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Abstract
Objectives-The aim was to study the
risk of dying from cancer among workers
in the meat department of supermarkets
potentially exposed to oncogenic retro-
viruses and fumes during the wrapping

and labelling ofmeat.
Methods-Cancer mortality for the
period 1949 to 1989 was compared in a

previously studied cohort of 10 841 mem-
bers of a local meatcutters' union in
Baltimore, Maryland who worked in the
meat department of supermarkets, after
an extended follow up of nine years
(1981-9). Person-years and deaths were

apportioned in five-year intervals by sex,

age, and calendar year, and standardised
mortality ratio (SMR) and proportional
mortality ratio (PMR) analyses were con-

ducted. The United States general popu-

lation was used as the comparison group.

Analyses of SMR and PMR were also
conducted for a control group of workers
from the same union who worked exclu-
sively in non-meat companies.
Results and discussion-Among women,

an SMR of 1-6 (95% confidence interval
(95% CI) 1.1-2.2) and a PMR of 1-5 (95%
CI 1-0-2-0) for lung cancer were found.
For men, the SMR for cancer of the buc-
cal cavity and pharynx was 1-8 (95% CI
1-0-3-0), and for colon cancer it was 1-5
(95% CI 1.1-2.1). The respective PMRs
were 1-9 (95% CI 1-1-3.1) and 1-5 (95% CI
1-1-2-1). Whereas the role of non-occu-

pational factors needs to be taken into
account before occupational factors can

be implicated in the occurrence of the
excess of cancer of the buccal cavity and
pharynx, and colon cancer in men, there
is reason to suspect that occupational
factors may be responsible for the lung
cancer excess in women. Thus exposures
that occur predominantly in women,
such as exposure to fumes during wrap-
ping and labelling, should be investigated
as to their role in this excess.

(Occup Environ Med 1994;51:541-547)

Excess risk of certain cancers, particularly
lung cancer, has consistently been reported
among workers in the meat industry. 1-12

Occupational exposures with carcinogenic
potential included (1) the oncogenic viruses
of cattle and chickens'317: (2) fumes emitted
when heat is applied through a hot wire or rod

to cut the plastic film used to wrap meat, and
when heat is applied to a plate or wire ele-
ments to activate the adhesive in price labels.
These fumes contain hydrogen chloride, plas-
ticisers phthalates and adipates, phthalic
anhydride, and small amounts of benzene and
other hydrocarbons'8-21; (3) nitrosamines
formed during the curing of meat22; (4) the
antioxidants butylated hydroxytoluene (BHT)
and butylated hydroxyanisole (BHA) used as
preservatives23 24; and (5) polynuclear aro-
matic hydrocarbons (PAHs) formed during
the smoking of meat.25
We previously studied mortality for the

period 1949-80 in a cohort of 28 900 mem-
bers of a local meatcutters' union in
Baltimore, Maryland.lA The union drew its
membership from the meat department of
supermarkets, abattoirs, meat packing plants,
and chicken slaughtering plants, and from
outside the meat industry (non-meat) such as
those working in the soft drinks and soup
manufacturing, oyster shucking industries etc.
The population comprised subjects who were
already members of this union as from 1 July
1949, and subjects who joined subsequently
until 1979. Membership in the union was
compulsory within 30 days of the start of
employment.

Certain cancers including lung cancer were
in excess. In men, the lung cancer excess was
restricted to those working in abattoirs and
meatpacking plants. In women, the lung can-
cer risk was much higher than that in men,
and was more generalised, occurring not only
in those working in abattoirs and meatpacking
plants, but also in those working in chicken
slaughtering plants, and in the meat depart-
ment of supermarkets.2 We therefore con-
ducted a nested case-control study of lung
cancer within the cohort.5 Fairly strong evi-
dence was provided from this study linking
excess lung cancer in men with putative expo-
sure to oncogenic viruses. The study was too
small, however, to adequately investigate the
other occupational risk factors such as curing
and smoking of meat, fumes during wrapping,
etc. Also, the risk in women was not investi-
gated specifically because of small numbers.
A study of workers in the meat department

of supermarkets would potentially offer a
unique opportunity for investigating specifi-
cally the role of exposure to fumes during
wrapping and labelling in the occurrence of
excess cancer in the meat industry. The rea-
son, is that processing activities such as smok-
ing and curing of meat are typical of meat
packing plants, and do not normally occur in
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supermarkets. Hence exposure to nitros-
amines, PAH, BHT, and BHA would be
absent in supermarkets, except possibly for
negligible amounts of residues in the meat
itself. On the other hand, useful information
on the role of the remaining two candidate
exposures (oncogenic viruses and fumes dur-
ing wrapping and labelling), may be reliably
obtained, if cancer risk is studied separately in
men and women in the meat department of
supermarkets, for the following reasons: In
the meat department of supermarkets, there is
a difference in the tasks men and women do.
The department ordinarily consists of three
sections: (a) a raw meat section where meat
received from abattoirs or meat packing plants
is cut up into smaller customised parts,
weighted, wrapped, and labelled; (b) a deli-
catessen section where partially or fully
cooked meat is cut, weighted, wrapped, and
labelled. Some cooking such as barbecuing of
chickens in closed electrically heated vessels
may be carried out in situ; (c) a seafood sec-
tion where weighing, wrapping and labelling
are also done. In the delicatessen and seafood
sections men and women do exactly the same
jobs. In the raw meat section, however, men
and women work side by side, and handle the
same meat, but their jobs differ. Women are
almost exclusively engaged in wrapping and
labelling of meat and spend virtually all their
time in this activity, whereas men are primarily
engaged in meat cutting, and will only occa-
sionally wrap meat when there is a functional
shortage of staff.

Because of these sex differences associated
with meat cutting and meat wrapping activi-
ties, excess cancer seen in women, but appre-
ciably less or absent in men, would likely be
associated with meat wrapping and labelling
activities, whereas similar excess risk in men
and women or a slightly higher risk in men,
would likely be associated with exposure to
the other candidate-namely, oncogenic
viruses. (The intensity of exposure to onco-
genic viruses is expected to be either the same
for men and women, or slightly higher in
men; men and women handle exactly the
same meat, except that those men who are
meat cutters are more prone to cuts. Hence
for them, there is an increased likelihood for
viruses to penetrate the skin.

Before 1975, exposure to fumes during
meat wrapping and labelling was a problem in
supermarket workers in the United States. It
caused acute noxious effects on the respira-
tory mucosa and generally referred to as
meatwrappers' asthma.26 Different plastics
have been used to wrap meat, starting with
cellophane in the early 1 950s, rubber
hydrochloride, polyethylene, polystyrene,
polyvinylidene chloride, and polyvinyl chlo-
ride (PVC), which has been in use since
1963.2728 Benzene is a thermal decomposition
product of virtually all of the different plastics
used to wrap meat.2930 Smoke produced by
burning PVC is believed to be mainly due to
the presence of aromatic pyrolytic decomposi-
tion products, especially benzene." The major
components resulting from the pyrolysis of

PVC or polyethylene resin include hydrogen
chloride, benzene, toluene, and PAHs such as
naphthalene.'83' Constituents of fumes from
PVC film pyrolysis, include, hydrogen, chlo-
ride, phthalates, phthalic anhydride, adipates,
benzene, PAHs such as naphthalenes, and
other hydrocarbons.'8 21 31 32 Thus these fumes
contain low concentrations of at least three
compounds that are known carcinogens: ben-
zene, which causes leukaemia and possibly
lymphoma in humans,3334 and is a multicar-
cinogen in animals, causing a variety of
tumours including those of the haemopoi-
etic/lymphatic systems and lungs35; phtha-
lates, which cause hepatocellular carcinomas
and possibly myelomonocytic leukaemia in
rodents'6; and PAHs, such as benz(a)pyrene,
which induced lung tumour and leukaemia in
animals,'7 and are constituents of tobacco
smoke, hence contributing to lung cancer in
humans. Exposure to coal tar pitches and coal
tar that contain PAHs results in the develop-
ment of lung cancer, leukaemia, and other
cancers in humans."'8

Benzene concentrations in area air sam-
pling of up to eight hours were 0-02-0-04
parts per million (ppm; 0-06 to 0-14 mg/m3),
and personal air concentrations of as much as
0 03 to 0-16 ppm (0-1-0-5 mg/m3n) have been
recorded in connection with use of a labelling
machine.'9 Similar values when extrapolated
over an eight hour shift were obtained in a
simulated experiment cutting PVC plastic
films.32 In a biomarker study of meat wrappers
and meat cutters in supermarkets we detected
concentrations of muconic acid (a metabolite
of benzene) in the urine of a few workers,
compatible with exposure to 1 to 2 ppm
benzene (unpublished data). These concen-
trations are important, as they approach levels
of exposure at which benzene causes cancer in
humans.404' Although subject to some statisti-
cal uncertainty, current risk estimates indicate
that exposure to as low as 1 to 5 ppm benzene
for 40 years results in a threefold risk of
leukaemia in humans,40 and to 1 ppm for 15
years results in a twofold risk of tumours of
the haematopoietic/lymphatic system.4'

Phthalates have been reported in these
fumes at concentrations of up to 3-7 mg/m3.39
Although specific PAHs such as naphthalenes
have been found in these fumes, actual values
are not available.
We report here on cancer mortality after an

additional nine years of follow up (1981-9) in
the subset of the Baltimore cohort, consisting
of 10 841 men and women who ever worked
in the meat department of supermarkets, and
the comparison group of 6265 men and women
in the same union who worked exclusively in
non-meat companies. The total number of
deaths in supermarket workers for the first fol-
low up (1949-80) was 865. In this extended
follow up a further 766 deaths were recorded.
This paper reports on standardised mortality
ratio (SMR) and proportional mortality ratio
(PMR) analyses of the total of 1631 deaths
that had occurred among supermarket work-
ers and 1202 deaths in non-meat workers, dur-
ing the combined follow up period of 1949-89.
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Cancer mortality among workers in the meat department ofsupermarkets

Methods
The original cohort has been described in
detail before.' As we had conducted a com-
prehensive follow up in the first study for the
period 1949-80,' 2 for this extended follow up
only the National Death Index and Social
Security Administration Mortality File were
used. Also, we manually searched for match-
ing death certificates at the State Department
of Vital Records, from all identifying informa-
tion we had on our records, for the rest of the
cohort who were not identified as dead by
these two methods (including those with
missing date of birth or social security num-
ber). After this, persons not identified as dead
from these death file searches were assumed
to be alive. Based on the methods of follow up
we had employed, death ascertainment was
regarded as virtually complete.

Although the records for this union were
complete to the extent that the record of any-
one who had ever been a member could be
retrieved, the race and sex of members were
not routinely recorded and date of birth was
missing for a few members. Thus although
these items were available for all dead subjects
from their death certificates, they were miss-
ing for persons not known to have died. We
carried out both SMR and PMR analyses, as
this deficiency was a factor in the SMR but
not in the PMR analysis. We carried out the
following procedures for the SMR analysis:
For persons not known to have died, (1) we
randomly assigned a race to each subject
based on the racial distribution of dead sub-
jects with death certificates.' This distribution
was found to be virtually the same among a
sample of current members of the union; (2)
sex was determined based on first name; (3)
date of birth was artifically assigned to 672
subjects in supermarkets and 668 subjects in
non-meat companies without this informa-
tion, as described previously.'

Cause specific SMRs and PMRs were cal-
culated with the O/E system computer pro-
gram developed jointly by the National
Cancer Institute and IMS Inc as a modifica-
tion of the Monson program. The reference
population was the United States general pop-
ulation.42

In the PMR analysis, the expected number
of deaths for a given cause was based on the
proportion of all deaths due to that cause in
the United States population multiplied by
the total number of all deaths in the study
group, by age, calendar time, race, and sex.
The PMR is given as the ratio of the observed
number of deaths divided by the expected
number. For significance testing, the Mantel-
Haenszel X2 test with one degree of freedom
was used; the variance was determined by the
Poisson approximation (the mean of the
expected deaths). Ninety five per cent confi-
dence intervals (95% CIs) were based on
Mietinnen's test based formula.42 In the SMR
analysis, all subjects without death certificates
(which includes all subjects with missing
demographic information) were assumed to
be alive. Expected deaths for a given cause
were calculated by partitioning person-years

at risk within the study group into age, calen-
dar time, sex, and race categories and multi-
plying by the respective rates for that cause in
the United States reference population.
Enumeration of person-years began as from 1
July 1949 for subjects who were already in the
union before this date, or from the date of first
payment of dues for subjects who joined-sub-
sequently, until 31 December 1989, or until
death, whichever was earlier.

In the enumeration of person-years in the
SMR analysis, date of first payment of union
dues was used as a surrogate of date of first
exposure or employment, because, as men-
tioned, union membership was compulsory
within 30 days of date of employment. This
was appropriate only for subjects who first
started work in a company after it joined the
union. This measure is not valid for subjects
who had worked in companies for a variable
number of years before their companies
joined the union. Such workers would have
accumulated in some cases significant dura-
tions of exposure before coming under obser-
vation. Such a group has been referred to as a
"prevalent" or "cross sectional" cohort. It has
been shown that bias may result in risk esti-
mation when a prevalent cohort constitutes
part of the study population.4344 To examine
this in the SMR analyses, we further selected
a subset of 7740 supermarket workers who
were first employed at least one year after
their companies had joined the union-thus
all of these workers would have come under
observation from their date of first employ-
ment or exposure, and constitute an "inci-
dent" cohort.43
We prefer to present the full results using

the SMR analyses, even though they are based
on incomplete demographic data, for the fol-
lowing reasons: (1) The SMR does not have
the inherent disadvantage of a PMR, which is
that the investigator does not know whether
cause specific PMR results have underesti-
mated or overestimated the true risks, because
of the dependency of these PMRs on the over-
all mortality in the study population com-
pared with that in the comparison group.4546
(2) As the racial distribution of the union has
not changed with time, it was reasoned that
there should be negligible error, in randomly
assigning race as we did, as the proportions of
person-years assigned to each race for subjects
not known to have died would closely resemble
the true ones. (3) The SMR analysis allowed
more readily for more detailed analyses such
as examination by year of termination of
employment, year of first employment, inci-
dent cohort etc. (4) The SMR analyses per-
mitted the determination of the direction of
bias in the PMR results, which was based on
complete data.

Results
Table 1 gives the race and sex distributions of
all deaths in the supermarket workers for each
period of follow up.

Table 2 gives the cause specific SMR
results. For men in the meat department of
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Table 1 Distribution of deaths by race and sex for each follow up period

Racelsex
group

White men
(6343)* [2081]t
Non-white men
(563)* [1822]t
Men
(6906)* [3903]t
White women
(3749)* [1167]t
Non-white women
(186)* [1195]t
Women
(3935)* [2362]t
All race and sex
groups
(10 841) [6265]

Previous follow up

Supermarketsl Non-meat
grocery stores companies

676

57

733

177

10

187

920

236

216

452

136

145

281

733

Present study

Supermarkets Non-meat
grocery stores companies

1112

92

1204

414

13

427

1631

3951

340t

735:

2311:

236t

4671

1202t

*Estimated number of subjects in supermarkets (since race was estimated)
tEsumated number of subjects in non-meat companies (since race was estimated)
tIncludes subjects who worked in both meat and non-meat companies.

supermarkets, statistically significant excesses
of cancer of the buccal cavity and pharynx
and colon cancer were found. For women,
only lung cancer was significantly in excess.
(In supermarket women, the results reflect

Table 2 Standardised mortality ratios (SMRs) for subjects who ever worked in the meat
department ofsupermarketslgrocery stores, andfor those who worked exclusively in non-
meat companies

Cause of death
(ICD)

All causes

All cancers
(140-209)

Buccallpharynx
(140-149)

Stomach
(151)

Colon
(153)

Pancreas
(157)

Lung
(162)

Breast
(174)

All uterus
(180-182)

Other genital
(183-184)

All genital
(180-184)

Prostate
(185)

Lymphoma reticulosarcoma
(200)

Hodgkin's disease
(201)

Myeloma
(203)

Leukaemia
(204-207)

Other lymphatic
(202, 203, 208)

All haematopoeitic/lymphatic
(200-209)

Supermarket

Men Women

0.9 1-0
[0-9-0-99]* [0-9-1*1]
(1204) (427)
1-0 1-0
[0-9-1-2] [0-9-1-2]
(290) (153)
1-8 1-5
[1.0-3.0]* [0*3-4-4]
(15) (3)
1-0 0-9
[0-5-1 8] [022-27]
(12) (3)
1-5 06
[1.1-2.1]* [0-3-1-2]
(36) (8)
1-0 0-9
[0-6-1-7] [0 3-2 0]
(14) (5)
11 16
[0-9-1-3] [1-1-2 2]*
(102) (40)
- 07
E = 0-4 [0-5-1-1]

(26)
NA 1 3

[0 7-2-3]
(14)

NA 1.1
[0 6-2 0]
(12)

NA 1-2
[0-8-1-8]
(26)

1-2 NA
[0-7-1-8]
(19)
0 7
[0-1-2-0]
(3)
0-6
[0- 1-2-2]
(2)
1-3
[0 4-3 0]
(5)
0*5
[0-2-1-2]
(6)
0-7
[0-2-1-4]
(6)
0-6
[0.3-0.95]*
(17)

1*1
[0-1-3-9]
(2)
0 9
[0 0-5-0]
(1)
1 -6
[0 3-4-8]
(3)
1-3
[0-5-2-8]
(6)
1-6
[0 6-3.3]
(7)
1-4
[0 8-22]
(17)

Non-meatt

Men Women

09 08
[0.9-0-99]* [0-7-0.9]
(710) (455)
1-0 0-9
[0-9-1-2] [0-7-1-0]
(160) (126)
1 7 05
[0 8-3-2] [0-0-2 6]
(10) (1)
09 2-0
[0-4-1 9] [0 9-3 6]
(7) (10)
0 9 1-3
[0-4-1-6] [0 8-2 0]
(10) (18)
1.1 04
[0-5-2-1] [0- 1-1-2]
(8) (3)
13 12
[1-0-1-6]* [0-8-1-8]
(69) (25)
- 0*7
E = 0 2 [0 4- 11]

(21)
NA 0 9

[0-5-1-5]
(14)

NA 1.0
[0-5-1-9]
9

NA 0 9
[06-1 4]
(23)

0 7 NA
[0-3-1 -4]
(8)

E= 1 9

0-7
[0 0-3 7]
(1)

E = 2-5

0-8
[0.2-1-9]
(4)
0-2
[0-0-1*1]
(1)
0-4
[0 2-0-9]*
(6)

E = 1 5

E = 0-8

1-1
[0-2-3-3]
(3)

E = 4*1

0 7
[0-1-1*9]
(3)
04
[0-1-0-9]*
(4)

mostly the experience of white women, as

there were only two cancer deaths in non-
white women.)
When the cause specific SMRs given in

table 2 for male and female supermarket
workers were compared with the correspond-
ing cause specific PMR results (not pre-

sented), they were all found to be virtually
identical. When these were compared with
cause specific results from the incident cohort
analysis, again virtually identicial results were
achieved, even when the groups were broken
down by race and sex. There were two excep-
tions: the SMR for cancer of the uterus in
white women in supermarkets of 1-5 (95% CI
0-8-2 5) was similar to the corresponding
PMR of 1*5 (95% CI 0O8-2-6), but different
from the corresponding SMR of 2-3 (95% CI
1.2-4.0) in the incident cohort. This may be
of no relevance as the SMR in the control
group of non-meat white women was also 1-5
(95% CI 0-6-3-1). In non-white supermarket
men, although the SMR of 2-5 (95% CI
0-7-6-4) and that of 2-2 (95% CI 0-0-12-3) in
the incident cohort for stomach cancer were

similar, the corresponding PMR was 3-7
(95% CI 1.0-9-4) (table 3). It is likely that
this PMR is artifically inflated, resulting from
the lower all causes mortality in non-white
supermarket workers (SMR = 0-6) compared
with the United States general population.

Table 3 compares statistically significant
results of the two SMR and the PMR analyses
in this study, with those obtained in the previ-
ous follow up, by race and sex. To rule out
any bias in the SMR results due to artificial
assignment of race, further analyses (worst
case scenario) were carried out in which all
supermarket workers were classified as whites
by sex, and then as non-whites by sex, using
the appropriate United States reference death
rates each time. In Table 3 it is seen that for
cancer of the buccal cavity and pharynx in
men, for which there are pronounced racial
differences in the United States rates, the
SMR results obtained for supermarket work-
ers were similarly divergent. On the other
hand, for colon cancer in men and lung can-

cer in women, for which the corresponding
rates in the United States population were

similar in both races, the results were essen-

tially unchanged. These findings suggest that
the possibility of any bias resulting from our

artifically assigning race in the main SMR
analyses can be ruled out for the findings of
excess colon cancer in male and excess lung
cancer in female supermarket workers.

Table 4 gives the lung cancer SMR results
by calendar year of termination of employ-
ment (exposure), year of first employment,
and calendar year of death, in the incident
cohort. Examination of risk by year of termi-
nation and by year of first employment shows
that for men, no significant excess risk was
found for those who worked in supermarkets
after 1954. By contrast, despite the much
smaller number of deaths in women, there
was a statistically significant excess of lung
cancer in women who stopped work as early
as 1955-9 and as late as 1970-4. Similarly,

* p < 005(X( test).
tExcludes all subjects who ever worked in the meat industry.
tFigures in parentheses are numbers of observed deaths; figures in brackets [ ] are 95% CIs;
E = number of expected deaths; NA = not applicable.
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Cancer mortality among workers in the meat department ofsupermarkets

Table 3 Summary of statisticaly significant results for supermarket workers compared with the previous follow up, and
the incident cohort, and classifying al subjects as white or non-white by sex

SMR

Present study

All All
Supermarket PMR subjects subjects
workers classified classified
Racelsex Cancer Previous Present Previous Full incident as white as
group site follow up study follow up cohort cohort by sex non-white

White Buccal NA 1.9 1-8 1 9 2-4 1-9 0 9
men cavity and [1-1-3-3]* [0.7-3.6] [1-1-3-2]* [0.9-5-2] [1-1-3 2]* [0-5-1-5]

pharynx n=14 n=7 n=14 n=6 n=15 n=15
Colon NA 1-6 1-8 1-6 14 1-5 1-5

[1*1-2-2]* [1 0-2-8]* [1*1-2-2]* [0-7-2-5] [1*1-2 1]* [1*1-2-1]
n=35 n= 18 n = 35 n= 10 n= 36 n = 36

White Lung 2-2' 1-5 19 1-7 1-7 1-6 1-7
women NA [1.1-2.1]* [1.0-3.1]* [1-2-2-3]* [1-0-2 6]* [1-2-2-2]* [1-2-2-4]*

n = 40 n= 14 n = 40 n = 20 n = 40 n = 40

*Statistically significant at the 95% confidence level. Figures in brackets [ ] are 95% CIs; NA = not available.

there seems to be an increased risk for women
first employed for each interval between 1950
and 1974. Examination of risk by calendar
year of death shows that in both sexes, risk of
lung cancer began to fall after 1974.
We refer briefly to results for tumours of

the haematopoietic and lymphatic systems
because we were especially interested in these
tumours, as they are the sites commonly
involved in virally induced tumours in cattle
and chickens, and in benzene induced cancer.

Although there was a definite deficit of
tumours of the haematopoietic and lymphatic
systems (ICD 8th revision 200-209) in super-
market men which was also seen in the con-

trol group, women in supermarkets seem to
show an excess (SMR = 1 4), even when
compared with women in the control group
(SMR = 0A4; 95% CI 0-1-0.9)). This is more
apparent, considering that even though the
total number of all deaths among men of 1204
was almost three times the total number of
deaths in women of 427, the total number of
deaths from tumours of the haematopoietic
and lymphatic systems in both sexes was 17
each. There were four lymphomas in men
compared with five in women, and five
tumours of the erythroid and myeloid series in
men compared with eight in women.

Although these data are limited, they seem to
show an excess of these tumours in women
compared with men.

Discussion
The consistency between the PMR and SMR
results (including those of the incident
cohort) indicates that the results overall prob-
ably approximate closely to the true risks, and
any bias is likely to be minimal.

Previous studies have reported an excess

risk of cancer of the buccal cavity and pharynx
among butchers, meat cutters, and workers in
meat packing plants.'47 The excess in super-
market men in this study, however, may be of
no relevance, as a similar risk was also seen in
the control group of male non-meat workers,
and thus may simply reflect a high back-
ground rate of this disease in the study area.

The general population of Baltimore city from
which most of the study population is derived,
is known to have a significantly higher rate of
cancer of the buccal cavity and pharynx than
the United States general population.48

Similarly, the excess risk of colon cancer in
butchers and meat cutters, and in food
processors has been reported before.'249 The
cause of the excess of colon cancer in male

Table 4 Lung cancer SMRs for incident cohort, by year of termination of employment, by year offirst employment, and
by calendaryear of death

White men White women

SMR for SMR for SMRfor SMRfor
subjects who subjects SMR for subjects who subjects SMRfor
terminated who were first subjects terminated who were first subjects

Period employment employed who died employment employed who died

1950-4 3-2 2-1 - 11 2-4
[1-0-7-4]* [0 9-4-2] E = 0 0 [0-0-6-3] [0-8-5-6] E = 0.0

1955-9 07 07 - 2-8 1-6 24-5
[0 2-1-4] [0 3-1-2] E = 0 2 [1-2-5.5]* [0 7-3 2] [0-140]

1960-4 0-6 1-3 - 05 1 1
[0-2-1-4] [0-6-2-4] E = 0-7 [00-2-8] [0-2-3-3] E = 0-2

1965-9 1-6 1.0 1-8 2-1 2-8 2-5
[0-7-3-1] [0 4-2-0] [0-4-5.2] [0-4-6 0] [1 0-5 7]t [0-14]

1970-4 1-2 - 1-6 3-0 1-6 6-7
[0-4-2-7] E = 2-4 [0 6-3-5] [1-24-62]* [0-2-5-5] [2-5-13.1]*

1975-9 07 - 11 10 - 09
[0-3-1 5] E = 0 6 [0-4-2-3] [0 3-2 5] E = 0 4 [0-1-3-3]

1980-4 - - 09 - 08
[04-1-8] [0 2-2 3]

1985-9 - - 07 - 1-7
[03-1-3] [08-3 1]

*Statistically significant at the 95% confidence level.
tApproaching statistical significance. Figures in brackets [] are 95% CIs; E = expected number of deaths.
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supermarket workers in this study is not
known. Viral exposure is a possible candidate
for investigation as no excess was found in
women. It has been shown experimentally
that the presence of wounds (which are more
likely occur in male meat cutters than in
female wrappers) facilitates the development
of cancer induced by oncogenic retroviruses
of chickens.50 On the other hand, substantial
data identifying dietary factors, particularly
animal fat and meat consumption, as risk fac-
tors for colon cancer exist in the literature. In
one of these studies, it was noted that no vari-
able could reduce the correlation with meat
consumption to less than 0 70.5' In view of
the fact that one study has reported increased
consumption of meat among butchers com-
pared with the general population,49 the role
of non-occupational factors (particularly diet)
needs to be taken into account in future
attempts to investigate the disease in this pop-
ulation.

Excess risk for lung cancer has consistently
been reported among men in the meat indus-
try.l 3-12 Evidence indicates that exposure to
oncogenic viruses may be associated with this
excess,5 1' although exposure to PAHs and
nitrosamines in connection with smoking and
curing of meat could also be relevant.4952 We
have been the only group to report on lung
cancer risk in women, in our original report
on the entire Baltimore cohort. We found a
high risk of the disease in women who worked
in meat packing plants, chicken slaughtering
plants, and the meat department of supermar-
kets.2 In this report, we also noted excess risk
in women in supermarkets, but not in the men
who work side by side with them. We there-
fore suspect that exposure to fumes during
wrapping and labelling may be associated with
increased risk of this disease in women, for the
following reasons: (1) This is the only major
task that women perform in the meat depart-
ment of supermarkets; (2) in the meat depart-
ment of supermarkets in the United States,
meat wrapping and labelling are predomi-
nantly female activities-men usually do not
wrap or label; when they do, it has been esti-
mated that they spend no more than 15% of
their time on this activity (DH Wegman,
unpublished data); (3) as well as supermar-
kets, this is the only exposure common to
women in abattoirs, meatpacking plants, and
chicken slaughtering plants, the other areas in
which this excess risk has been found; (4) the
"hot wire" machine used for wrapping has
been in use since the early 1950s when plastic
films were first used to wrap meat. (Not all
supermarkets in the study had this machine.)
A significant reduction in exposure to wrap-
ping and labelling fumes occurred in super-
markets in the United States after 1975, with
the substitution of the "cold rod" in place of
the "hot wire" in the wrapping machine. Our
SMR results by year of termination, year of
first exposure, and year of death showing that
excess lung cancer risk has been present in
supermarket women from the 1950s till the
end of 1974 seem consistent with this change.
It is noted that this fall in risk is also mani-

fested by the fall in SMR for these women in
our previous study2 from 1 9 to 1-7 in this fol-
low up; (5) wrapping and labelling fumes con-
tain benzene, PAHs, and phthalates that are
associated with the occurrence of lung cancer
and leukaemia in humans or animals. Thus
our finding of excess lung cancer and possibly
leukaemia and lymphoma in these women, is
also consistent.

For these reasons, it is appropriate to sus-
pect that exposure to fumes during wrapping
and labelling may be related to the excess lung
cancer seen in female but not in male super-
market workers. These results should be
regarded as preliminary, however, as they
need to be confirmed in other populations.
Employment history was not updated for this
follow up, and we did not control for tobacco
smoking. Because of these caveats, caution
should be exercised in the interpretation of
the findings. Studies that will take into
account non-occupational confounding fac-
tors like tobacco smoking are needed to fur-
ther investigate this apparent association
between exposure to fumes during wrapping
and labelling, and occurrence of lung cancer
in women.

Although use of the "cold rod" has defi-
nitely resulted in substantially reducing expo-
sure to fumes, the hot wire machine is still
being used in some supermarkets and in other
areas of the meat industry such as chicken
processing plants and in other industries
(personal observation). Also, incorrect use of
the cold rod machine by operating it above
the recommended temperature, a practice
known to occur among some supermarket
workers, may still be associated with notice-
able exposure to fumes; field measurements
have shown that about 10% of the time a
"cool rod" was as hot as a "hot wire" (DH
Wegman, unpublished data). It has been
shown that operating the cool rod cutter at
temperatures of 210'C or more results in
emission that exceed those obtained with a
poor practice hot wire technique.5' Thus the
potential for exposure to these fumes,
although significantly reduced, has not been
completely eliminated.

I thank Glen Heartwell, and Charles Knott of Survey Research
Associates, and Sukon Kanchanaraksa of the Johns Hopkins
University, for their valuable assistance in the conduct of this
study.
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