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Scand J Work En viron Health 13 (1987) 412-416

Mortality in the Swedish glassworks industry
by Gun Wingren, SSe, Otav Axelson , MD1

WINGREN G, AXELSON O . Mortalit y in the Swedish glassworks industry. Scand J Work Environ Health
13(1987) 412-416. An earlier, relatively small case-referent study has shown an increased risk for glassworks
employees to die from stomach cancer, lung cancer, and cardiovascular disorders. This observa tion sug
gested an extend ed study virtu ally covering the entire glass-producing industry of Sweden. Th is new stud y
confi rmed the earlier results and , furthermore, an excess risk for colon cancer was also identified. No
deviation was found in the cancer mortality pattern for all men in the glass-producing area compared
to the whole of Sweden . The grouping of glassworks employees according to type of metal consumption
at the glassworks showed the excess risks of stomach cancer, colon cancer, and cardi ovascular deaths
to relate to glasswor ks with a high consumption of lead, arsenic, ant imon y, and manganese. However,
the strong correlat ion of these various metal exposures did not permit any successful separation of the
effects of the different metals. For cardiovascular mortality, as for cancer , the glassblowers especially
suffered from increased risk. The ir exposure might , to a great extent, be oral, involving the glassblower' s
pipe as a "vector" for the exposure to various metals.

Key terms: card iovascular disease, colon cancer, heavy metals, lung cancer, stomach cancer.

Employment in glassworks means expos ure to a mix
ture of chemicals, especially metals. In general, little
information is available in the literature about the
health hazards in thi s br anch of industr y. However ,
man y of the chemi cals used are kno wn to cause human
health ha zards in various respects, eg , arsenic, lead ,
cadmium, nickel, chromium, and fluorine compounds.

In an ea rlier case-referent study (22) on glassworks
employees from three parishes in the glass-producing
area of southeast Sweden, we found an increased risk
for cancer of the stomach and lung and also for deaths
from car diovascular disease. The largest glassworks
included in that study produced mainly crystal glass
and con sumed large amounts of ar senic and lead. The
excess risk for stomach cancer could be referred to
glassblowers, whereas the risk for lun g cancer mainly
occurred among unspecified glassworkers and the risk
for cardiovascular deaths was observed in both these
groups .

This new case-referent study was undertaken for the
ultimate assessment of the risk situation of Swedish
glass workers and includes also the population o f the '
three pa rishes as earlier studied . In other words, the
study covers virtually the entire artistic glass industry
of Sweden, including employees from a number of
glassworks which ha ve been closed do wn.

Subjects and methods

The registers of deaths and burials in the total of II
parishes were used as the source of subjects, but a sepa-
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ra te analysis was also undertaken for the eight parishes
no t involved in the previou s study. The material en
compassed men in cancer productive ages onl y, taken
as 45 years of age or more, thereby also somewh at
allowing fo r an induction latency period . Th e causes
of death were classified according to the eighth revi
sion of the Int ernational Cla ssification of Diseases
(ICD 8) (17).

To obtain information on past and present exposure ,
a que stionnaire was sent to 13 currently ope rating
glassworks. It requested info rma tion about the present
consumption of metals, as well as that of 25 years ago,
namely, with regard to antimony, arsenic, cadmium ,
chromium, cop per, lead, mangane se, nickel , selenium,
and zinc. Th is que stionnaire was answered by seven
of the glassworks.

The exposure was classified in the follo wing three
ways: (i) by regarding any glassworks employment , ac
cording to the titles given in the registers of deaths and
burials, as exposure; (ii) by distinguishing between six
d ifferent occupat ional categories, namely (a) glass
blow ers, (b) other foundry workers, (c) grinders,
engravers and similar workers, (d) etchers, pol ishers,
painte rs and similar workers , (e) contro llers , packers
and similar wor kers, and (f) unspecified glassworkers;
and (iii) by creating exposure catego ries according to

th e pattern of met al consumption in the glasswor ks .
The unexposed referen ce category was taken asother

men, 45 years of age or more in th e same parishes and
with titles other than those of glassworkers . The se
individuals were mainly farmers , forestry work ers, and
men in service activities in the rather rural area where
the glassworks were located .

Multiple case-re ferent evalu ations were carried out
cons idering death s from any type of can cer and from
cardiovascular disease. Referent s for the se multiple
comparisons were those indi viduals in the area who



had died from nonmalignant diseases except cardio
vascular ones.

To evaluate the general cancer mortality pattern in
the glass-producing area, ie, for obtaining informa
tion about base-line mortality, the observed total num
ber of cases in the II parishes were compared with ex
pected numbers as calculated from the death rates of
the whole of Sweden.

The information obtained from seven of the existing
glassworks regarding the consumption of 10 different
metals around 1960 was used for creating exposure
groups according to metal consumption in the different
glassworks as far as a natural distinction was possible
in this respect. Thereby the subjects from the parishes
with responding glassworks were divided into three
categories as follows: (i) employees from parishes with
glassworks consuming only lead, arsenic and anti
mony, (ii) employees from parishes with glassworks
which, besides lead, antimony and arsenic, also con
sumed relatively large amounts of manganese and to
some extent also cadmium, copper, chromium, nickel,
selenium and zinc, and (iii) employees from parishes
with glassworks with a high consumption of especial
ly zinc, cadmium and selenium, in addition to lead,
antimony and arsenic. Case-referent studies regarding
the aforementioned causes of death, ie, various can
cer forms and cardiovascular disease, were performed
for each of these metal-consumption groups. Further
more, the correlations between the different metals
were calculated with the referents (noncancer and non
cardiovascular deaths) representing the situation in the
study base.

In the statistical analysis, the calculations of the odds
ratios (OR) and test-based 90 070 confidence intervals

(90 % CI), which turned out to be the most inform
ative, followed the principles of Mantel-Haenszel (13)
and Miettinen (14, 15). The study design implies that
the odds ratios are equal to incidence density ratios.

Results

The study covered the period 1950-1982 and a popu
lation of 5 498 men, 887 of whom were identified as
glassworks employees.

The "base-line" mortality in the glass-producing
area with regard to total cancer, stomach cancer, colon
cancer, and lung cancer agreed well with that of
Sweden as a whole, except a significantly low occur
rence of lung cancer with a standardized mortality odds
ratio of 0.5 (90 % CI 0.4-0.7), as is typical for a rural
population. In table I , the case-referent evaluations
are presented, taking all glassworks employees as the
exposed group. A moderate but significantly increased
odds ratio was observed for glassworkers with regard
to total cancer (lCD 140-209), stomach cancer (lCD
151), colon cancer (lCD 153), lung cancer (ICD 162),
and cardiovascular deaths (ICD 410-414 and 427
429). Other cancer forms were also studied but no more
indications of increased risks were found with regard
to the total study population in the area.

A separation of the available occupational titles into
the six aforementioned occupational categories made
it possible to relate the excess risks for the various
causes of death to more specific job tasks. The highest
risks appeared among the glassblowers (table 2). For
the group of unspecified glassworkers, significantly
increased risks were seen for colon cancer and lung can-

Table 1. Case-referent data on men, 45 years of age or more, in 11 parishes in the glass·producing area during the period
1950-1982. The referents were SUbjects deceased from noncancer and noncardiovascular disorders. Exposure was taken as
glassworks employment. (ICD =International Classification of Diseases)

Total Stomach Colon Lung Cardiovascular
deaths Refer·Age group cancer cancer cancer cancer (ICD 410-414+ ents(ICD 140-209) (ICD 151) (ICD 153) (ICD 162) 427-429)

45-64

Exposed subjects 57 11 5 6 57 81
Unexposed SUbjects 175 27 14 15 247 299

65-74

Exposed subjects 63 19 3 7 116 88
Unexposed SUbjects 319 57 17 31 442 435

;;,;75

Exposed subjects 82 14 10 8 174 169
Unexposed subjects 442 78 30 19 993 1259

Total

Exposed SUbjects 202 44 18 21 347 339
Unexposed subjects 936 162 61 65 1682 1993

Crude odds ratio 1.3 1.6 1.7 1.9 1.2
Mantel·Haenszel chi square 3.5 4.8 3.2 4.0 4.8
Mantel-Haenszel odds ratio 1.2 1.5 1.6 1.7 1.2
with 90 % confidence interval 1.02-1.4 1.1-2.0 1.04-2.5 1.1-2.5 1.1-1.4
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Table 2. Distribution of cancer cases, cardiovascular cases, and ref erent s in different job categories for men , 45 years of age
or more, who died during the peri od 1950-1982. The referents wer e subjects deceased from noncancer and noncardiovascular
disorders . The age st rat if icat ion underlying the analyses has been omitted. (ICD = International Clas sification of Diseases ,
OR =odds ratio, 90 % CI =90 % con fidence inte rval)

Stomach cancers Colon cancers Lung cancers Cardiovasc ular death s

Work categories Referents (ICD 151) (ICD 153) (ICD 162) (ICD 410-414 +
427 - 429)

Number OR 90 % CI Number OR 90 % CI Number OR 90 % CI Number OR 90 % CI

Unexposed 1993 162 61 65 1 682
Exposed

Glassblowers 53 11 2.6 1.5-4.4 5 3.1 1.4-6.5 2.3 1.0- 5.5 59 1.3 1.0-1.8
Other foundry
workers 25 2 2 16 0.8 0.4 -1.3
Grinders, engravers,
cutters, etc 74 10 1.6 0.9- 2.8 2 78 1.2 0.9-1 .6
Etchers, polishers,
painters, etc 15 0 O. 15 1.1 0.6-2.1
Controllers and
packers 29 3 1.1 0.4-3.0 0 2 22 0.9 0.5-1 .4

Glassworkers
(not specified) 143 18 1.4 0.9- 2.2 1.8 1.0-3.3 11 1.9 1.1- 3.4 157 1.3 1.1-1.6

cer, as well as for cardiovascular deaths . No clear ex
cess was seen for the other categories.

The case-referent evaluations of the associations
between causes of death and type of metal consump
tion showed no significant increase of the overall risk
for cancer or cardiovascular disease amon g glassworks
emplo yees from one pari sh with a glassworks con
suming only lead, arsenic, and antimony. However,
six out of eight colon cancer cases were found amon g
unspecified glassworkers, giving an OR of 8.8 and a
90 0,70 CI of 2.5-31.4 for this work category. Glass
works employees in four parishes with glassworks with
a high consumption of manganese and also lead, ar
senic and antimony, and some other metals as earlier
defined , had increased risks for stomach cancer (30 ex
posed cases, OR 1.7, 90 0,70 CI 1.2-2.6), colon can
cer (8 exposed cases, OR 2.0 , 90 0,70 CI 1.0-4.0), and
cardiovascular deaths (193 exposed cases, OR 1.3,
90 0,70 CI 1.1-1 .6). The glassworks emplo yees in two
parishes with glasswork s consuming large amounts of
zinc, cadmium, and selenium, besides lead, arsenic and
antimony, had no significantly increased risks at all.

Further analyses indicated very strong correlations
between the use of many of the metals, and , con
sequently, it was impossible to separate the effects of
isolated metals, ie, to eliminate confounding from ex
posure to one metal when the effect of another was
considered.

A special analysi s was carried out for the eight new
parishes, including one more year in the stud y period
to increase somewhat the numbers, ie, for this anal y
sis the study period was 1950-1983. The results were
as follows: stomach cancer (lCD 151) OR 1.2 and
90 % CI 0.8-1.8, colon cancer (ICD 153) OR 2.1 and
90 0,70 CI 1.3-3.5, lung cancer (ICD 162) OR 1.4 and
90 0,70 CI 0.8-2.5 , cancer of the urinary tract (lCD
188-189) OR 1.8 and 90 0,70 CI 1.0-3.1, and card io
vascular deaths (ICD 410-412 + 427-429) OR 1.1
and 90 0,70 CI 0.9-1.3.
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Discussion

The chemical environment in a glasswork s is very
complex, and the workers are exposed to a mixture of
chemicals, man y of which are known to have adverse
effects. Arsenic, nickel, and hexavalent chromium are
recognized respiratory carcinogens (2,5,6, 10, 12,20) ,
and also ant imony seems to have carcinogenic proper
ties (18). An excess of cardiovascular disorders has
been reported among individuals occupationally ex
posed to arsenic (2, 12). Cadmium has been suggested
to cause cancer of the prostate (9, II) . Some lead salts
have turned out to be carcinogenic in mice and rat s
(16), and recently published cohort studies have shown
mode rately but significantly elevated sta ndardized
mortality ratios for gastric and lung cancer among
workers in a lead battery plant (3) and amon g smeltery
worker s (8). Hydrogen fluoride causes burn s and has
irritative effects on the respirato ry system (19), fac
tors which could also be of some relevance in this con
text. In earlier years the use of asbestos, with a poten 
tial risk for lung cancer, was common in the glassworks
industry (21).

Long-term exposure to ma nganese can cause neu
rotoxic symptoms resembling Park inson's disease (7),
but no clear association with cancer has been re
ported. However, manganese has also been used in the
form of manganate, which could imply oxidative ca
pacity with free radical formation . Furthermore, man
ganese chloride has been shown to potentiate the de
velopment of lymphosarcoma in mice (4). Therefore ,
there is some biological plausibility that also man
ganese might have contributed to the cancer risks ob
served in this study, and a possible carcinogenic role
of manganese would be worth further consideration .

The overall results of this study, which includes the
dat a of our earlier study, confirm the findings of the
earl ier study , ie, that increased risks for stomach can
cer, lung cancer, and cardiovascular deaths have oc
curred for men employed in the Swedish glassworks



industry. In addition, an increased mortality from
colon cancer has now been identified. The increased
risk for cancer of the urinary tract occurred only for
workers from two of the parishes, and there is no good
explanation at present for this finding .

The increased risks for the different cancer types and
for cardiovascular deaths as occurring mainly among
gla ssblowers suggest a more extreme exposure situa
tion for this category than for other glassworkers. The
glassblower's direct oral contact with the working tool,
the pipe, has made us interested in making metal
analyses from inside the pipe. Preliminary results in
dicate that the concentrations of especially manganese,
but also chromium, nickel, copper and to some extent
lead and arsenic, can be considerable in slag from in
side the pipe, probably resulting in some ingestion (to
be published).

The other group with significantly increased death
risks (except for stomach cancer) was the category of
unspecified glassworkers. After comparing the occu
pational titles in the registers of deaths and burials for
a sample of our study population with information on
the same persons given by the local representatives of
the labour union, 42 % of the unspecified glasswork
ers could be referred to the group of "other foundry
workers" and 17 % to the group of glassblowers.
Thus, the glassblowers ' risks are likely to have been
reflected in the results of the unspecified glassworkers,
but other workers as well in this category may have
been exposed in the most dusty environment of the
foundry and under extreme heat stress . The latter
aspect could be of some relevance in so far that in
creased consumption of contaminated dr inking water
might be involved and help explain the findings, ie,
there is perhaps a possibility that waste disposals of
metals in the neighborhood of the glassworks could
have caused water contamination in the past, even if
this proposition is somewhat hypothetical. No infor
mation on smoking habits, dietary habits, or other life
style factors could be accounted for in this study.
Therefore, differences in these respects cannot be
totally ruled out, but are less likely to have caused the
rather strong effects that have been observed (I). The
method of creating exposure groups according to the
titles in the registers of death and burials could per
haps be somewhat imprecise, as only one title is given
for each person and changes in occupation or work
tasks over the years is not taken into account. How
ever, glassworkers are considered to be a very stable
occupational group, and this assumption is under
standable as glassworkers in the artistic glass industry
are very skilled and highly specialized in particular
work tasks .

The spec ialization of glass production means dif
ferent patterns of consumption, particularly for metals,
in the various glassworks. It might be mentioned that
(oxides of) cadmium, chromium, copper, manganese,
nickel, zinc, and selenium are used in various glass
batches as either decoloring or coloring agents, and

antimony and arsenic are used as purifying agents to
remove air bubbles from the glass. The association
found in this study between colon cancer and, par
ticularly, exposure to antimony, arsenic, and lead is
relatively strong and therefore suggestive of a causal
relationship . Besides the possibility of a connection
between lung cancer and some of the metals, an effect
from widespread asbestos exposure is also likely to be
involved, but it was not specifically taken into account
in this study. Asbestos has been used at many work
sites in the glass industry of the past to protect the
glass wares in transportation within the factories and
as insulation material in the ovens.

Of particular interest for the future would be to
study stomach cancer, as well as colon cancer, in
suitable populations and with regard to lead, arsenic,
antimony, and manganese exposure, especially in situa
tions where ingestion may have occurred. Finally, the
difficulty in this study to connect cancer risk with one
specific metal or a few metals might also be a reflec
tion of the possibility that a complex chemical envi
ronment as such causes cancer, an aspect worth con
sideration in further studies of metal carcinogenesis.
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