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Abstract
Objectives—Gemstone cutters are poten-
tially exposed to various carcinogenic and
fibrogenic metals such as chromium,
nickel, aluminium, and beryllium, as well
as to lead. Increased beryllium concentra-
tions had been reported in the air of work-
places of beryl cutters in Idar-Oberstein,
Germany. The aim of the survey was to
study the excretion of beryllium in cutters
and grinders with occupational exposure
to beryls—for example, aquamarines and
emeralds—to examine the prevalence of
beryllium sensitisation with the beryllium
lymphocyte transformation test (BeLT),
to examine the prevalence of lung disease
induced by beryllium, to describe the
internal load of the respective metals rela-
tive to work process, and to screen for
genotoxic eVects in this particular profes-
sion.
Methods—In a cross sectional investiga-
tion, 57 out of 100 gemstone cutters work-
ing in 12 factories in Idar-Oberstein with
occupational exposure to beryls under-
went medical examinations, a chest radio-
graph, lung function testing (spirometry,
airway resistance with the interrupter
technique), and biological monitoring,
including measurements of aluminium,
chromium, and nickel in urine as well as
lead in blood. Beryllium in urine was
measured with a newly developed direct
electrothermal atomic absorption spec-
troscopy technique with a measurement
limit of 0.06 µg/l. Also, cytogenetic tests
(rates of micronuclei and sister chromatid
exchange), and a BeLT were performed.
Airborne concentrations of beryllium
were measured in three factories. As no
adequate local control group was avail-
able, the cutters were categorised into
those with an exposure to beryls of >4
hours/week (group A) and <4 hours/week
(group B).
Results—Clinical, radiological, or spiro-
metric abnormalities indicating pneumo-
coniosis were detected in none of the
gemstone cutters. Metal concentrations in
biological material were far below the
respective biological limit values, and
beryllium in urine was only measurable in
subjects of group A. Cytogenetic investi-
gations showed normal values which were
independent of the duration of beryllium
exposure. In one subject, the BeLT was

positive. Beryllium stimulation indices
were significantly higher in subjects with
detectable beryllium in the urine than in
those with beryllium concentrations below
the detection limit (p<0.05). In one fac-
tory, two out of four measurements of air-
borne beryllium concentrations were well
above the German threshold limit value of
2 µg/m3 (twofold and 10-fold), and all gem-
stone cutters working in this factory had
measurable beryllium concentrations in
urine.
Conclusion—No adverse clinical health
eVects were found in this cross sectional
investigation of gemstone cutters working
with beryls. However, an improvement in
workplace hygiene is recommended, ac-
companied by biological monitoring of
beryllium in urine.
(Occup Environ Med 2000;57:133–139)
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phocyte transformation test

From the 15th century, Idar-Oberstein, Ger-
many, has been a major European centre of the
gemstone processing industry. Currently, the
precious stones (no diamonds) handled are
mostly from overseas—for example, South
America and Africa (table 1). For the purpose
of cutting and grinding corundums (rubies,
sapphires) and beryls (emeralds and aquama-
rines), discs of corundum or microdiamonds
cemented in nickel are used. Polishing is done
with diamond powder or discs containing lead.
Polishing discs containing cobalt, which are
commonly used for diamond polishing, are not
used in Idar-Oberstein.

It is generally thought that dusts from grind-
ing beryls contain beryllium only as an insolu-
ble silicatic complex, and so this element would
not be bioavailable to the gemstone cutters. We
are unaware of any study aiming at the
detection of beryllium in the urine of gemstone
cutters. Despite the rather low turnover of
material containing beryllium during cutting

Table 1 Chemical structure of gemstones

Beryls (aquamarine,
emerald) Al2Be3[Si6O18]

Chrysoprases SiO2+Ni
Corundums (ruby,

sapphire) Al2O3+Cr
Quartzes (agate,

amethyst) SiO2

Tanzanites Ca2Al3[O/OH/SiO4/SiO7]+V
Topaz Al2[SiO4/(OH,F)2]
Tourmalines Na,Li,Al,Mg,Fe,Mn,Ca,BO3,Si6O18
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and polishing precious stones, increased beryl-
lium concentrations have been reported in the
air at the workplaces of beryl cutters in
Idar-Oberstein. Therefore, we wondered
whether this finding could be reflected by posi-
tive biomonitoring of the urine of exposed sub-
jects, with a new modified technique. Further-
more, despite the limitations of a cross
sectional design, we intended to study whether
diseases associated with beryllium, particularly
berylliosis, as has been shown to occur in
workers involved in ceramic manufacturing,1

space and atomic engineering,2 and in dental
laboratory technicians3 would be found in
gemstone cutters. Also, we wanted to find the
prevalence of beryllium sensitisation with the
beryllium lymphocyte transformation test
(BeLT). Furthermore, beryllium and its com-
pounds are considered to be carcinogenic at
least in laboratory animals.4 5 In a cohort mor-
tality study on patients with beryllium disease,
Steenland and Ward6 and Ward et al7 reported
an increased lung cancer mortality ratio
particularly among those subjects with a
history of acute disease. MacMahon,8 however,
argued that uncontrolled confounding by ciga-
rette smoking was a more likely explanation of
the excess lung cancer than occupational expo-
sure to beryllium compounds. Nevertheless,
the International Agency for Research on Can-
cer (IARC) classified beryllium and its com-
pounds as carcinogenic in humans (group 1).

As well as to beryllium, gemstone cutters are
potentially exposed to other metals—such as
chromium, nickel, aluminium, and lead. This is
partly due to the naturally occurring metal
content of precious stones, but also to the use
of abrasives and grinding discs. Exposure to
chromium as well as to nickel may induce both
occupational asthma9 10 and lung cancer in
humans.11–15 Due to the extremely low concen-
trations of chromium in corundums, exposure
during cutting and polishing these gemstones is
probably negligible. Exposure to aluminium,
which is present in rubies and sapphires as well
as in abrasives may, in principle, cause an
interstitial lung disease, aluminosis.16–19 Fur-
thermore, occupational exposure to lead has to
be considered in gemstone cutters because of
the use of polishing discs containing lead.
When working on quartzes, quartz may
become airborne. However, respirable quartz
concentrations (alveolar fraction of aerosol in
breathing zone) had always been <0.15 mg/m3

(former German MAK concentration) during
cutting or grinding gemstones (as opposed to
larger pieces of quartz—for example, statues),
so that no measurable risk of silicosis is
assumed. When diamond polishing discs are
used, nickel concentrations in the air had not
been detectable or were below 0.5 mg/m3

(German TRK concentration, inhalable frac-
tion of aerosol in breathing zone).

Therefore, it was the aim of our survey to
study the excretion of beryllium in grinders, to
examine the prevalence of beryllium sensitisa-
tion with the BeLT, to examine the prevalence
of lung disease induced by beryllium, to
describe the internal load of potentially or
proved carcinogenic metals relative to work

process and to screen for genotoxic eVects by
testing the rates of micronuclei and sister chro-
matid exchange in a group of gemstone cutters.

Methods
SUBJECTS

In Idar-Oberstein and surrounding villages,
about 2000 people are involved in cutting and
polishing gemstones. Out of these, about 40%
work with coloured stones, the rest mainly with
quartzes. In Idar-Oberstein, no diamonds are
processed. According to the estimations of the
German Industrial Professional Assosiation,
about 200 workers cut or polish beryls, but are
also involved in cutting other precious and
semiprecious stones. Work is done in small
workshops with a mean number of about six
highly specialised employees. Traditionally, the
turnover of workers is very low. The scattered
nature of this industry and the diVerent times
spent by the workers working with beryls make
such an epidemiological survey particularly
diYcult and may explain the problems in
recruitment to the study population.

Our study focused on 12 representative
workshops specialising in the processing of
beryls. Altogether 100 workers were invited to
participate, and 57 agreed (46 men, 11 women;
27 non-smokers, 17 former smokers, and 13
current smokers, table 2).

Due to legal restrictions on transferring per-
sonal data in Germany, demographic data of
the 43 non-responders could not be found. But
it is unlikely that responders diVered from
non-responders systematically. Participation
rates varied between 50% and 100% in the dif-
ferent workshops. Local control subjects with-
out any exposure to gemstone dust were not
available. Therefore the participants were clas-
sified as working often (>4 hours/week, ex-
posed group A, n = 27, mean (SD) 21.1 (12.5)
hours/week) or less often (<4 hours/week,
internal control group B, n = 30, mean (SD)
0.7 (1.2) hours/week) with beryls. Standard-
ised questionnaires were administered, and
clinical examination was performed. The study
was performed in April and June 1995.

CHEST RADIOGRAPHS

Posterioanterior chest films (n=56) were ob-
tained unless they had been taken during the
previous 6 months. All radiographs were classi-
fied according to the International Labor
Organisation system for pneumoconiosis (ILO,
1980) independently by two experienced read-
ers without knowledge of the subjects classifi-
cation to the group A or B.

LUNG FUNCTION TESTING

In all subjects, spirometry was performed, and
airway resistance (Rocc) was measured by the
interrupter technique (Flowscreen 2.1, Jaeger,
Würzburg, Germany). All measurements were
performed by the same technician and with
identical equipment, as suggested by Quanjer
et al.20 Before measurements in every single
subject the pneumotachograph was volume
calibrated. For inspiratory vital capacity
(slowly performed IVC), forced expiratory vol-
ume in 1 second (FEV1), forced vital capacity
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(FVC), peak expiratory flow (PEF), and maxi-
mal expiratory flows (MEF50, MEF25, MEF25-75)
the best values were taken from at least three
acceptable and reproducible manoeuvres and
compared with reference values.20 For airway
resistance with the interrupter technique (Rocc),
we calculated the mean of 15 measurements
and used the regression equation of Zwick and
Schenz.21

BIOMONITORING OF METALS

Subjects were instructed to collect urine from
before the shift in the morning, after shower-
ing, in specially cleaned (by rinsing with nitric
acid 1 mol/l and ultrapure water) polyethylene
tubes wrapped in sealed plastic bags to avoid
contamination. Urine was collected between
1400 and 1530 after the shift at the workplace,
and blood was drawn after the shift. Material
was transported to our laboratory overnight by
courier. Cytogenetic and beryllium lym-
phocyte transformation tests were performed
15 to 17 hours after specimens had been
collected, and metals were analysed within 8
weeks (storage was at −18°C). Concentrations
of chromium, nickel, and aluminium in urine
as well as lead concentrations in blood were
measured according to published standard
methods.22 Limits of measurement for chro-
mium, nickel, and aluminium in urine were
0.6, 0.2, and 1.0 µg/l, respectively.

Beryllium in urine was measured with a
newly developed direct electrothermal atomic
absorption spectrometry (AAS) procedure.
Urine was diluted with nitric acid (0.05
mmol/l, 500 µl urine, plus 1075 µl nitric acid),
applying standard addition for calibration.
Mineralisation and atomisation temperatures
of the pyrolytically coated graphite tube were
optimised with urine specimens of occupation-
ally exposed subjects (atomic absorption spec-
trometer Spectra AA 800, Varian, Mulgrave,
Victoria, Australia). At the applied mineralisa-
tion temperature of 1350°C, non-specific

absorption was below 0.02 units and could be
easily compensated through the Zeeman back-
ground correction method. Under these condi-
tions and with an atomisation temperature of
2450°C, no relevant loss of beryllium oc-
curred, as shown by a nearly unchanged level of
absorption specific to beryllium. As no reagent
blanks could be found, the limit of measure-
ment was calculated to be 0.06 µg/l by the
mean slope of the standard addition lines
derived from 34 urine specimens of non-
exposed subjects (mean (SD) age 38 (12)
years). Imprecision within the series (n=11;
mean 0.75 µg/l) and between days (n=11; mean
0.36 µg/l) amounted to 6.3% and 10.9%,
respectively. Recovery experiments performed
at mean concentrations of 0.41 and 0.75 µg/l
yielded recovery rates of 95.6 and 90.3%. Also,
accuracy was confirmed by analysing commer-
cially available control material (Seronorm
batch 9024) corresponding to 109% of the rec-
ommended value and 98% of the added
amount.

CYTOGENETIC TESTS

Cytogenetic tests performed in 51 subjects
included analyses of rates of micronuclei and
sister chromatid exchange. The lymphocyte
micronucleus assay was performed with a
modified cytokinesis block method.23 24 Briefly,
lymphocytes were cultured for 72 hours, and
cytochalasin B was added after 44 hours of
incubation. After washing, fixing, and harvest-
ing the cells onto slides, they were dried and
stained with 4',6-diamino-2-phenylindole
(DAPI, 5 mg/l; Serva, Heidelberg, Germany).
Two thousand binucleated cells per sample
were scored blindly by the same reader.

Rates of sister chromatid exchange were
assessed as described.25 26 Whole blood cultures
were established in chromosome medium con-
taining 5-bromo-2-deoxyuridine for 72 hours.
Colcemid (0.1 µg/ml) was added to each
culture 2 hours before the end of incubation.

Table 2 Mean (SD) and median values of variables under study for all subjects and subjects (group A) with >4 h/week v <4 h/week exposure to beryls
(group B), and results of t tests (*p<0.05), diVerences in means (95% CI)

Variable

All subjects (n=57)

Exposure to beryls

t Value DiVerence 95% CI

A >4 h/week (n=27) B <4 h/week (n=30)

Mean SD Median Mean SD Median Mean SD Median

Age (y) 42.0 13.3 42.0 42.3 14.0 44.0 41.6 12.9 41.0 0.20 0.7 −4.2 to 5.6
Duration of work as jeweller (y) 24.8 15.4 23.0 25.5 15.8 30.0 24.2 15.2 20.0 0.33 1.3 −4.5 to 7.1
Duration of work per week

(h/week) 38.5 6.6 40.0 39.2 5.9 40.0 37.9 7.3 39.0 0.77 1.3 −1.2 to 3.8
Nickel (before the shift) (µg/l

urine) 1.48 1.01 1.25 1.41 1.07 1.10 1.55 0.96 1.60 0.52 −0.14 −0.52 to 2.4
Nickel (after the shift) (µg/l urine) 1.11 0.73 1.10 1.04 0.72 0.90 1.18 0.75 1.15 0.73 −0.14 −0.42 to 0.14
Aluminium (before the shift) (µg/l

urine) 7.90 11.8 5.40 7.31 5.30 5.90 8.43 15.6 4.75 0.35 −1.12 −5.44 to 3.2
Alumimium (after the shift) (µg/l

urine) 6.34 10.1 3.90 5.64 4.70 4.50 6.98 13.3 3.35 0.49 −1.34 −5.08 to 2.4
Beryllium (before the shift) (µg/l

urine) — — — 0.13 0.12 0.09 nd — — — — —
Beryllium (after the shift) (µg/l

urine) — — — 0.08 0.07 0.03 nd — — — — —
Relative density, urine (before the

shift) 1.022 0.006 1.020 1.022 0.005 1.022 1.021 0.007 1.020 0.45 −0.001 −0.003 to 0.001
Relative density, urine (after the

shift) 1.019 0.007 1.019 1.020 0.007 1.021 1.019 0.007 1.019 0.46 −0.001 −0.004 to 0.002
Lead (after the shift) (µg/l blood) 86.2 46.8 69.4 99.6 54.4 91.2 74.2 35.6 66.2 2.10* 25.4 8.2 to 42.6
Micronucleus rate (/500 cells) 9.93 4.34 9.74 9.81 4.89 8.67 10.0 3.87 9.91 0.19 −0.19 −1.85 to 1.47
SCE rate (/cell) 9.82 1.78 9.48 9.70 1.11 9.87 9.91 2.17 9.38 0.42 −0.21 −0.86 to 0.44

nd=Not detectable; SCE=sister chromotid exchange.
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Lymphocytes were washed, harvested onto
slides, and air dried chromosome preparations
were made. Slides were stained with Giemsa
and scored blindly by the same reader. Fifteen
well diVerentiated diploid second division
metaphases with at least 40 chromosomes were
scored in each subject.

BERYLLIUM LYMPHOCYTE TRANSFORMATION TEST

The blood beryllium lymphocyte transforma-
tion test (BeLT) is an in vitro measure of the
specific immune response of cells to beryllium
antigen. It can serve as a valuable aid in the
diVerential diagnosis of granulomatous lung
diseases in people exposed to beryllium.27 The
response to beryllium is understood to play a
central part in the immunopathogenesis of
chronic beryllium disease.28 The BeLT was
performed according to a modification of the
photometric method described by Wemme et
al.29 Briefly, lymphocytes were cultured for 96
hours together with beryllium sulphate at con-
centrations of 1×10-4, 1×10-5, and 1×10-6

mmol/l, or phytohaemagglutinin alone. After
72 hours of culture, 5-bromo-2-deoxyuridine
(BrdU) was added. At the end of the
incubation period, the microtitre plate was
centrifuged and supernatants were discarded.
Cells were fixed and dried, followed by
denaturation with HCl. Cells were incubated
with antibody to bromodeoxyuridine solution
for 60 minutes, then incubated with polyclonal
rabbit antibody to mouse IgG conjugated to
peroxidase for another 60 minutes. Chromog-
enous o-phenylenediamine dihydrochloride so-
lution was added, and the developed plates
were read at 490 nm in a Dynatech reader
(Dynatech Laboratories, Denkendorf, Ger-
many). The BeLT was performed in 54
gemstone cutters; specimens of 30 additional
people without any contact to beryllium served
as controls (18 men, 12 women; mean (SD)
age 45 (11) years).

DEFINITION OF ABNORMAL BeLT

The highest stimulation value of the three
beryllium concentrations was divided by the
stimulation value performed with BrdU only.
The upper limit based on the mean peak
stimulation index (SI) +2 SDs (1.61) for unex-
posed subjects (controls). The SIs higher than
this value were considered to be increased.

PERSONAL MONITORING OF AIRBORNE BERYLLIUM

In eight gemstone cutters working in three
typical factories, airborne beryllium concentra-
tion was measured over 2 hour sampling
periods with personal samplers (DuPont-
pump á 1, sampling system GSP, 37 mm
membrane filter; pore size 0.8 µm, flow rate 3.5
l/min). Beryllium content was measured by
AAS.

EVALUATION OF DATA

Mean (SD) values and medians were calcu-
lated for age, duration of exposure, lung func-
tion, results of biomonitoring, and cytogenetic
investigations. Values below the detection lim-
its were entered as half of the detection limit.
Two tailed t test statistics for independent or
dependent samples were applied, and the
diVerences in means between groups A and B
were calculated with their 95% confidence
intervals (95% CIs). Lung function data were
further analysed with multiple analysis of vari-
ance and Tukey tests with the independent
variables exposure groups A or B and smoking
(non-smokers, former smokers, current smok-
ers). Also, non-parametric tests were carried
out (Spearmans R, correlation between the
beryllium concentration in urine and the indi-
vidual stimulation index of BeLT). All tests
were done at á=0.05 significance level.

Results
Subjects’ characteristics, exposure data, bio-
monitoring data, and results of cytogenetic
tests are summarised in table 2, which also
contains data stratified according to the
duration of work with beryls (group A >4
hours/week, and B <4 hours/week), lung func-
tion values are presented in table 3. Subjects
with high and low exposure to beryls diVered in
exposure to other gemstones: apart from work
with beryls, gemstone cutters of group A often
had contact with tanzanites (mean (SD) 9.4
(12.0) hours/week), and tourmalines (4.7
(5.4)). Subjects of group B worked mostly on
quartzes (9.6 (11.2) hours/week), corundums
(9.6 (15.4)), tourmalines (6.7 (7.9)), and tan-
zanites (6.0 (9.7)). Twenty one (37%) subjects
complained of respiratory symptoms (blocked
nose 21%, cough 9%, NS between groups A
and B). No clinical abnormalities suggestive of
interstitial lung disease were detected in any
subjects.

CHEST RADIOGRAPHS

One male subject of group A (age 53 years)
showed bihilar enlargement of lymph nodes and
micronodular disseminated opacities (ILO
1980, pq 1/1, all fields, hi). His medical records
included a diagnosis of sarcoidosis based on a
chest x ray film and high resolution CT. He
declined follow up investigation. In a further six
employees, pleural or parenchymal abnormali-
ties were detected compatible with patients’
histories of tuberculosis or pneumonia. Normal
chest radiographic findings were obtained in 49
subjects.

Table 3 Mean (SD) values of lung function variables under study for all subjects and
subjects (group A) with >4 h/week v <4 h/week exposure to beryls (group B), and results
of multiple analysis of variance (F1=exposure group, F2=non-smokers, former smokers, and
current smokers; F3=interaction)

Variable
(% predicted)

All subjects
(n=57)

Exposure to beryls

F1 F2 F3

A >4 h/week
(n=27)

B <4 h/week
(n=30)

Mean SD Mean SD Mean SD

IVC 101.5 13.5 103.3 12.7 99.9 14.2 0.319 0.122 0.776
FVC 106.1 13.4 106.8 14.1 105.4 12.9 0.123 0.490 0.881
FEV1 104.8 15.4 107.2 17.3 102.5 13.4 0.915 1.759 1.223
FEV1/IVC 100.7 9.6 101.6 10.0 99.9 9.2 0.301 1.904 0.654
PEF 109.7 21.5 109.9 20.2 109.5 22.9 0.230 1.605 0.535
MEF50 93.5 33.4 96.4 37.1 91.0 30.2 0.442 1.606 0.403
MEF25 85.0 35.4 90.3 36.7 80.2 34.2 2.046 3.186* 0.100
MEF25-75 93.5 31.8 96.9 33.7 90.6 30.3 0.712 2.318 0.417
Rocc 95.8 25.4 93.1 28.6 98.2 22.5 0.604 0.397 0.267

*:p<0.05; Tukey test: non-smokers v current smokers.
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LUNG FUNCTION

Three out of the 57 gemstone cutters showed
slight decreases of inspiratory vital capacity
(IVC <80% of predicted, minimum 72%),
which might show the beginning of restrictive
lung function. Two of these three cutters had
no contact with beryls, one cutter had 5 hours/
week. In the patient with a history of
pulmonary sarcoidosis, no lung function ab-
normality was detected. No significant diVer-
ences in lung function were found between
employees of exposure groups A and B (table
3), even after adjustment for smoking.

BIOMONITORING OF METALS

Chromium in urine was detectable only in five
and three samples before and after the shift,
respectively. Nickel and aluminium in urine
were measurable in 52 and 55 urine samples
before and 50 and 47 urine samples after the
shift, respectively, with mean (SD) concentra-
tions given in table 2. In none of the subjects
were the German biological limit values (BAT,
EKA) for aluminium, chromium, or nickel
(200, 20, and 45 µg/l) exceeded. Mean
aluminium excretion in urine did not diVer
according to the use of corundum either as a
precious stone or as an abrasive, with mean
(SD) values of 8.5 (13.0) µg/l before and 5.4
(5.0) µg/l after the shift in subjects exposed to
corundums <4 hours/week (n=46) compared
with 5.2 (2.9) µg/l before and 10.5 (20.9) µg/l
after the shift in subjects exposed >4 hours/
week (n=11).

Of group A, 17 out of the 27 subjects had in
at least one, out of two, samples of urinary
beryllium concentrations above the detection
limit (17 before and 12 after the shift). By con-
trast, none of the urine samples from subjects
in group B contained measurable beryllium
concentrations. Mean concentrations of beryl-
lium in urine of group A subjects before and
after the shift were not significantly diVerent.
None of the gemstone cutters who had possibly
slightly restrictive lung function had beryllium
in measurable concentrations in urine.

Mean (SD) blood lead concentrations are
also presented in table 2. In subjects who
reported the use of polishing discs containing
lead, mean (SD) blood concentration was
104.8 (54.7) µg/l and was therefore higher
(p<0.05) than in subjects with a negative
history of lead (74.6 (37.4) µg/l). Work with
beryls was reported for longer periods in the
subjects who reported the use of polishing discs
containing lead (mean (SD), 15.2 (15.4)
hours/week) than in the group without expo-
sure to lead (7.2 (11.1) hours/week, p<0.05).
The highest blood lead concentration was 233
µg/l and therefore below the current German
BAT concentration (700 µg/l).

CYTOGENETIC TESTS

Mean rates of micronuclei and sister chromatid
exchange showed no significant diVerences
between subgroups of employees with high or
low exposure to beryllium (table 2). The same
was true after stratification for smoking: mean
(SD) counts of micronuclei in smokers and
non-smokers with low exposure to beryls was

9.4 (3.4) and 10.3 (4.1) compared with 8.7
(1.9) and 10.0 (5.2) /500 cells in smokers and
non-smokers with high exposure. Mean (SD)
rates of sister chromatid exchange in smokers
and non-smokers with low exposure to beryls
were 11.6 (2.2) and 9.3 (1.8) v 10.5 (0.7) and
9.6 (1.1) per cell in smokers and non-smokers
with high exposure. No eVect of smoking on
rates of micronucli could be found. In smokers,
however, mean (SD) rates of sister chromatid
exchange were 11.3 (1.9) per cell and therefore
significantly (p<0.01) higher than in non-
smokers (mean (SD) 9.4 (1.5)).

BERYLLIUM LYMPHOCYTE TRANSFORMATION TEST

In one subject, the BeLT turned out positive.
His age was 61, his exposure time to beryls 25
hours/week, and he had been working in his
profession for 47 years. Beryllium in urine was
detectable at concentrations of 0.33 and 0.09
µg/l (before and after the shift). His chest
radiograph was normal, and lung function
within the lower range (VC 82% predicted,
FEV1 78% predicted). The subject with the
diagnosis of sarcoidosis showed a stimulation
index within the normal range. Stimulation
indices were slightly but significantly higher in
cutters with detectable beryllium concentra-
tions in the urine (>0.06 µg/l) than in subjects
with concentrations below the detectable
concentration (mean (SD) 1.17 (0.26) v 1.04
(0.15), p<0.05). There was also a significant
correlation between the (maximal individual)
beryllium excretion in urine and the individual
beryllium stimulation index (Spearman’s R for
the whole group 0.287, p<0.05).

PERSONAL MONITORING OF AIRBORNE BERYLLIUM,
CORRESPONDING VALUES OF BERYLLIUM IN URINE

Results of ambient monitoring ranged from
<0.4 µg/m3 to 20.0 µg/m3. The highest value
was found during the cutting of aquamarines.
In factory 1, two of four measurements (20, 4,
1, and 1 µg/m3) showed airborne beryllium
concentrations above the German ambient
threshold limit value (TRK) of 2 µg/m3. In fac-
tory 2 data were below the detection limit, fac-
tory 3 showed ambient beryllium concentra-
tions of 2 and 1 µg/m3. In 15 of 18 specimens
(nine before, and six after the shift) of the cor-
responding employees in factory 1 (n = 9)
beryllium was detectable in urine (before 0.18
(0.15) µg/l, and after the shift 0.12 (0.10) µg/l,
diVerence NS). Beryllium in urine exceeded
the detection limit in none of the other
employees (factories 2 and 3, n=14).

Discussion
This study, the first in the German precious
stone industry, was initiated to verify a
potential health hazard in beryl grinders. Our
aim was twofold: firstly, we wanted to detect
whether exposed gemstone cutters incorporate
beryllium, and secondly, whether diseases
associated with beryllium are present in this
group.

The particular problems of such a study are
due to the scattered nature of this industry and
the diYculty in recruiting a suYcient number
of exposed workers. Out of 100 cutters, 57
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were willing to undergo the whole procedure
including x ray film and blood tests. In the
study of Nemery et al30 among Belgian
diamond polishers, no such tests were done,
and the response rate was 78%. As no adequate
local control group was available, we decided to
categorise cutters into those with an exposure
of >4 hours/week (group A) and <4 hours/
week (group B). This arbitrarily chosen cut oV
turned out to be reasonable as beryllium was
detectable in 29 of the 54 urine samples of
group A subjects but in none of the workers in
group B.

Facing the diYculties in recruiting many
workshops, of course, a healthy workshop
eVect has to be considered which may bias our
results towards underestimation of potentially
adverse health eVects. However, in one of the
factories in which we were able to recruit nine
subjects (thus making up one third of group A)
airborne beryllium concentration was up to
10-fold over the German technical limit value,
which argues against particularly healthy work-
shops being grossly overrepresented. Also, we
are unable to exclude bias caused by mostly
healthy workers agreeing to participate. Due to
legal restrictions in the availability of non-
participants’ data and those who had left their
jobs, we cannot measure the potential size of
the problem.

Within these limitations, in this cross sec-
tional study we detected no clinically adverse
health eVects attributable to occupational
exposure, except for one subject with a positive
beryllium lymphocyte transformation test.
More than 50% of the specimens from
gemstone cutters with frequent contact with
beryls (>4 hours/week, group A, including all
subjects of one factory) showed beryllium con-
centrations above the detection limit of 0.06
µg/l urine. By contrast, as already mentioned,
none of the urine samples collected from sub-
jects exposed <4 hours/week contained meas-
urable beryllium concentrations. So the urine
test of beryllium was highly specific to (but less
sensitive in) the exposed category as defined in
this study. Thus, by contrast with what has
been generally thought, our findings show that
beryllium aerosolised during gemstone cutting
is bioavailable in principle.

To the best of our knowledge, no comparable
studies on the eVect of metal exposure or
measures of health outcome in cutters of
coloured gemstone have been published in
recent years. Nemery et al30 found decreased
pulmonary function in diamond polishers with
exposure to cobalt. The cobalt originated from
the grinding surface of polishing discs made of
microdiamonds cemented with cobalt. Lung or
pleural diseases induced by asbestos have been
reported in jewellers who used asbestos insula-
tion material for soldering,31 32 and increased
mortality in jewellers due to pancreatic cancer
has also been reported by Sparks and
Wegman,33 although not confirmed.34 In
polishers33 and female jewellery workers,34

significant excess mortalities due to gastric
cancer were reported. Respiratory cancer was
found less often than expected in either cohort.

In our group of gemstone cutters, we were
particularly interested in exposure to beryllium
and potentially related health eVects of beryl-
lium. For the purpose of this study, a direct
electrothermal AAS procedure had been devel-
oped with a detection limit eightfold lower than
that published previously (0.5 µg/l).22 Thus,
beryllium values in urine >0.06 µg/l could now
be interpreted as causally related to occupa-
tional exposure as all 30 of the subjects with a
low degree of occupational exposure had
beryllium concentrations in urine below that
figure.

Data about rates of micronuclei and sister
chromatid exchange did not reflect genotoxic
eVects diVering between groups. In the cytoki-
nesis block method used for the micronucleus
test,23 blastogenesis of T lymphocytes provided
a means of assessing cytogenetic eVects mainly
due to long term exposure, as T cells have a
half life in the range of years. Also, the
frequency of sister chromatid exchange in lym-
phocytes did not diVer between workers with
high and low exposure (table 2), which was also
true after stratification for smoking. However
we found a significant eVect of smoking on
rates of sister chromatid exchange, which is
compatible with the findings of other
authors.35–37

The biological exposure data of chromium,
nickel, and aluminium did not show a measur-
able health risk due to potentially carcinogenic,
asthmatogenic, or fibrogenic metals and their
compounds in this group of gemstone cutters.
Mean blood lead concentration of workers who
used polishing discs containing lead, most of
them belonging to the exposure group A,
exeeded the 95th percentile of our reference
value derived from occupationally non-
exposed subjects (100 µg/l),38 and thus showed
a work related incorporation of lead, albeit far
below current German BAT concentration
(700 µg/l).

Spirometric and radiological findings were
without abnormalities that could be related to
occupational exposure, especially against be-
ryllium. Owing to the cross sectional design of
the study, however, we cannot rule out
potential adverse health eVects in subjects who
left their job before our investigation. One
patient, however, with a history of sarcoidosis
and a chest x ray film compatible both with a
diagnosis of sarcoidosis and berylliosis, de-
clined a follow up investigation which might
have included a transbronchial biopsy and a
BeLT with lymphocytes derived from broncho-
alveolar lavage fluid.39 40 On the other hand,
berylliosis is highly unlikely in this patient in
view of his negative BeLT.

In one subject we found a positive BeLT, but
both chest x ray film and lung function were
normal. As beryllium was detectable in his
urine before and after the shift and given the
high specificity of a positive BeLT, this finding
may be a marker of latent, preclinical disease,41

thus warranting clinical follow up.
The principal mechanism of berylliosis is not

due to toxicity, but is immunologically medi-
ated. Therefore, low exposure may occasionally
also cause sensitisation in susceptible subjects
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(genetically). Yoshida et al42 showed that the T
cells of workers continuously exposed to
beryllium >0.01 µg/m3 could be activated and
that the cell mediated immune response of
workers could be promoted. Our result that
beryllium stimulation indices were significantly
higher in cutters with detectable beryllium in
urine than in the others, and the significant
correlation between the individual beryllium
content in urine and the individual stimulation
index (BeLT), may be a sign of strain in gem-
stone cutters with exposure to beryllium
(dose-response relation) and indicates prob-
ably the sensitising potency of beryllium.

In conclusion, grinding and cutting of gem-
stones containing beryllium may lead to
airborne beryllium concentrations above cur-
rent threshold limit values, and incorporation
of beryllium could be shown in most subjects
working >4 hours/week with beryls. Consider-
ing a positive BeLT in one subject and signifi-
cantly higher beryllium stimulation indices in
cutters with detectable beryllium concentra-
tions in urine, we suggest improvements in
workplace ventilation accompanied by rou-
tinely performed beryllium measurements in
urine.
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