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Abstract

Objective. Cadmium exposure is a common problem
in the production of nickel-cadmium batteries. How-
ever, keeping the respective legislative occupational
and safety policies is essential, but there are problems
with compliance. We analysed the effect of strategies
to increase compliance with precautions during 2013-
2015 on 59 workers at a nickel-cadmium battery fac-
tory. Material and Methods. A health promotion pro-
gram was implemented in two phases. The first phase
included comprehensive education on the importance
of appropriate behaviour and changes to the sanitation
program. The second phase included renovation of
sanitary facilities and modernization of the air exhaust
ventilation. Results. The initial median cadmium uri-
nary level in workers was 1.9 pg/g creatinine. After
the first phase of interventions, levels dropped to 1.0
ug/g creatinine. After the second phase no significant
further decrease was observed. Conclusion. Compre-
hensive education and changes in the sanitation pro-

gram were able to halve cadmium levels and can be
considered a useful and cost-effective preventive tool.

Key Words: Behaviour ® Cadmium = Compliance =
Education ® Workplace.

Introduction

Cadmium is a toxic heavy metal, which oc-
curs in the environment, but it is frequently
used in many industrial sectors. For exam-
ple, in the production of nickel-cadmium
batteries, workers are significantly exposed
to cadmium dust and fumes via inhalation,
but incidental ingestion from contaminated
hands, food and cigarettes cannot be neglect-
ed (1). Moreover, the metal has a long bio-
logical half-life and cannot be metabolized in
the human organism. So cadmium exposure,
even at low levels, can lead to a wide range
of adverse health effects (2). Besides, there
are some other factors, i.e. sex, age, dietary
intake, iron status, smoking, and length of
exposure or place of residence, which can
influence the total body burden (3).

To prevent negative effects on workers’
health, specific occupational health and
safety policies are included in the respective
legislation (4). The policies are mandatory
for employers and include workplace educa-
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tion and training, occupational air monitor-
ing, and provision of adequate personal pro-
tective equipment. Despite the obligation
to keep these preventive measures, there is
sometimes a problem with poor compliance
by employees (5).Workplace health promo-
tion programs are quite common strategies
for more precise risk reduction, using the
most suitable interventions, i.e. improve-
ment in personal hygiene or sanitation, and
lead to behavioural changes (6-8).

The aim of this study was to evaluate the
effects of a workplace health promotion pro-
gram on exposure reduction in workers at a
nickel-cadmium factory.

Materials and Methods

This study analyses changes in urinary cad-
mium (U-Cd) levels in professionally ex-
posed workers, during a workplace health
promotion program that took place from
February 2013 to April 2015 in a nickel-
cadmium factory in the Czech Republic.
The factory is situated in the centre of a vil-
lage (1777 inhabitants) and operates in three
shifts. Although all the manufacturing pro-
cesses are fully automated, the workers may
be exposed to cadmium oxide via inhalation
when handling the components of nickel-
cadmium batteries. In the factory, all rele-
vant instruments for occupational safety and
health related to cadmium prescribed in the
legislation have been implemented, i.e. cad-
mium air concentrations are below the per-
missible exposure limit, personal protective
equipment is available, and all essential tech-
nical preventive measures prescribed by law
have been put into practice. Despite this, ret-
rospective analyses of U-Cd levels, conduct-
ed by an occupational physician, showed
excessive levels and this was the reason for
launching this extra preventive action.

The study started in February 2013 when
the initial U-Cd exposure levels in workers
were analysed during their periodic medi-
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cal check-up. Subsequently, in March 2013,
the first phase of the workplace health pro-
motion program began. Firstly, the safety
engineer, in partnership with the occupa-
tional physician, informed workers about
the increased U-Cd levels found in Febru-
ary and their possible future health effects.
The specific preventive measures in this
phase included providing specific informa-
tion on the importance of personal hygiene
and stopping smoking. Wet mopping be-
tween the shifts was also added. Although
the workers were educated about these pre-
ventive measures from the very beginning of
their recruitment, most employees neglected
them. Later in 2014, the second phase of the
workplace health promotion program was
introduced. The interventions in this phase
consisted of bathroom renovation (more
showers added) and a cloakroom divided
into “clean” and “dirty” parts, to avoid cross-
contamination. Moreover, in 2014-2015 the
modernization of the air exhaust ventilation
was carried out to eliminate cadmium dust.
A detailed description of the preventive
measures in the health promotion program
is shown in Figure 1.

Further, information on the subjects’
health history was obtained solely from med-
ical records (in cooperation with the respec-
tive health provider). The health and safety
manager from the factory provided detailed
information on preventive measures.

The sample included 59 workers tested
for cadmium; 36 women and 23 men, with
an average age of 39.4 years. Among them,
18 workers were smokers and 12 workers
lived in the same village where the factory
is situated (Table 1). The workers had on av-
erage been working in the nickel-cadmium
battery factory for 10 years.

Cadmium concentration is expressed
as U-Cd levels. Samples were obtained
from the workers at their annual preven-
tive check-ups, in the occupational doctor s
clinic. At the beginning of the study all the
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Figure 1. Scheme of Interventions Included in the Workplace Health Promotion Program and Laboratory

Analyses Conducted.

Table 1. Characteristics of the Workers in the Nickel-
Cadmium Factory

Variable Females Males
Sample size (%) 36 (61%) 23 (39%)
Smokers (%) 9(15%) 9(15%)

Residence in the village with

9 0,
the factory 7(12%) 5 (8%)

Average age in years +SD 41.5+11.1  36.2+11.7
(range) (22-61) (21-58)

Exposure duration in years 11.0£89 7.9+48
+SD (range) (1-34) (2-17)

workers signed informed consent to con-
firm their participation in the study. For the
laboratory cadmium testing, we collected
morning urine samples. The urine samples
were analysed by GT-AAS absorption atom-
ic spectrometry with electro-thermal atom-
ization (coefficient of variation CV: 5%; rela-
tive combined uncertainty U_ 17%). U-Cd
content was adjusted for creatinine in urine,
expressed as pg/g creatinine. The chrono-
logical sequence of urine tests is as follows:

o U-Cd 2/2013 initial cadmium levels in
February 2013, before the preventive in-
terventions,

o U-Cd 2/2014 cadmium levels in Feb-
ruary 2014, after the first phase of the
workplace health promotion program,

o U-Cd 4/2015 cadmium levels in April
2015, after the second phase of the work-
place health promotion program.

Statistical Analysis

The differences in U-Cd levels during the
workplace health promotion program were
statistically analysed by the non-parametric
Wilcoxon signed-rank test, and the differ-
ence in factors affecting U-Cd levels in work-
ers were analysed by the Wilcoxon rank-sum
test. A P value <0.05 was considered as the
level of statistical significance. Descriptive
analysis was used to calculate medians, in-
terquartile ranges (IQR), means, standard
deviations (SD), minimums and maximums.
U-Cd data are demonstrated as medians. The




results are graphically expressed using a box
and whisker plot (median, 25th percentile is
considered as lower limit, 75th percentile is
considered as the upper limit).

Results

The initial median U-Cd level observed in
59 workers was 1.9 ug/g creatinine (IQR 5.1
ug/g creatinine), 19 workers had initial U-Cd
levels higher than 5 ug/g creatinine. Although
median U-Cd levels in women were higher
in comparison to men, the difference was not
statistically significant (P=0.139). As Table 2
shows, there was no statistical difference in
U-Cd levels between smokers and non-smok-
ers (P=0.863), or between workers living in
the same village as the nickel-cadmium fac-
tory and those living outside (P=0.412).

Miroslava Sovicova et al: Workplace Program to Decrease Cadmium Exposure

1%t Phase of the Health Promotion
Program

We analysed urine samples from 59 work-
ers. At the beginning of the health promo-
tion program, the initial median U- Cd level
in workers was 1.9 pg/g creatinine. After
the education and change of the sanitary
plan, U-Cd levels dropped by about a half
to 1.0 pg/g creatinine, and the difference in
concentration was statistically significant
(P<0.001) (Table 3 and Figure 2).

2" Phase of the Health Promotion
Program

Samples were taken from 44 workers. The
median level of U-Cd before the improve-
ment of technical measures was 1.1 ug/g cre-
atinine. Subsequently, after the intervention

Table 2. The Initial U-Cd Concentration and Factors Affecting Cadmium Levels in Workers

U-Cd [pg/g creatinine]”

Variable
Median IQR Mean SD Min. Max. R
Workers (N=59) 1.9 5.1 4.9 6.8 0.2 35.6
Women (N=36) 2.7 6.2 6.0 7.7 0.2 35.6 e
Men (N=23) 1.3 2.1 3.0 4.7 0.2 226
Smokers(N=18) 1.3 6.3 5.9 9.0 0.2 35.6 0863
Non-smokers (N=41) 2.2 45 4.6 5.9 0.2 226
Residence (N=12)* 2.5 8.4 6.5 7.8 0.2 20.5 o
Residence (N=47)s 1.7 4.7 4.7 6.5 0.2 35.6
*Cadmium urine levels; *Wilcoxon rank-sum test; *In the village with the factory; *Elsewhere.
Table 3. The Effect of the 1 Phase of the Workplace Health Promotion Program on U-Cd Levels
Variable U-Cd [ug/g creatinine]’
N=59 Median IQR Mean SD Min. Max. By
U-Cd 2/2013 1.9 5.1 4.9 6.8 0.2 35.6
U-Cd 2/2014 1.0 1.7 2.1 3.0 0.1 15.0 P<0.001
“Cadmium urine levels; "Wilcoxon signed-rank test.
Table 4. The Effect of the 2" Phase of the Workplace Health Promotion Program on U-Cd Levels
Variable U-Cd [ug/g creatinine]’
N=44 Median I0R Mean SD Min. Max. P value®
U-Cd 2/2014 1.1 0.5 23 34 0.1 15.0
U-Cd 4/2015 1.2 2.0 25 33 0.2 15.2 P=0.728

*
Cadmium urine levels; "Wilcoxon signed-rank test.
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Figure 2. The urinary cadmium levels (U-Cd) after the 1*tand 2™ phase of health promotion program.

(technical preventive measures), the median
level of U-Cd did not change significantly
(P=0.728) (Table 4, Figure 2).

Discussion

Generally, women, smokers and the popula-
tion living near factories have significantly
higher cadmium levels in their blood or

urine (3, 9-11). Although these studies de-
scribed a strong association of these factors,
our results did not confirm any significant
relationship. The women in our sample had
a similar job description to the men. Full
automation of the manufacturing processes
has led to reduction of cadmium exposure
in workers, and some positions have be-
come more favourable for women. Simi-




larly, the exposure duration for workers was
relatively long, so the variations in exposure
factors may be reflected in U-Cd levels (12).
The insignificant impact of smoking on cad-
mium levels can be explained by the strict
smoking ban in the factory (13). However,
there was no influence of place of residence
on U-Cd levels in workers, which indicates
that the measures carried out in the factory
to protect the surrounding environment are
effective.

The initial median cadmium level in
workers was below the Czech occupational
exposure limit (14), but still higher in com-
parison with the environmentally exposed
population (15). Nevertheless, although the
factory declared cadmium air concentrations
below the permissible exposure limit and the
presence of all statutory preventive measures,
U-Cd levels in 19 workers exceeded the oc-
cupational exposure limit. So according to
the previous studies, we assumed that insuf-
ficient compliance with the basic preventive
measures by these workers, such as poor
hygiene, could be closely associated with
excessive oral exposure to chemicals (16).
Therefore, apart from cadmium airborne
monitoring, behavioural changes contrib-
uting to improvement in workers” personal
hygiene are essential (5, 8, 17). Practicing
good personal hygiene showed a significant
positive effect on U- Cd levels in our sample,
indeed, within a relatively short time period.
Although behavioural change seems to be a
rather unsophisticated preventive measure,
the effect on workers” exposure can be very
significant (7). Moreover, supervision by the
safety engineer significantly contributes to a
notable behavioural change (18).

We supposed that the second phase of
the health promotion programme could
bring a further decrease in U-Cd levels.
However, there was surprisingly no signifi-
cant decrease in U-Cd levels. This indicates
that if the compliance with the basic preven-
tive measures is insufficient, the renovation
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of sanitary facilities and modernization of
air exhaust ventilation would be pointless.

There were some limitations to our study.
Firstly, the sample of workers exposed to
cadmium was relatively small and was not
divided proportionally by sex, smoking sta-
tus or residence. Moreover, due to the small
sample size, no statistically significant differ-
ences were found in the analysis of the influ-
ence of these factors. On the other hand, the
gender distribution, proportion of smokers,
and the number of exposed employees in
the workplace represents a typical situation
in this type of industry. Thanks to modern
technologies, mechanical overload has been
eliminated, and thisgenerally makes these
jobs more preferable for women. Moreover,
in the employment process non-smokers are
preferred and strict non-smoking policies
are adhered to in the workplace. Similarly,
we only used cadmium urine levels for our
analysis, which are considered to be a long-
term exposure biomarker. Although some
authors prefer blood samples to demon-
strate short-term changes better (12, 19, 20),
in our case urine testing was a standard part
of the check-up and therefore no additional
invasive procedures were needed. Finally,
there was no control group from the same
village where the factory is located, who
would only be exposed environmentally. We
assume that the limitations mentioned above
did not substantially alter the measured lev-
els and did not undermine the main contri-
bution of the article, that is,, to demonstrate
clearly the effect of comprehensive employee
education in a workplace with increased risk
of cadmium exposure.

Conclusion

The study clearly indicates that, although health
and safety measures are prescribed by law,
there is a problem with compliance by workers
in practice. The significant decrease in U-Cd
levels demonstrates that education is a con-
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vincingly useful and cost-effective way to re-
duce occupational chemical exposure, increase
workers” compliance and save employers from
the future possible compensation costs.

What Is Already Known on this Topic:

Cadmium is a toxic heavy metal, exposure to which even at low
levels can lead to serious adverse health effects. Legislatively
based preventive measures are prescribed for workplaces, but
their effectiveness can be limited by workers” poor compliance.

What this Study Adds:

We evaluated the effect of preventive measures on cadmium
levels in workers under the real conditions of a nickel-cadmium
factory. After the education of workers and changes in the sani-
tation plan, the initial median cadmium level 1.9 ug/g creati-
nine dropped by about a half. Subsequently, technical preven-
tive measures did not show any decrease in cadmium levels.
The results demonstrate the importance of further education
to promote workers’ compliance with legislatively based pre-
ventive measures, to minimize the potential harmful effects of
cadmium exposure.

Authors’ Contributions: Conception and design:
MS and TB; Acquisition, analysis and interpretation
of data: HT, LC, AS and MS; Drafting the article: MS
and TB; Revising it critically for important intellectual
content: TB and HH; Approved final version of the
manuscript: MS, HT, LC, AS, TB and HH.

Conflict of Interest: The authors declare that they
have no conflict of interest.

References

1. Agency for Toxic Substances and Disease Registry
(ATSDR). Cadmium and Cadmium Compounds.
Atlanta, Georgia: US Department of Health and
Human Services; 2012.

2. Jarup L, Alfvén T. Low level cadmium exposure,
renal and bone effects - the OSCAR study. Bio-
Metals. 2004;17(5):505-9.

3. Olsson IM, Bensryd I, Lundh T, Ottosson H,
Skerfving S, Oskarsson A. Cadmium in Blood
and Urine-Impact of Sex, Age, Dietary Intake,
Iron Status, and Former Smoking-Associa-
tion of Renal Effects. Environ Health Perspect.
2002;110(12):1185-90.

4. European Commission. Council Directive 98/24/
EC of 7 April 1998 on the protection of the health
and safety of workers from the risks related to
chemical agents at work (fourteenth individual
Directive within the meaning of Article 16 (1) of

10.

11.

12.

13.

14.

15.

16.

Directive 89/391/EEC). Brussels:European Com-
mission;1998.

Decharat S. Heavy Metals Exposure and Hy-
gienic Behaviors of Workers in Sanitary Landfill
Areas in Southern Thailand. Scientifica (Cairo).
2016;2016:9269210.

Cancelliere C, Cassidy JD, Ammendolia C, Coté
P. Are workplace health promotion programs ef-
fective at improving presenteeism in workers? A
systematic review and best evidence synthesis of
the literature. BMC Public Health. 2011;11:395.

MacMillan E Karamacoska D, El Masri A, Mc-
Bride KA, Steiner GZ, Cook A, et al. A systematic
review of health promotion intervention studies
in the police force: study characteristics, interven-
tion design and impacts on health. Occup Environ
Med. 2017;74(12):913-23.

Rumchev K, Brown H, Wheeler A, Pereira G,
Spickett J. Behavioral interventions to reduce
nickel exposure in a nickel processing plant. ] Oc-
cup Environ Hyg. 2017;14(10):823-30.

Bernhard D, Rossmann A, Wick G. Metals in ciga-
rette smoke. [IUBMB life. 2005;57(12):805-9.

Jarup, L, Berglund M, Elinder CG, Nordberg G,
Vanter M. Health effects of cadmium exposure-a
review of the literature and a risk estimate. Scan J
Work Environ Health. 1998;24(Suppl 1):1-51.

Hellstrom L, Persson B, Brudin L, Grawé KP,
Oborn I, Jarup L. Cadmium exposure pathways in
a population living near a battery plant. Sci Total
Environ. 2007;373(2-3):447-55.

Vacchi-Suzzi, C, Kruse D, Harrington J, Levine K,
Meliker JR. Is Urinary Cadmium a Biomarker of
Long-term Exposure in Humans? A Review. Curr
Environ Health Rep. 2016;3(4):493-4.

Howard J. Smoking is an occupational hazard. Am
] Ind Med. 2004;46(2):161-9.

Decree No0.432/2003 of the Ministry of Health of
the Czech Republic defining the classification of
occupations, fixing the limit indicators of biologi-
cal exposure tests and requirements for notifica-
tion of work with asbestos and biological agens [in
Czech] Available from: http://www.zakonyprol-
idi.cz/cs/2003-432.

National Institute of Public Health. Environmen-
tal Health Monitoring System in the Czech Re-
public: Summary Report 2015. [in Czech]. Prague:
National Institute of Public Health; 2016.

Far HS, Pin NT, Kong CY, Fong KS, Kian CW, Yan
CK. An evaluation of the significance of mouth
and hand contamination for lead absorption in
lead-acid battery workers. Int Arch Occup Envi-
ron Health. 1993;64(6):439-43.




17. Chuang H, Lee MT, Chao K, Wang J, Hu H. Rela-
tionship of blood lead levels to personal hygiene
habits in lead battery workers: Taiwan, 1991-1997.
Am ] Ind Med. 1999;35(6):595-603.

18. Haas EJ. The Role of Supervisory Support on
Workers’ Health and Safety Performance. Health
Commun. 2019:1-11.

19.

20.

Miroslava Sovicova et al: Workplace Program to Decrease Cadmium Exposure

Bulat ZD, Dukié-Cosi¢ D, Poki¢ M, Bulat P,
Matovi¢ V. Blood and urine cadmium and bioele-
ments profile in nickel-cadmium battery workers
in Serbia. Toxicol Ind Health. 2009;25(2):129-35.

Guo ZJ, Wang JY, Gong LL, Gan S, Gu CM,
Wang SS. Association between cadmium expo-
sure and urolithiasis risk. Medicine (Baltimore).
2018;97(1):¢9460.

285



