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Abstract (Lim#: 200 words)

The effects of isocyanate exposure on respiration and immunology
were studied in workers at a toluene-diisocyanate (584849) (TDI) manufacturing
facility (81C-5161) in Louisiana., In April 1973 before TDI production began,
168 workers were given a medical questionnaire to compile smoking histories
and to determine the presence of upper and lower respiratory symptoms and
bronchitis. Spirometric tests were administered to determine lung volume and
diffusing capacities. Follow up visits and tests continued periodically for
over 5 years; the last one was made in October 1978. Eight-hour time weighted
averages for TDI exposure of 1949 personal samples respiratory 42 jobs titles
were obtained., TDI developed in 4.3 percent of the study population. The
values of the parameters of lung function declined, and some of the workers in
the study group had evidence of sensitization to TDI.
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I.  INTRODUCTION .

‘The construction of a new plant in Southwestern louisiana for
production of toluene diisacyanate (T2I) with start of operation late in
1973 led to a proposal by the National Institute of Occupatiomal Safery
and Health (NIOSH) to the investigators Ior a longltudlnal study of respir-
atory health of the workers who would be ewposed to' TDI. The abillty to
begin the study prior to the start of DI production presentad the unique

opportunity of obtaining pre—~exposure biclogic data on the study popula- -

tion. The proposed ipvestigation had the full agreement and ccoperation of
the major chemical company operating this plant and its labor representa-
tives.

It has been known for two decades that reversible airways obstruc-
tion develops in a small proportion-of workers exposed to isocyanate vapors,
either during manufacture or apolication processes. In.additicn to the
recogniticn of the risk for developing this form of occupational asthma,
there had deen a suggestion that chronic progressive fixed airways obstrue-
- tion-was detected in an exposed population and was net related to "sensitiv-

ity", but rather was 3 gemeral effect of TDI'exposure. ) '

This multi-disciplinary investigation addrassed the following
scientifie questlons-

: (1) © What are the characteristics of plant airborme TPI concen~
trations, particularly in terms of average exposures, as well as variation
in short term concentrations (peaks)” This was first assessed by -area moni-
~toring using a phvsico-chemical method for continuous monitoriag developed
in the United Xingdem and intreoduced into. this .investigation by the ‘principal
investigator resulting in its first research or other application in the
United States. During the course of the contract, personal szmpling for con-
-tinuous airborme concentrations of TDI vapor was similarly initiated and
"formed the basis for the compreéehensive personal exposure profiles in. these
manufacturing workers detailed in this report.

(2) -What proportion of exposed workers become .reactive ‘to TDI
wvapor following exposure, what are the temporal relatiounships between initial
exposure and such reactivity, and what ‘are the clinical manifestations in
‘the reactive group?

'(3) Are there host factors which will serve to identify those
individuals whe zre susceptible teo TDI exposure and develop the clinical
picture of occupational asthma as the result of such exposure?

[

[P

oy



{(4) Can the DhVSlOlOGlb consequences (uronchoconst*lctlon) of
exposure in. susceptible workers be reproduced ia the laboratory by broncho-
provocation; and what are the paysiologic, izmunologic and exposure charac--
teristics of such a reproduced bronchoconstrictoar responsa?

‘ {5) Wwhat is the mechanisa of TDI induced asthma? Is it iImmuno-
logic or non-izmunclogic? - :

{6} Is there a generalized adverse effect on respiratory function
in the exposed working population, and if so, what are its determinants’
(e g., nhost factors, level of exposure)? N

(7) Is the airways obstruction which results from development of
TDI reactivity reversible in all instances, or are there-permanent residual

effects which are measurable by follow-up serial ventilatory function studies?

If permanent changes occur in some reactive individuals, what are the deter-
minants of such irreversibility?

(3) Does development of IDI reactivity lead to a general {non-
specific} bronchial hyperrespensiveness?

(9 What are the dose-respcounse relationships of any acute or
chronic respiratory eifects identified in this exposed population as deter=-
mined either by _hn longitudinal field survey.or Br01choprovocatlon test1ng°

(10) Are there levels of exposure which dre not associated with
any acute or chronic adverse respiratory health effects?. '

(11) Are there measurements, either physioleogic, immunologic or
other which are likely ro be useful in identiiving workers who may have 2 high
risk of developlqo TDI reactivity prior te or during the course. of their ax-
posure?

, (12) What is the course of specific and non-specific bronchial
hyperresponsiveness following removal of the susceptible worker from exposura?

-As the reader of this report will appreciate, considerable informa-
tion impacring on the above questions has been obtained in this five-yeaar
investigation. EKowever, our kncwledge concerning TDI-induced respiratory

“health eifects is by no means ccmplate and several issues require additional
scientific inquiry fer their resolution. :
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II. - STUDY DESIGN AND PROTCCOLS

As originally conceived, the study desizn sought to compare three
TDI exposure cacezories with respect to the longitudinal course of respira-
tory symptoms, spirometric measurazeats, lung volumes and diffusing capacity..
Initial measurcoents were made prior to TDI production (and exposure) enabl-
ing an individual to serve as ais/her own control. The three exposure cate-
gories were (1) TDI production workers in daily contact with the chemical,

\
&

1

(2) workers (primarily maintenance perscnnel) with intermitteat TDI contact, Nﬂl ’
and (3) comtrols employed outside the TDI producticn area. In april of 1973, Q% qﬁﬁﬂ
prior to the beginning of TDI production, 168 workers were administered a (/Cfﬁ# \ﬁ'
modified Bricish Medical Research Council questionnaire. It was used to \ >

~gather smokinz histories and to determine presence or absence of (1) upper
.respiratory symptoms, (2) lower respiratory symptems, anad (3) bronchitis
(see longitudinal symptom analysis secticn for definitioms). In additionm,
the 168 individuals underwent spizometric testing and determination of lung’
wolumes and diffusing capacities. ) S

Of the original 168 participants, 49 had left the plant (two died
-and 47 either were fired or lazid off, retired, quit, or transierrsd away

from the plant) by the last visit in October of 1978. .This corresponds to

a dropout rate of 4,227 per visit. In addition to the 49 participants of

the original 168 who had left the plant by the last wvisit, 19 refused to per-
form forced expirations at the last visit., The decreaase from 168 to 100
-participants at the final wisit corresponds to a dropout vate of 6.28%7 per
‘visit, ) :

‘Table 1 presants summary data, by visit, on spircmetry partici-
.pation for the 277 participants in the data file. Complating the interview
seems better accepted by the workars than spirometric testing, and there are
individuals with cempleted interviews who refused to periorm Zorced expira-
tions. Thus, Table 1 underestimates interview participation.

The manufacturing site was visited a second tizme in November, 1973,.
at which time pre— and post-spircmetric testing was performed. -No relation-
ship berwean pre~ and post-shif:. decline and TDI exposure was observed.
Subsequent visits have totaled 7: Septamber, 1974 (spirometry, lung volumes,
~and diifusion); March, 1975 (spirometyy); October, 1975 (svirometry, lung
volumes, and diffusion}; Marca, 1376 (spirometcy); November, 1976, December,
15977 (spiromerry, lung volumes, and diffusion); and October, 1978 (spiromecry
and lung volumes). A respiratory health questicmmairs was administarad at
each of the Iollow=-up visits. <Change in symptom status was assessad by com-
paring the initial visit stacus with that on the last available questionnaire
provided it was administerad at one of the last three visits. '
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As the follow-up period lengthened, the ctiginal‘exposure cate-
gories lost their intezricy due to jcb changing bv participants. Concur-
rently, detailed exposure inforzation based on personal monitors becarme
available allowing the original exposure categorias to be replaced by cumu-~
lative exposure in ppm-months. (See the environmental section below.)

At visits two through six, new participants were added in order
to preserve the size of cthe study population. At their entry point, the
interview used at the iaicial April, 1973, visit was administered.

_ In the Fall of 1276, due to the continuing ercsion of the study
- population betause of workers leaving the plant, it was decided to follow
up those who had leit in order to see if their health had changed since

\ leaving the plant, Therz were 42 people who had loft the plant at that tize

and of those, 17 were successfully tested, The remainder trere either impos-
sible to locate or unwilling to be tested. The results of this follow-up
" were reported in the annual report of 1977. ' :

All participants were tested at their initial session with a
battery bf common inhalant allergens.* The presence of two or more positive
prick tests -(wheal diazmeter 1 mm greater than control) was used to define

atopy.

Pulmonary function tests were conducted in.a mobile laboratory om
a Cardio-Pulmonary instrument {(Model 350CG0) Pulmolab.. This unit is capable
of measuring expiratory flows and volumes, lung volumes, and single breatch’
diffusing capacity. It is equipped with an electronic-dzy rolling-seal
spirometer wnich provides BETPS outputs of all volumes and flews. During a
maximum forced expiration, the output is fed into an YT recorder in order
to obtain plots of filcw vs volume or time. The parameters calculated from
the forced expiration include the forced wvital capacity (FVC), the forced
expiratory volume in 0.3 and 1.0 seconds (FEVy 5 and TV ), the FEV,/FVC
ratio reported as a percent, the forcad expiraicry flow Tetween 25 and 73%
of the FVC (FEF25-75), FEFgy and FEFpg. All these parameters were ‘measured
for each individual who was available at the tine of testing. However,
only satisfactory datz were used in the analysis. For spirometry to de
satisfactory for an iadividual, the two largest FVC maneuvers must be within
3% of one ancther. 1In addition, these curves must have a sharp initial flow
"with a smooth continucus affort extending until either flow plateaus to 0.0
liters per second, or saeven seconds have elapsead. ~Therziovre, the FVC could
‘be termed an FLVs. When there are more than two satisfactory curves, all
“data from the two wmaneuvers with the highest combined percent of predicted

* Allergens used were those known tc be of local clinical relevance and
includad Aspersgillus sp., Homodendrum sp.,- Fusarium sp., Bermuda grass,
Johnson grass, Helminthosporium sp., Alternarea sp., whita oak, giant
ragweed mix, elm pecan, house dust, marsh elder, zat dander, and dog
dander. -




for FEV .5 and .uf,- ;5 were stored for analysis and averaged. These 3o
parameters should provide data with the laroest initial effort indicatad by
the high TEV 3 and a zood sustaiged er*or_, indicated by the large ’-*73—15
The only change in calculatlan procedures occyrred in 19735 when backward
extrapolation was introduced to determine zero time for the beginning ot timed
volume (FEV 5, FEV ) At chat tine, all data prev1ouslv calculated were
recalculated using tHls procedure and the data file was updated so that all

. data for the entire coursez of the study was standardized with a backward
extrapolaticn start of time. '

The measurement of lung volumes included the slow vital capacity
maneuver (VC) and the residual volume (RV) measurad ny the aitcrogen washout
technique. In addition, the alveolar volume (AV) is taken as the sum of ,
inspired volume frem the diffusion test and residual volume. The total lung
capacity (TLC) is calculated as the sum of RV and the larger of VC or EVC.

‘The diffusing capacity for carpon momoxide in units of milliliters per minute per
millimeter of =zercury was ueasured by the single breath method (DLCOSB) The
diffusion comstant K aquals DLCOgg/AV in wnits of wdd” -l mmHg=l. For zeasure-
ments of residual volume and diffusing capacity only satisfactory data were
analyzed. For satisfactory data, the residual volume from two tasts had to be
within 107 cof each other, or 200 cc, whichever is larzer. The smallest RV was
used in the analysis. The diffusing capacity 1s'reportad from two DLCO meas-
urements within 10% of each other in which the a2lveeclar volume is at least

85% of the totzl lung capac;ty and the time for the tast is withln ten to

- fourteen seconds.

In 1978, a computerized data reduction system was connected on line’
to the Pulmolab. The outvut from the Pulmolab is instantaneously fed by means
of 2 ten bit A/D convertaer to a Datapoint 1100 computer processor with three
diskette drives. Data resolution of the computer are 10 ml for volume and
20 wl/sec for flow. The computer calculatas the parametars listead previcusly
"and uses the method of backward axtrapolation in determining the TEV 5 and FEV;,
These outputs are immediately displayed for the technician on a cathode ray
tube, and if the tests are considered satisfactory by the-technician, the data
are reduced in the same method previcusly employed when data were calculated
by hand. The reduced data is stored magnetically on disketres. In order to
insure that this ccamputerized system did not systematically affect data col- .
lection, spirometry obtained on 1C0 individuals was calculaced by hand and %ﬂ“ﬁ

compared to that measured by the computerized system. The mean difference J q“'

W
between hand and computer calculated values were within 1% and 2% of the ob- eAég
served volumes and flows, respectivaly. Yo
| AR

In addition to measuring spirometric parameters, the computer also

- determines residual volumes and diffusion capacity. These data were calculated
and reduced with the same methods previously emploved. In addition, when val-
ues obtained by computer were compared to those obtained by previous methods,

identical data were produced.

In summary, pulmonary function measurements were conducted through-
out the study using the same eguipment and test procadures., The method of
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backward. extrapolation was implemented after the initiation of the study, but
past data were recalculated and the analysis updated. In addition, the im-
plementation of & ccomputerized data rteducticn system was carefully analyzed
and proved comparabls to previous =ethods of 'data reduction and calculatien.
Therefore, for the duration of the study, data collection was standardized

to reduce variability,

The complete data file from all nine visits contains . information on

277 participants. TFour of these are female and have been deletad from all
analyses. Table 2 presents descriptive statistics on the 274 males in the
_study. 85% of them are white, 73.7% are current (51.1%) or ex (22.6%Z) cigar-
- ette smokers, and 20.1% reacted positively to two or more skin tests. They
have a mean age of 35.9 years, a mean height of 69.9 ‘inches, and averaged
14.4 pack-years of cigarette smoking. All pulmecnary function percent pre-
- dicteds were pear 100% with the exception of FEF25_75 (91.0%).

—y— o
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III. TDI EXPOSURE INDICES

Two thousand and ninety three personal samples on 143 worksrs were
collected using MCM type 4000 tape samplers and 4100 MQM integrarting Reader
Recorder System, botid manufactured by Universal Enviroumental Instruments
-and supplied by MDA Scientific Imcorpcratzad of Park Ridge, Illinois. Samp- ’ , .
.ling was done in a relatively uniform manner with resvect to time from June,

1975, through October, 1978, All job categories in the TDI manufacturing

area are represented in the 143 people monitored.
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Appendix 1 details the technical aspects of the TDI wmonitoring ‘ :
program and Appendix 2 treats the statistical methodology used to definme- f
exposure categories. In this section, tile environmental data are summarized {

" and the two exposure irdices developed for each participant are descriBed. 4

A. Cumulative Exposure

One hundred and forty four-of the 2,093 personal samples were
taken by maintenance workers during a single one-month period im 1975 (called
turnaround time) of concentrated maintenance activity. Since these mainten-
ance workers were not 3 representartive colla2ction of maintenance workers and
since no sampling was done during subsequent turnaround times (the wearing of
monitors was an impedizment to work performance), these 144 samples' were not

used to determine cumulative exposure categories.
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Since the frequency distribution . of the B-hour time-weizhted aver-
‘ages of the remaining 1,949 samples, representing 32 job titles, was markedly.
skewed ‘to the righrt, thev were transformed using logarichms to the base 10.
The frequency distribution of the transformed 3-nour time-weighted averages
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was anproxlmately Smeetrical and the followino categories were defined
‘on the log sca¢e. :

Category At : LOG (TWA)

lower limit upper limit lower limit upper limit :
1 0 .00025 -4.00 - =3.60 +
2 .00025 .0005 -3.60 -3.30 ' 3
3 .0005 . L.001 ~=3.30 -3.00 ¥
4 .001 .002 =3.00 ~2.70
5 .002 004 -2.70 -2.40 £
6 . 004 .008 :=2.40 ‘ -2.10 :
7 .008 .Clé . c=~2.10 ~1.80 &
8 016 . 032 -1.80 -1.50 1

AN Aeie

(If LoG {IWA) coingided with a category bdundary; it ;15 placed
in the lower category.) -

-Figure 1 contains histograms -of the 1949 8-hour time-weighted aver-
.ages used to develcp exposure categories and of the 144 "turmaround time"
8-hour time-weighted zverages. Table 3 contains descriptive statistiecs for
the same two sets of S~hour time-weighted averazges.

Using clustering technigues described in Appendix 2, the 42 job titles

-as described by 1949 8-nour <time-weighted averages were divided into three \
categories: HIGH, MODERATE, and LOW. The jobs which make up each category are
listed in Table 4. The jobs cluster by exposure as rollou5°

MR RIS F v v 35 10w e L L 0 ryemans

(1y 11 C?OpEtétors 2nd Drumming © Ooerators in the HIGH GROUP
(2) TDI Foreman, IDI B-Operators, TDI maintenance persoanel, and

~the TDI Laboratory Samplers in the MCDERATE GROUP, =zmnd
= : (3) Primarily non—TDI area located jaobs in the LOW GROUP

. ‘Histograms.on the LOG (TWA) scale and descriptive statistics id ppm
-for each of three exposure catsgories .are presentad in Fizure 2 and Table 5
respectively. The histograms provide graphic verification of the separation
between the HIGH and LCOW GROUPS (30% of the samples in the LOW GROUP fall in
LOG (TWA)} category & or lower whereas 80% of the samplaes in the HIGH GROUP , 3
fall in LOG (TWA) category 3 or higher.) with the MODERATE GRCUP lying in an I, &
internediate position. The descriptive statistics in pom show -that the 25th

. percentile, the median, the ceomerric mean, the mean, and the 75th percencile

EEOPANL: T i im [ g e}

lIUA - 8-hour time-weighted average
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all increase approximacely by ﬁulflples of two from the LOW to HIGH CATEGORY,
thus establishing a definite exposure gradient.

Job histories collected from perscmmel records and interviews were
used to determine the number of months a participant spent In each of the
three exposure categories. Cumulative exposure In peom-monchs was computad by
multiplying the tize in ad ewposure categoTry by a representative measure of
concentration for that category and then summing the three obtained products.
The representative zeasure of ccemcentration was taken to be the geowetTric
mean of the observed 8 hour time weighted averages for the category. The
geometric mean instead of arithmetic mean was usad as a measure of central ten-
dency since it is more representative of the,centraliportion of the distribu-
tion when, as is the case here, positive skewness is removed by taken logarithms.

B.  Time Above .02 ppm

‘ In addition to calculating the 8-hour time~weighted average
from each personal sample, the length of time the concentration.was above
each of .the levels .005, .01, .02, .04, .06, and .08 ppm was recorded. This
information on the 2,093 samples representing 50 job. titles was used to
develop "peak exposure' categories as described in Appendix 2. The jeb
titles for each of the resulcing categories are listed in Table 6. The
“proporticn of time spent above each level is presented in Table 7 By cate=-

gory.

Using individual job histories, the time spent above a particular
concentration level was calculated as the sum over peak expbsure categories
-.0f the product.of time spent in the tcaregory and proportion of time spent
-above the level for that categery. This quantity whose units is months was

used in seeking associations between hezalth effescts and peak exposure. This
- index is not equal to the actyal time above a particular lavel bur is-only
proportional te it. The constant of properticnality (approximately .25)
adjusts for the faect that in a 30 day or 720 hour wmonth, approximately 168
hours are spent in the workplace. '

Although six indices of peak exposure, ome for each concentration
level, were calculatad, they were so highly correlated (the smallest correla-
tion coefiicient was .96) that we have used only the time above .02 ppm in the
health effects correlation analyses. 3ecause of its high correlation with
the other f{ive indices, no new information would be obrained by substituting
the other indices for time above .02 ppm. '

-G, Assienment of Zuposure Indices for Correlation Studies

Four dirferent sets of statistical analyses, one each for spiro-

mecry, lung volumes, diffusicn, and respiratory symprtoms are presented in the




-

separately for each. Thus, for example,

“using a division point of 0.1 ppm—months.

Since the visits for which usable data is available
exposura indices have been computed
the cumulative exposure and time
.02 ppm  1indices for spirometry were computed from time of initial
exposure at the manufacturing site through the date of the last wvisit for

which usable spiromeczic data on the participant is available. Ia 2
the two exposure indices were computed for each participant

following sections. |
is different for each four analyses,

above

similar manner,
for each of the three ocher analyses.

‘In addition to treating cumulative exposure and time above .02 ppm,
as continuous variables as defined above, cumulative-exposure and time zbove
.02 ppm categories were alsc developed for use in relating a health erffect

to exposure. One of these categorizations dichotcmized the continuous

-exposure index and the ocher created three subgroups as described belew,

For cumulative -exposure GROUP I consists of theose participants
whose cumulative exposurz (for a2 particular analysis) was less than or
equal to .0682 ppm-months and GROUP IT those participants with more than
.0682 ppm~menths of exposure. 7To create three cumulative exposure cace-
gories,  GROUP II was furchaer dichotomized into GROUP IIA AND GROUP IIB
0.0682 ppm-menths = (0.0011 ppm)
X (62 months) was chosen as the first division point beczuse it corresponds
to the exposure accumulated by a participant who spent 62 months, the time
from initial TDI production to the end of the study, in the lowest concen-
‘tration exposure category which has a gecmetric mean of 0,0011 ppm. This
placed approximately two-thirds of the population inte GROUP I. The divisiom
point to dichotomize GROUP? II into GROUP IIdA and IIB was chosen so as to
result in approximately equal numbers in these two subgroups.

: For time above 0.02 ppm GROUP I consists of those participants who
spent no longer than 0.19 months above 0.02 ppm and GROUP II those partici-
pants with exposure lorger than 0.19 months above .02 ppm. This division
point corresponds to the time spent above 0.02 ppm for a participant who
'spent the full pericd of 62 months in the lowest peak exposura category.
.GROUP I determined in this way contained approximately two-thirds of the
study populaticn. To ¢reate three peak exposure categories, GROUP 1I was
further subdivided into GROUP IIA and GROUP II3 of -approximately equal

-numbers using a division point of. one month.

IV. LONGITUDINAL RESULTS AND ANALYSIS

A, Introduction

The overalT objective of this 10ng1thdinal study has been to
relate change in variables representative of health status to host factors

«
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. and variables reflecting exposure to TDI, The health status variables
considerad in the longitudinal analysis dre sPiromgtric measuregents:
FEVy, EVC, FTVN, TET235.73, TEF =) difzfusiom cap;c1t? DLep and X -
lung volumes: 3V, TLC, and (RW/TLC) X 100; and respiracory syyp;oms.
upper respiratory symptoms, lower resplratory symptoms;_?ronchltls and
dyspnea. Tha host factors considered are cigarette smoking as measured

by pack-years and,atopic status as defined in the section on study design

and protccols. TDI exposure iadices as jefined in the secticn on enyiron—
pental characterization have been based on cumulative exposure and time

above .02 ppm.

Each of the health status variahles with the excepticn of respira-
tory symptoms are quantitative in nature and annual change for them has been
computed zs the slope of the least squares straight line using time since
initial wisit as the Independent variabla, Usable data {rom three or more
visits was sufficient to include a participant in .the analysis. The slopes
or annual chaznges wers regressed using the technique descrided in Appendix 2
on independent variables representing TDI exposure, atopic status, and
cigarette smokiag. For each of the pulmonary function Tmeasurements Six
regressions were performed. In each regression pack years of cigarette smok-
ing and atopic status as represented dy a2 .dummy variable equal to 1 if the
‘participant was atopic 2nd O otherwise, were included in the independent
‘variables. The coefficient of the varizble representing aropic status is an
.estimate of the mean 2nnual change in atopics =minus the meazn znnual change
in non-atopics after controlling for the other variables. The variables
representing exposure to TDI in the six regressions are as follows:

Regression 1 Cumulative exposure in ppm—months.

Regression 2 A dummy variable called cumulative exposure category 11
.. . which is 1 1if cumulative exposure is greater than .0682
T ' ppm-months (See the EInvirommentzl Charactarization for
the rationale behind choosing this division point.) and
0 otherwise. Thus, the coeificisnt of this wvariable esti-
mates the mean annual change of the cumulative exposura
GROUP II participants minus the mean annual change of the
cunulative expeosure GROUP I participants '(Ses the Eznviron-
mental Characrerization Section for GROUP.I and GRQUP II
definitions) after controlling for the other variables.

Regression 3 In this regression TDL exposure is.reprasented by 2 dummvy
~variables: .

(1) Cumulative exposure category ITA which is 1 if
curwlative expesure is greater than .0682 ppm—months
and 0 otherwise, and . .

(2) Cumulative exposure category -IIB which is I 4if
cumulative exposure is greater than .l ppm-months
and 0 atherwise. ' :
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Thus, the ccefficient of cumulative exposure category
IIA estimates the difference in 2ean annual change berween
GROUP IIA and ‘GROUP I (CROUP IIA-GROL? I). The ceefficient
of cumulative exposure category IIB estimates the difference
in mean znnual changes between GROUP II3 and GROUP ITa
(GROUP IIB-GROUP IIA). 3Both of these estimated differences
in means are after controlling for the other variables.

TITIT e
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Regression 4 Time abave .02 pom in months.
Regression 5 & dutmy variable called peak exposure category II iadi- o . 'i_
cating that a participant belongs to time above .02 ppm &
: GROUP 11 (See the Envircmmental Characterization Saction B &
for definitions of GROU? I and II). The coefficient of R £

this variable has been an interpretation analegous to that
of the coeificient of cumularive exposure catagory IIl-in
Regression 2.

ERADNIF GRS Gk 3 ISy apioi s oot e SR S0

Regression 6 Two durmmy variables called peak exposure category IIA and
peak axposure category II3 which indicate respectively
membership in tlme above .02 bpm GROUPS II and IIB. The
coefficients of these varizbles have interpretaticns amalo-~
gous to those of cumulative expcsure category IIA and cumu-
lative exposure categcry 113 of Regression 3.

‘Tables 8 through 13 present the results of these regressioms. The
numbers in parentheses in these tables are the regrassion coefficients divided
.by their standard errors and should be compzred to perceantiles of the normal
distribution for tests of significance. Thus, & regression coefficient is
significantly different from 0 at the o« = .05 level if it divided by its
standard error exceeds 1.96 in absolucre value.
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Each observed amnual change is the sum of the unobserved true annual
-change and an estimation error term. It is the variability of the true annual
changes which we are trving to explain by the independent variables in the
regression equations. ' The last column headed "% variability explained” in
Tables 8 through 13 is the percent of true annual change variance explained
by independent variables in the regression equations. Estimates c¢f the true
annual change standard deviation for each pulmonary functiod considered are

given in Table l4.
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The estimation error term is the result of the variation in individual
pulmonary function datzrminations about a participants regression on time.
The diffarences berween individual determinations and the fitted regressicn om
time are called residuals. The wvariarion in these residuals depends on, among
other things, technical measurement error, seasonal variability in pulmonary -
_function, Cecnn1c1an 2ffects 1f they exist, and daily wvariability in pulmenary
function nct affacting physiologic stzte. The residual errer standard devia-
tion for each pulmonary function considered is given in Table 14, xB_\
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Estimated =ean aanual changes and their 'standard errors are prasentead
"in Table 14. The remainiag columns of Table 14 are more fully discussad in
Aprendix 2. Here we onlv note that for each pulmonary funcrtion approximatealy.
507 of the observed amnual change variability in a participant studied at all
nine visits is true annual change variabilitv and hence is available for

explanation by host factors and exposure to IDI.

With the possible axceptions of FEF?S—%S and’FEFjo the spirometric
mean annual changes found in this longitudinal study are not markedly different
The FEFgg lemgitudinal mean annual change is .

Ss=5ac na S5cudies.,

3.5 to 7.5 times that -expected from cross-sec
prediction equations are used. '

. Estimates of the mean annual changes in this study population for K
[:-.716 (min—mmHg-year)**] and TLC (.32 wl/year) differ from Cotes' ( 1 ) cross-
sectional age coeffiicients. Mean annual change for X differs by a facter of 18
and TLC annual change is statistically significantly positive whereas Cotes’
cross-sectional age coefficient is O.

: Longitudinal RV and (RV/TLC) X 100 annual changes, although larger,
are not markedly different from that expected from cross-sectional studi=zs.

B, Spirometrv Results

Two hundred and twenty~six participants had complete spirometry
Table 15 presents surmary statistics on these' 226
participants and the 48 who did not have complete data for the required number
of wvisits., There were no imporrtant differences between the two groups. Three
participants of the 226 lacked data on at least one of the explanatory vari-
ables and consequeatly have been deleted from the amalysis.

from three or more visits.

In each of the six reagressions, both FEV; and FVC annual declines
‘were significantly positcively related to pack-years of smoking with each
pack~year contributing .6 ml/yr to FEV, annual decline and .7 nl/yt to the
FVC annual decline. Neither TEV; nor FVC annual decline were significantly
related to atopic status. Neither FEVY, FEF35.75, nor TEF, annual decline
were associated with pack-years of cigarette swmoking. Atcpics showed consist~

ently smaller FEFs5_75 and FZ¥sp annual declines than non—atopics at p-valueas

rangiag frow .12 to .18.

No spirometric measurement was significantly associated with cumula-
tive exposure treated as a continuous varisble. However, with the exception
of FVC all annual declines became ‘zreater with increasing cumulative ewposure.

Using one-tailed tests of significance TEV; (p = .034), FEVZ (p = .01%),
and FEFy5_y5 (p = .004) estimated mean annual declines {(after controlling for
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-atopy .2nd pack years of smoking) were siznificantly greater (12 ml/yr
.20(yr)‘l’ and 41 mi/sec-yr raspectively)‘iq cumulative expdsure GROUP II
({.e., those participants with cunmulative exposure grekzter. than .0682
ppu~months) than in GROUP I. At 14 pack years of cizarette smoking, the
mean number of pack years for the group of the 223 participants used in chis
.analysis, the estimated mean annual declines (See Table 1l&) for non—atopics
in GROU? I are 20 =l/year, .28 yr—l ) and 84 ml/sec-vr respectively. Thus,
even though there is a2 dose—re‘ated effect for PIVy and TIVE annual cecllde—w
the absolute level of the mean annual declines in the higher exposure 3TOUp
are approximately the same as expected {rom cross-sectional studies, How-
ever, the GROUP I and GROUP II FEFjg5.75 estimated mean annual declines of
80 ml/sec-yr and 121 ml/sec-yr for non-atcpics with O pack years of cigar- %(
ette smoking are significantly greater than the cross- sect“onal annual decline
31 ml/sec-year reported by Xnudson, et al (2) fosr male "never-smokers' over
ace 25.° The GROUP I estimated mean annual FiFsqg decline of 103 ml/sec-yr for
non-~atopics at 0 pack-years is also significantly zreater than cross-sectional
annual decline of 15 nl/sec-yr reported by Kaudson, et al (2). The biological
significance of the discrepancy between FEF;g_75 and FEFSO'annual changes as
computad fromwm loungitudinal data and that expected based cn cross-sectional,
studies is not known. It could mean either that the population under study

. has abnormally large declines in these flow rates, indicating a deleterious _
effect on respiratory health, or that it is insppropriate to compare flcw"//
rate annual changes from these two types of studias. The magnitude of the:
differsnces between GROUP I and GROUP II ( -41 ml/sec-yr for FEFp¢_vg and
-~29 wl/sec~yT for FEFsn) reflecting a relationship to TDI exposure together
with large annual declines for these pulmonary functions is suggestive of a
-hazardous lecal environment with TDI exposure increasing the risk. . In any
event, .Independent of the level of annual change, there is an exposure
related effect for FEV;, FEVZ, and TEF75.75 annual decline.

: When GROUP? II is dichotomized into GROUP ITA and GROUP IIB wusing a
division point of .l ppm-months, a larger mean ‘decline is to be expected in
GROUP 1I3 than in GROUP IIA if chere is a dose-response relationship. For-
FEVl. FEVZ, and FE¥,q. 75 annual declines, which showed an association with -
the cumulative exposure dichotomized at .0682 ppo-mouths, this was not found.
‘Although the declines were smaller in GROUP IIB than IIA, statistical signifi-
cance (two-tailed p-values = .19, .58, and .50 respectively) did not obtain.
_Estimated mean annual changes for these pulmonary rCunction mezasurements are.
presentad in Table 17 bv axposure group for nom—atopics with 14 pack years of
smoking. Since large cumulative exposures are associated with parcicipation
from the bezinning of the study to the later wvisits, the hishest exposure
group is possibly a survivor povulation. Such a selection could explaia the
non~significant decreases in annual declines from GROUP IIA to GROUP IIB.

With the exception of TVC annual decline, all spirometric annual

declines increased with increasing time above .02 ppm treated as a continuous
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variable. Usinz one-tailed tests of significance, p-values for the relation-
ship between FEVy, FEVi, TEF,¢ ;o and FEFzg annual changes after .controlling

. for atopic status and pack years of smoking were .15, ,027, .034, and .32
respectively. ' o ’

. Again, using one~tailed tests of significance FEVy (p = .05),

FEVZ (p = .03), FEFp5.75 (p = .023), and FiF55 (p = .038) estimatad zean
annual declines aitar contrclling for atopy and pack years of smoking were
significantly greater (11 ml/year, .13 (yr)-1l, 32 wl/sec-yr, and 4C ml/sec-yr)
in time above .02 ppm GROUP II (i.e., those.participants with time above .02
greater than .13 menths) than in GROUP I. At 14 pack-vears of cigarette smok-
ing estimated mean annual declines (See Table 18) for ,non-atopics in GROUP I
are 21 ml/year, .31 (yr)-l, 88 ml/sec-year, and 106 ml/sec~year respectively.
.Thus, as in the dichotemized cumulative exposure regression, F*Vl'and TEVZ

"annual declines are aperoximately the same as those expected from cross-
sectional results whereas FEFy5.75 and tEFSO declines. are greater than
expected

. When the time above .02 ppm GROUP 1II is dlchotOmlzed into GRCUP IIA
and GROUP IIB using a division point of 1 momth, annual declines were smaller
in GROUP IIB than in GROUP IIA for FEV, and ~LF50 and larger for FEVE and
FEF25-75. In no case was the GROUP IIB decline”significantly diffzrent at
the .05 level from GROUP IIA. Estimated mean a2nnual changes for these pul-
" momary function measurements are presentad in Table 19 by exposure group for
non~atopics with 14 pack vears of smoking.
Previous authers, notably Fletcher, et 21 (3), Berry (4), and

Berry, et al (5), have noted that observed annual change for FEV; is the sum
of two comperents: true annual change and estimation error. The magnitude
of the sstimaticn error is determined primarily by length of follcow-up, the’
wvariability of an individual'FEVl determination asbout the true wvalue, and-to
a2 lesser extent by the distribution of wvisits between end points. Fletcher
et al (3) estimate the standard deviation of an individual T tVy detarmina-
tion about its true values as 160 zl. 3Berry's (4) es;imate derived from
several studies, is 120 ml. Our estimate of 133 ml is comparable to ‘these’
two.

We have estimated in our 5.5 year study that approximately 30% of
the total varizbility (i.e., variability between observed FEVy annual changes)
1s real variability (i.a., variability between t-ue annual changes) and not
due to estimation 2rror. 3Berry, et al (5) and Fletcher et al (3) also estimate
‘this percentage at 30% for studies 2.5 and 9 years in length, Tespectively.
We expected that Berrv's estimate of this percentage would be less than ours
because his follow-up was shorter and that Flaccher's would be larger because
his follow-up time was longer. This expectation is not realized because the
three total variances differ.
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Berry's total variance is larger than would be expectad from the
increase in estimation error causad by the comparatively short follow-up
period. Thus,. although 3erry's real variance as.percantage of total variance
is the same as in this study, his abBsolute real variance is larger. This may
be due to the cotton dust exposure of his populaticn producing abnormally
larze TEV; annual declines in some iadividuals. Similarly, Fletcher's total
varianecz is smaller than would be expected from the decrease in estimation
error caused by the comparatively long length of his follow-up peried. This
results in a smaller real variznce possibly reflecting the relative homo-
geneity of his populatien with regard to FEVy anpual dhange. In additiom,
the statistical methodology employed by Fletcher assigns mere of the toral
‘variance to estimation error than does our methodology. This would tend to
decrease real variability as a percentage of true variabilircy.

Our conclusion is that thesa three studies for which length of
follow~up and variability awmong true annual changes were guite different,
nevertheless, exhibited remarkedly comparable standard deviations of a-
single FEV; datermination zbout its true value and that the unexpected com-
parability of real variance as a percentage of total variance is explained
by the differing population characteristics and statistical methodology.

In short, the three studies produce no coaflicting results.

In a previous annual report dated March 15, 1976, and im Butcher,
et al (8), we reported an annual increase in FTEV; of approximately 53 ml/vyear.
This increase, based on the first five visits, was recognized -as being ab-
normally Righ but was reported because extensive cﬁecklna at the time reveal-
ed no reason to doubt irs validity.

Before proceeding with the analysis reported here, we examined FEVy
for the 33 participants with complete spirometry at all nine visits in order
to determine if there aight have been a systematic bias at any of the wvisits,
A graph of the mean F’Vl s by visit for these 33 participants is presented
in Figure 3 together with a least squares straight line fit to the means.
This straight line gzives an FEV; annual change of -21 ml/year. There is an
evident pesk in mean FEV, at the October, 1975, or 5th visit. A linear model
as in Fletcher, et al (37, containing a secular bias term for each visitc
resulted in a significant (p <.001) bias term of 134 ml at wvisit 3.1 No other
visit exhibited a secular bias. A straight- line fit to the FEVy means for
the first five visits results in an annual change of +37 dl/vear which to-
gether with the new known positive bias at visit 3 suggests that the FEVy
annual increase raported earlier was due to the systematically high FEV)'s
at visit 3.

We considered not using the visit 5 data in the currenc analySLS
but decided against that course for three reasons:

1 Both FVC and FEF,q_,s; also exhibited significant bisses at visit 5.

15

T PN Y




(1 After extensive searcn;ng, we have found no etplanaCLOn for the wvisic 5 : -

bias:; (2) GEecause visit 5 is approximately midway in the f{ollow-up period,
‘it has little efiiect con an individual participant's F-Vx slope provided the
participant has at least one data p011t available on either side of visit 3;
(3) when those participants with visit 5 as either their first or last usable
visit were not used in the FEVl analysis, the results were similar.

c. Diffusion and Lunz YVolume

One hundred and sixty-five parcicipants had diffusing capacity
determinations from three oT mote visits, and 183 participants had complete
“lung volume deterzination rom three or more visits.  Tables 20 and 21 pre- .
sent summary statistics on :hose participants wirh and withour three or more
complate determinarions Zor these two Sets of puldonary functions. Yo import-
ant differences betueen the two sub-groups of participants were revealed,

Of the 145 participants with diffusing capacity determinatioms, cme
lacked data on at least one of the explanatcry variables and was deleted Irom
the analysis. Similarly, three Dart1c1pants hava been deleted from the lung
volume longitudinal analysis.

In each of the six regressions RV and (RV/TLC) X 100 annual increase
was significantly gorrelated WI;H pack-years of smoking adding 1 ml/year ta
the RV annual inerease and .01 (jn:)“~l to the (RV/RC) ¥ 100 annual increzse.
"None of the other pulaounary Iunctions (DLCO, ¥, or TLC) considered. were
related to pack-years oI smoking. '

. Of the five pulmonary functions czomsidered, orly K was significantly
{p < .05) related to atopic status. This relatiounship was evident ln 2ach of
. the six regressions with K in the atopics declining approximately .4 (@ia-mmig)™ -1
-per year faster than non-atcpics. This finding is inexplicable. . o -

With respect to the exposure indices, TLC was not significantly reslated
“to any of the six exposure indices. 'K.and DLlppy had a significant (p < .05)°
relation to exposure in all six rsgressions-but it was paradoxical in nature,
i.e., annual declines decrease with increasing exposura., RV and (RV/TLC) X .100
were not relataed to cumulative exposure as a countinuous variable or when iz was
categorized into two or three groups. They both showed a signifiicant (p < .03)
paradoxical relationship with the time above .02 ppm variables, i.a., annual
increases in these two puTmonary functicns decreased with increasing time above

.02 ppm. ~

D, Respiratorv Svmotoms

Four pattemms of svymproms as detarmined hy the questionnaz 2
are examined in this analysis:
L] .
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(1) upper respiratory symptoms: drip at the Back of the nose,
hay fever or its.sympteoms, sinus trouble or postmasal drip;

(2) lower respiratory symptoms: usual ccugh, phlegm, wheezing,
-attacks of shortness of dSreach with wheeziag, or arbatﬁlessness when walking
with other people;

(3) bronechitis: wusuzl cough and phlegm more than three months in
the preceding year; ‘ : .

. (4) ° dyspnea: Grade 2 or higher where Grade 2 = when hurrying cn
level, Grade 3 = when walkirg with others, Grade 4 ='step for breath when
walking at own pace. '

.To be included in the leopgitudinal respiratory symptcem analyses
a participant must have had both an initial incerview aad a finzl (i.e.,
the latest of the last three wisits) follow-up intarview in order to determine
respiratory symptom starus Zor each of these visits, Two hundred and thrze
of the total of 274 participants had sufficient information to determine atr.
least one of the four respiratory symptom complaxes considered. Table 22
presents summary statistics on these 203 participants and the 71 without
sufficient information. There were no important difIerences between the two
groups. One participant lackad data on the explanatory varizhbles and was
-discarded from the analyses. :

‘Tables 23 and 24 preseqt for each of the four symptom complexes
the number of pa’t151pants in each of the four categories: (1) symptoams
present at both the initizl and last usable interview, (2) symptoms present
at inirial interview and abseut at last uszble interview, (3) symptoms ab-
sent at initial interview and prasent -at the last usable intarviaw, and
- (4) symptoms absent at both the initial and last usable interview. “These
numbers are broken dewn by cumulative exposure cactegory using 0682 pom
-months as the dividiag point in Table 23 and by time above .02 ppm categery
using .19 months as the dividing pecint in Table 2%. Fach table further sub-
éivides the exposure cztegorv by atopic and cigarectz smoking status,

1f a2 higher proportion of participants in the higher exposure cate-
gory acquired a symprom pattern berween the initial and last usable interview
(using those with any type of change as the denominator), this was taken as
evidence of an exposure related erffect. 4All four symptom patterns exhibited
this eflfect using esither cumulative exposure or time above .02 ppm ‘category
-to represant expesure. However, statisrical sigoificancs was not obtained.
The lowest p-value was .13 for the relationship >ertween dronchitis and cumu-
rlative exposure category. '
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'For upper respiratory symproms and dyspnea the parcentage of partici-
pants changing symptom category who went from asymptomatis to symptomatic
-siganificantly excesded 50%. This together with high prevalence ratss for :]
upper (38%) and lower {(30%) resciratcryv symptems at the initial interview
sugzests a hazardous loczl environment, either general or work-related, or
both. However, we found no statistically siznificant rslationship between
acquiring respiratory symptoms and axposure to TDI.

E. Immunclogy

‘ IgE (I1.U./ml) and eosinophil levels (ccm-l) were determined at
all nine visits and the first six, respectively. To ¢ontrol for possible
*seasonal effect on these two variables, a Fall and a Spring average were
caleulated for each participant. Average IgE levels across participants were
higher in the Fall than in the Spring (299.0 vs 155.0, p < .001l). There was
. no difference betwasen average Fall and Spring eosinochil levels (227.0 vs

224.0).

: .Associarions were sought between Fall IgE and eosinophil levels
with atopy as defined by two or more positive skin test reactions to common
allergens, pulmonary function at the time of initial v151t, and longitudlnal

course of pulmonary functiomn.

Fall Igﬁ level was moderate y correlated with skina test atopy
(point biserial coefficient =.17, p = .Cl) while Fall eosinophil level was
-not correlated with it (point biserial coefficient=.09, p = .12).

Pulmonary function {(in percent pradicted) at initial interview was
not significantly associated with IgE level dichotomized at 300. Only K
was signiiicantly associated (p = .0l) with eosinopnil level dichotomized
at 250. Those with an eosincphil level less than 250 had mean X percent
predictad equal to 101.% as opposed to 94.4 for those with eosincphil levels
‘greater than 250. WNo pulmonary funcrtioun annual change showed a significant
relationship between either IgE dichotomized at 300 or eosinophil level
dichotomized at 250 after coantrolling for the cumulatlve exposure greater
"than .0682 variable and pack~years of smoking.,
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v. TDI REACTORS

A, Clinical and Epidemiologic Features

We consider those persons TDI clinically "sensitive" who
develop recurrent respiratory signs and syaptoms upen repeated exposure to
low concentrations of TDI, .or in scme cases unidentified reactants or by-
products of TBI manufacture. The definition must be qualiliiad becausa some
workers develop reversible airways obstrzuction in the TDI area, obtain relief
upon transferring to other areas, but fail to react to pure TDI vapor In
bronchoprovocation challenges. : . '

TDI is an irritant and is detectable in relatively low concentra-
tions by non-sensitized persems, This probably explains why sensitization
is most often described by the subject as a "loss of tolerance” to the
material. Dry cough is the most frequeat symptom, but chest tightness, exer-
tional breathlessness, wheezing and shortness of breath are also commen.

- Orthopnea is usually present in nocturnal attacks. Sputum is uncommonly

L.

reported unless. i1t was present prior to sensitization.  Reduced strength or
stamina were commen complaints of those who contipued to have TDI exposure,
and these symptoms abated following cessation of exposure,

A deldy cof zbout one-half hour was the most commonly reported inter-
val between known exposure and onsat of symptoms. 4 majority of persons,
however, reported increased symptoums after leaving the planrt, suggesting

-elther a dual or late reaction. Immediate omset, that is, within a few

minutes of exposure, was rarely reported.

_Of 277 persons in the study population, 12 men (4.3%) became clini-

eally "sensitive" to TDI (see Table 25). Nine of these 12 men became sensi-
-tized after less than 12 months of TDI exposure, eight of those after less than

four months of expesure. Six of the 12 had known major exposure in TDI spills.
Three of the 12 were atopic, that is, .had two or more positive rzacrioms to ‘
skin testing with commen inhalant allergens. Six persons underwent broncho-

provocation challenge with pure TDI vapor: two of these reacted, and four did
mot react, to levels ol less than .02 ppm. Five of the 12 had never smoked.

The sensitized persons were rather evenly divided between operators in the

TDI area and mzintenance workers in the same area. The lone sensitized subject
from outside the TDI area was a chemical engineer who may have been exposaed in
laboratory work. : ' '

Figures 4 and 5 display the results of longitudinal lung function test-
ing for the nine TDI clinically "sensitive" individuals with lung function testiag

after sensitization., Eight of the 12 sensicizad men were tesced prior to start-up
of TDI production, and therefore prior to exposure. The others were transferred
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into the TDI area or hired at different times, and were first studied at
the succeeding visic for data collection. Three subjects (numbers 110,

197, and 200) have shown declines in deoth FEV, and :_‘, 5 despite removal

from the TDI area. Two subjects (033 and 0357 have shoim Srable FEV, walues.
but declines in FET,. Four persons show stable to slightly incrzasing
23=-75° N L . )
2zoval from TDI exposure. Two of the subjects still
d

values for FEV, aftat
work in the TDI area and bocth have stable expiratory flow rates.

e \l

Bnder the present conditions, however, removal from the TDI area
cannot be considered an absclute guarantee of no further exposure. Large

. accidental TDI emissions and certain wind conditions can disperse the

material to other parts of the chemical complex. Perceptible amounts of

TDI can also be detacted around workers with ceontaminated clothing and
shoes, and this can be tespensible for temporary contaminarion of such
faciliries as lunch rooms and the medical department. There are thus oppor-

" tunities for intermitctent, low-lavel exposures to TDI or to other matarials

froz TDI synthesis, in distant areas of the chemical manufacturing complex.

B. Immuneclogic Tindines

) In this longitudinal study, immunolegic tests were performed
-to determine whether exposure’ to TDI had an effect on toral imminoglobulin
levels; whether presence of atepy was a facter in development of .TDI "sensi-

~tivity'"; whether total blecod 2osinopnil levels alter following exposure Lo

TDI and whether development of humoral antibodies was a mechanism in TDI
"sensitivity.'

-The results of skin testing with commen inhalant allergens showed
that there was a similar distribution of atopic individuals among the various
exposure groups and that this presence of atopy was not a facter in develcp-

ment of TDI "sensitivicy" (7, 8). Total blood cosinephil counts were not

significantly altered by exposure to TDI (8). Immunoglobulins G, A, M,
D, and E were not significancly changed by TDI exposure (3, 9, 10)., Quanri-

tation of specific antibodies was undertaken By skin testing with a TDI-human -

‘serum albumin (TDI-HSA) conjugate. Results of skin testing indicated that
TDI~HSA was a poor antigen and that anti-TDI antibodies of IgzE type could not
be datected using th*s material (9). Further, the radioallergosorbent ctest
(RAST) was of littla use with this antigen. Prausanitz-Xlistner (P-K) testing
in monkeys was also avaluared as a method for determining development of TDI
.specific IgE antibodies. ALl results were negative (9). Passive cutaneous

~anaphylaxis (?CA) in zuinea pigs was used to detect hererceyrotroplc anti-

bodies, Yo positive 2CA tasts were oocalﬁed on serum samples Irom workers
folloulnv exposure (9). ‘
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C.. Provocative Inhalation Challenze wita TDI

‘ During bur prospective studies we found that approximately

5% of workers devaloped clinical''sensitivicy” (i.e., theyv complained of
wheezing and shortness of breath when in a TDI containing area) (8). These
subjects, where possible, wers challenged with TDI (3, 10). They were

brougnt to Tulane Universitv amd exposed for 15 zinutss to saline vapor on

day 1, 0.005 ppm TDI on the second day, and on subsaguent days to 0,01 adnd

0.02 ppm until a 20% drop in TV, was observed, Zxpiratory flows were de-
rived from a forced vital capacify mneneuver and determined with an electric

dry rolling seal spirometer which provided output for volume-time and volume-
flow plots of maximmm forced expiration., Peak flow was also determined in a
separate maneuver using a Wright's peak flow meter. Lung function testing

was performed prior to exposure, and at 5, 10, 13, 30, 45, 60, 90, and 120
minutes and thereafter at hourly intervals following challenge. - The workars
were challenged in a siagle blind fashion in an exposure chamber with dimen-
sions of 2.25 X 1.89 X 2.55 meters (10.84 m=) wnich was undos slignt negs:lva
pressure (Figure 6) (10). The atmospheres of TDI were genmeratad by controlled
evaporation of TDI accomplished by passing air over the surface of TDI. contain-
éd in a2 250 ml gas washing bottle with effective surface area 60.8 ca“. The
flow rate was controlled by a calibrated rotameter at between Z to 6 liters

per minute, depending on councentration of isccyanate vapor required. Circu-
lation was obtained by a small fan; temperature in the room was maintained

at 23 to 24° C and hum*d*ty was 45 to 55%. TDI quantitation was accecmplished
with a =mcdel 7000 TDI monitor. The subject was seated throughout the chal-
lenge with his breathing zone clcse to the end of the monitor to ensure accu-
rate measurement of the concentration of TDI inmhaled. Taroughout the chal-
lenge, the subject was observed threcugh a glass window in the air lock deor

by a physician. Persons reacting to TDI inhalztion challenge showed three
types of response (6, 8, 11). A total of 28 TDI clinically "sensitive” indi-
viduals (six of whoum were ia the original studvy population) were tested by
provocative inhalation challenge with TDI. - Of these 28 persons tested, 10
reacted to TDI with a drop in FEVy of greater than 20%. Six showed an immediate
. bronchespastic response, begimming within 13 minutes afizer the challenge. 1In
two workers, a late response was seen beginning at least one hour after the chal-
lenge and, in a further wwe individuals, a dual response was seen with the char-
acteristics of both the immediate and late reaction. In some individuals, a
dose response was also seen, i.e., challenge with 0.005 ppu did not elicit an
adverse response hut cnallenoe with 0.01 ppm would elicit a bronchosnaSCLC
reaction (Figure 7). :

D. Challenge Tastine with Methzacholine Chloride (Mecholvl)

A total of 10 workers reporting ''seasitivity’ to TDI and 10
non~sensitive, non-exposed workers were challenged with methacholine at. the
work plant. Seven of the ten "sensitive" individuals responded to challenge
with a greater than 207 drop in rFVl,'uhereas only one of the 10 non-sensitive
workers reacred (12).
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All subjeCCS wera tested for pulnonary Eunction prior %o commence-
ment of challenge and demonscrated baseline flow parameters wlchln g0% of
predicted normal values. Five breaths of physioleogic phoéphace buffered
saline were inhaled through a Bird Mark 8 nebulizer and lung function was
measurad at 1,5 and 3 =dnutes after administraticm. Methacholipe was adminis-
tered, starting at a concentration of 5 and increasiang through 10 to 25 =mz/=l.
One breath of the 3 mg/ml solution was fellowed by prograssive ingreases in
number of breaths with each of the three concentrations ts a maximum of five
breaths of the 23 ang/al concentrarion. The procedure was stopped when either
a 207% drop in FEVy occurred or, in the absence of any aireay response, when
the maxizum of five breaths of 25 mz/ml was reached. Meéthacholipe dose
response regression slcpes were zraphed for the subjects, where possibla,
with a cumulative breath unit equivalent to one breath oi lmz/m! methacholine
‘on the abeissz and percentage drop in FEV; on the ordinate (11). All subjects
who were shown to be raactive to TDI by provocative inhalation challenge also
. demonstrated high sensitivity to methacholine.

E,. Study of the Effect of P*etreat zent with Disodium Crsmozizgate:

i Some of the workers reacting to TDI ware pretreated wich 40

mg of disodium eromoglycate (DSCG) which was administered by spinnaler 30
minutes befora re-exposing to the ccncenrraticn of TDL which had initiated the
-adverse pulmonary reacrion. Workers with both immediate and dual respomnses
'were testad. Lung function measurements wera decermined as for.the ragular TDT
inhalation challenge. In all three TDI reactive individuals tested, (two Show-
ing an immediate response to the challenge wizth TDI and the one showing 2 duzl
response} their adverse broachial responses were inhibiced by pretreatment w1*h
disodium cromoglycate (11, 13) (Figure 8). .

F. Lymphoecyte Transformation and Leukccvte Histamine Release:

: Cellular studies included lymphocyte transformation following
-exposure of cells to the TDI-HSA conjugate and Distamipe release from leuko-
cytes fellowing exposures to TDI-ASA was measurad. These tests were periormed
on samples collected from incdividuals reporting ''sensicivicy' to TDI. No lympia-
ocyte stimulation was measured and no nistamine released from leukocytes was
detected (8).

G. Lywmrhocvte cAMP Dose Resconse Studies:

As previously raported (12. 1l4), we showed that TDI accs as
. a partial adrenergic agounist, however, this zfiact was Seen with cells of
normal individuals. We therarfors examined the aiiz2ct of TDI uypoun lymphocytes

from TDI reactive individuals. Quantitation was periormed by means of a method
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developed in our laboratory (14) where lympnOfvtes vere separatad by Ticoll-
Hypaque. density gradient centrifugaticn, incubated with dilutions of isopro~
‘terencl, prostaglandian £, ov IDI, followed by washing, precipitacicn with cri-
chloroacetic acid, freez& thawing, extraction with ether, and qu :antitation by
-radicizmunoassav. Results were 1nta-pola:ed Zrom a standard graph and ex- -
pressed as percent stimulation of cAMP formation. Dose response regression
lines were detarmined v aeans of the lianear ascending portion of the slopes,
Blocod samples for lvzphocyte c&MP dose respense studies of TDI reactors were
‘obtained prior to, and at 13 and 120 minutes after provocative inhalation
challenge (PIC). In lymphocytes of the two TDI reactors tested to date, dose
response slopes following stimulation with either TDI, isoproterenol or pros-

taglandin Z, were markadly raduced when compared with those-of normal individ-
uals and non-TDI reacteors (Fizure 3). Dose response slopes did not differ from

pre-exposurs baseline levels, following challenge with TDI (11).

H. Plasmza Histamine Levels:

Samples for venous plasma histzmine determination were
¢ollected prior to exposure, and at 1, 3, 10, 15, and 120 minutes after
exposure. Histamine was determined.by the enzyme isotopic method of Baaven,‘
et al, with an internal control of “H-histamine to measure recovery (13). .

All samples from izdividual patients were assaved in quadruplicate. - Plasma.
histamine levels of six subjects were tested. Two were individuals with a -

strong historv of TDI sensitivity who reacted to provocative inhalation challas

{PIC) with TDI. ‘Two had a
In no case was histamine release into venous plasma demonstrable followirng in-

halation challenge with TDI. Baseline plasma histamine levels were all within
. normal limics (ll). :

1. Determination of Serum Complement and Split Preducts
of Complzment

Funetional leve‘s of total complement (cksog wera gquantitated

by standard techniques in fresh serum or serum frozen at -70° C on, samples col-’

- lected before exposure aand 1, 5, 10,
A hemolytic assay was also used to measute cthe alternative complzment pathway
proteins (APCHS0).  Splitc products and factor B in plasmarwere measured by an
immuncelectrophoretic assay and split products of C3 were determined bv the
counterizmmuncelectrophoretic assay of Arrovave and Tan. Two TDT reactors and-
five persons demcoustratad to be negative bv provocarive inhalatcion challence

testad. ‘3aseline CH30 snd APCHSQ levels wara 211 within normal limits
for all workers and no significant

following inhalatiecn challenge

'

were
(60 to 120 and 15 to 45 units, respectively)

changes in these complement lavels were saen
with TDI (11).

nge

weak history of sensitivity and did zor react te PIC.

15, and 120 minutes alter TDI exposure (11).
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J. Loss of TDI and Marthacholine Reactivity after
Removal from Isocvanace Eiposure:

‘One of the TDI reactive individuals, who had been studied
incensively, has been followed longitudirnally after moving to a2 new job
which does not entail ewposure to isocyanates. This individual reacted
originally to zan exposure for 10 minuras of 0.005 ppm of TDI with an immed-
tzate bronchospastic response, He was highly sensitive to mechagholine, .
showing a 38% drop in FEVy when he received one breath of 5 mg/aml of metha-
choline (16) ‘ '

Sixz months afrer removal from am isocyanate containing anvironment,
he was re-challenged with TDI and did pot react to 15 minutes exposure to
0.02 ppm of TDI. Ee was re-testad for methacholine sensitivicy and it was
found thazt three breachs of the 3mz/ml concencration were required to infti-
ate a 20% reduction in FEVy. After a further six months (i.e.,. one year
following removal from TDI%, he was again tested by methacholine challenge.
At this testing, he failed to react to 3 breaths of 25mg/ml of methacholine.

Concurrent with methachcline and TDI inhalation challenges, blood
‘samples were drawn for cyclic AMP dose-rasponse slopes following stimulation
of his lymphocytes by prostaglandin E,, isoproterencl .and TDI. Initially,
he was shown to0 have a markedly ;educea dose response slope o, all three
agonists compared with normals. Six months later, thers was a' slight im~
provement in the dose respense slopes. The results of the dose response
slopes ou his latest testlng await complEtan.

K. . Concurrent Development of Food Allerzy and Isocyanate Reactivity

A further interesting aspect of this worker was that he claim-
‘ed to have become highly sensitive to radishes at about the same time he be-
came sensitive to TDI. ‘He was challenged by permitting him to =at one small

5 gram radish and pulmonary function testinz was performed. He had an immed-
iate severe reaction following one bite of the radish with' a 75.4k decrease

in FEVl, He now reports that, at one year .following removal from the TDI area,
hé has eaten a radish which i1s approxizately four times as large as the one
used in the testing with no 111 effects. Interastingly, radishes contain

- allyl isothiocyanate and benzyl isothiocyanate (17). A manuscript reporting
our findings with this worker is ia preparacion (18).,

L. Tolyl-specific IeE Anrihodies in Serum of TDI Reactive
lodividuals: :

v

We assisted Dr. M. Karol of the University of Pictsburzh by
prov1d1ng serurm samples from TDI reactors to enable her to develop 2 new
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‘antigen for RAST. This antizen consists of p-telyl isocyanacte conjugated
to human serum-albumin (TMI-H5A). The serum samples we supplied were from

highly reactive individuals. Tour of the five serum samples sent to Dr. Xarol

were shoun to contain tolvl-specific Izt antibodies (19). Using antigen pro-
vided by Dr. Rarol, we were able to Loqfl-n rhese results on the same serum-
samples in our laboracorias, Lacter wa prasarsd our own THMI-HSA ancigen and
compared th*s Jltq the antizen groduced by Dr. Zzrol., The Pearson’s correla-
appliad to the results or RAST using the saxe

value 0f Q.56 was obtained, indicating that our
antigen was essentially identical te that produced. by Dr. Karol. Using our
antigen, we tested serum samples from a total of 26 individuals who had been
shown by ourselves and another center to be rzacting to provocative inhala-~
tion challenge with TDI. Depending on the method of evaluaticn of the re-.
sults ¢f the RAST, only 15 to 18% of the individuals were shown to have tolyl-
-specific IgE zntibudies {20) (Tigure 10). Thazz results show that thers are
antibodies invelved in TDI asthma in a few individuals but would suggest that
a humoral mechanism is not the definitive mechanism of TDI reactivity.

se,a with both ant_gens. A
en

In summary, our studies of TDI "sensitive” iadividuals show that ..
asthmatic reactions can be elicited by brief exposure to very low concen-
trations of TDI. These reactions may be immediate,.lata or dual reacticns.
such ds those Induced by avian protein, cerrtain organic dusts or Asverzillus
fumigatus zllergens. However, our neoatlve findings with plasma histamine
and complement are evidence azainst an immugoleogi? mechanism. Our fiadings,
that persons who react to TDI are also-reactive to mathacholine, confirm that
TDI reactive individuals have irritable airways. However, our demonstration
that not all methacholine sensitive individuals react to TDI suggests that .
reactivity to TDI is zot a non-specific reaction (11). Whether methacholine
reactivity is pre-exdsting or develeps concurrently with development of sensi-

tivity to TDI is nor known and awzits results of prospective studies although
the results of our longitudinal study of one sen51tive worker suggest the’
latter (N).

The demonstration of the partial agouistic activity of TDI (12,14)
is of great interest. TDI reactive individuals have decreased adrenergic
‘agonist dose-respomnse slepes which are associated with in vivo respeonses
to TDI challenge (11). These results are in agrsement with current concepts
of asthma. Szentivenyi's theory of the wmechanism of asthma proposes that
a defective beta adrenerziz response 1is presenc im asthmétic‘individuals
and that this deficiency =ay be respousible for two effects: First, it may
prevent preoduction of suificianc lavels of zvclic AMP in mast cells to
protect against release of pﬁarﬁological aediarors such as histamine znd
slow reactive substance of anaphylaxis which are ultimataly respensible for
the brounchospastic respouse. necond, 3 deficiency in the abilicv to produce
eyclic AMP can have a delecterious 2ifect on the delicate cyclic nucleotide
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balance reguired to maintain smooth muscle tome. . Thus, our studies of TDI
reactive ihdividuals, to date, 'suggest that the most likely mechaniswm of
IDI asthma is pharmacologic rzther than allergic, although the latter pos-
sibility srill cannot be excluded. '

Our fiadings that DSCG may inhibit asthmatic reactiocns under coun-
trolled conditions (11, 16) agree with the concept of the actiomn of rhis. drug
and suzgest that DSCG mav be a useful prophylactic measure for workers who
" develop TDI reactivity. Expanded testing in both the laboratory and the field
will be necessary before a definitive statement can be. made however.

Our findings In the worker who has been studied extensively following
removal from the TDI containing area, suggest that TDI reactivity is reversible
when the lsocyanatz cxposurs is stopped (1B). The demonstration of increased
Teactivity to methacholine and diminished cAMP dose response suggests that
TDI in scome way acts to alter receptors on the cells to cause decreased chol-
inergic arnd adrenerzic funcrtion. The loss of methacheline sansitivicy
suggests thar this effect of TDI upon receptors may be transient and may be
reversed, with the worker reverting to his prior health following removal from
isocyanate exposure, Similar loss of bronchial hyperreactivity has been dem~
onstrated following vewmoval of reactive individuals from Western red cedar
wood dust exposure, ' , ‘ ,

- ' ' " VI, CONCLUSIONS

(1) Throughout the five-year period of this study, a comprehensive
environmental survey of the plant and its workers usingz state of the are,
continuous area and personal moniters demomstratad that all workers in the
study population had some degree of TDI exposure, which depended upon job
and location. There were frequent excursions above the current threshold
limit value of 0.02 ppm ceiling. These exposures occurred even though the
plant is modern and uses currently available control technology.

(2) During annual oune~month periods of concentrated maintenance
activity in which the plant is completaly overhauled, there were higher than
usual TRI concentrations measured at the breathing zones of maintenance workers.

(3) Although there was daily variacion in TDI concentration,

there were no systematic exposure trends demonstrated over the five~yeay
period of the study.

26

—— - TRt sem———c s

e

Gl Tihin ey bt o e e e O Aben b




(&) In this five-year longitudinal study, FEV)], FEVZ and FEXss_7sy
annual declines are significantly related (afrer concrolling for smoking and
atopic status) to TDL dese, where dose 1is measurad by either (a) two cumulative
exposure. categorizs (division point = ,0682 ppm~months) or (b) two '""time above
0.02 ppm" categories (divisicn point = .19 aonths).

(5) FEV; and FEVZ annual declines in the high exposure cate-.
gories were not significantly differsnt ifrom annual declines predicted

for members of zhe gensral populatien from zross-sectional studies.
annual declines were significantly greater than expected

and IzZT
in %ozﬁ exposure categories. K (diffusion constant) annual decline was
significantly zreater than expected, but was inexplicably negatively related
‘to dose.” The same held for RV and RV/TLC annual increases. - TLC z2nnuzl change
showed a significant increase instead of expected no change.

(6) ~ TDI dose as estimated by cumulative exposure and peak exposure
-as measured by time spent above 0.02 ppm correlated equally well with anpual

change in lung func*lon.

: (N FEV,, FVC, RV and RV/TLC annual changes were significantly
related to pack-years of cigarette smoking with associatioms in the expected
direction. Omnly £ annual decline was related to atopic status and cnat asso-
-eciation was an inexplicanle negative one.

(8) Prevalences of bronchitis. and dysprea increased from pre-
exposure baseline in the high exposura caregory, 2s measurzd oy cumlacive
exposure, to 2 greater extent than in the low category. Thesa di fferehces
in symptom Iacreases between exposure catagories were not statistically

" significant (p-values esqual to ,13 and ..18, respectively). :

(9) Clinically important bronchial hypersensitivity to TDI

‘developed in 4.3% of the study population, usually within a few mounths

“of first exposure.

(10) Neither atopy nor smocking served to identify persons at-
hlgher risk of developing TDI reactivity. Half of the TDI reactors had
been exposed to high levels during a 50111 ot 2quipment maliunction.

(11) Some TDI reactors have Eailed to attain pre—exposure or
pre-sensitizacion values of F&Vy or TiF;5_ 737, despite transfer to other
areas in the chemical complex.

(12) There is persuasive clinical evidence for sensitization in
some persons who £ail o react to low coucentrations {less than or aqual to
0.02 pom for 15 minutes) of pure TDIL vapor in the exposure chamber.
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(13) © TDI, at certain concentrations, acts as a partial agonist
upon lymphocytes to stimulate ¢yclic adenosine monophosphate levels, At
lower concentrations, it can block cyclic AMP stimulation by isoproterencl,
gnd prostaglandin E; but not histamine,

(14) TDI reactors are hypersensitive to methacholine (height-
ened bBronchoconstriction as determined by a standard ivhalation multiple
breath technique), bur not all methacholine sensitive individuals are TDI
reactive. ’

(15) Lymphocytes of TDI-sensitive individuals have decreased
ability to respond to cyelic AMP stimulants such as the beta agonists
isoproterenol, prostaglandin E; and TDI.

(16) Provocative inhalation challenge studies show that airways
reactivity te TDI is reproducible in the laboratory envirdnment aznd can be
blockad 5y disodium cromoglycata. During bronchial reac:iocas, no changes
in serum complement components are observed and there 1s no release of

' histamine detactable in peripheral plasma.

an RAST with p-tolyl isocyanate conjugatad to human serum

albumin only detects tolyl specific IgE antibodies in serum of 15-187 of
-subjects proven by provocative inhalation challenge to Be TDI reactive.
Thus, demconstration of tolyl specific serum IgE antibody cannot be used

to diagnose clinical sensitivity to TDI.

(18) 1In additien to the above mentioned irmunologic and pharma-
cologic activities, TDI does not -appear to have an erfect upon:

(a) Induction of specific antibodies in man as demomstrable
by hemaglutination, RAST, Prausnitz-Kustner, passive cutaneous anaphylaxis
or direct skin testing with TDI human serum albumin conjugates.

14:)] Changes in levels of serum IgG, A, M or E.

- {e) Induction of non-specific histamine release from
leukocytes in vitro or in vivo.

(4)° 1Induction of peripherzl bhlcod lymphoeyte Blastogenic
transformation employing cells from "sensitive'" subjects.

28

[T S LRV ST V= ST EY P D = Loy HR T U " Ma:’.v‘ﬂ&l‘:‘w"mm?Wmmmmwuwn:wm.pmwmw% .

LS e PR

ELA S S N iy < VLR Ty . e
: . - P

L s 2

wg e i TRt

1
r

F




APPENDIX 1
ENVIRONMENTAL CHARACTERIZATION

A. Introducticen

‘This report summarizes the environzental characterization activities in
a new TDI manufacturing olanc for a pericd of five years (1973-73). Tais
exposure characterization survey was perhaps the most 2xtensive and thorough
survey undertaken of any TDI manufacturing plant in the world. - Vast amounts
of data were collected using the best and the state of the art monitoring
techniques and mecthods. During cthe course oI the study several papers were -
published (21-27), covering various aspects and findinzs of environmental
characterization as related to the other parts of the study. Five annual
" progress reports containing environmental characterization sections have
also been submitted.

‘ As expected in such longitudinal studies, the study goes through an
evolutionary process. ©During the period of five years there were tremendous
advancements made in the fields of perscnal and area monitoring, laboratory
and field calibration oI momitors, and also the recosnition of the advantages
-and limitations of the measurzment techpiques. Also during the study, the
Tulane industrial hygienist developed a good rapport with his councerpart inm
the plant and also with the supervisors, shift foreman and cother workers of
the planc. Better insight was gained about the administrative set up and
manufacturing operation of the plant. Appropriate reiinements and changes
in environmental characrerization survey had to be made throughcut the course
of the study to adapt to these evolutiomary changes. This progress report
will delineate these evoluticnmary changes during the study and the necessary
refinements made to accommodate these changes. '

B, Monitoring Technigues

At the time of the writing of the proposal, the method widely used for

-analysis of TDI in air was a wet chemical method based on impinger sampling

and colorimetry developed by Marcali {(28). Until fecently this was the stand-~
ard recomuended mathod for analysis of TDI. Because it is an impinger samp-
ling method it is not ideally suitad Zor personal sampling and the meched can
give only the integrated time weighred average. During the latter part of 1973
a2 continuous paper tape TONILOr L[OT area measurement of TDI became commercially
available. This instrument is bSased on a "aper tape methed developed by Reilly
in 1963 (29). Three of these portaple area monitors ware acquired for the
study. The TDI monitor basad upon an original desizn 5y Dunlap Limiced, in
collaboration with ICI, Ltd. of U.¥., contiouously monitors concentrations of
'TDI in the atmosphere in the range of 0.0 te 0.08 ppm. It.has a meter readout
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as well as audible and visible alarms and output connections for an external
recorder. Sensiziviry and specificicy to TDI is obtained by utilizing a

' continuous reel of chemically impregnated paper tape to sample the air. The
tape Is supplied in a cassette which will zun for 168 hours or one week con-
tinuously. ‘ A _

In operaticn, the zatered volume of atzmosphere is drawn through the tape
as it moves past the exposure orifice. 1IZ TDI is present, a stain is developed
on the tape; the intensity being proportional to the concentration of TDI. The
exposed tape then moves past two photo deteczors. One detector measuras reflect-
ed light from the unexposed half and the other from the exposed half. The two
'signals are compared electronically and 2n output siznzl, provorticnal to the
TDI concentration compensated for minor tape variations, is displayed in, parts
per million of TDI. The concentrationm is alsc continuously recorded om a strip
chart recorder. A typical re«order printout is given in Figure 11.

'This was a major development in monitoring of TDI. These monitors were
initially evaluated in the laboratory. ZFor the evaluation the monitors needed
to be dynamically calibrated in the labordtory. There were no simple methods
available at the time to generate standard atmosphere of TRI for dynamic cali-
bration., Thereore, the diffusion cell method tasad on the wotk of Allshiller
and Cchen (30) was usad to generate standard atmospheres of TDI and was subse-
quently used to dynamically calibrate the monitors (25). Although no exhaustc-
ive interference scudy was performed at this tize, under idezl conditions of
the laboratery zhe Tenitors correlated (r = ,994) well with the standard Mar-
cali method. The mouitors were then evaluated ip the field against the stand-
ard method by simultaneous sampling at varicus locations. Although the corre-
lation (r = 0.8l) {n the £ield testing was 2ot as good as in the laboratory
lookirg at the graph of concentration by standard method vs the menitor indi-
cates (see Tizure 12) chat at higher TDI comcentraticns ( > .005 ppm) the
Marcali method was reading consistently higher than the paper tape mconitor.
This could be 2xplained by the positive interfereance in the standard method due
to the primary arcomatic amines. The primary arcmatic amine {(Toluene diamine)
can be potentially present in the air because it 1s one of the raw matsrials
.used in the manufacture of TDL and it can also be formed by the hydrolysis of:

- TDI icself either with wmoisture or by hydrochloric acid in the air. Hydrochlor-
ic acid can bte in the air because it is ohe of the by-produccs in the manufac-
ture of TDI, Althouch not confirmed by our unit, it has been reporrad that the
‘toluene diamine dees not interfera with the paper tape nonitor wmethod. Thers-
fore, it was concluced the szandard method wculd be overestimating the TDI con-
centration and cannot dbe used for TDL exposure characterizacion.  Since then,
the paper tape monitors were used exclusively for measuring exposures to TDI.
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c. Area Monirorins

Three model 7000 TDI Area Momitors (31l) were used beginning August, -
1973, until the end of 1975." The TIDI Drumcing Building and saveral locaticns
in the plant were monitored. The conceantration profile for the two vears
(August 73 to July 75) in the plant and the Drumming Building is given in
Figura 13, where the ordinate indicates the '‘weekly time weighted averages"
expressed as pom 1DI and the abcissa the dates. It is clear from Figure 13
that there is no counsistaar pattara of exposure. There are a few discontin-
uities in the profile; they represent pericds where uno exposure data are
available because of breakdown or malfunction of the TDI wonictor. The levels
.0f TDI both in the plant and the Drumming Building vary randomly and the
exposures for the operators in the Drumming Building are differemnt and inde-
pendent of the exposure levels for the plant operators. :

During this paricd ther=s were a anumber of excursions above the proposed
threshold limit value (TLV) of 0.005 ppm TWA and also a few excursions above
_the current TLV value of 0.02 ppm. The percent excursiocns of weekly time
‘weighted averzgzes above both these levels is given in Table 26. Although from

Table 26 it appears that in general the cperators working in the plant have
*higher TDI exposures than those working in the Daumming 3uilding, the table
could be misleading for the following reasons: (1) The plant's pnysical
-structure is open and unprotected and diresction, wind speed, humidity, temper-
ature and precipitation.  The Drurming Building is a closed system and the
wind direction, wind speed and precipication will have minizmal effzsct om the
concentration inside the building. (2) The operators in the plant ares not
stationary at cne locatiom in the plant; they move around considerably. In-
the Drurming Building, the operator's movements are localized and restricted.
{3) The plant is much moTre complex with mulriple potential sources of emis-
sions of TDI. To ccmpletely characterize and define the environmental lavels
of IDI, several area monitors would be needed.  Even then, since the operators
‘move about the plant it would be extremely difficult to monitor the exact iadi-
vidual exposure, The obvious alternarive for quantitation of dose each worker
receives is through personal meonitoring which will be discussed in the follow-
ing section. '

In order to evaluate whether the levels of TDI in the plant and the
Dramming 3uilding have increased ot decrzased an histogrzm or a frequency
distribution oI the weekly time weighted averages was prepared, showing the
number of wezks for each exposure interval., The two-vear pericd was divided
to coincide approximataly with the pulmonary runction and cliaical tests of the
workars. The histograms for the plant and the Drumming 3uilding are shown in
Flgures 1% and 15 respectively., The mean value and the standard deviation Zfor
each time period is shcown along wirth the histogram. The values indicate that
there was lizzle improvement in TDI lavels in the plant until March, 1975, and
in the Orumming Building there was slight increase in tha exposure lavels at
that time. : :
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The area monitorina activities were suspended for the studies
beczuse as is shown later cn in this section, there was no correlation at
all because the area moniter estinates of exposure to persenal breathing
zone estimatas of concentraticn for people working in zay general area
where the area wmonitor is located.

D. . Personzl Menitorias

In June of 1975, continucus TDI personal monitors, based on the paper
. tape methed, capable of conriauvously monitoring TDI; in the breathing zone

of workers for up to eight hours, became commercially available for the first
time. Cur group acguirad 12 personal monitors (Model MCM 42000) along with .
a teader/recorder (Model MCM 41C0); a required accessory to get the exposure
profile. The personal TDI monitor essentially works on the same principle

as the area TDI monitor. The only differences are in the personal monitor

the tape moves at 2 rate of 2 cm/hr compared to 10 cm/hr ia the area monitor.
However, in order to cocampensate for the stain intensity the sampling rate of
personal monitor is 100 ml/ain compared to 500 ml/min feor the area momitor.
The personal monitor only collzcts the air sample on paper tave. After the
collection period, the.stain intensity en thiz paper tape is read using the
reader recorder. The concentraticn profile is recorded onm a chart paper
called the TDI Datagram. A typical datagrem is shown in Figure 16. The
datagram also aleccronically integraztes the area under the curve and-records
the total dose for eight hours in ppm—hrs unit. In other words, the datazram
provided by the personal TDI me¢nitor, gives a total history.of the TDI ex-
posure to the worker Ior eignt . hours on & work shift.

The TDI personal monitors were thoroughly avaluatad in the labora-
tory ‘before they were routinely usad in the field. The flow rates were '
checked and adjusted and the battery packs were checked to see if they are
capable of sampling at 100 ml/min for eight hours when they are fully charged
according to manufacturer's specification. The rate of movement of the tapes
was checked in all monitors and was confirmed to be 2.0 cm/hr. ' The monitors
which could not sustain 100 ml/zmin flow rate or if the tape movement was
_erratic were sent back to the manufacturer. The reasons for act sustaining
100 ml/nin could either be because of a bad battery or bHecause of breakdown
of the puwmp. In either case, appropriate measures were taken to. assure
proper performance of the personal monitor. The perscnal monitors were also
dynamically calibrated against the standard method. The. details of calibra-
tion are given in the next section.

Beginning in July, 1975, the workars in the TDI planc, TDI Drumming
Building and Tank Fara, Hydrogen and Carben Monoxide (HYCO) plant, Toluene
diamine (TDA) plant, Phosgene plant, Hydrazine plant and 2ll the maintenance
personnel in these plancs were monitored almost continuously till the miadle
of 1978 (chree years). Programming schedules were drawn up for six =zonch
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-periods in advance. The plant manager, superintendent, safety director

and z21] senior superviscrs and shift foremen were gziven a copy of the sched-
ule. A typical schedule is given in Table 27. The personal samplings were
done based on the job title rather than the personnel. In this plant, each
job title associated with a certain planc uniquely dafined a certain icb
fupction. All the job titles in the TDI plant, TDI Druzming, HYCO, Phos-
gene, TDA plants were menitored. All the job titles were monitored durinmg
all the three shifts (8-4, 4-12, and 12-3), sxzcept the maintenarnce, drum-
ming personnel and the control population. The maintenance and drumming
personnel work cnly during the day shift and so were monitcred only in day
shifts. The control population were also persomally mcnitored only in the
day shift. ” ‘

Before embarkiagz on a comprehensive personal monitoring. survey, a
study was made to determine how well the area mcnitoring data in the plant
and Drumming Building and personal moniteoring of job fnitles who should be
working in the raspective areas ccomparsd. I other words, whether thne TDI
levels measured by area monitors truly reflected the persomnel exposures.
Table 28 summarizes the results of this study. It clearly shows that the

‘area mcnitors cannot be reliably used for measuring worker exposure. Even

those 8-hour-TWA where the correlation was good between area and persomal’
monitors inspection of the respective concentration proiiles revealed that

‘the integrated TWA correlaticn was only coincidéntal. The individual peaks

-t

and exXcursicns were not similar in the dacagram and the area monitor strij
chart. This study reinforced the need for extensive personal monitoring
for exposure charactasrization.

E. ~Quality Assurance Proegrams Jor Menitcring

(&9 General Precautions:

, Recognizing the importance of quality control in data cel-
lection for such long range prospective studies appropriate measures were
taken early in the study. Quality control checks and zmeazsures were made

in every step of data collection. The tachnician responsible for checking

.and issuing the arez and personal monitor was given a written protocel of

the procedures. He was properly instructed and trained to use the monitor-
ing instrument in terms of calibration, testing of optics, flow rate, zero

‘adjustxments, changiay of tapes, testing tape movement, etc. The technician

maintained a log book, where he entered data, monitor number, calibration,
flow rate adjustmencs and any other relevant adjustments he makes o the
personal monitors before it is issued to the workers. He notes the time, .
date, the monitor number and the name of the person it was issued to for
that day. During the snifit the monitors were randomly checked to see if
they are properly worn, At the end of the shifc, the flow rates are checked
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again and aoted. Wichin 24 hours aiter collecticn, the paper tapes are
read in the reader reccrder. During that time, the paper tapes are stored
in the dark.. As soon as the paper tape is read, the name, job title, the-
date, shift,time of monitoring and the leccation of work is enterad on the
datagraa in the field. The datagrams were then checked by the industrial
hygilenist at Tulane and then were read and coded Zor storage in computer,
The analysis of the perscnal monitoring znd other data is described else-
where in the reporz. A1l the personal conitors were seunt back to the amanu-=
facturer for service maintenance and quality contrcl after about 18 months

use.
(2) Calibration

‘The area and personal monitors were routinely calibrated
according to the manufacturer's specification. In the case of area TDI
mouitor the calibraticn it checxed every day with the "calibration strip"”
provided with the instrument and the flow meter is checked and necessary -
~adjustaents made 1f necessary. In the case of perscnal monitors, the
battery packs were charged for 14 hours at the end of every eight hour .
use. The flow rate of the personal monitors were checked using a calibrated
rotameter before and after each use. The reader recorder is properly zeroed
and the calibration checked before using each day.

In order to establish that the "calibration strip" provided by the
manufacturer is zccurate, the area monitor is first calidrated with the
"ealibration strip”". Then it is dyramically calibrated against the Marcali
method by generating zn atmosphere of %mown TDI concentration. Initialliy,
the standard atmosphera of TDI was generatad using the diffusiom cell method.
Later on in the study a new and more convenient genarating methed based oa
permeation was developed (6). When both the area monitor and the Martaldi

" method indicate within experimental errors the same concentratiom, it is
assumed the monitor is calibratasd; if not,the standard method comcentration
is assumed correct and the reasons for differences are investigated., The
personal monitors along with the reader/tecorder system were alsc dynamic-
‘ally calibrated the same way, '

(3) Interference Studies

One of the reasons for not using the standard Marcali method
for exposure charactsriration is becazuse the primary zmines such as coluene
diamine positively interferes in the determination. The toluene diamine
(TWA) is a potential air contaminant in the manufacture of TDI because TDA
is one of the rtaw materials used. TDA can also be produced in the air by
hydrolysis reaction of TDI with moisturze or HCl in the air. Relacive humid-

. ity levels in the plant range between 70-80% through the year. Hydrochloric®
acid also can porentially be present in the air because for every moles of
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TDI manu:ac*ured four moles of HCl. is obtalned as a bv-product. HCL will
‘readily hydrolyze TDL to TDA.

In the paper tave methcd, TDA is not an interfarenc. Investigation
in our laboratory has shown that chlorine and nitrogen dicxide react with

" the paper to produce a diffuse brown stain. This brown stain is distinctly @5\
different from the characteristic bluish~purple stain produced By TDI. The - &
technician handling the paper tape for the perscnal menitor was specifically %“&y
instructed to check the tapes usually for unusual stains and void them if 7 Ny

there were any on the tapes. Alsc a preliminary survey of chlorine concen=-
_trations in the air was made using “atheson-Kitagawa chlorine detector

tubes, Generally, the EQ;Q;EEe levels at different locations in the plant i *
were less than the detection 1limfit of 0.3 ppm at which level the interfer-

ence in the monitor is not significant. Figure 17 shows the extant-of inter- %}///
ference of chlerine and nitrigen dioxide with the paper tzpe monitor.

(4) " Evaluation of Response of ?eader/Recorde? for Personal
‘Monitor Tape -

The miniature countinucus paper tape perscual monitors (Model
MCM~4000) and the Reader/Recorder’ Model MCM-4100 were evaluated for short
term respcose on exposures to TDI. This kind of an evaluatjon was felt to
be very impertant because in the real life sitvation the moniter is seeing
an environment where the concentration ¢f TDI is rapidly fluctuating and
changing in time and space. At the end of the work shift when the tape is .
removed frem the menitor and fed into the readexr/recorder the recorder draws
out a nice datagram in 30 seconds as shown in Figure 16, Until now, no one
has investigatad the degree of accurzcy with respect to time, resolution
and a combination of time-concentration -exposure patterns. The personal
monitor has been dynamically calibrated at known concentrations for leng
periods of time and it has been proved that it reads accurately. This kind
of testing deces not tell anything sbout short-term respounses, resolution of
peaks, or e2ffects on peak broadening, etc. This kind of znalysis was import-
ant for the study because in one of the analyses of the exposure data we were
interestad in the amount of time an operator spends above lavels of .005,
.01, .02, .04, .06, and .08 ppm. The study has revealed a significant
llmltatlon of the personal monitoring system, Figure 18 will be used to
explain this limitation. As an example, if a worker wearing the mouitor
were to be exposed as follows (see Figure 8), 0-10 mins at 0 ppm exposurea;
10 to 30 mins at .02 ppm exposure, 30 to 4C min at O ppm =xposure, aund 40
to 50 min agzain at .02 ppm. TFigure 18 shows approximately the shace of peaks
cbtained compared to what theoretically should be cobtained. The "crker has
been exvosed to 30 mins at .02 pom. Thus, the times measured will be under-
estimated atr lower concentrations. These kind of errcrs is both time zad
concentraticn dependent. Thus, every time the ccucentration changes up or
dowm because of this response and resolution effeqr the time asrimatad would
be erroneous. These kinds of rapid changes in concentratisn and time exposed
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is a very feasible situation in the TDI plant. We also noted that in spite
of the peak broadening and shortening effect, the total dose which is the
area under all the peaks {s correct. Therefore, the calculation of the time
-weaighted averzge concentration is cerrect. .

The reasons for these response effects are:

{(a) Because the paper tape in the persomal zonitor moves at a
speed of 2 cm/hr, the whole history of exposure for 8 hours is recorded in
16 cm length of the tape. ' ‘

. (b) The tape rums through the reader/racorder at a speed of a
1 cm/second., Ia other words, the eight hours of exposure history is read

in 16 seconds.

(¢} The recorder pen does not respond with the same speed.
‘Therefore, the time estimate errors are amplified at higher concentrations
and lower times oI exposure. At concentration less than .0l ppm, the errors

do not seem to be very significant.

(d) Because the photometer scans the stain throughout its lengrth,
_the peak broadening compensates for peak height and the total effective
area under the curve is measurad sccurately. Therefore, the total dose
and time weighted averzge wmeasurements are accurate.

In spite of these limditations considering the accurazcy of TWA
measurements, the capability c¢f indicating the exposure proiiles and the
versatility and simplicity of the paper tape momitors we feel the paper
tape personal monitors are the best method currently availadle for environ~
mental characterization of IDI for long-term epidemioleogic studies.

-(8) Effect of Temnerature on Measurements of TDI with
Continuous Rezdiazg Monitors

There are no published reports so far about the effect of temper- -

" ature on the measurement of TDI using the Model 7000 TDI monitor. The
personal and/or aresa wonitoring was done throughout the year and the moni-
tors were subjected tc a wide range of temperatures (0-33° C). Therefore,
a study was condugted to evaluate the performance of these monitors at
various temperatures. Fisure 19 shows a plot of the ratio of Marcali
method concentration to the Model 7000 reading vs temperature for various

TDI concentrations.

The monitor seems to agrze well ( < 20% ervor) with the Marcali
method at 0%, 99¢, 17°C and 239C. At 49C, there are 3 points: one with
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- 40% error and two with less than 30Z% error. Because the study was con-
ducted outdoors during winter time, we could not repeat the study ac 4°C,
Considering the.variability of temperature, humidity, formation of TDI
condensation aerosols, etc., we feel there is no significant temperature
effect on measurement with continuous monitor.

(6 Effect of Eumiditv on Measurement of TDI with
Continuous Reacinz YMonitors

Standard atmospheres of TDI were gzenerated at various
himidities and simultaneously measured with the Model 7000 monitor and the
"Marcali methed. TFigure 20 shows the tesults of this study. The paper tape .
monitor comsistently reads lower at Q% RH. Between 20 to 1007 RH, the
"average errors are within 20%. Since the average relative humidity at the
plant 1s berween 70 to 80%, we assumed that the humidity does not have any

significant effect on measurements of airborne TDI.

T. - Miscellaneous Studies

Because phosgene 1s one of the raw materials used in the manufacture
of TDI and it is a well %¥nown respiratory irritant, a pilet scale survey
was made to determine the extent of exposure to the study pepulation. PFPerso-
nal phosgene monitors (MCM-4000) similar to the TDI monitors were used for
this evaluation. 7Table 29 summarizes the results of this survey. It is
clear from this table that the phosgene exposures were relatively minimal-
(0.004 ppm) when compared to the NIOSH recommended TWa of 0.1 ppm for up to
10 hour-day work week and a ceiling of 0.2 prm. '
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APPENDIX 2 -

STATISTICAL CONSIDERATIONS

A. Statistical Methodology Usad to Defilze Zuposure Categories

In the Environmentzl Charactericzaticon section, three exposure cate-
gories based on TDI concentraticn as mezsured by 8-hour time-weightad
averages and four exposure categories based on peak TDI exposure as meas-
ured by time, the inscantaneous IDI concentration was above .02, .04, 06,
"aud .08 ppm were defined. This section describes the statistical method~
ology used to construct these exposure categories. '

The construction of the exposure categories based on TDI coumcentra-
- tion begins with 8-hour time-weicghted averages for 1949 persomal samples
on 42 job titlas. Since the frequency distribution of . the time-weighted
-averages was markedly skewed to the right, the tipe-weighted averages were
‘transformed by taking logarithms to the base 10. The logarithm scale was
divided into eight categories using division points -3.60, -3.30, -3.C0,
-2,70, ~2.40, -2.10, and -1.80, corresvonding to division points .00025,
.0005, .001, .C02, .004, ..008, and .016 ppm on the original scale. The
lowest category om the loglo scale is c¢called category 1, the mext highest
category 2, etc. -

The frequency distribution by logip category for the 1949 personal
samples is given inm Figure 1. It is approximately syumecrical.

Each of the 42 jobs is represented by its cumulative distributrionm
© function: : o : .

: _ 7
. (pll pzr P3, p{i’ pS’ pﬁ’- P7) = (Pi)i =1

where p. is equal to the proportion of time~weighted averages in loglo scale
category i1 or less. The distance between two jobs representad by:
7 7 '
(Prdy =1 and (Pasds =)
is then defined to be:

7 2 1/2
z (Piy=Pny)
{=1 il <21 5

Then twe jobs are "similar" if the distance between them is small and

"dissimilar" if the distance between them is largze.
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Figures 21 and 22 contain hlstograms for several jobs together
with the distances between them.

The distance between E-operators in drumming and the bug pond
operators i3z 1.13 making thea far apart. The histogram in Figure 21
visually confirms this separaticn. On the octher hand, the TDI foreman
and the D-operators in phosgene (Figure 22) are quite similar with .097
distance betwesn them. Intermediate between those Two extremes are
A~operators in TDI and D-operators in phosgene (Figure 22) with .37
distance between them, TDI foreman and bug pond cperators (Figure 21)
with distance .56 between them, and E-operators in drumming and TDI
foreman (Figure 21) with distance ,67 between thenm.

Osing those 21 jobs with 10 or more perscoal samples, a cluster
analysis was performed utilizing the above distance funcction. The BMDP2M
( 32 } cluscter analy51s of cases algorithm using opcions SUMOFSQ and
NO STANDARDIZE with weights equal to the number of samples in job was used
to perform the computations. When this algorlthm combined clusters, the
curmlative distribution of the new cluster was computed as the weighted
average of the two component cumilative dlstrlautlons using weights equal

- to the number of samples in each component.

P N T et

Visual inspection, without knowledge of JOb titles, of the cluster
tree produced by BMDP2M resulted ia three distinet clusters of jobs forming
the - basis of three exposure categories. Each of the remaining 21 jobs was.
then assigned to. the category corresponding te the cluster to which it was
nearest.

Histograms on the log scale and descriptive statistics in ppm for

.each of the three exposure categorias are presented in Figure 2 and Table 5

respectively. The jobs which make up each categery are listed in Table 4,

‘The distances between the HIGH and MODERATE catégories and between the

MODERATE and LOW categories are .36 and .41 respectlve.y

"In determining the peak exposure categories described on the
Environmental Section, all 2093 personal samples were used. A job was
representad by four numbers '

(45, 9> 440 9g)
where q, equals the proportican of time above .0i ppm Zor i = 2, 4, 6, 8.

Distance between jobs was defined in a manner analecgous to that
in the cumulative axposure case ‘and a similar clustering perfiormed. This
resulted in four peak exposure cacsgories as described in Tables 6 and 7.
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B. Statistical Methodolooy Used in,Loﬁzitudinal Pulmonary Function
Analysis - .

A larze part of our effort in accessing the respiratory health
effects of exposure to TDI has been direcrad at relatiag, after contcrolling
for smoking and atopic status, pulmonary functien annual change to an index
of exposure. Annual change for a particular pulmonary function parameter,
say FEV,, was computed for each study participant with three or more usable
determinations of FEVy as the slope of the least squares regression line
using FEVy as dependent varizble and time since initial wvisit as the inde-
pendent variable. 1In this sectiocn, the statistical methodology for relating
annual changes determined in this way to -explanatory variables is developed.

th

For the i7" (4 = 1, 2,..., N) study participant, let

= = n,,
Vg9 =@y F 8y (egy o) & 1

denote the linear regression of FEV, on time. Here the t .'s (j = i,...,ni)

1l 1j
-represent those time points for which usable'FEVl’s are available for the
ith participarnt, Ei is the mean of the tij's, the error terms "ij are

.assumed independent and aormally distributed with mean-O and variance

12 ihde?endent of study partic;pant, di is the value of the ith study
paftigipaﬁt's tTue regressien line at Ei’ and Bi is the slope of the true
rggression-line; Then each ay and Bi-are estimated rtespectively by the

usual least squares estimators:

1 .
i n Zlyij . and

[

(W]
1]

'—J
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. where Bi is the true slope for the ith participant, the ¢

" In addition,T

o
is estimated by

= : - 2
'rz u;‘ 51 (g5 =3 =%y (ti_.j ti))‘
i=1 j=1 N
I {(n,=-2)
i=1 1
n, :
with I (ni—Z)degrees of freedom. Moreover, the variance of the

3=1

estimator b, is given by
_ i

2
T

i 2

(t,y = £)
1 137 %

n
I
3
which;depends on the observation times for the ith_participauf.

Now let Tigs XygreesXyy denote the ;ndependent variables for
the iph participant with X, ="1 for all 1. For example with k = 4,
X, might be cumulative exposure, xiB.a durmy variable representing atopic

status, and X4 = pack=years of cigarette smoking. Then we wish to

estimate the copefficients in the expression

1 are independent

and normally distributed with mean 0 and variance 02. Thus cz'is the

variance of the time anoual changes Si not accounted for by explanatory

variables x, -, X

irrts ik’
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Standard rezression tcochniques using the observed slopes as dependent -
varliable can not be used to estimate the Y's in (1) because the variance of
the observed slopes is not homogenecus. In order to take this lack of homo-

geneity into account, we proceed as follows,

Assume bi and Si are relacted by

bi=Bi+61

where the Gi are independent and normally distributed with mean 0 and

n

Variance‘Tz/Ei (¢,, -t

13 i)2. Furthermore, assume that the €
= |

i in (1)

and the Gi are indepeﬂdent: It then follows that the observed slopes bi

sat;sfy

wvhere the 51 are independent and normally distributed with mean 0 and variance

o
a2 +12/$i ey = Ei)z.
4=1 b ,

In model (2) 6% - Variance (Ei) is the variance of the true slopes .

2

not accounted for by the x, xiz""’xik‘ T7 is the residual variance about

il’

. n. A
an individual participant's regression line, and Tz/ . (c., = €,)” is the

g
jop 1

variance of the estimation error ‘assoclated with the observed slope bi'
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Since the coefficients yj'in (2) are the same as those in (1), model (2)

which relates the observed slopes to explanatory variables, can be used to |

estimate the coefficients in meodel (1) which relares true slopes to the

explanatory variables. Because the variances of the g t Gi'in (2) are

heterogeneous, unweighted multiple regression techniques should not be used

to estimate the yj's»in (2). Since cousistent estimators of

‘ n
cz+‘r2/Ei

j=1

not available, the ¥

- Ei)z, as required by weighted regfession procedures are

's ' and cz bhave been estimated by maximizing the

3

likelihood of bi's with respect to the Y&‘s'and 02 étlthe observed value of

the si's is

- N b}
Par - -b, (r, - E))
j=1 j=1
N
I (n,~2)
i=1 7
' o, -2 '
Specifically, letting‘Ki =T (tij-— ti) , the log likelihood of
, -1 ‘
k
. N (bi - I Ty xiiﬁ
- N N 1 2 Z/K } - i=1 ‘
= fn 29 - L 2 a (ST T/RCL
2 4=1 =1,
2( o~ + /&) S e

~which yield likelihood equations at the observed value of ;2-
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x : ‘ _
. (b ,"’:- Y X ) X = 0 ‘ (il.p ’2!”'91‘:)1
N 1 j=1 3 %13 14 .
A
{=1 -

(cz + rlei)

k 2
N (by - ¥¥1 Yy %yy) |
) J | - 1 = 0
i=1 N R : R

(\(02 + tZ/Ki)Z - ' &t 4 tZ/Ki

A solution to these equations was. obtained using the International Mathematical

(=)

and Statistical libraries' subroutine ZSYSTM-which solves systems of non-linear

"equations.

Starting values for this iterative procedure were obtained in the
following manner:

‘1. Letting bi =9+, ¥ Si with the variance of ¢

1 gqual to o and

i; follows (See Section 16.5 of (34) for an analoéous coﬁputation) that the

.expected value of

—_—

N _.2 ' 9
1 ¢ 4 (bi—b) is "+ Wo o
i=1 : N-1.
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N -
| N D K '
where W = X, ~ i=1 . This results in
o i _— . ,
) f=1 N o :
I K
1=1 *
N
o) S (bi-E)2 - (N=1) 2
Uo = i_l '
W
o

. 2
as an estimate of a_-

2, Regress b, on the x ,X., using welghts equal to

i 11° %420 0 %k
,*2 2 -1 . - . . . .
o, + ) and take as starting values for the ictera:iive equaticu solving
X ‘ _
i

- 2 ] ’ - ’
. procedure, s, and the c§e§fic1ents Yor' Yo2! "",YOk obtained from this
weighted regression.
.The variance-covariance matrix of the estimators>was-astimated by,

the inverse of the megative of the information matrix-evdluated at the

solution of the likeliihocd equations., Inference on the estimated regression

coefficients was based on the asymptotic normality of maximum likelihood
estimators.
As examples of above procedure, consider the following two cases

using FEV, annual change:-

1

45

e b a2 s L AT I AT, AT R ——r

v T T T My

TS




(1)  k=1andx, =1 foralli..

il

(2) k = &4 and x5, = 1 for all 1.

0 1if cumulative exposure : .0682 ppm—mbnths

X, = )
; 12‘ 1 otherwise o s
0 1f ith participant is non-atopic
X, = . ‘ B , ‘ .
i? 1 otherwise - ‘ , and
Xy, " pack-years of cigarette smoking ,

In this situation N = 223,

_;2 = .017572’22 with 928 degrees of freedom,

= "-02402 ]

K, & = E)? = §.2107, and

o2 Loco791 27

Then for example (1) using -.0240 % for Ydl and .000791 12 for
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~

cz, we obtain: 1= —;02&&1 with standard error = .00316 and

2

0% = .000652 2. In this case,

e -.0244 1is the maximum likeliﬁood estimate

-

of mean FEVl annual change and @ = ,0255%4 {s the maxdmum likelihocod estirmate
of between true slopes standard deviation.

The quantity .000652 + .017572 . .
Z(tjeE)z

- 1s the estimated variance of an observed slope calculated from time points

t carty and .000652/(.000652 + ,017572) 1is the proportiocn

1> tar .
I{t. -t
C 3 )

“of this variance.due to "between true slopes”. This 4s the Qariability ve -,
are attempting to explain by exposure-to‘TﬁI, atopic status;‘aud pack‘years
- of smoking. For a participant with FEﬁl readings at 2il aine visits
'Ettj-E)z = 26.45 so that 49.5 pef centoflvariabilit? in such a participant's
annual change is available for éxplauation by the explanatory variables.
For examplé (2) startiﬁgs values -.0118, =.0123, .0010, -.00059, .

and .000791 were obtained. for the intercept,vccefficient of exposure

categorization, coeffieient of a2tople status, coefficient of pack-years,
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and 02 reépectively. Five iterations were required to satisfy the ZSYSTM

stopping critefia with EPS = 10

6 and NSIG = 9 (See IMSL ZSYSTM documentaction

for definitions of EPS and NSIG.) The resulting regression equation is:

FEV, annual change =

3

-.0120 - ,0118 EXP + .0010 ATOPY - .0C058 PACK;YEARS

(.0056) (.0064)

EXP =

O’Dthefwise

(.007L) (.00022) - where

/; P '
1 if cumulative exposure > .0632 ppm~months

1 if participant is positive on two or more skin tests

ATOPY =

0 otherwise

‘and the numbers in pareantheses are the standard errors of the regression

-coefficient. The maximum likelihood estimate of cz (the hetween true slope

variability after removing variability explaided by exposure category, atoepic

“status, and pack years of smoking) is ,000591 2

2. Thus using the results of

previous example, 9.4 percent of the true slope variability is explained by

these three variables.,

TR TR gy
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Table 2

DESCRIZPTIVE STATISTICS AT INITIAL VISIT
TOR THE 274 MALE PARTICIPANTS ’

: : n
1. Race: - _  B5% whige , i;a
2. Cigarette Smoking: | 51.17% current -, 273
2267  Ex
25.9%1 | Never
"3. Atopy (positive to 2 or ‘- . , T
more skin tests) 20.1%  Atopic 274 .
S 4. Upper respilratory Symptomé 38.7% Positi?e 273
‘§§Sr:%5.. Lover respiratcry symptoms 29.67 Pesitive - 272
G§}Q 6. Bronchitis Vy?- ‘ .62 Positive 273
7. ‘Dyspmea _ 84.3% . GRADE I 271
1177 . GRADE I
2.9% . GRADE III
N Standard
n Mean Deviation-
8. Age (vears) ' 274 35.9 11.3
-9, Height (inches) o274 69.9 - 2.56
10. Pack-years | - 273 ' 14.37- 16.3
1. IgE I0/ml 271 | - 181.8 | 287.7
12, Fevz P . 246 100.2. 13.3
13, FVCZ P | o 244 102.7 1 12.3
4. FEF, 5o, P 24 sLo . 26.5
15. RVZ P | 217 99.4 25.7
16. TLCI P 217 101.0 11.6
17. DLgp? P | a2 99.0. . - 16.7
s ke . 212 907 17.3
§y | |

% predicteds are taken from the pulmonary function measurements at the
time of the initial interview or the next visit at which the pulnonary

_function measurament' was taken 1f it was not done at the visit of the
initial interview. . Sd<
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Table 3
"DESCRIPTIVE STATISTICS (in ppm)
FOR 8~HOUR TIME-WEIGHTED AVERAGES

8-Hour Time-Weighted Averazes . | "Turnarouad Time"
OUsed to Develop Exposure Catagories 8-Hour Time-Weighted Averages
MAX .0250 - | - .0250
P75’ .0036 0 .0087
MEAN .0035 o .0055
MEDIAN 00250 .0030"
st » .0011 , .0020
- MIN ~ .0001 .0001
S D. .0045 ©.0059
!
" GEO. MEAN .0020 : 0036
GEO. S. D.  2.94 C o 2.ss
n (samples) | 1949 : 144




Exposure
- Category

HIGH

MODERATE

LowW

Job

Code

13001

- 15050

15051
31030
33030

1001
12001
14030
30001

© 30021

31001
32001
33001

34001 -

36001

36019
-41002

42002
43002

1014

1017
11001
11010
12020
13010
13040
14040
15010
15030
19052
31012
33009
33027
35001
35018
36009
37028
40002
53029
57012
58012

71021

MEHYOOQWD =

Table &

Job

C QOperator
E Operator
E Operator
Millwright
Welder

Foreman

B Operator
D Operator
Onsp. Maint.

.Unsp. Maint.

Millwright
Boilermaker
Welder
Pipefitter

Instruments

Instruments
Unspec. Sampl,
A Sampler

B Sampler

Foreman
Foreman
Operator
Operator
Operator
Operator
Operator
Operator
Operator
Operator
Operator.
Millwright

Welder

Welder
Electrician
Electrician
Instruments
Carpenter
Chemist
Clerical
Truck Driver
Warehouseman
Machinist

2

. ——— e £ T T

JOB TITLES 3Y TIME-WEIGHTED
AVERAGE EXPOSURE CATZIGCRY

TLocaticn

DL
Drumming
Tank Farm
Phosgene .
Phosgene

DI

TDI

Phosgene

TDI ,
Machine Shop

- IDI

DI
DI
TDI
TDI.
Shop
TDI Lab
TDI Lab

TDI Lab

Soda Ash
T101

DI

DA

Hyco
TDA
POL~DNT
POL~DNT

- TDA .

Phesgene

- Bug Pond

Sodium Nitrace
Ammonia

Pilot Plant
D1 '

Shop

Ammonia

Shop

TDI Lab

CAR Warshouse
Sodium Nitrata
Sodium Nitrate

Shop ‘

€;<:

Number
of

Samples

222,
199
5
12

.

239
208
224

7

4
51
17
31
30
- 7
5
7
14
7

4
4
69
60
88
89 -
14

124
35
1

O
o

AP EEOCCOVLOYN
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8-HOUR TIME-WEIGHTED AVERAGE DESCR

Table 5

IPT

i

STATISTICS (in ppm) BY EXFOSURZ CATEGORY

CATEGQORY

MAX.
Pas
MEAN
 MEDIAN
Pos
MIN.

S. D,

GEO. MEAN

GED. S. D.

EIGE

. .0250

.00838
.0068
.0050
..0025

-0001

- .0062

.0045

2.69

439

MODERATE

.0250

.0032

.0020
.00130

.0001
.0039

.0020

- 2.68

851

LOW

.0248
.0C0
.0016
.0013
.0007

.0001

© .0018

.0011

2.37

659

¥




Category I:

Categery II:

Category III:

Category IV:

1aple o

JOB. TITLES BY PEAK‘EXPOSURE CATEGORY

15050

30001

31030

33030

12001
13001
31001
33001
34001

01001
14030
15051
32001
37001
42002

01014
01017
11001
11010
12020
13010
13040
14040
15010
15030
19052
30021

. 31010
31012
33009
33010

- .33020
33027
35001
35018
36001

36009

36019
36020
36030
37028
38001
39001
40002
41002
43002
53029
57012

58012
71021

E Operater in Drumming

. .Unspecified Maintenance in TDI

Millwright in Phosgene
Welder 1n Phosgene .

B Operator in TDI
€ Operator in TDI
Millwright in TDI
Welder in TDI

Pipe Fitter in TDI

Foreman in TDI

D Operator in 'Phosgene
E Operater in TX Farm
Boilermaker in TDI
Carpenter in TDI

A Sampler in 1TDI Lab

Foreman in Soda Ash
Foreman in T-101

. A Operator ian TDI

A Operator in ‘TDA

B Operator in HYCO

C Operator in TDA

C Operator in POL-DNT

D Operator in POL-DNT

E Operator in TDA

E QOperator in Phosgene-

Operator in Bug Pond

Unspecified Maint. in
Machine Shop

Millwright in TDA

Millwright in Sodium Nitrate
Welder in Ammonia

Welder in TDA

Welder in HYCO

. Welder in Pilot Plant

Electrician in TDI
Electrician in Electric Shop

Instruments in TDI

Instruments in Ammonia
Instruments in Inscr, Shop
Instruments in HYCO
Instriments in Phosgene
Carpenter in Carpenter Shop
Insulactor in TIDI

Maint. Supervisor in TDI
Chemist/Analyst in TDI Lab
Unspecified Sampler io TDIL Lab
B Sampler in TDI Lab
Clerical in CAR Warchouse

Truck Driver or Laborer in

Sodium Nitrace

Warehouseman in Sodium Nitrate

Machinist in Machine Shop

o8 <
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Table 7

PERCENTAGE OF TTME SPENT ABOVE SELECTED CONCENTRATION
LEVELS BY PEAK EXPOSURE CATEGORY

Percentage of time above:

Tegory .005 ppm .01 pom .02 pom .04 ppm - .06 pom .08 pom

r 36.1 20.1 0.6 - 55 3.9 EEX

I - | 24.0 12.1 5.0 24 L6 1.4

mr I' 0.7 4.0 L4 0.5 0.3 0.2

v 3.2 0.7 03 © 01 0.1 0.0
59<



" Table 8

ANNUAL CHANGE REGRESSION COEFFICIEHTS(;) USTING COMULATIVE EXPOSURE,
’ ATOPIC STATUS AND PACX-TEARS A5 EXPLANATORY VARIABLES

- CQumulacive - Pack- Z Variabilicy
o Intercept Exposure Atopy Years Explained
Liyz 223 -.0103 -.0770 .0011  -.00057 ° 7.36

(~1.09) (~.81) (.15) . (-2.55)

Ly g 223 -.0039 .0455 -.0070°  -.00071 20.3
(~.40) .47) . (=.97) 7 (-3.13)

(yr)'l 223 -.2041  -1.372  .1246  -.00332 3.0
(-1.52) - (-~1.0L) (1.21)  (-1.03)

-75 L/sec-yr 223 ‘=.0736 -.00275 .0249  -.00024 4.1
' (-3.23) (~1.19) (1.44) (~.43)

| Lisec-yr 223 -,1115  -.000386  .0374  ~-,00036 6.5

1 _

A 164 -.169 1.276 -.0155  ~-,00072 28.8
win-omig-yr (-4.99)  (3.31) (-.58)  (-.85)

n~mulg-yr) L 164  =1.127 7.926 -.433 _ -.0015 47.5
- (~4.97) (3.07) (=2.43) (=.27)

Jyr ©179 L0391 ~.126 -.00222  .00104 30.9
(3.09) (~.99) (~.24) (3.58)

Jyr 179 .0275 .00371 -.0106 .00048 5.5
(1.81) (.02) (-.93) (1.38)

Le) x 100 (yr)r 179 L8400 -1.112 -.0181 .0114 46.4
: (3.04) (=.717) (-.17)  (3.44)

1e pumbers in parentheses are the regression coefficients divided by their standard
ctors. They should be compared to nmormal distribution percentiles for tests of
ignificance. :
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Table 9

ANNUAL CHANGE REGRESSION CDEF?ICIENTS(l) USING DICHOTCMIZED
COMULATIVE EXPOSURE, ATOPIC STATUS, AND PACK-TEARS AS EXPLANATORY VARIABLES

Cumulative(z) '
Exposure Pack=- Z Variability
n Intercept Categzory 11 IAtcpy Years Explained
L/yr 223 -.0120 ~.0118 . .0009  -.00058 9.4
- (~2.14) (-1.82) . (13 (-2.60)
L/yr 223 -,0006 .0012 -.0069  ~-.00071 19.2 -
© (=.10) (.19) (-.95). (=3.17)
vyt | 223 -,2358 -.2024 .1216 -.0034 6.30
. (-2.94) (-2.20) (1.19)  (-1.08)
75 L/sec~yr 223 -.0801 -.0406 L0243 -.00025 - 11.1
'  (=5.96) (-2.63) (1.42) (~.46)
, Lisec-yr 223 -.1031 -.0285 .0373  -.00041 6.6
: : (~5.44) (-1.31) (1.55) (-.54) _
" ) _
S 1646 ~.0934 .0518 -,00642 -.00101 16.3
mincmmdg-y= (~4.39) (1.97) (-.26).  (-1.19) |
r-tmBg-yr) L 164  -.5578 .3246 -.3755  -.0033 33.6
: ' (~4.64) (1.86) (~2.09) {~.58) -
L/yT , 179 .0286 -.0061 -.00289 .00107 27.1
(3.83) (-.07) . (-.31) (3.67)
L/yr 179 .0278 .0000 -.0105 .00048 5.6
- (3.11) (.00) (~.93) (1.38)
TLC) %100 (yr)~! 179 .3331 .0213 -.0246 .0117 41.7

(3.923) - (.32) (-.23)  (3.52)

ee Footnote (1 of Table 8.

umulative Exposure Category II has value if cumulative exposure is > .0682 ppm-mouths
ad 0 otherwise, Thus, 1ts coefficient estimates the difference between the two cate-
ories after coentrolling for the other variables.
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ANNUAL CHANGE REGRESSION COEFFICIENTS

Table 11
1

ATOPIC STATUS, AND PACK-YEARS AS EXPLANATORY VARIABLES

USiNG TIME ABCVE .02 ppm,

Time Above © Paek- % Variabiliry
n Intercept .02 popm Atopy Years Explained
1/yT 223 -.0141 ~.0043 - .0010  -.00057 9,51
o (=2.51)  (-1.05) (.14) - (~2.58)
L/yr 223 -.0020 .0032 -.0070  -.00071 18.7
’ (-.35) (175) ('-096)' (-3312) -
T L/yr 223 ~.2470 -.452 1231 -.0035 6.2
: (-3.09) (~1.93) (1.24) (~1.08)
2575 L/sec-yr 223  -.0853 ~.0184 .0266  ~.00024 7.6
(~6.31) (~1.83) (1.42) (=.54)
5o L/sec-yr ‘ 223 -.1107 -.0066 .0375  ~.00038 4.7
R (5.83) (~.47) 1.55) (~.50)"
N ‘ _
= 164  -.0968 .0380 -.00832 -,00095 16.6
0 min-mmig-ys (-4.47) (2.14) (-.31)  (~1.10)
nin-mmBg-yT) 164  -.6482 .1761 -.382 --.00305 27.3
L/yr 179 L0361 -.0129 -.0017 .00102 38.1
! Liyr 179 .0322 -.00733 . -.00996 .00045 9.9
} , (4.69) (-1.11) (-.88)  (1.29)
ITLC) x 100 (gt 179 .4238 -.1361 -.01l4 L0112 55.4
(5.08) (~2.20) (-.11) (3.40)
=See Fooﬁnoca Q) of Table 8.
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Table 12

ANNUAL CHANGE REGRESSION COEFTICIEWTS(I) USING- DICEOTOMIZED
TIME ABOVE .02 ppm, ATOPIC STATUS, AND PACR-TEARS AS EXPLANATORY VARIABLES

Peak Exposure(z) Pack=- X Variabilicy
n Intercept Category II Atopy Years Explained
L/yT 223 -,0127 -.0108 .00058 -.D00S8 T 10.9
. (=2.29) (-1.64) . €.08). (~2.61)
LiyT 223 .0005 ~.0015 -.0069  -.00072 18.6
Lgrt ‘ 223 -.2594 -.1541 .1158  -.0034 6.0
(=3.26) (~1.63) (1.13) (-1.07)
575 Lisec-yz 223 -.0847 -.0317 - .0232  ~.00024 10.0
: , (=6.34) (=1.99) (1.35).  (=.45) :
;o Lfsec-yr 223 -.0999 -.0396 .0361  ~.00045 8.7
= ' ' (-5.34) (~1.77) (1.50)  (~.60)
S - | -
7 min-mmHg-yT 164 =.0977 0646 -.0058 -.00101 24.3
. (~4.64) (2.50)  (-.22) (-1.19)
min-mmBg-yr) 166  -.6560 3170 -.3706  -,00338 1.4
: (~4.64)  (1.82) (=2.06)  (=-.60)
Liyx ' 179 ~0341  -.0172 ~.00285  .00104 32.4
(4.69) (=1.92)  (~.30)  (3.60)
L/yr . 179 .0331 -.0158 -.0105 .00045 11.3
' {(3.81) (-1.48) {=.94) (1.31)
TLC) = 100 (GT)TF 179 L3911 -.1427 ~.0240 L0115 44,2
: (4. 70) (-1.40) (=.22)  (3.46)
)See Footnote (1) of Table 8..

) : | ,

Peak Exposure Category II has value 1 if time above .02 ppm is ® .19 months and 0 other-
vise., Thus, its coefficient estimates the difference between the two categories after
tontrolling for the other variables.
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Table 15 -

~ SUMMARY STATISTICS ON 274 PARTICIPANTS BY NUMBER OF |
' VISITS WITH COMPLETE SPIRCMETRY

Number of Number of
visits >3 visits <3
o : 226 - 48
% White | 85.4 83.3
%Z Lower Bespiratsry Sywmptoms 29.8, 29.8
% Upper Respiratory.Symptoms* . 42,0 23.4
Z Bromchitis = 3.5 4.3 7
% Interview Atopic o 33.8 .' 25.5 \ﬁp%
Z Atopict - . - 23.0 6.3 7
Z Dyspnea | . ' 14.3 17.0
Z Current Cigarette Smokers 50.9 53.2
» (thqu- 73 . - ,' 25
‘ andafd (1) Standa;d
: Mean . Deviation n Mean Deviation n
Age (years) 35.6 - 11.0 226 - 35.5 ' 12.6 48
Height (inches) 70.0 2.5 226 69.8 2.9 48
Pack-years - 13.7 14.9 226 17.4 21.9 47
rev, z 2P 100.4 13.4 207 99.2  13.3 . 37
FNC ZP. . - 102.9 ' 12.4 207 101.4 . 12.0 37
FEF % P | 91.5 < 26.9 207 . 88.2 2.5 37
"RV-Z P 99.3 25.2 186  100.4 28.8 31
TCXP 1013 1.6 18 . 99.5 11.6 31
KZP?P ‘ - 99.7 17.7 181 99.7 14,2 3l
Cunulative Exposure* ‘ '
(ppm-moaths) .0725 .0354 225 L0231 .0169 30
- Time above _ ’ _
.02 ppm (wonths)* .55 72 225 .29 .33 30
*n <.05
(1),

n represents number of participants with usable data.
2}, ) - "
( )é predicteds are taken from the pulmonary function measurement at the time of

the initial interview or the next visit at which the pulmonary function measure-

ment was taken 1f 1t was not done at the visitc of .the initial interview,
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n
FEVy wl/yr
13{M ull/yr
e ool

FEFZS_?S ml!'sec-yr
FEFgo ml/sec~yT

Table 16

ESTIMATED MEAN ANNUAL CHANGES
IN SPIROMETRIC TESTS BY
TWO CUMULATIVE EIPOSURE CATEGORIES
FOR NON-ATOPICS WITH
14 PACK-YEARS OF SMOKING

" GROUP 1

{ppm~months A .0682)

149
: .1
=20 (p = .034)
-11 {p = 1.0}
-0.28 . (p = .014)
-84 (p = .004)
~109 (p = .095)

GROUP II

(ppu-months > .0682)

24

-32

1p-values are significance levels for onme-tailed tests of significance for differences

between the two groups after controlling for other variableas.
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Table 17

ESTIHATED MEAN ANNUAL CHANGES IN T "EV,, TEVZ, AND
FEF25_75 BY CUMULATIVE EXPOSURE FOR NON-ATCPICS WITH 14 PACK-YEARS OF SHDKIHG

GROUP I - GROUP IT A GROUP II B
(ppm-months £.0682)  (.0682 < ppm-months 2.1) (ppm-months *>,1)
1 ' - 149 - 37 '; 37
FEV, md/yr -20  (p = .025)7% -39 - (p=.19) -26
FEVZ, (y0) 7 .29 (p = .09) -.52 (p = .68) .46
FEFps g5 ml/secyr -84 (p = .014) 133 (= .50) -117

(l)p-values are 51gnificance levels for differences between adJacent categories
after controlling for other variables.

69<




Table 18
ESTIMATED MEAN ANNUAL CHANGES IN SPIROMETRIC TESTS

BY TWO TIME ABOVE .02 ppm CATEGORIES
FOR NON~ATOPICS WITH 14 PACK~YEARS OF SMOKING

GROUP 1 . GROUP 11

(months £.19) - . - (months >.19)
n : 140 ' 83
FEV, -21 (p = 0517 32
Ve -10  (p = .413) T
FEVZ =31 (p= .05  -.46
FEF, . -c - -88 (p = .023) -120
FEF, -106 C{p=.038) - -146

(l)p-values are significance levels for one-tailed tests of
significance for differences between the two groups after
contrelling for the other wvariables.
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Table 19

ESTIMATED MEAN ANNUAL CHANGES'IN'FEVI; FEVZ,

FEF25_75, AND FEFSO BY TIME ABOVE .02 ppm

CATEGORY FOR NON-ATOPICS WITH 14 PACK-YEARS OF SMOKING

GROUP I : GROTP II A GROUP II B
(months £.19) - (.19 < months £1) {(months >1)
. | 140 47 36
(FEV, al/yr \ -21  (p = .087) -35 (p= 52) -28
FEVZ (yr)-l | =31 (p = .40) =40 (p = .40) -.42
FEFy5.75 Bl/sec-yT -88 (p = .12} S8 (p = .90) -121
. FEFsé wl/sec-yr . =106 {(p = .012) =176 -+ (p = .072) -108

(up—values are significance levels for d:.ffarences between adjacent categories .
- after coutrollmg for other variables.
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Table 20

STRIARY STAIISTtCS CN 274 PARTICIPANTS BY WIRMBER
OF VISITS WITH COMPLETE DIFFUSING CAPACITY

DETERMIWATIONS
Number of Visits Number of Visits
' 23 To<3
n | 165 | 109
% White S 88.5 80.7
% Lower Respiratory Symptoms 29.3 ' 30.6
% Upper Respiratory Symptomsk o 46.7 S 26.9
' % Bromchitis | &2 . 2.8
Z Interview Atopy ‘ - 34.5 ' - 29.0
% Atopic 2.8 1207
% Dyspnea o 4.6 ' 14.9
% Current Cigarette Smokers ' 48.5 ' 55.6
'@*iﬂ“—z ‘Standard Standard
| ’ (1 :
. Mean Deviation n . Mean Deviation -
Age (years) ' 36.0 11.0 -~ 165 35.9 11.8 109
Height (inches) . 70.1 . 2.5 165 69.7 2.6 109
‘Pack-years 140 15.0 165  14.9 18,2 108
FEv, % 29 106.7 . 12.7 151 99.5 - lb.4 93
tVC ZP --103.2 12.1 151 101.8 12.7 93
FEF Z P : . 91.1 26.1 151 90.9 27.4 93
RVZP o 100.0 24,5 139 99.0 27.9 78
TLC Z P , 102.0 11.7 139 100.0 11.5 73
IR EE: . 999 17.4 135  99.4 17.1 77
Cumulative Exposure* B ‘ ‘ ' _
(ppm-months) ~.068 ©.031. . 164 - .039 023 77
Time above .02 ppnm 4
(months) : 49 67 164 W42 L 77
*p <.0S
(1)5 represents the number of participants with usable data.

: (2)Z pradicteds are taken from the pulmonary function measurement at the time
of the initial incerview or the next visit ar which the pulmeonary measurement
.was taken if it was not done at the visit of the initial interview.
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Table 21

SUMMARY STATISTICS ON 274 PARTICIPANTS BY WOMBER OF
VISITS WITH COMPLETIE LUNG VOLUME DETERMINATIONS |

‘Number of Visits | WNumber of Visics
23 <3
a . 182 - 92
% White 2 87.4 < Bl.5
| Z Lower Resplratory Symptoms 28.7 - _ 31.9
% Upper Respiratory Symptomsk 44,0 - 28.6
% Bronchitis | | 3.8 . . 3.3
Z Interview Atopy | o 3% 28.9
% Atople o ae2 12.0 :
% Dyspnea | - 13.3 : 17;7
% Curreat Cigarctte Smokers . ' 48 .4 - 57.1
'Staﬁdard (1) . Stagdard" :
| Mean - Devia_tion h Mean Deviation n
Age (years) 35.7 11.0 182 - 36.5  11.9 92
Height (inches) - 70.1 2.5 182 69.5 2.6 92
Pack-years 13.5 4.8 182 16.2 . 19.0 91
Fev 72 1003 12.9 165  98.0 14,0 79
FVC Z P . 103.6 12.3 165  100.8 1 12.3 79
FEF 2 P - 192.0 25.9 165 88.9 28.0 79
RVZP - 98.8 24.6 151  100.9 . 28.3 ‘66
TCZP 101.7 11.6 151 99.5 11.6 66
KZP | 99,5 17.4 146 100.2 17.1 66
- Qumulative Exposure*
(ppu-zonths) .08 .03 181 .03 .02 60
Time Above .02 ppm | ‘ |
(months) .57 .75 181 .38 .45 60
*p € .05
(1)

n represents the aoumber of participants with usable data.

2 ' : : o

( )Z predicteds are taken from the pulmonary funcrticn measurement at the time
of the initial interview or the next visit at which the pulmonary function
measurement was taken if it was not dome at the visit of the initial incer-

view.
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Table 22

SIMMARY STATISTICS ON 274 PARTICIPANTS BY
COMPLETENESS OF INITIAL AND FINAL INTERVIEW.

| . Complete Incomplete-,

n | - - 203 R bt

Z White 87.1- ~80.3

Z Interview Atopy ' 37.0 30.4

% Atopic | o 22,2 14.1

Z Current Cigarette Smokers 52.2 . 48.6

Standard ’ 1) _ Stapdard
. Mean Deviation n - Mean - Deviation n
Age (years) . 35.4 10.8 203 37.5 12.6 71
Height (inches) 69.9 2.6 203 £9.9 2.4 7
Pack-years 13.6 14.8 .~ 203 . 16.5 - 20.1 70
rev, 7 22 100.5 13.4 182 . 99.5 13.4 62
FVC Z P 103.1 12.0 182 101.6 - 13.2 62
FEF % P 91.4 - 27.2 182 . 89.8 24,6 62
RV Z P 98.6 25.8 165  102.2 25.7 52
TLC Z P 101.5 11,5 165 99.7 11.9 52
kKz1e 100.1 16.9 160 98.7  18.6 52
Cumulative Exposure* ' ‘ '
_ (ppm-months) - © 082 .033 202 013 . .015 23

Time Above .02 ppm* ' ' SR ‘
" (months) .62 .80 202 . .019 .19 23
¥ p <.05
@

n represents the number of partiéipants with usable data.

2), - . )

( )4 predicceds are taken from the pulmonary funcrion measuremenrts at the time
of the initial interview or the next visit at which the pulmonary function
measurement was taken if it was not done at the visit of the initial inter-
view. :



-

. T..l A . -t
19 1 L S o1 0z 8T 98 9 g < 9z e LA B
st z 4 1 S y T €T LON I ¢ z 3 c T - SR m‘ ON
; . _ , : :
) ‘ .
S I 0 0 0 € 0 0 L 0 z 1 T . 1 T on STk w
9 0 0 0 T € 1 )¢ 0 0 0 <. < 0 SIA 4 SIX
: - N 1
8L z 6 3 61 14 61 Z01 L 6 8 4 1€ 1 oN ot
sy . . . 0
o L T T 1 1 4 1 L 0 T 0 ' 0 1 S35 ON _
_ 1 0 0 0 0 1 0 9 0 0 0 1 < 0 ON SAA ,
) - B q
_ 0 0 0 0 0 0 0 T 0 T 0 0 0 0 S#A o SIK ‘
111 T (4 4 6 a1 91 €S € y y 81 1t €t oN - o .
ot . . : . . . S
1 1 0 o { 9 £ € 44 1 T T L o1 z SAR on ] ]
L 0 0 0 0 L 0 91 1 1 € v L "0 | oN ' sax w
. ‘ c : . .
2 1 v 1 g 4 1 3/ z < 0 6 8 1 S3A SAX ﬁ V
! 11 T Y T 9 vl 6 1€ € 0 z 1T 6 9 oN ¢ ON b e
ez f| o z z € g | s 8z 1 9 z L 6 ¢ | s o ﬁ
L !
£ 1 0 0 I 0 1 9 0 T z o | ¢ 0 o SaA _
‘ 1 n
m sz | 1 y £ - ) S [4 L£9 € v z oz | st L SaR SAX N
TYVIOL || SHA-Nd | SYA-Nd | SUA-Nd || SHX-AdL [SHA-Ad | SHA-Ad TVLOL|] S¥A-Ad | SUA-Ad | SYA-NAd [ SUA-Ad |SUA-Nd | SHA-Ad | MAYLNI MAAINI n
§T< | s1-0 | o1az €T¢ | $1-0 | ozaz §ST¢ | S1-0 [ o9z | st | s1-0 | oxaz [erqesn turaFUI |
: 1s0] N
o1do3y o1dojy~uoy oydoay , o7dojy-uoyN
7890° . uu:momxm IATI®OWN) 2890° S 3ansodxy aAFIwInUN) :

XY09aLVI MUNSOIXT AATLVIMAND Al
- sb.zé& .W&ii?&i wi #..SN\MQ. ‘ SHOLJWAS NI JAONVHD TVYNIGALIONOI

. €Z 9T19%L
OEN® TR W v W cum X8 o e L O~ - Sp—




1§ 1 < y 6 9T 91 9 ff 9 ‘ot 9 L 1€ 91 oN M o
£t T 4 T S y 0 6T 4 1 Z g 3 z SAX ..“ ot
Y 0 1 0 3 0 0 9 0 T T 4 1 1 ON S sax
9 0 0 0 1 y T 01 0 0 0 9 y 0 S3k M SAK
N
9 T g S I3 0z 91 el e o1 8 4 113 9T oN . ON
9 T 1 0 T z 1 8 0 1 1 S 0 1 sak . ON
z ] ] 0 0 z 0’ ¢ 0 0 0 1 v 0 ON - Sak
0 0 0 0 0 0 0 T 0 = 0 0 0 0 SIA S
w1 ¢ < 8 m | o 29 | ¢ 9 y 61 o1 st |on .o
aff v 0 U v € €z | 1 T 1 6 6 2 ST oN
S 0 0 0 0 S 0 8T 1 1 € y 6 0 oN 53
st|f o S 0 9 y ' 0 Kt € Y 1 8 9 z Sk SAK
62 1 3 T 9 4 9 te € 1 z Tt 18 3 oN o
4/ 0 € z € L L 62 1 S t L o1 Y sax O
£ 0 0 0 T T |1 9 1 1 z 0 z 0 on SAA
12 1. € z 8 y ¢ s | ¢ S € 2z 91 9 SAR ! sax-
IVIOL}| SHA-Ad | SUA-Nd | SYA-NJ | SHA-NA | SAUX-Ad |S¥A-Nd TVIOL §| SUA-NA | SHA-Nd | SUA-Nd || SHA-Ad |SUA-Ad | SUA-NL | MAMINI  MANINI
STc | s1-0 | o1az $te | s1-0 [ ox0z ST¢ | s1-0 | oaz ST< | st-0 [ o1z uwmmma TPFITUI
a7dogy opdozy-uoy otdoay uﬁ40u<ncoz

’,”Ez

61°0 < T0" @A0qw BWE]

A40211vD wdd zo° FAOTV TWIL A4
SROLJHAS NI ZONVIID TTYNIQNIIONOT

vz erqne

61°0 5 wdd z0° 2a0qe aurl

BT PY_PY_ry_ e

Qi e Fn - o

TNy

!

o

-

e

T

76 <



14l jo Ino paiisajsupll val/1al uuuUMuwaHm sipok + 0 L €€ 9520
14l uo N0 paxiajsuell V@l/1dl zo3eynsuy sljjuou ¢ 0 0 0 LS 8120
101 jJo 3Ino paiiajsuwil | yal/1al 193373adyq | saeak Kz 0 0 0 ris 0020
quwld woij paudysaa val/1alL 2933732d1g s{juou ¢ + o - 0 19 1610
10l 3o Ino paiisdjsueil Val/I4l 2933713°dyg s\jJuou 4 + + 0 97 810
14l uf ®3aon 1139 var .do o g183ak ¢ 0 ’ + -0 474 6110
1dL 3o 1ino vuuuuum:muu. VAL/I4L a19pIapm | eyjuow § + + - 8 1] 01710
auoz 35wy
Jueld woaj pauldieaa ‘asaurfug yuwojwsyy | syiuom gz, + + - 9 9z 9700
1d1. Jo Ino paiidjsurl) ' val :wzonoh #8434, 0 0 11 £¢ Sv00
sU06E92
1eod7pauw 103 3fnb uoyl
14l jo 3no paiiajsuuil 10l do a | syjuom g o ) + L X4 L£00
14l uy ejaom TTFIA6 1aL ao a| syiuom N 0 0 L 9¢ S£00
jueld woxy paudisax uay) . . i
‘101 jo 3Ino pIiidysuwpil 1ql do q q2an T, + 0 - Ly LY £EGo
83UdWWo) oF3vwo3zdulg uauoum WEOugENW aansodxy 3189] §3INEY (1873141) | €461 uT ‘a "I
’ uaym qor 210394 aofoH ups g 93uaTreyd saeog-youd ady
- gjueTd unouy ojdoay ut Sumijousg
. ufy Lauwy]

14l 031 ,83032way [EOFUTID,

SZ 3198%

e A— ¢ |

S

B

RS D

<



Table 26

TDI Envirommental Exposure Evaluation (8/73 to 7/75)

Percent Weekly
TWA Excursious

Percent Weekly'
“TWA Excursions

Location © Above .005 Above (.02
TDI Plant 82‘. Yz ' 24- 77)
_TDI Drumming Building "~ 60.3% 6.4%
TE<
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PERSONNEL MONITORING SCHEDULE
{(January 7 - May 28, 1976)

Table 27

January 7 thru Jansvary 11 "A" Shifc 4 p.m. - 12 a.m.
January 14 thru January 18 "B Shift $ pom. -~ 12 a.m.
3anuar7 21 thru Jamuary 25 "c" shift 4 pom. ~ 12 a.m.
Januvary 28 thru February 1 "p" Shift 4 pom. =~ 12 a.m.
February 6 thru February 10 "p" Shife 8 a.m. ~ & p.m.
‘ February 13 thru February 17 MA" Shift ) 8 a.m., = &4 p.m.
' Fgﬁruary 20 thru February 24 "B'" Shift 8 a.m, ~ & p.m.
- February Zf ﬁhru March 2 Mc" Shift 8 am. = & f.m.
March 6 thru March 10 + "C" Shift 12 a.m. - 8§ a.m.
March 13 thru March 17 "D" Shift 12 am. = 8 a.m,
March 20 thru March 24 "A".Shift’ 12 a.m. - 8 a.m
March 27 thru March 31 "B" Shift 12 a.a. = B a.m.
April 5 thru April 9 Maintenance 8 a.m. - 4 p.m.
April 12 thru April 18 Haintenancé 8 a,m. - 4 p.o.
April 19 thru April 23 Maintenance .8 a.m. - 4 p.n.
April 26 thru April 30 ﬁaintenance 8 a.n. - 74 P.m
May 3 cthru May - 7 Drumming Lab 8 a.m. = 4 p.m.
May 10 thru May 14 Drumming Lab 8 a.m. - 4 p.m,
. May 17 thru May 2] Drumﬁing Lab 8 a.m. -~ 4 p.m
May 24 thru May 28 Drumming Lab B a.m. ~ 4 p.m

'?9':
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' Table 28.

COMPARISON OF TDI MONIIOR VS. PERSONAL MOWITOR

v Exposure ia Minutes Time~-
' Total jweighted
Lme Plant Date .00s | .01 ‘ .02 ‘ .04 | .06 f .08 e B shee
| THI ©5-19-75{| 101.2] 32.2{ o 0 0 o |l.o39! .ooss | & at
yduction ) - B AM
peuecien)| o s-19-7s]| 324 | 306 |270 |207 182 |1ss {l.200 | .o2s | F A%
uction B a
duce2om| 1 5-19-75|| 168 87 54 9 0 o |l.056 | .oces | ;&
a D1 s-20-75{] 16.1] 11.51 O o |.o0 o ||.o139| .o017 | } i
Jduction e : 8 AM
Jauct1° | vnimown || 5-20-75] 195 | 162 {120 39 0 o |f.os0 | o113 | ;&%
;d““i"“ DI 5-20~75|| 330 | 174 93 a9 2% 21 || .05 | .o131 | ¥ A
‘ker 2 - . 4 ™
ea DI s-22-75|| o 0 0 0 0 o || .om04| .o013 2 ;*;‘
Lchu.:t:{.tm - & A
guet o™ | vaknown || 5-22-75|| 407 | 384 | 183 39 9 o ||.154 | 0193 | o
vduetioni] 8 aM
auetion)| mr 5-22-75” 3227 |38 | 48 | 18 g g |-0s0 § .00 | § &
Yea 1 || 6-25-75|| 200.1} 140.3 | 87.4 | 20.7 | o | o |[l.12¢ || .0155 12 x'
foduction ’ 4 P
[rker 1 01 6-25-75 11 Pv
. toduction i 4 PM
ke 2 || T 6-25-75|| 12 0 0 0 o |- o [j.ou9 | 0024 | 73%
oduction M -~ & oM
Lker 3°%|| 1 6-25-75|| 9 0 0 0 o o ||.o18 | .coz3 |7 2%
fee D1 6-26-75]| 190.9 | 165.6 | 215 20.7 | 13.8 | 13. .1213[ .0152 |1; f,;f
Roduczion . : 4 PM
brres 1% o1 6-26~75|| 69 1s o 0 0 o |[.020 | .do25 | 7 I
oduction | -4 PM
Erker 57| Phosgenel| 6-26-751 36 6 0 0 0 o |{.c02 | .o002s{ 3
roduction . 4 oM
Erker 3°% o1 6-26-75| 207 84 15 0 0 o |l.047 | .cos9 |,; o
oduction 4 PM
 ver ¢ o|| TOT 6~26-75! 51 21 6 0 0 o |l.03 | .o0s5 |7 o%
iaell 3 =1 4 ' 8 ax’
E_ej Drummiang|] 5~20-75)| 400.2 | 299 69 63.7 | 41.4 | &41. .1490} .018% | & by
tod
torker 1 || Drumtng|| 5-20-75 ' w9 | 72 | 4s 5 o o |[.0s6 | .c0s3 | ;3
od i !
Erk;‘?z“ Drumingl| 5-20-75)| 174 | 48 0 0 0 o ||.036 | .o0e3 | | &
Prod i ,
E:u:::;’“ﬁ Drummingl 5-20-75” 51| 3 0 0 0 o |l.022 ! .cozs ‘Z;‘f
*ea - Srumming| 5-23-751’ 11.5 | R o | o jl.oz97 | .ooz7 | 3¢
__..—_ . { ¥ b B ’ -
Rroductie - i I} o 8 aM
[}rker : mm:.ng[ 5-23-75![ ! 4 PM
9~Odutt‘; N
Eocker ;|| orumming| 5-23-755[ 360 5 0 3 0 0 {j.0s0 | .0063 f;ﬁ ,
ad T by
D)rk:f,‘;""‘ Dl'umming” 5-23-75!L 2L 0 0 0 0 o .ot | o0z | 82
80<
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Table 29

SUMMARY OF PERSONAL MONITORING FOR PHOSGENE

IN A TDI MANUFACTURING PLANT

Concentration of

. Shift 2

4 p.m. =12 midnight
Shiftr 3 12 midnight - § a.m.

81<

Monitoring Number Number _ Phosgene - FPM
Period of of Mean B8-hr
Job Title  Location Month-Year Shifts* Workers - Readings TWA T  SD
Phosgene Phosgene 3/76-12/76 1,2,3 10 71 0.004 f: 0.004
Operator Plant
‘DT TDI 3/76- 6/76 1,3 2 6 0.004 % 0.003
Uperator Plant :
DNT TDA 3/76 3 3 14 0.004 T o0.003
Operator Plant \
Maintepance TDI and  5/76-12/76 1 6 22 0.011 * o0.017
: Phosgene '

Plant

*Shift 1 8 a.m. - 4 p.m.

e T ———— e - o . e
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SCHEMATIC DIAGRAM OF PROVOCATIVE
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STIMULATION
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%
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- ToI
1500
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1000+
N = NORMALS

5001

Figure 9

Cyclic Adenosine Monovhosphate Dose Rasponse

Slopes of TDI Reactors and Normal Individuals

. to Stimulation with Agonists: Iscproterenol,
Prostaglandin El' and TDI
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‘Figure 12
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10.

11,

12.

13.

14,

15.

REPRINTS INCLUDED IN NIOSH FINAL REPORT - 10/12/79

Respirator7 Effects in Toluene Diisocyanate !anuFacture' A Hnltidisciplinafy

Approach - Weill, Salvag gic Ve1lson Butcher, Ziskind

Longitudinal Studvy of Workers Emploved in the Manufacture of Toluene-

Diisocyanate - Butcher, Jomes, 0'Neil, Glindmeyer, Diem, Charmarajan,
Weill, Salvaggio ‘

Environmental characterization of toluene diisocyanate (TDI) in a
manufacturing plant - Dharmarajan Weill, Self

. Physical state of airborne p.p' diphenylmethane diisocyanate CMDI)
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