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Survey of Industrial Workers for
Antibodies to Toluene Diisocyanate

Meryl H. Karol, Ph.D.

A screening program was undertaken at a research and
development facility of a large toluene-diisocyanate (TDI)
manufacturing corporation. The purpose was to determine
the occurrence of antibodies to TDI in selected worker
populations. Sera were obtained at 6-month intervals from
103 employees who were exposed from 6 to 24 months to
ambient workplace concentrations of TDI (0.02 ppm or
less). With the use of RAST (radioallergosorbent test) con-
taining p-tolyl isocyanate-human serum albumin as an-
tigen, no tolyl-reactive Igf antibodies were detected in sera
when workers were exposed only to ambient TDI concen-
trations. During the study, 20 workers had acute exposures
to TDI as a result of spills or splashes. Antibody responses
developed in three of four individuals whose acute expo-
sures were accompanied by immediate respiratory sympto-
matology and a decrease in FEV, of 20% or greater. By
contrast, an antibody response developed in only one of
nine workers with immediate respiratory symptoms but no
spirometric changes upon acute TDI exposure. No serolog-
ic response developed in the remaining workers whose
acute exposure resulted in delayed-onset respiratory
symptomatology without spirometric changes, or who
were asymptomatic at exposure. In persons developing
antibodies, an increase in tolyl-reactive IgF was observed
within two months of exposure. Routine serologic screen-
ing of workers for tolyl-reactive antibodies may be of
value in confirming suspected isocyanate exposure and in
providing an early warning of developing TD! hypersen-
sitivity.

Toluene diisocyanate (TDI) is used extensively in the
manufacture of polyurethane for cushions, coatings, fur-
niture and many other consumer products. Each year
more than 50,000 workers in the United States are ex-
posed to TDI and sensitivity has been reported to develop
in a percentage of exposed workers.' 2 TDI sensitivity is
manifest as bronchial asthma or dermatologic symptoms,
or both.3+

Although considerable controversy has existed regard-
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ing the pathogenesis of TDI hypersensitivity, several
groups of investigators have recently identified specific
IgE antibodies in sensitized workers 59 Substantial support
for an immunologic mechanism for TDI hypersensitivity
has also come from animal studies. In guinea pigs, repeat-
ed inhalation of TDI vapor resulted in production of TDI-
specific antibodies and in pulmonary hypersensitivity to
TDL." Moreover, dermal exposure of guinea pigs to TDI
resulted in immunologic sensitization." This sensitivity
was evidenced by contact hypersensitivity, specific anti-
body production, and in some animals by pulmonary hy-
persensitivity reactions to TDI. Moreover, a concentra-
tion-response relationship has been observed between
the exposure concentration of TDI and the number of
animals developing sensitivity.'? In view of the im-
munologic response which occurs in experimental
animals following exposure to known concentrations of
TDI, it was of interest to determine if similar immunologic
responses occur in workers as a result of TDI exposure.
The study described here reports development of Igk an-
tibodies in some workers having acute isocyanate expo-
sure. In contrast, persons exposed to workplace concen-
trations of TDI within the current 0.02 ppm TLV devel-
oped neither antibodies to TDI nor TDI pulmonary hyper-
sensitivity.

Materials and Methods

Subjects — Ambient Isocyanate Exposures. This study
group comprised 103 persons hired during 1979 and the
first half of 1980 at the Pittsburgh research and develop-
ment facility of Mobay Chemical Corporation. Persons
were selected for study if their job responsibilities were
anticipated to involve work in isocyanate environments
for greater than 10% of their employment. Serum was
collected from these persons at hiring and thereafter at
6-month intervals to monitor for possible antibody pro-
duction as a result of isocyanate exposure. Job descrip-
tions and expected isocyanate exposure for these individ-
uals are listed in Table 1. The majority of the workers
(57%) were hired as technicians for the research and
development laboratories where they would be handling
isocyanates in the manufacture of rigid or flexible poly-
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Table 1. — Job Description and Expected Isocyanate
Exposure of Newly Hired Employees.

Expected Isocyanate

Job Description No. Workers (% Total) Exposure
Technician 59  ( 57%) Continued
Industrial hygienist/

maintenance worker 9 ( 9%) Intermittent
Engineer 35 ( 34%) Occasional
Total 103 (100%)

urethane foams. Nine (9%) were industrial hygienists or
maintenance workers who were expected to have inter-
mittent isocyanate exposure. Thirty-five (34%) were
engineers whose job descriptions varied but whose work
might entail a high degree of exposure to isocyanates,
e.g., when involved with production startups or trouble
shooting. Of this group of 103 persons, seven experienced
acute isocyanate exposure during the study and were sub-
sequently recategorized into the second study group.
Acute lsocyanate Exposure. The second study group
consisted of all personnel employed in the Pittsburgh
facility of Mobay who experienced acute isocyanate ex-
posure during the years 1978 through 1980. Employees
were instructed to report all isocyanate exposures,
whether symptomatic or asymptomatic, to the Medical
Department. During the study, 20 workers (including
seven from the first study group) reported acute iso-
cyanate exposures; 11 of these workers were involved on
more than one occasion. The medical staff assessed and
treated the presenting symptomatology, estimated the
degree of exposure, performed spirometric studies, and
obtained blood samples for antibody determinations.
Subsequent blood samples were drawn from these per-
sons two weeks after exposure, then bimonthly thereafter,
until antibody values decreased to insignificant levels.
Serologic Procedures. — 1. RAST. All blood samples
were coded by the medical department, then brought to
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Fig 1. — Linear regression analyses of RAST and total IgE values
for sera from workers prior to commencement of job duties (n =
103, y = 1.49X + 264, r = 0.8598, t = 17).
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the University of Pittsburgh for antibody determinations.
Specific IgE antibodies were measured using a RAST
assay employing p-tolyl isocyanate-human serum
albumin (p-TMI-HSA) as antigen. Methods for antigen
preparation, characterization, and binding to paper discs
have been described.' RAST was performed by in-
cubating 50 ul aliquots of serum with an antigen-coated
disc for 16 hours at ambient temperature. After thorough
washing of discs, 50 ul 1'** — rabbit anti-human IgE (RAST
reagent, Pharmacia Diagnostics) were added and discs
were incubated an additional 16 hours at room
temperature. Following thorough washing, discs were
counted in 10 ml scintillation fluid (ACS, Amersham) using
a Packard tricarb liquid-scintillation spectrometer. The
amount of IgE antibody reactive with tolyl determinants
on discs was determined by comparing the radioactivity
bound to p-TMI-HSA-coated discs with that bound to
discs which had been coated with human serum albumin
(HSA). Replicate determinations differed by 10% or less.

2. RAST Inhibition. The ability of p-TMI-HSA to inhibit
RAST reactions was determined using a modification of a
standard procedure.'* Sera (25 ul) were incubated with
200 pg p-TMI-HSA in 25 ul buffer (PRIST diluent, Phar-
macia Diagnostics). Control tubes contained serum and
25 ul buffer. After two hours at 37°C, an antigen-coated
disc was added to each tube. Samples were incubated for
16 hours at ambient temperatures. Discs were thoroughly
washed, then incubated with radio-labelled rabbit anti-

IgE as described earlier, The percent inhibition was calcu-
lated as follows:

(1-% cpm bound above blank with inhibitor 100
% cpm bound above blank with buffer

3. Total IgE (PRIST). Total IgE in serum samples was de-
termined by the PRIST method using a commercial test
kit (Pharmacia Diagnostics).

Pulmonary Function Measurement. — Pulmonary func-
tion was measured using Ohio Medical Product’s dry roll-
ing seal spirometer and employing the testing procedures
recommended by the American Thoracic Society. All ex-
piratory maneuver curves were back extrapolated to give
the optimum FEV, and FEF,. ,, values. In the event of an
acute TDI spill or exposure, spirometric tests were
repeated daily until values returned to pre-exposure
baseline levels. Persons reporting isocyanate exposure did
not return to their work area until spirometric values
returned to normal. Changes in FEV, of 20% or greater
were considered significant.

Results

Ambient Isocyanate Exposure. — Serum samples taken
from 103 newly hired workers prior to commencement of
job duties were evaluated for tolyl-reactive IgE anti-
bodies (RAST) and total IgE (PRIST). Results of the assays
are presented in Fig 1. Sera which yielded high RAST
values contained elevated levels of total IgE. Analysis of
data using simple linear regression revealed a significant
correlation between the two assays (r = 0.8598, t = 17).
The correlation indicated that, with these sera, RAST
values could be predicted from knowledge of total IgE
content. The data further implied that no serum from the
103 newly hired workers drawn at the time of hire con-
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Table 2. — Acute TDI Exposures; Symptomatology, Spirometric Changes and Subsequent Antibody Responses.
IgEF
Date of Spirometric Atopic Maximum Titer
Worker Exposure Tests Statust (% RAST Inhibition)
Group A: Immediate respiratory symptoms: spirometric changes
B-09 9/78 FEV)=21%, FEF25.75=49% N 3595 (100%)
E-02 3/79 *FEV, > 20% A 1756 (41%)
B-23 8/79 FEVi=22% A 2294 (50%)
B-25 7/79 FEVy=23%, FEF25.75 =54% N 0
Group B: Immediate respiratory symptoms; no spirometric changes
F-03 11/78 0 N 0
B-25 2/79 0 N 0
* R-07 3/79 0 N 0
B-17 6/79 0 A 1345 (40%)
P-10 10/79 0 N 0
Ww-09 12/79 0 N 0
S$-13 3/80 0 N 0
B-19 3/80 0 N 0
B-32 11/80 0 N 0
Group C: Delayed respiratory symptoms; no spirometric changes
B-25 11/78 0 N 0
K-11 3/78 0 N 0
K-11 5/78 0 N 0
K-11 2/79 0 N 0
K-11 2/79 0 N 0
C-22 11/79 0 N 0
Ww-09 8/79 0 N 0
R-07 9/80 0 N 0
Group D: No respiratory symptoms, no spirometric changes
F-03 11/78 0 N 0
A-06 3/79 0 N 0
A-06 5/79 0 N 0
A-06 6/79 0 N 0
A-06 8/79 0 N 0
L-05 4/79 0 N 0
C-22 8/79 0 N 0
B-32 8/79 0 N 0
S-13 1/80 0 (R) N 0
F-05 2/80 0 (R) N 0
N-1 3/80 0 (R) N 0
S-36 3/80 0 (R) N 0
B-17 3/80 0 (R) A 0
D-14 11/80 0 N 0

*Pulmonary function testing performed at a local hospital

TA, atopic person (total IgE > 200 U/ml). N, non-atopic person (totat IgE < 200 U/ml)
tlindicates absence of tolyl-reactive antibodies as determined from RAST inhibition

(R) Worker was wearing a respirator at the time of exposure
tained anti-tolyl IgE antibodies. RAST-inhibition studies
supported this conclusion. Binding of sera to antigen-
coated discs was not inhibited by the presence of excess
p-TMI-HSA antigen in reaction tubes.

During the study, seven persons in this “newly hired”
group had acute exposure to isocyanate. These cases are
discussed in the following section. The remaining 96
workers in this group were exposed only to ambient TDI
concentrations in the facility. These concentrations were
determined to be below the threshold limit value of 0.02
ppm. Serum was obtained from the 96 workers at regular
6-month intervals for antibody analysis. A total of 316
serum samples were evaluated. With the use of RAST and
RAST inhibition, no tolyl-reactive antibodies were
detected in any of the samples. In addition, none of these
workers gave evidence of clinical TDI sensitivity.

Acute Isocyanate Exposure — Spirometric Changes. —
During the three-year study period, 1978 through 1980, 20
of the approximately 350 employees at the facility report-
ed a total of 35 instances of acute isocyanate exposure.
These episodes are listed in Table 2.
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Group A comprised those persons who developed re-
spiratory symptomatology within one hour of acute TDI
exposure (“immediate” reactions) and additionally had
spirometric changes immediately following exposure.
Symptoms reported by persons in Group A included respi-
ratory distress ranging from mild to moderate degrees of
shortness of breath, coughing, wheezing, or tightness in
the chest. The degree of exposure received by each of
these individuals as the result of spills or splashes was dif-
ficult to determine. One of the workers in Group A had
substantial exposure to TDI, via both inhalation and der-
mal contact, when he was sprayed over the upper trunk
and face by a malfunctioning TDI-injection nozzle at the
head of a foam machine. Another individual was exposed
to TDI when a drum was accidentally hit by a forklift,
blowing out a bung. Following exposure, this person put
on respiratory equipment and worked for an additional
five to ten minutes cleaning up the spill before he began
to wheeze.

Results of serologic assays on serial blood samples
from each person in Group A are presented in Figs 2
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Fig 2. — RAST assay for tolyl-reactive IgE antibedy and total IgE of
sera following acute TDI exposure. RAST (solid line), total IgE
(broken line). RAST values > 600 net cpm indicate significant anti-
body titer. Case B-09.

through 5. Tolyl-reactive IgF antibodies were detected in
three of the four workers following exposure. Serologic
values prior to exposure were not available in any of
these cases since each worker had been employed with
the corporation before inception of the study.

In the first case, B-09, a blood sample was obtained
two weeks following acute exposure. The RAST titer at
that time was 1,865 net cpm. The titer subsequently in-
creased to 3595 net cpm four weeks post-exposure.
Thereafter titers declined. By four months’ post-exposure,
values were less than 600 net cpm and no longer signifi-
cant. RAST-inhibition studies were performed on sera
drawn 2 to 7 weeks post-exposure. RAST titers were com-
pletely (100%) inhibited by p-TMI-HSA antigen. The total
IgE content of serum samples was determined and results
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Fig 3. — RAST assay for tolyl-reactive IgE antibody and total IgE
tollowing acute TDI exposure. The first serum sample was obtained
one week following exposure. RAST (solid line), total IgE (broken
line). Case E-02.
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Fig 4. — RAST assay for tolyl-reactive IgE antibody and total IgE
following acute TDI exposure. RAST (solid line), total IgE (broken
line). For serum drawn at exposure, RAST inhibition was 30%, three
weeks later RAST inhibition was 50%. Case B-23.

are shown in Fig 2. Values ranged between 25 and 95
Units per ml indicating the non-atopic status of this
employee (X +2D = 120 U/ml for non-atopic adults's).

Two other persons in Group A demonstrated elevated
RAST values. Titers for these individuals are presented in
Figs 3 and 4. In case E-02, the first serum sample was
drawn one week following exposure. RAST at that time
had a value of 1039 net cpm. The titer increased in subse-
quent sera and was maximal eight weeks post-exposure.
RAST-inhibition assay with the latter serum indicated
41% of the titer was inhibited by p-TMI-HSA antigen.
Total IgE values indicated the “atopic” status of this
worker (Fig 3).

RAST titers for Case B-23 are presented in Fig 4. Serum
drawn on the day of exposure had a RAST value of 2240
net cpm. Thirty percent of this binding was inhibited by
p-TMI-HSA antigen. A blood sample taken three weeks
later yielded the same RAST titer (2294 net cpm) but
showed 50% inhibition by antigen. RAST values de-
creased considerably in subsequent sera. Total IgE con-
tent of sera from this worker is shown in Fig 4. On the day
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Fig 5. — RAST assay for tolyl-reactive IgE antibody and total IgE.
RAST (solid line), total IgE (braken line). The employee had three
acute TDI exposures (E) during the study period. No tolyl-reactive
antibodies were detected. Case B-25.
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Fig 6. — RAST assay for tolyl reactive 1gE antibody and total IgE.
RAST (solid line), total IgE (broken line). Two acute TDI exposures
occurred during the study period. RAST increased following each ex-
posure; total IgE did not increase. Case B-17.

of exposure, total IgE was 1200 U/ml. Three weeks later,
the value was essentially unchanged (1250 U/ml) and
subsequent sera displayed a gradual decline in total IgE
content.

The fourth worker in Group A (B-25) had several acute
TDI exposures. One episode in November 1978 was char-
acterized by delayed-onset respiratory symptomatology
without changes in spirometry (see Group C). Another
symptomatic exposure occurred in February 1979. In July
1979, a third exposure resulted in immediate respiratory
symptoms and a decrease in FEV, and FEF .. The first
serum sample was obtained from this person in Novem-
ber 1978. Use of RAST showed no detectable tolyi-re-
active IgE antibodies in this sample or in any subsequent
serum from this individual (Fig 5). Total IgE content of
sera never exceeded 52 U/ml.

Acute Isocyanate Exposures — No Spirometric Change.
— During the study, eight additional workers reported
acute TDI exposure resulting in immediate respiratory
symptomatology. In these cases, however, FEV, remained
within 20% of baseline value (Table 2, Group B).
Serologic evaluation indicated an antibody response in
one of the eight persons. In this case, RAST titer increased
two months following exposure (Fig 6). The increase was
not accompanied by an elevation in total serum IgE.
RAST-inhibition studies indicated 30 to 40% of the bind-
ing was attributable to specific antibodies. Total IgE con-
tent of serum samples ranged between 500 and 800 U/ml
throughout the 20-month evaluation period. Serologic
assays through December 1980 of the other workers in
Group B revealed no production of tolyl-reactive anti-
bodies or increase in total serum IgE.

Workers in Group C experienced acute TD! exposure
(in one case on four separate occasions) and developed
respiratory complaints eight to twelve hours following the
exposures. These individuals were seen in the medical de-
partment the following day. At that time, they demon-
strated no significant spirometric changes. In all cases,
RAST assays were negative in serial serum specimens
following the reported exposures.
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Fig 7. — RAST assay for tolyl-reactive IgE antibody and total 1gE of
sera drawn subsequent to a TDI pulmonary hypersensitivity reaction.
RAST (solid line), total IgE (broken line). RAST antibodies were
detected 18 months foliowing the response but were no longer

detected two years following response. (Shaded area indicates non-
significant RAST values.)

Group D indicates 14 instances of asymptomatic ex-
posure in which no respiratory symptoms developed and
no spirometric changes were detected. In most cases, per-
sons were not intimately involved in spills but either were
in the vicinity of an acute exposure or involved in clean-
ing up a spill while wearing respirators (as indicated in
Table 2). Using RAST, no antibodies were detected in
serum samples drawn from the day of exposure through
December 1980. Total IgE levels also were unchanged.

Sensitization to TDI. — Previous to this study, two per-
sons at the facility had been identified as having respira-
tory hypersensitivity to TDI. During their period of sensi-
tivity both individuals demonstrated tolyl-reactive Igk an-
tibodies in their sera.* One person continued to supply
serum samples for antibody evaluation two and one-half
years after the last hypersensitivity reaction. Results of
RAST assay for this employee are shown in Fig 7. Anti-
body titers were apparent in sera drawn up to 18 months
following the last symptomatic exposure. Subsequent to
that time, antibodies were no longer detected. This indi-
vidual had shown an immediate response to bronchial
provocation challenge with 0.006 ppm TDI in March
1978. Inhalation challenge with 0.02 ppm TDI in August
1979 failed to elicit a response.

Discussion

Toluene diisocyanate hypersensitivity has been recog-
nized for many years.'® Yet, little is known concerning ex-
posure conditions which might contribute to induction of
sensitivity.'" Accordingly, it is uncertain whether an in-
dustrial exposure limit could be established which would
protect workers from developing TDI sensitivity. The cur-
rent study was undertaken to determine the incidence of
TDI sensitization in workers hired into a TDI research and
development facility where the ambient TDI concentra-
tion was at or below the current 0.02 ppm TLV. Workers
were evaluated for clinical evidence of TDI sensitivity
and for development of specific 1gE antibodies. In addi-
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tion, the possible contribution of excessive TD! exposure
to the development of hypersensitivity was evaluated.
Twenty workers involved in accidental TD! spills or
splashes were examined for clinical and serologic evi-
dence of sensitivity.

Antibodies of the IgE class have been associated fre-
quently with immediate hypersensitivity reactions.?® In
this study, tolyl-reactive IgE and total IgE content of sera
were routinely measured.

RAST was employed to evaluate serial blood samples
from workers for tolyl-reactive IgE antibodies. RAST
assay requires attachment of an appropriate antigen to a
paper disc support. Use of TDI for antigen preparation
results in self-polymerization of this hapten as well as
cross-linking of carrier proteins.?' 22 23 The resulting an-
tigen is heterogeneous with respect to composition of
hapten moities as well as degree of protein polymeriza-
tion." ' Recently, use of p-tolyl (mono) isocyanate for an-
tigen preparation proved effective in producing homo-
geneous monomeric hapten-protein conjugates in high
yield.® '* The monoisocyanate antigen was also shown to
be effective in detecting antibodies specific to TDI in sen-
sitized workers+579 and guinea pigs. 1013

Through the use of RAST, no antibodies were detected
in any of the 96 workers exposed only to ambient levels of
TD! for periods of 6 to 24 months. Specific and total I1gE
values remained unchanged. Additionally, no clinical in-
dication of TDI sensitivity was apparent in any of these
workers.

In contrast to the above findings were those from em-
ployees involved in acute isocyanate exposures. Twenty
employees reported a total of 35 episodes of acute TDI
exposure. Pulmonary function was depressed in four in-
stances; RAST assay was positive in three of the four
cases.

Subsequent RAST assay of serial blood samples from
acutely exposed workers revealed two patterns of
response. The first pattern was noted in Case B-09. A
sharp increase in antibody titer two months after ex-
posure was followed by a rapid decline in antibody level.
This individual was non-atopic. RAST-inhibition tests in-
dicated that essentially all the IgE detected in RAST was
specific antibody. A second pattern was apparent from
Cases E-02 and B-23 in Group A. In these 2 cases, TDI ex-
posure was associated with elevation of RAST titer. How-
ever, RAST titers were inhibited at most 50% by excess
antigen. This result indicated that tolyl-reactive IgE anti-
bodies comprised only a fraction of the total serum IgE
content. RAST values in these cases did not drop as rapid-
ly as did those in the preceding case, perhaps as a result
of the influence of non-specific IgE antibodies on RAST
values.

Of the nine cases of acute exposure resulting in imme-
diate respiratory symptomatology with no change in pul-
monary function, RAST titers were detected in only one
instance (Table 2, Case B-17, Group B). In this case, only
40% of the antibody response was attributed to tolyl-
reactive antibody. In this case, as well as in that of B-23, it
is unclear whether symptomatology at exposure was a re-
flection of irritation caused by the high concentration of
isocyanate, or whether TD! hypersensitivity contributed
to pulmonary symptomatology. The presence of specific
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antibodies in these sera at the time of exposure may
possibly be attributed to prior isocyanate exposures as
both workers were established employees.

In this study, IgE antibodies were produced following
some acute isocyanate exposures. Such antibodies are
traditionally associated with immediate hypersensitivity
reactions. However, definitive assessment of TDI! sensiti-
zation in workers demonstrating antibodies would have
required bronchial provocation challenge with TDI. This
procedure was judged inappropriate for longitudinal
study. On the basis of animal studies in which guinea pigs
were exposed to known concentrations of TDI, evaluated
for antibodies, and challenged by inhalation of TDI an-
tigens, animals with elevated antibody titers most fre-
quently displayed bronchial sensitivity.® "' TDl-exposed
animals without circulating antibodies rarely displayed
bronchial reactivity. Similarly, in industrial workers, an as-
sociation between TDI IgE antibodies and bronchial sensi-
tivity was recently reported. Antibodies were detected
only in workers having bronchial sensitivity to TDI.” ¢
Finding specific antibodies to TD! in this study indicates
acute exposure to TDI. It should not be assumed that all
workers having circulating IgE antibodies to TDI would
necessarily display asthmatic reactions upon exposure to
the chemical.

In summary, workers exposed to ambient environments
of 0.02 ppm TDI or lower did not develop specific IgE an-
tibodies. In contrast, antibodies were produced in workers
having acute TDI exposure accompanied by a short-term
decrease in pulmonary function. In view of the serious
nature of TDI sensitization, serologic screening of acutely
exposed workers may offer an early indication of devel-
oping isocyanate sensitivity.

This study was conducted under Grant No. ES01532 from the National In-
stitute of Environmental Health Sciences, Grant No. OH00865 from the National
Institute for Occupational Safety and Health and the Mobay Chemical Corpora-
tion Fellowship in Toxicology.

This writer thanks the medical personnel and all the employees of Mobay for
their participation in the study. The technical assistance of B. A. Hauth and C.
M. Magreni is gratefully acknowledged.
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Erratum

The following illustrations were inadvertently omitted from the article entitled
“Epidemiologic Patterns of Nasal Cancer in New York State,” by George T. Ulitsky,
B.S.; Stuart L. Shalat, B.S., B.A,; Karen Riccardi, B.S.; and Nicholas }. Vianna, M.D.,
which appeared in the September, 1981, issue of this journal, pp 632-634:
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Fig 1. — Mortality trends of nasal cancer in New York State (ex-
cluding New York City) 1949 through 1978; males (——); females
(_._); males and females combined (___); males (o) females
(0J); males and females combined (A).
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Fig 2. — Mortality trends of nasal cancer among those sixty-five
years of age and older in New York State (excluding New York City)
1949 through 1978; males (——); females (_._}; males (0);
females (OJ).
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