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Across-shift changes in the pulmonary function of
meat-wrappers and other workers in the retail food industry
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EISEN EA, WEGMAN DH, SMITH TJ. Across-shift changes in the pulmonary function of meat­
wrappersand other workers in the retail food industry. Scand J Work Environ Health 11 (1985) 21-26.
Pulmonary function was measured before, during, and after the end of the workshift in 83 workers in
the retail food industry. All acute changes in forced expiratory volume in I s werestandardized for lung
size before the magnitude of the changes were compared between the workers exposedand unexposed
to the useof hot wires for cuttingplasticfilm. Noassociation wasfound between acutedrop in pulmonary
function and eitherdirector indirectexposure in the absence of a historyof asthma or allergy to inhaled
materials. The borderlinesignificance of an interaction term between exposure and asthma/allergy in a
regression analysis suggests that workers with a historyof asthma or atopy may have an acute response
to hot-wire wrapping emissions.
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This report describes an examination of pre- and
postshift changes in forced expiration among work­
ers exposed or not exposed to hot-wire wrapping in
the retail food industry. There have already been
several studies of acute change in pulmonary func­
tion over the workday among employees in the retail
food industry, in which no significant associations
between work as a meat-wrapper and an acute drop
in forced expiratory volume in 1 s (FEV 1.0) were
found (3, 6, 7, 8, 10). None of the previous analyses
adequately controlled, however, for differences in
age, gender, height , or smoking between the exposed
and unexposed subjects . Krumpe and co-workers (7)
studied 58 full-time supermarket employees and 44
workers in a meat-packing plant and found that lung
function improved over the shift among supermarket
employees and that it improved during the week
among meat-packers. In 1975 Polakoff et al (8) stud­
ied meat -wrappers in supermarkets and compared
them to office personnel and store clerks. Wrappers
were older, taller, smoked more, and included more
women than the reference group. Without adjust­
ment for confounding, no direct comparisons could
be made between the two groups. The average drop
in FEV 1.0 among the meat -wrappers was 60 ml, a
value significantly different from 0 ml (p < 0.05).
Jones & Weill (6) studied 128 supermarket employees
before and after a shift, 63 exposed to wrapping film
and 65 unexposed. The proportions of subjects with
abnormal before-after shift changes in FEV 1.0 were
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the same in these two groups . Of the exposed work­
ers, 16 used hot wires and 41 used mechanical cutte rs.
No significant differences in pulmonary function were
found between these two subgroups of the cohort. In
a health hazard evaluation of a meat-packing plant,
Frederick et al (10) found that pulmonary function
changes over the workday were greater among symp­
tomatic, smoking production workers than among
their nonsmoking asymptomatic co-workers. No sig­
nificant differences were reported, however, between
the 270 production workers and the reference group
of 50 nonproduction workers. Brooks & Vandervort
(3) stud ied 24 meat -wrappers, 8 meatcutters, and 20
referents. Approximately one-third of the wrappers
had chronic complaints of cough, sputum, and dyspnea
on exertion; however , these workers did not have
acute changes in lung function over the workshift.

The objective of th is study was to evaluate the
acute respiratory effec ts of polyvinyl chloride (pVC)
emissions in the retail food industry. In particular,
the aim was to improve on previous estimates of ef­
fect by controlling for confounding in the analysis.

Subjects and methods

Study population

In 1977 workers from four major foodstore chains in
the greater Boston area were identified for a longitu­
dinal study of the chronic respiratory effects of occu­
pational exposures to PVC emissions. The four
chains provided the names of their largest stores
within a belt highway around the inner Boston
suburbs. The study was limited to the 678 active em­
ployees who had been working in these large retail
food stores for at least two years. Both the cross-sec­
tional and longitudinal results of the entire cohort

21



will be reported subsequent ly. The present report
concerns the 83 employees who worked in the first six
stores surveyed. They were studied for the presence
of acute changes in pulmonary function during the
workshift.

Pulmonary function

Forced expiratory volumes were measured before the
start of the workshift (approximately 0700), in the
middle of the shift (around 1100), and after the shift
(about 1600). All the tests were performed on a Col­
lins' survey spirometer which was volume and flow
calibrated at the beginning and the end of the six­
week study period. The FEVl.o was measured after
back extrapolation to obtain zero time according to
the method recommended by the American Thoracic
Society (I). All spirometry was conducted without a
noseclip and with the subject seated. Measurements
of FEV1.0 were adjusted to body temperature and
pressure saturated with water vapor (BTPS). A pul­
monary function test was judged to be valid if the
second largest FEV1.0 effort was within 200 ml or
5 070 of the largest. If the effort was repeatable by this
criterion, the maximum value was used in the anal­
ysis; otherwise the FEV1.0 was treated as a missing
value.

The observed baseline pulmonary function values
were compared with expected values derived from a
prediction equation recently developed in the Six
Cities' Air Pollution Study (4). This prediction equa­
tion is based on results from more than 14 000 people
in the general population over 25 years old and ad­
justs for age (with both a linear and quadratic term),
gender, race, height, and smoking history (pack­
years).

Medical questionnaire

A medical questionnaire was administered to all sub­
jects and included medical, smoking, and work histo­
ries. The following respiratory symptoms were de­
fined from the questionnaire responses: frequent
wheeze = a wheezing or whistling sound in the chest
on most days; chest tightness = a feeling of tightness
in the chest or difficult breathing as often as once a
week; chronic bronchitis = phlegm production twice
a day for 4 d per week or any phlegm on getting up
or first thing in the morning (in either case on most
days, for as much as three months at a time, for at
least three years).

Allergic and asthmatic histories were defined as
follows: allergy to inhaled materials = an allergic
reaction to pollen, ragweed, dust, or animal dander
reported to have been confirmed by a physician or
told by a physician that subject has hay fever or al­
lergic rhinitis; history of asthma = ever had asthma
confirmed by a physician. A composite symptom
variable was defined as the presence of either allergy
or asthma or a family history of asthma, and referred
to as asthma/allergy.
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Environmental exposure
The nature of the exposures is described in detail in
a separate report; however, the findings will be sum­
marized here for completeness. Recent laboratory
studies have shown that cutting PVC wrapping film
with a hot wire produces concentrated airborne pulses
of hydrogen chloride and particulate if the wire is hot
enough (greater than 150°C) (9). The emitted par­
ticulate is composed principally of the plasticizer
dioctyl adipate (DOA), with pyrolysis fragments
from the PVC and water-soluble chlorides. Labora­
tory and field studies of the air concentrations have
indicated that the pulses of emissions from hot-wire
cutt ing can reach the operator's breathing zone as
short -duration, high-concentration peak exposures.
The peaks lasted 5-10 s and had concentrations of
0.5-6 ppm for hydrogen chloride and 1-15 mg/rn!
for total aerosol. Although peak concentrations were
high within a meter of the wire, they contained only
small amounts of material, which were quickly dis­
persed beyond distances of only a few meters from
the source. Because of both the small amounts of ma­
terial emitted and the brevity of the peaks, the time­
weighted average concentrations recorded for the
personal samples were very low.

The average personal exposures of the meat-wrap­
pers were found to be only twice as high as those of
the meatcutters, despite differences in the qualitative
nature of the two exposures. The meat-wrappers had
"direct" exposure to peak concentrations, whereas
there were no peaks in the "indirect" exposures of
the meatcutters working in the same room . The expo­
sures of other workers performing wrapping activ­
ities, such as delicatessen clerks, also had little or no
exposure to peak concentrations. In addition to emis­
sions from hot-wire wrap cutting, meat-wrappers and
delicatessen workers who label packages with heat­
activated labels are also occasionally exposed to
emissions from the label adhesive when it is over­
heated. If the labels are overheated to the point of
charring, a variety of toxic and irritant substances are
emitted which include small amounts of aldehydes
and phthalic anhydride.

For the purposes of this study of acute change in
FEV1.0' current exposure was characterized in two
ways, by exposure (yes/no) to hot-wire wrapping
emissions and by current job title. No distinction was
made within the first classification between workers
with "direct" (wrapping) and "indirect" (in same
room as wrapping) exposures. Four job titles were
defined as follows: (i) meat-wrapper = worker spend­
ing more than half of the worktime wrapping in the
meat room; (ii) meatcutter = worker spending less
than half of the (but more than zero) worktime wrap­
ping in the meat room (iii) produce or delicatessen
clerk = worker spending any time wrapping in the
produce or delicatessen areas; and (iv) unexposed =
workers neither wrapping nor working in a wrapping
area nor working in a refrigerator or freezer environ-



ment. Meat-wrapping was distinguished from deli­
catessen or produce wrapping because the latter two
are performed in ambient temperatures, and the first
in cold temperatures.

Analytic method

In adjusting for differences in lung size, the change
in FEV1.0 over the workshift was standardized by the
average FEVJ .o level during the day, ie, adjusted
day change = (PM FEVl.o - AM FEVI.0)/O.5 (AM
FEVl.o + PM FEVI.O)' The average level, rather
than the initial level, was used to standardize the
acute change in order to avoid bias (2), which would
arise from measurement error in FEV1.0' whereby
spuriously high AM values would be followed by ap­
parently large negative acute changes (resulting in a
spurious negative correlation between initial level
and acute change).

General linear models were used to assess the asso­
ciation between l-d change in FEV 1.0 and the current
exposure to wrapping fumes. Since expressing the
change in FEV 1.0 as a percentage of the mean value
over the workday adjusts for lung size (essentially for
sex and stature), gender and height did not need to be

further considered in the analysis. The independent
variables included in the regression and analysis of
variance models were age, smoking (pack-years), the
presence of asthma or allergy, an exposure variable,
and an interaction term between hot-wire exposure
and asthma/allergy.

Results

Only repeatable FEV 1.0 values have been included in
the analysis of AM, midday, and PM FEVl.o levels
and in the calculation of acute changes in FEV 1.0
over the workshift. For example, the six subjects with
nonreproducible preshift function tests have been
excluded from the calculations of the average pre­
shift FEVl.o level, the average preshift level as a per­
centage of predicted, and the AM-noon and AM-PM
acute changes. The eight individuals younger than 25
years were excluded from the analysis of the per­
centage of predicted FEVl.o levels, but they are in­
cluded in the analysis of acute changes. These ex­
clusions explain the varying numbers of subjects in­
cluded in the description of the cohort's character­
istics (table 1).

Table 1. Characteristics of the acute study cohort. (FEV,.o = forced expiratory volume in 1 s, ~FEV1.0 = the acute change in
FEVl.O' AM = morning, PM = afternoon)

General
Subjects
Age (years)
Sex female
Pack-years of cigarette smoking
Current smokers
Exsmokers
Never smoked

Respiratory history
Allergy to inhaled materials
Asthma
Family history of asthma
Asthma or allergies

Respiratory symptoms
Frequent wheeze
Chest tightness
Chronic bronchitis

Pulmonary function"
AM FEVl.O (% predicted)
AM FEV1.0 (I)
Noon FEV1.0 (I)
PM FEV,.o (I)
Nonrepeatable AM FEV,.o
Nonrepeatable Noon FEV1.0
Nonrepeatable PM FEV1.0
~FEV,.o (noon·AM)
~FEV1.0 (PM-noon)
~FEV10 (PM-AM)
Adjusted FEVl.O (noon-AM)
Adjusted FEV1.0 (PM·noon)
Adjusted FEVl.O (PM-AM)

Exposure
Currently exposed to hot wire
wrapping
Ever exposed to hot-wire
wrapping directly

Number

83

42
18
23

7
3
7

14

7
5
5

65
73
77
77

6 of 83
4 of 83
2 of 81

75
75
73
75
75
73

Mean Standard
error

45.0 1.26

17.2 2.18

Percent

41.5

50.6
21.7
27.7

8.4
3.6
8.4

16.9

8.4
6.0
6.0

a Individuals have been excluded from the pulmonary function results if they were less than 25 years of age or the values for
FEVl.O were not repeatable within 200 ml.
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The group as a whole had an average preshift
(AM) FEV1.0 which was 104 "70 of the predicted val­
ue. Since smoking is already adjusted for in the Six
Cities' prediction equation, a mean value of over
100 % is probably evidence of a small "healthy
worker effect," ie, working people are healthier on
the average than their counterparts in the general
population. The proportion of subjects with nome­
peatable pulmonary function tests decreased over the
course of the day, from 7.2 % in the morning, to
4.8 % at noon, to less than 3 % at the end of the
workshift. This trend suggests that a learning effect
was present, ie, practice improved the subjects' abili­
ty to perform repeatable lung function tests .

The average absolute drop in FEV l.o for the entire
day was 60 rnl, or 2.1 % of the preshift FEV1.0 level.
Over 30 % of the cohort had an absolute drop in
FEVl.o over the workday that exceeded 100 ml, and
six (7.2 %) had decreases greater than 10 % of their
preshift FEV 1.0 level. The morn ing change (between
the AM and midday measurements) was slightly larg­
er than the afternoon change in both absolute terms ,
and also as a percentage of the FEV 1.0 level. At the
time of testing, 48 % of the workers were either
directly or indirectly exposed to hot -wire wrapping
emissions.

In table 2, the cohort is shown divided into those
with and without current exposure (direct or indirect)
to hot-wire wrapping. The two groups have the same
mean age, pack-years of cigarette smok ing, per­
centage of females , and prevalence of subjects with
either asthma or an allergy to inhaled materials. Ex­
posed subjects had a greater prevalence of family his-

tory of asthma, while the unexposed subjects reported
allergy more frequently . Since the mean values of the
major covariates were the same in the exposed and
unexposed groups, t-tests were used to test whether
the AM FEV1.0 level or the acute change differed
between the two groups . None of the differences
were significant. A decrease in the num bers of nome­
peatable lung function tests from morning to after­
noon was apparent in both groups.

Of the 43 not currently exposed workers, 25 % had
been exposed to hot-wire wrapping emissions at some
point in the past. Among the 27 individuals who had
never been exposed at any time, the mean acute
change was -2.7 % of the initial FEV1.0 level. Four
of the 43 were currently wrapping with cool rods.
These four were indistinguishable from the rest with
respect to acute change in lung function or any co­
variate .

The cohort was divided according to current job
title (table 3). Meat -wrappers had direct exposure to
either hot -wire or cool -rod wrapping, while meatcut­
ters had indirect exposure. Delicatessen and produce
clerks had exposure to hot-wire or cool-rod wrap­
ping, but , unlike workers in the meat room , their ex­
posures occurred at ambien t temperatures . In an
analysis of variance model, the adjusted acute changes
did not vary significantly between the meat-wrap­
pers, the meatcutters, the delicatessen produce
clerks, and the unexposed workers after adjustment
for age and the presence of asthma or allergy. When
the cohort was divided by current smoking habits,
current and exsmokers did not have larger mean day
changes in FEV 1.0 than employees who had never

Table 2. Characteristics for those with and without current exposure to not-wire wrapp ing. (FEV1.0 = forced expiratory volume
in 1 s, AM =morn ing, PM =afternoon)

Hot wire exposure No hot wire exposure

Number Mean
Standard Percent Number Mean Standard

Percenterror error

Subjects 40 43

Sex female 40.0 44.2
Pack-years of cigarette smoking 17.3 2.82 17.2 3.30
Age (years) 44.9 1.81 45.2 1.80
Respiratory history

Asthma 2.5 4.7
Family history of asthma 12.5 4.7
Allergy to inhaled material 7.5 11.6
Asthma or allergy 17.5 16.3

Respiratory sym ptoms

Chest tightness 12.5
Wheezing 15.0 2.3
Chronic bronchitis 2.5 9.3

Pulmonary function
Acute change in FEV,.o' -0.037 0.023 -0.081 0.026'
Adjusted acute change -0.015 0.008 -0.028 0.008"
Nonrepeatable AM FEV,.o 3 7.5 3 7
Nonrepeatable noon FEV,.o 3 7.5 1 2.3
Nonrepeatable PM FEV,.o 1 2.5 1 2.4
% predicted FEV,.oAM 1.04 0.03 1.04 0.03'"

a PM FEV1.0 - AM FEV1•0·
, t =-1.28, p = 0.21; .. t = -1 .10, P = 0.27; "'t = 0.25, p = 0.80.
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Table 3. Acute change in FEV1.0by current job. (N '" number, SE '" standard error, % = percent, FEV1.0 '" forced expiratory
volume in 1 s, AM '" morning, PM '" afternoon)

Delicatessen!
Unexposed workersMeat wrappers Meatcutters produce clerks

N Mean SE % N Mean SE % N Mean SE %
N Mean SE %

Subjects 14 17 12 40
Acute change in

-0.079 0.026FEV,.o (I) -0.052 0.027 -0.031 0.055 -0.041 0.032
Adjusted acute change

0.011 -0.027 0.009in FEV1.o -0.023 0.011 -0.007 0.017 -0.016
FEV1.0 % predicted 1.02 0.05 1.03 0.04 1.03 0.058 1.03 0.03
Nonrepeatable

2 5AM FEV,.o 3 17.6 8.3
Nonrepeatable noon

2.5FEV1.0 2 11.8 8.3
Nonrepeatable PM

2.6FEV1.o 5.9
Sex female 100 20 45
Pack-years of

3.5cigarette smoking 12.8 4.1 21.4 4.9 13.5 4.7 18.1
Chest tightness 21.4 20
Asthma 5.9 0.08 2.5
Allergy to inhaled

8.3 5materials 14.3 11.8
Age (years) 40.7 3.4 49.8 1.5 38.3 4.1 46.6 1.7

smoked, -1.6 0/0, -2 %, and -2.8 % of the
FEV 1.0 level, respectively. All three standard errors
were close to 1 %.

To look more carefully at the association between
wrapping specifically with a hot-wire and acute
FEVl.o drop, we used a linear regression model in
which the adjusted acute change in FEV 1.0 was the
outcome variable. The independent variables in the
model were age, smoking, the presence of asthma or
allergy, current exposure to hot-wire wrapping, and
an interaction term between exposure and asthma/al­
lergy. With the exception of the interaction between
exposure and asthma/allergy, which was of border­
line significance (p = 0.06), no other covariate was
associated significantly with the change in FEV 1.0

(table 4). The negative parameter estimate for the in­
teraction term suggests that, if a worker had an aller­
gy or asthma and was currently exposed to hot-wire
wrapping, that individual was likely to have a greater
decrease in FEVl.o over the workday than a worker
who had no allergy or asthma and was not exposed
to hot-wire wrapping fumes.

Discussion

Data have recently been reported suggesting that in­
dividuals in working populations who do not succeed
in performing repeatable pulmonary function tests
may be less healthy than their co-workers (5). There­
fore the six subjects without repeatable preshift func­
tion tests were compared to the rest of the cohort
with respect to the major outcome variables and co­
variates. They were found to have a lower average
FEV 1.0 as a percentage of the predicted (99 versus
103 %) although the validity of this comparison may
be compromised because the FEV1.0 values of these

Table 4. Regression analysis of the adjusted acute change in
forced expiratory volume in 1 5."

Independent variables
Parameter

PR > testimate

Intercept 0.0247 0.70 0.4839
Age -0.0010 -1.43 0.1600
Pack-years of
cigarette smoking -0.0002 -0.75 0.4562
Hot-wire exposure 0.0218 1.62 0.1113
Asthma/allergy 0.0385 1.22 0.2267
How-wire exposure
and asthma/allergy -0.076 1.92 0.0601

a Sum of squared errors = 0.149, degrees of freedom of the
squared errors = 59, F = 1.42, pr > F = 0.229, R2 = 0.11.

six subjects may not have been maximal efforts. The
nonrepeaters also had more asthma and more allergy
than the rest of the cohort; two of the six (33 %) who
failed to perform repeatable tests reported asthma
compared to 1.3 % of their co-workers, and another
one of the six had allergy. The prevalence of the com­
posite asthma/allergy symptom was therefore 50 %
in this group. The proportion of subjects with nonre­
peatable tests was the same among those exposed and
those not exposed to hot-wire wrapping (table 2).
Therefore, the parameter estimates in the dose-re­
sponse model (table 4) were not biased by the exclu­
sion of these six individuals.

Overall, the 40 workers currently exposed to hot­
wire wrapping did not have more substantial pre- or
postshift drops in FEVl.o than their unexposed co­
workers. However, the borderline significance of the
interaction term in the regression analysis suggests
that a larger acute drop may be associated with expo­
sure to hot-wire wrapping if the workers also have a
history of allergy to inhaled materials.
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