Carey e February 33, 1971

[

complated at this time. Xe-rays should be repeated on an annual
basis until such time as we consider AOL not to be a problem in

our operation,

A, X. McMillan

/ms
attachment
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4. - . RECEIVE

Firestone Plastics Company | 0CT 1 9 1956

DIVISION ?F THE nunon} TiRE & l.uuu. COMPANY MAYQO SMITH
.V MARVEY $. FILISTONL - FOUNDER ' .

ok e : : : POTTETOWN, PENNSYLVANIA

POTISTOWN, PENNBYLYANIA 10484
' October 12, 1966

-Dr. W, Mayo Smith e
. Escambia Chemical Corp. €
Wilton, Connecticut

Dear Dr. SBmith:

Mr. L. B. Kuhn has given me your letter of October 7 con-
derning the MCA KMeeting held October 6 at Cleveland, Ohio.
The followling 18 a condensation pertaining to this meeting
which was held under the ausplces of the MCA Medical Advisory
Comnittee. It was their intentioen to disseminate certain in-
formation to the PVC manmufacturing industry relating to a
medical problem concerning reactor cleaning personnel, In °
dealing with this intelligence we were advised not to make
4t pudblic, to the press or other periodicals, at this time,

Mr. Nantz, Presldent of B, F. Goodrich, » Rex Wilson,

‘Medical Director of Goodrich and Mr, William McCormick, : g
*Toxicologist of Goodrich were the chief sources of infore : ¥

mation. o
1. Several years ago one Goodrich PVC (suspension type)
plant reported a number of cases of soreness in finger
tips of theilr personnel. This was accompanied by skiln
blanching and slower recovery of temperature of the
hand than normal.

2, X-Ray is the main diagnostic tool and this showed:that
. _the terminal finger bone was actually subjected to soxze
type of erosion. 8lides were shown to demonstrate typical
cases. Colored photoslides of hands were also shouwn
and these indicated a blunting effect of the finger tips
plus & modest color change. .

3. Extent of disease: Goodrich reports cases in three of
their five installations at a level of 1% of the total
personnel. Concentration of the disease was in the
reactor cleaning area, wherein 6% of the total personnel
were found afflicted. : -

. %, Early diagnosis was termed a type of finger SCLERODERMA
sometimes accompanied with a RAYNAUD'S phenomenon.

.

-~
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Dr. W. Mayo Smith
Escambia Chemical Corp.

Page 2
Octobor 12, 1966

T

5. Caude: Not specifically known. It is believed that the
disease 1s the result of contact with some chemical but
proof that it is solely vinyl chloride monomer does not .
presently exist. Goodrich bave X-Rayed their monomer
plant personnel and have found no cases. .It is fair to
say that contact with monomer on the finger tips is .
roatest for the polymerization reactor ¢leaning persomnel.
oodrich have also X-Rayed ons complete aynthetic rubber -
plant and found no evidence of the diseaze,

. It was further mentioned that vinyl monomer intoxication
was not related to this disease. In short, reactor
Ogerators that might have been exposed to %c gas did not

. shov effects of the disease. '

6. Publications: Goodrich found no data published in this
country regarding this problem. Tahe following foreign
gggégigﬁ were found and translations are available from

CORDIER, et al ' -
Cohiers de Medicin du Travail, Jan. 1966

Suciu, et al
Medicina Interna {Bucharest)
153 967-78 (Aupgust 1963)

Ve were advised not to disclose any of the data given
us because the total medical and ‘legal complications
Just aren't fully known.

TR - e

Te .ﬁisqeilaneous Goodrich information -

. 8¢ Of the approximate 30 cases - three were not in a

- PVC area. The overwvhelming evidence indicates there
is no'problem in other areas of processing of PVC
resins,

b. Length of 'service is not ‘clearly relatadle to the
dlsease; some personnel have shown positive effects -
g%thin threo years and some have not shown effects after

years.

ce A1l cases taken off the reactor cleaning job have
showvn improvement at different rates. '

d. New persoﬁnel are X-Rayed upon starting work and then
every six months #hereafter to note changes.

-
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SFT . 'Nayo Smith

| CIK/re

Rgcambia Chami eal f"orp.
Page 3 e
DotOber )..2, .(-/k ) - ,
. 5 . »a.; y I
e. Reactor cleaners are required to wear cotton gloveslf‘f_’ ‘ﬁ;‘f“
. which have been coated with plasiisol. Prior to W e
this time it was up to the :!.ndividual to decide if ZSHiLl
he wanted to wear gloves. Gk Dite g
f. Pe"sonrel relations: Goodrich Eersonnel were advised ,,_" :: “;,‘
' that there appeared to be a:h problenm and that
the cause was being sought, - They hed no prodlens
with the dbargaining unit and all cooperated in the
X-Ray task, o

4 -
Ciiet 2
'.g treexr Y

,...4/‘ LR

: ;,3«
Gonerally X-Ray negatives were .given to the personal
doctors of the individuals involved. In short,
Goodrich have encountered no kickback and have con~

sidered these cases for compensation although there
has been no claim paid to date. .

ge X~Bay - Since the task of reading X-Rays requires
an expert - Roentgenologist, Goodrich stated they
would be plcased to have their expert read any and -
all X-Rays free of charge. This is important since

it is the only way to eliminate reading and interpre—
tation as a varilable.

Generally the majority Gid not lmow whether they did or did

not have a problem. However, Carbide and Goodyear have done - =

X-Pay work. Carbide indicated that they had uncovered four ¥
cases while none were reported for Goocyear. Vle vere also '
advised that the various' organizations! medical staffs

¢ould make contact with Dr. Rex Wilson of Goodrich for ine

trenslations of the foreign articles previously mentioned,

I trust that this .will help in your unaersuanding as %0 vhat
transpired &V this meeting. However, if there is anything
t‘urther we can do please advise. -

Very truly yours,
EIRES.LOM. PLASTICS CO\:PANY

cégJ Kellid

. . Klelnert
ol 2o Production and Technical Manager
.6/2-4/:. Ré-g0 ' Chemicals. . . ‘

cel Mr. L. B. Kuhn

»

fortm e
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Mr. H, W, Scith ‘ February 2, 1971

‘ w/o cncl,: N. T'lexinn
H. Ao tuu“ D', 1:311':“.-
. 1t Emirl

¢aovnatiesnt Acrorntnclvsis - . Lo Lo Cariv /
: =iosk

1.' By 1. Epuzin
" ‘ﬁ
B -3.# i s

)

Ia reply to your lctiar of Jsauvary 11, 1971 on the adove subjezt,
please be advtscd thae this sudbjcst wea brc:.nt to our otrentiza in
Latooer, 1350 by Er. .layo Salth cfter @ wuating of the [iTA Mudical

Alvizsory Comaitiz

Aftar some cdiscurzinn, Lt was r-ried thae va would Neray cur
c-loydes durdan toulm cunedl siruieil en2viantisa @ad accent tiue
tiice Ly Goodrich to zesd the Xeroys of o cast,

During the poricd fron Jzamy, 1257 throurh Januvary, 1303,
A=rays were Lade of Ltiw Louds . 21l DT Choraters ond Sutervitores,
(.7 one operatoy girzuud eny ana-.;-l‘“i“s. Tz Versys L0 in
<. U2TY 2357 € ©m2 o nroser photed gova cestyvcticn of oo ri-ht

Bt ullo"-u',a Amricy WU LEGS LU mouing Lefar cad dunlizissli e o
cil at iasrease ia tio westrusticn of ona Sinter wiil Raalin in ¥

U L1nnerS. A5 @ TIIuin OL LAoSE LeIlFD, W2 Lronsa.rvod £3As
CrIvLtor to tha JSomeonipesstisasi araa. Yoo contos lnziw, o lezly

Lruad aeroosteolysid ol cuil LQHHJ. Wroeguld ot oizllioceus o2
tliis case becavse the c;'"a:nr LaiTomeared. Lfior:s noTe T aLe Lo
lpsate the operater tircuih kis c"-x;;a, hiz rosher ~ad Zathrcr.

¢t Sheriff's Pepartmene, foclal soourily Dsgs::aent, ete., watheut
a2y results, '

Coodrich discentinved the ra2xilny of X-rays frea cthor crzngnics
ciion the Hanutaccuriz~ Lacaists? Lss::x;--ca tLocaze faveived . 2
efuly on Aan iadustry-vide uasxs, Thireilcre, we wisconcdnued oux

A=Yiy Program.
Peginning cn orsh 1, 1237, 21} npexrsoanzl cassrad 4 cliiniag ,

PVC reactors bsve pean ra *ui:cd to wzaxr c¢otten sloves coazed with
pluastisol. : '
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tYater blastiny ¢'vipn n: haf-hcca 3iastalled in reactor cleaninz
.service for approzinsilly tws yoors., AL the prozent tize, a chomica
_eleaninz system L3 bainn iﬁstﬂllﬁd shich sheuld clicinate the
clcaaias of reasters ty bLoad zotiods eucept in cxtyeue caecs
involving a larga lLuild uvp of polywer,

Translacion cendics of srelclos Ly Cordiar and 3uc1u on this
subject are encloscd for your inrorzatioci.

L "'.“-

3 5 o
,,.fg""‘ ?‘4 )7;‘/1,. €

We 111ler

-t

1AM ke

Eneclosure
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REACTOR ENTRY PERMIT

Date Reactor No. Employee Entering

Time »‘_" Attendant

NOTE: The attendant must stay on the third floor and Entering Shift
look into the reactor the entire time a man is inside Operator Supervisor

1. Valves tagged and blanke installed
\_/Cl monomer line
b. Demineralized water line
¢c. Vacuum Line
d. Overhead recovery, XA, and 2B line 2

2. Drop vaivetFen and opening clear
a, Remove flush ﬂange
B. install blind between eil and BIock vaive
c. Back up valve closed and tagged
‘Blower hose in reactor and fan in operatio:
Hydraulic system
a. Inlet valve closed and taESSd
b. Agitator stopped
c. Outlet valve closed tight and blsed opea.
B. a. Temperature controiler on manual
( b. Maintain flow i cooling water
c. Steam valve blocked
6. Ladder in reactor and secured outside ma.nhole
7. Reu:tor checked for gas at manhole and dump valve. Air must be coming out the bottom.. '
{by explosimeter) P T4 = Lo
8, Proper tools supplied drop light should not be put in
reactor until reactar is gas free)
9. Harneas on with rope attached by snap. Spare wristiets
and rope available for attendant,
10.  Harness rope secured outside manway,
i1, Reactor ready for entry
12, Rupture disc checked and nozzle open {by Supervisor)
13, Work Completed. Reactor ready for use, (checked by Senior
-ox Supervisor.)

SPECIAL PRECAUTIONS:

Reactor not to be entered if gas is present. If an vnusual
condition arises in the operation, the man must be called
out of the reactor, This reactor entry permit is not a
substitute for a hot work permit.

Shift supervisor on relieving shift must check and co-sign all above items.

Cotton Gloves Cu«,'{'oc( w'H’\ Plbs’kso are r‘&bwrecl,

v
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Flog.

Jemuery 311, 1971
.- Oseupationcl Acrecateolysis (AOL)

V. M. Baith
H, W. 8aith - o Froam PYC cs"ncrationn
' E- Mc St
¢a: R, Flewalng
D. Bollznd . JAN 291971

Y. 1Her

Tho netter of oceupational coroonteclysis ds not ncw; vardous papers hove
bteen prossnted, 28 wOll 03 o nuxber of ediniexl aveoiipotlon rveporis
eirauwlalcds . Tha atteched ctudy, extrocted frem the Jeausyy 1971 cdition
of Archivos of Dnvironmentcl Health, hep thvouzh it's ceopletoness put-
post 0f tho ¢s%a in ona pleco,

The report indiecztes that the incidamee of ACL I8 ow, but X o3 coa~
Gurnod with the poeaibvility of our cipployces eontracting this arflicticn.
As tho nadieal cutecaa of AQL 48 not avarsible, cad tho tono daacze
could lood €o porminont portind or cven posmoacont total dfecbility, it
ic ry opinicn thet £ foudl prosrex ghould ba fnstitused to Geteraing 4
Ay havo Eeonle in weticug niazes of Chln Giserter. This prorven chould
cover 011 coplercas cnsnescd 4n the clcsaing of PVC roastors, both 4dn tho
lcboratery end proiustien phones. It ig with relustonce, thet I propsne
thy vze of 22 r.'..lo.;:vma 23 tho mathad of dvtornineticn of the presenco
‘of £0%. Tho reluctisee on ry part 45 booed on thy feat that X-ray
exposura 1o cusdetivo, ead smst La hold to e nintnam. Sud, o8 the
clinfcal ctudlon indfcats, $t 13 Sust thout the cxly nethod vhich pro-
vidan = gosd diconeais, - .

In edditica to 2 medienl prosros, there sre coveral opinfons cxproesced
in the roport vhdeh wo nay soat to ccralder in $he elaanieg of reactor
vegeols, Tho wopc.,cd progre ghould fnelude tho followling:

ne:wtor Reactor oloonirs
Toa. A.‘L‘l. poroons hfolvad 3in tho ecleaning of mctmc chell
- usae cdaquate profectiva elething. Cleves, overnlls,
- baotp ete. rust b2 fgorvicus to PVC srosidua. Tids
eq,nimt rust by tharcushly clecued aficr cach wso.

NS

2. }.duunto hz-:athinf- raoks (Quzl £11ter) shall b2 uzed.

s. wateb-d'ct clonzing or colvent clcnnins of tho roactora
should ba hmsti,ctod.

k. Proper ventilotion of tho ror.ctor ok cﬂ.l Ya accomplizhed
prior to ontry. - -

- 'Bh.: prozor digpozand of rosetor vosto chould ba cutliced -
in ordar thes: c:wiro----xt‘.al ¢od43 cro nos viclotzd. .

AP00042561




. e .‘A . -z~
. ¥ollerd Pre-ren

1. Al parsons involvod in reactor oleanins should have o
baag liee X-rary of tho hands, vith Ro-x-Xoy onge a year.

2. A radterd qu:st!.on..ire of the typo {llustiated on pogeo
,62 end 63 of tho roport should to inutisnted.

3. o notienl perodmncd 47olved in tho intorprstation of
. thy quosticnairo end Yerszys okiuld be inforzad of ACL
prodlens via o cepy of thiv report.

I voudd ts,'prac.a‘w' your eex=ants, as woll oo comaends fraa thooa okoum
on tho ddstribution of this rizo, £o thst o fornolized proceduro muy
ba praesonted to cont*ol JOL epasure proviana.

. N AN Ly V) .«ZJZ’
i nichig Howverd V. Oaith .
. Indugtrial Bafoty Bagincer
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Occupational Acroosteolysis

1. ‘An Epldemiological Study

Bertram D. Dinmaon, MD; Warren A. Cook; Walter AL YWhitehouse, Al D; and
Harold J. Maguuson, MD, Ann Arbor, Mich; and Theodore Ditcheck, AD, Phoenix, Arlz

An epidamiological study was perlormed cover-
lag $,011 employces with 21,510 ‘men-yesrs ex-
periencs In various phases of vinyl shioride (VC)
wnd polyvinyl chioiide (PVC) manufacturing In
32 plants (hroughoul the United States and Can-
sds. The Jolal number of dolinitive coses of
acroesteolysis (AOL) was 25; 18 other indis
viduals ware undfer suspicion. This condition s
clearly associsted writh the hand olesning of poly-

merizers. Workers engaged in ocilher phnees ol |

VC or PVC manuiacturing do not appesr io bs al
‘Hisk of developing AOL. The importance of Ray-
sauc’s phenomonon as s concomliiant of AOL
is emphasized. Sovera! siatistical approaches for

. rapld modical survey sre suggoested. Acroosteoly-

sis appears lo be a sysicmic rathor than local
diseasc. Presently, neithor the etiological agent
nor lis porisl of entry is known.

WITH THE cmergence of a new chmml
entity, occupational acroosteolysis (AOL),!
it becamc a manifest responsibility of the
polyviny! chloride (PVC) industry to definc
more clearly tho character, extent, and pos-
sible causes of this disorder. Though indi-
vidual corporations might survey their em-
ployces, a statistically valid construclion of
the problem could not be developed without
collation of the health experience of all PVC
producers. To maintain the privacy of pro-

Submitied for puhlication Feb 8, 1970; accepted
Mlmh

I.lw Inatitute of Environmental and Indus-
iriul Health (Dr. Dinman), the Department of
Eavironmental and Industrinl Health, School of
frltle Health (AMr. Cook), the Department of la.
diology, School of Merdivine (Dr. Whitehowe). snd

. the School of Puhlie Health (1% M.-\muxom Unl.

vemily of Michizan, Ann Acbor, and the Depart-
ment of Hadioloxy, Guod Sumaritan Hospital, 1'hos-
nix, Ariz (I3 Ditvherk).

Reprint  requesta to Inatitule of Fnvironmental
and Iacistrial Health, University of Michigan, Ann
Arbor 48L04 (Dr. Dinman),

prietary information associated with details
of manufacture, sdine disintcrested group
was needed to eviluato operating processcs,
as these might relate to the causation of
AOL. Accordingly, the Manufacturing Che-

mists’ Association requestied the Institute of -

Industrial Health: {Institute of Environmen-
tal and Industrial Heslth asof Jan 1, 1970)
to conduct an epidemiological survey of the
PVC industry in the United States and
Canada to meet thelr responsibility to the
workers and the public.

The institule was requesied to determine
the extent of the problem among PVC work-
ers. By establishing a specific job associntion
with AOL, it was hoped 10 determine where
the rick of Incurring AOL arose within the
PVC process. It was important to delermine
whether AQL was associated only with the
synthesis stage or If those handling the
finished polymer also might be affected.

The primacy of this consideration stems
from the widespread use of the polymer in
the fabrication of a multitude of manufac-
tured goods that enter general commerce,
While the number of workers engaged in the
cheniical synthesis of PVC is relalively
small, there are thousands of small manufac-
turers engaged in the fabrication of products
derived from this versatile plastic,

Further. it was hoped that the epidemio-
logical and industrial hygiene? investigation
might define more precisely how variations
in manufacturing processes might relate to
variations in the prevalence of AOL among
PVC ptoducers. Medical and industeial hy-
giene studies might furnixh some chies to
the precise etiological agent(s) as well as
suggest preventive measures that might be
applied in the indwitry.

In addition, it was plinned that a small,

Arch Enciron Health—Vol '_’2, Jun 1971 -

CEn., -
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© OCCUPATIONAL ACROOSTEOLYSIS—DINMAN. E"T AL

62
- (.
.NAME Soc., Sec. No. : |
T (8-13) | Do Not Write in This Box
RACE ¥ N Other AGE SEXX F '
() "7 1818Y (7)) || eorp. - ;
DEPT., NO. ___ -2y ..
(18-15)
. iy . Plnt.
COMPANY SERVICE DATE 5-4)
. : Nonth Vear L
"ARE YOU (RIGHT) (LEFT) HANDED?
(24) - .
M
T0 ANSWER THE FOLLOWING QUESTIONS, PUT A CIRCLE AROUND YOUR

ANSWER. FOR EXAMPLE: MONDAY IS THE DAY AFTER

" SUNDAY (YES) (NO) :
T 1
Have younoticed SUDDEN vhiteness, blanching, or l i
paleness of the fingers of your RIGHT BAND (YES) (NO) 28
_ LEFT HAND (YES) (NO)
Have younoticed a sudden redness or blusness of
the fingers of your RIGHY HAND (YES) (NO) 28

LEFT HAND  (YES) (NO)

IF YOU HAVE NOTICED ANY OF THE ABOVE,

e s————t—

| ——
Have younot .
Your hands, -
Thickeniy

| —_——

Bhite, rat

s e,
Whitish ps

.-“—"——0-
Shiny ski-

-“H
Small, rai
less than?
{NOT inels

R E——
Have you beer; .

'“‘;d‘h"' changes brought on by (YES) (NO) (DON'T KNOW) 27 Pits or scs ;
— ' % Ridges or c”
HAVE YOUR HANDS OR FINGERS BEEN BOTHERED t ——
WITH ANY OF THE FOLLOWING : ’ ! Have yo a
Tingling or pins-and-needles RIGHT HAND (YES) (NO) .o at youuses
feeling LEFT HAND  (YES) (RO) _"(‘;“# intke
ATLY)
z RIGHT BARD (YES)} (KO)
Warmfeeling in hands or fi}:gers LEFT HAND  (YES) (NO) 29 j Ha_._..,._,,,_
P . H Have you sver
, RIGHT HAND (YES) (NO) :
Cfld feeling inhands or fingers LEFT HAND (YES) (NO) 30 _ cr;lrshtd arin
. RIGHT HAND (YES) (NO) i yes, vas
Numbness, fingers fall asleop . LEF? HAND (YES) (NO) 31 : ¥hich fings
Stiffness, fullness, or tightness RIGHT HAND (YES) (NO) 52 l .
of fingers LEFY HAND  (YES) (NO)
Frequent tenderncss, sereness, or RIGHT HAND (YES} (NO) 33 .
pain at fingertips . LEFT HAND (YES) (NO) .
————
—e —
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.0 inThis Box

#’
UND YOUR
38) (NO)

AR

£§) (MO)
z8) (NO) 23

[ 0%

. _{No)

8T xnow; 27

2 e
B e
B s
5
5
& e
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-

Have younoticed n‘ny of the fol.loving changes of the skin of

your hands, vrists, orarms:
Thiokening of the skin

*{YES) (NO) 34
*If yes, is it on (HANDS) (WRISTS) (ARMS)
White, raised patches of akin ' ;[YESJ {H0) 35
*1f yes, is it on (HANDS) (WRISTS) (ARMS)
‘Wnitishpimples ' *(YES) (NO) 38
) i *1f yes, i3 it on (HANDS) (WRISTS) (ARMS)
Shiny skin patches . *(YES) (NO) 37
*1f yes, is it on (HANDS) (WRISTS) (ARMS)
Swal), raised areas, or lumps .
lsas thanl/2 {nch around ${YES) (KO} 38
(NOT ineluding varts) )
*1f yes, i3 it on (BHANDS) (WRISTS) (ARMS)
E———— P B———
Have youbeen botherad by these fingernail troubles:
~*Pitsor scars of the fingernails (YES} (NO) ) 38
Ridges or cracking of the fingernails (YES} (NO) 40

Have you used hand-held power tools or air-driven tools. -
at vork in the past six years:

(DAILY) {ONCE A WEEK) (LESS THAN ONCE A %‘EEK) {NEVER}

S

el o

- —

Have you ever broken, fractured, or

erushed a fingor?  (YES) (NO) )
If yes, vas {t the (RIGHT) or [(LEFT) hand?
Which finger vas injured (Thumb) (:rhumbj'
{Index) {(Index)
) (Middle) {Middle)
(Ring) (Ring)
{Little) (Little)

42

43

R—

.
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sclected sample of workers affected with
AOL be studied in the elinical research unit
of the University of Michigan Mcedical
Center.? Previously, Rousch and co-workens!
performed an extenkive clinienl evaluation
of a group of such workers. Subsequent ex-
aminations here were designed to determine
whether any new clinical fentures had do-
veloped since those prior studics.

Polyvinyl Chloride Manufacturing:
A Bricf Review

A more definitive description of the proc-
ess wherehy PVC is synthesized, finished,

. and compounded is reporied elsewhere in
* this issuo.? A brief review of the operation s

appropriate to the premises underlying the
epidemiological conslderations.

Vinyl chloride (VC), together with water,
peroxide catalysts, and other additives, are
placed in a reactor where polymerization is
completerdt after ten to 168 hours. Unrencted
VC is exhausted from the reaction vessol
and the suspension or emulsion of the plas-
tic transferred to equipment for dewatering
and drying. Following ventilation of the re-
,actor, one or two workers enter the vessal to
remove the residue from fts surfaces, usms
putty knives or chisels,

Bixteen plants, in addition to synthesiz-

ing, alto compound PVC while five plants.

are engaged only In compounding the resin.
Methods ’

Survey Technigues—Nineloen corporations
known to be engaged In the polymerizutich of
' VC were sssessod. Tho workers who served as
the study populalions were employed in 32
plants fun the United States and Canada, All
employecs why worked at the time of the
survey, or in the past, in any eapacity in plants
manufacturing VO, PVC, or in compounding
‘such resin were surveyod. In multiple-product
plants, all workers having any possible expo-
sure to the PVC process were studied ‘This
population underwent medical survev, work
history questionnaires, and hand x-ray filming.

The sell-completion medical questionnaire
‘wag designed to probe for simns of Raynaud's
phenamenon or symptoms associated with pe.
ripheral vascular insufliciency. In addition,
questions were posed o disclose skin or deormal
appendage abnormalitics, use of power toalx,
ang hand.injury history.

Keray films of hoth hamds wera roquested
from the ceoperaling plants; specific directions

OCCUPATIONAL ACROOSTEOLYSIS—DINMAN ET AL

roncerning Alm l;pc. cxposure hctora, toch.
nique, and; identification were sent {o each
plant. Thoe x-ray filma, when foranrded to the
inatitule, wore caded and lrunsmitted without
iontifiention to fwo radiologists for .indepen.
dent intorpretation, The findings wera recorded
on a specifically designed checklist which wns
then returncd for sfatistienl collation, Hond
x-ray films that sesved as controls were drawn
from 2,407 mon over nge 18; this representod
the entiro male populntion of the town of

«"Tecurnseh, Mich,

Work history questionnnires were comploted

by each individual employes or by the'pefion-

nel departmant at each plant or both. Thase
forms recorded work assignments botwean Jan
1, 1961, through Doc 31, 108G; each worker
noted the first and last month of swignment for
sach specific assignment during that period. At
each plant, a team of investigators converted
local Job designations to standard job titles.
These ara listed in the paper on the industrial
hygiono aspects$

Pilot Run

In order to determine the rellability of
survey techniques and recording methodo-
logical patterns, a pilot run was carried out
at one larpe plant. Following this, minor
madification of procedures and forms was
accomplished. -

Epldemiological Design—Acroosteolysis
appeared o consist of characteristic x-ray
filin abnormalities and Raynaud's phenome-
non. Since the latter would be.expected to
oceur only infrequently in a populalion not
at risk of developing AOL, it could be used
as a prime indicator of the existerice of AQL,
Thus, we hoped te establish an initial dis-
tinction between two populations, je, one
having AOL and the other not having it.

Comparison of prevalance of defects with
"the Tecumsch control population of 2,407
men suggoested that all defects oceurred in
the PVC population with o greater frequen-
ey than in the control population (Table 1).
However, the significance of this finding was
elouded by an unavoirltble Biax which mini-
mizbd the value of the Tecumsch population
as a control group, le, identification marks
which could not bo readily obliterated were
present on thesa control films.

Furtherinore, as is apparent from prewous
discussions of the x-rav film abnormalities,
linear radiolucent defects could be confused
with old trauma, the absence of & tuft might

-
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fallow amputntion, or short-
oned plnlanpes could be

Tablo §.—Provalence of X-Ray Film

Delgets in Conirot and PVC FPopulsiions

. - E— —— IR
comsislent with a congenital . Control,  FVC Population,
defoct. Dofocts such as scle- R Ne2407 Nwm3501)
rowin of the shafts, widening DefectNo. Mo, % Mo, %
of the tufts, and sofl-tissUo  Lgrgingt Gorect T 44183 331 641
clubbing were each suscepti-  Wiarginal asfect, with residusl
ble to subjective reader _tragment 2 8 021 33 070
error. Furthermare, cach of - Yrensverse defect 3 6 025 40  0.80
thesa dofects could arise Transverse deteet, with distal

- di fragmaentalion * 4 o voe 21 Q.42

{mm oth:.-r bany CIFCASC OF  Toisiresorption of distal
injury. Even mulliple finger  portion phatanx [ 2 o.08 9 0.8
involvement could ba con.  Scierous, with recsicification 3 10006 15~ 030
sistent with those etiological Sheetening 7 11 045 63 1.26
possibilitics. Bocause these Widemng of it [ 4 012 43 0.6
prdxfems did exist. signif- Widening of ghaft [ 0.004 ?  0.14
Y $oft-tissus clubbing 10 2 _ 008 40 080
mt ‘i’:luti crp”m‘muir'h& ’:‘x Tota) [T} 78 3.16 894 11.87

found (Table 2),

Because of these complexities, for the pur.
poses of first appraisal, marginal defects of
iho phalangeal tuft {defect 1) wero not con-
sidered as indicative of AOL uniess both
roentgenolozists independently concurred as
to the presence of this abnormality. The
existence of marginal defects with residual

- fragment(s) (dcfeet 2), transverse delects

(defoct 8), transverse defect with distal frag-
montation {defect 4), and tatal rezorption of
distal portion of phalanx (defect 5) were
considered as possibly diagnostic of (he
bony defect of AOL if found by only one
radiologist and if other causes for these
defects could not be eliminated. Every man
with any of these five abberations was fol-

" lowed up subsequent to the Sield survey. If

there was a history of trauma involving the
involved finger or §f the appearance of these

. x-ray film Jesions was clearly consistent with

trauma, tise individuals were eliminated
from suspicion.

Other x-ray film defects of an oven less
specific nature are known to be associated
with the later stages of AOL but are not in
themselves considered diagnostic. These x-
ray film findings Included sclerosis of the
phalanges (defeet 7}, widening of the tuft
(defect B) or of the shalt (defect 9, and
soft-tissue clubbing (defect 10). Finally, we
looked with suspicion upon any bony defects
involving multiple fingers regardless of
whether they were AQL-specific (ie, defects
2i0 5). ’

In addition to those dcfects previously

reported to occur in conjunction with AQL,

those x-ray film abnormalities unrelated to
AOQL were grouped as defect 11,

Combining tha x-ray film findings and
Raynaud's, several diagnostic criteria were
sct up (Table 3). The diagnostic criteria for
category O consisted of cssentially normal
workers while category 1 Included individu-

als having x-ray. film abitormalitics which by |

hislory -or radiographic evaluation or both
were found to be consistent with old trauma,
disease othor than AOL, congeniial or famil-
fal defocts, ete. The history of persons in
diagnostic category 3 disclosed cold-induced
finger blanching wunassociated with x-ray
film abnermalitics, clearly meeting our ¢rite-
ria for AOL. Category 4 consisted of persons
without Ravnaud's phenomenon and sugges-
tive, though not diagnostic, x-ray filims for
AOL. Category 5 included those with classi-
cal AOL x-ray film defects (2 to 5 and 1, 6,
and 7 without and with concurrence, respec-
tively) and Raynaud’'s phenomenon. Cate-
gory G had typical AOL bone abnormalities
(as diagnosed in category 5) but without
Raynaud-positive replies to the medical
questionnaire,

Compuiational and Statistical Analysis.
—Medical and work questionnaires and x-
ray film reports were checked for complete-
ness. They were then coded, verified,
punched, and stored in an electronic com-
puter, Quality control checking of the punch

.eards, using a 257, sample, revealed an er-
ror of 0.19;, among these eards.
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