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ABSTRACT
Glazers are exposed to a variety of heavy metals in the ceramic industry, causing adverse effect on the
body systems. Cadmium is one of the major raw materials for production of colored glazes. To evaluate
occupational exposure to cadmium, spot urine samples were collected from 49 tile and pottery glazers in
Yazd City in 2010 at the beginning and end of the work shift (98 samples). Totally, 55 office workers were
also evaluated as control group. Samples were prepared using solid phase extraction followed by
Inductively Coupled Plasma Atomic Emission Spectroscopy. All the participants filled out a self
administered questionnaire comprises questions about work shift, kind of job, use of mask, ventilation,
work history, overtime work, age, weight, and height. The lung function tests were performed in a
standing position according to the American Thoracic Society recommendation on both control and
cadmium exposed individuals. Analysis of covariance (ANCOVA) was used to evaluate the data. The
mean values of cadmium levels before and after shift in study group was 3.88 and 10.85 µg/gcreatinine,
respectively. The mean values of cadmium levels at the end of the work shift in the glazers urine
samples was almost 3.53 times higher than the control group and 2.17 times higher than the ACGIH
biological exposure indices (5 µg/g creatinine). In addition the lung functions of glazers was significantly
lower than the office workers (p<0.001). Exposure to cadmium in ceramic industry can lead to the
reduction of respiratory capacity. Hygienic behaviors such as using protective mask and working in
efficient ventilated workplaces can decrease the rate of occupational exposure to cadmium.
Keywords: Urine cadmium, Ceramic industry, Glaze, ICP-AES, Spirometry

INTRODUCTION
Industries in which high levels of cadmium have
been found include the refining of metal ores, the
manufacture and use of corrosion-resistant coatings,
* Correspondence author: Seyed Jamaleddin Shahtaheri, Email:
shahtaheri@tums.ac.ir

PVC products, photographic, color pigment, nuclear
power plants, nickel-cadmium batteries, and phosphate
fertilizers [1, 2]. In ceramic industry, coloring powders
particularly cadmium as a commodity is used
extensively to produce good coloring, high opacity, and
tinting strength. Excellent heat stability and the brilliant
colors of cadmium pigments make this metal to be
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Table 1. Population characteristics of the study groups
Glazer

Variables

Control
(n = 55)

(n = 49)
Mean

S.D

Mean

S.D

Age (yr)
Height (cm)
Weight (kg)
BMI

30.67
174.5
77.44
25.59

5.88
8.6
11.7
4.39

32.6
176.42
78.25
25.33

7.1
9.06
10.6
4.29

p value
0.12
0.26
0.7
0.76

Overtime (h)

10.05

14.9

0.83

2.74

<0.001

Work history (month)

51.53

33.44

76.32

67.92

0.02

FVC (liter)
FEV1(liter)
FEV1/FVC (percent)
FEF 25-75 (liter)

4.24
3.5
80.99
3.47

0.67
0.7
8.16
0.8

4.74
4.25
88.85
4.49

0.66
0.7
5.6
0.69

indispensable in the ceramic factories [3]. Glaze contain
cadmium and other toxic materials applied to the clay
surface in a various ways such as brushing, sponging,
and dripping methods by tillers and potters. In the tile
industry a certain amount of coloring agents is added to
the clay and mixed in a ball mill. Cadmium sulphoselenides is used as component of many glazes for
production of yellow, orange, red, and maroon colors.
Exposure to cadmium occurs mainly in the ceramic
process during the mixing, storing, handling and other
activities where large amounts of respirable dust are
generated [4, 5].
Cadmium is a toxic metal with extremely long
biological half-time of 15-20 years in humans. Kidney
is exceptionally sensitive to the effects of cadmium
toxicity [6-9]. The mortality studies show an increased
risk of mortality from prostate cancer in workers
exposed to cadmium [10-12]. Considerable studies have
illustrated the relationship between exposure to
cadmium and the risk of lung cancer [13-16]. The
International Agency for Research on Cancer (IARC)
has classified cadmium as carcinogenic in humans
(Group 1) [2].
The purpose of this study was to determine the
cadmium level in urine of glazers of a ceramic industry
and to investigate whether a relationship exists between
work history, job, work shift, breathing masks, overtime
work, ventilation, age, weight, height, and the urinary
concentration of cadmium and also to evaluate the
relation exist between occupational exposure in glazers
and the lung function. It is worth mentioning that, many
approaches have been performed to prepare biological
and environmental samples before instrumental analysis
[17-18]. Through this study, solid phase extraction
developed in our previous work was used to concentrate
and purify the samples [19-24].
MATERIALS AND METHODS
This case-control study was performed on the
glazers in comparison to control group who were

<0.001
<0.001
<0.001
<0.001

working at the same factories. Urine levels of cadmium
were studied in fifteen ceramic factories and several
pottery workplaces in Yazd City in 2010. Thirty three
tile glazer, 16 pottery glazers, and a control group
consisting of 55 office workers were enrolled. In
glazers, the age range was from 22 to 50 years with
average of 30.67 years, and for the control group the
range was from 23 to 50 years with an average of 32.6
years. The control group had never been occupationally
exposed to cadmium. The work shift length was 8 hours
with two shifts per day. Information was recorded on
questionnaires including overtime work, work history,
work shift, kind of job, and use of mask, ventilation
system, age, weight, and height. There were not
significant differences between glazers who were
exposed to cadmium and the control concerning age,
weight, and height.
Spot urine samples were collected at the start and the
end of the work shift of glazers (98 samples). The
control individuals were sampled just through the shift
(55 samples).
Samples were collected before starting work and
also at the end of the work shift when workers removed
their working clothes. They were advised to wash their
hands before sampling in order to reduce the potential
contamination. Twenty ml urine samples were collected
in acid-washed polyethylene containers and were stored
at +4°C until the analyses time.
A solid phase extraction system was used for
separation and preconcentration of cadmium cartridges
were filled up with 500 mg amberlite XAD-7 resin. In
order to remove organic and inorganic contaminants,
amberlite XAD-7 adsorption resin was washed with
ethanol, water, and 1 M HCl. 2.5 ml urine sample was
adjusted at pH 9 and the cadmium present in the
samples was chelated with ammonium pyrrolidine
dithiocarbamate (APDC). Then, samples were diluted to
25 ml with distilled water. The solution was then passed
through the sorbent at a ﬂow rate of 5 ml/min under
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Table 2. Comparison of mean values of urinary cadmium between before-and after-shift samples in the glazers and control group
Mean±SD
Group
t
p value
(µg/gcreatinine)
Before shift glazer
3.88±2.02
Control
3.07±7.24
0.35
0.93
After-shift glazer

10.85±12.88

Control

3.07±7.24

Before shift glazer
After-shift glazer

3.88±2.02
10.85±12.88

gravity. The column was then washed out with water
and 1 M NaOH. Then, the retained analyte was eluted
by 15 ml of 2 M HNO3. Determination was performed
by inductively coupled plasma-atomic emission
spectroscopy (ICP-AES) (SPECTRO, ARCOS, and
Germany). Urine samples were sent to the Noor
Pathobiology Laboratory in Tehran City for creatinine
concentrations determination. Then, final concentration
of cadmium was measured in terms of µg/g creatinine.
The lung function tests were performed on each
control and cadmium exposed subject with vitalograph
spirometer (model 2120). The spirometer was calibrated
daily with one liter calibration syringe and operated
within a temperature range of 20-25°C. Spirometric
tests were performed in a standing position according to
the American Thoracic Society (ATS) recommendation.
Forced vital capacity (FVC), forced expiratory volume
in one second (FEV1), forced expiratory flow FEF25-75
were measured. The FEV1/FVC ratios were calculated
in terms of percentages.
Statistical analysis was performed using the SPSS
11.5 software. Comparisons between control and
glazers were made with independent samples t-tests
.paired t-tests was used to assess the changes between
before- and after-shift measurements for the glazers.
Analysis of covariance (ANCOVA) was used to study
the effect of each factor on after-shift measurement after
controlling for the before shift.
RESULTS
Demographic characteristics and the results of the
spirometric test for glazers and controls are shown in
Table 1. There were no significant differences for age,
height or weight between groups. Mean values of FVC,
FEV1, FEV1/FVC, and FEF25-75 were lower in the
exposed group compare to the control group (Table 1).
The lung function tests revealed significant differences
in all spirometric parameters between the glazers and
the control group (p<0.001) (Table 1).
Glazes used in the fifteen tile factories and several
pottery workplaces had a highly variable cadmium
content. Urinary cadmium levels at the start of the work
shift ranged from 1.64 to 12.02 µg/g creatinine with a
mean value of 3.88 µg/g creatinine and at the end of the
work shift ranged from 2.2 to 52.46 µg/g creatinine with

2.18

0.03

-3.3

0.002

a mean value of 10.85 µg/g creatinine and in the control
group was 3.07 µg/g creatinine. The significant
difference of cadmium values was seen before and after
shift work (p=0.002, Table 2). There were significant
differences in the mean concentration of cadmium at the
end of the work shift and the control group. However,
no differences in cadmium levels were found between
samples at the start of the work shift and the control
group (Table 2).
The values of the urinary cadmium concentrations
regarding to each variable have been summarized in
Table 3. The results showed that, concentrations of
urinary Cd were increased during the shift. On the other
hand the highest values of cadmium were observed at
the end of the work shift. Glazers who were working in
the morning shift showed higher urinary cadmium
compare to the evening shift (14.41µ g/g creatinine
versus 7.44µg/g creatinine). ANCOVA showed that,
after adjusting for before shift cadmium, the effect of
shift on after-shift cadmium was not significant (Table
4).
This study showed that glazers without protective
masks and local exhaust ventilation during mixing or
handling of glazes had higher levels of cadmium
compare to the glazers who occupationally protected
themselves (11.87 µg/g creatinine versus10.31 µg/g
creatinine and 11.35 µg/g creatinine versus 9.73 µg/g
creatinine respectively). ANCOVA showed that, after
adjusting for before shift cadmium, the effect of mask
and ventilation on after-shift cadmium was not
significant (Table 4).
Results indicated a slightly higher exposure level in
tile glazers compared to the pottery glazers (10.93 µg/g
creatinine versus 10.61 µg/g creatinine). ANCOVA
showed that, the effect of job on after-shift cadmium
was not significant (Table 4). Increase in urinary
cadmium was seen based on the work history (15.34
versus 9.69). Work history was ranged from less than 24
months to more than 61 months. ANCOVA showed
that, the effect of work history on after-shift cadmium
was not significant (Table 4). No significant relation
was observed regarding to the overtime work. Although
there was no significant trend in urinary levels
according to the age and BMI, the cadmium levels were
higher in the older men and higher BMI (Table 4).
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Table 3. Urinary cadmium concentrations of glazers, before-after-work shifts
Parameters

Number

Before shift
Mean±S.D
(µg/g creatinine)

After-shift
Mean±S.D
(µg/g creatinine)

Shift

Morning
Evening

23
26

4.01±1.7
3.77±2.29

14.41±16.35
7.44±7.16

Mask

Yes
No

32
17

3.66±2.49
4.02±1.69

10.31±13.02
11.87±12.95

Job

Pottery glazer
Tile Glazer

16
33

4±2.7
3.83±1.63

10.61±12.28
10.93±13.24

Ventilation

Non standard
Standard

35
14

4.08±2.22
3.39±1.34

11.35±13.67
9.73±11.27

Work history (month)

≤24
60-25
≥61

15
18
16

3.13±1.22
4.58±1.84
3.8 ±2.58

9.69±11.72
8.3±10.55
15.34±16.08

No
1-20
21-60

29
11
9

3.89±2.3
4. 2±1.66
3.46±1.5

11±15.34
8.56±9.72
11.79±13.55

<20
25.99 -20

6
20
18
5

3.2 ±2.53
3.67±1.4
4±1.7
5.13±4.03

9.05±11.75
9.4±12.32
11.8±13.64
15.16±16.7

10
23
16

3.17±1.74
3.88±1.89
4.34±2.33

4.57±3.1
12.2±13.49
12.35±14.77

Overtime work (hour)

BMI

26-30.99
31-40.99
≤25
26-32
≥32

Age (yr)

DISCUSSION
Cadmium compounds are extensively used as
colored agents in glaze production. The amount of
coloring agent added to the glaze depends on the
characteristics of the glazes. The mean value of urinary
cadmium levels was 2.17 times greater than the
biological exposure indices (5 µg/g creatinine)
recommended
by
American
Conference
of
Governmental Industrial Hygienists [25] and 3.53 times
greater than the control group (3.07 µg/g creatinine).
In this study, the mean values of cadmium have
demonstrated the high concentration of cadmium in the
glazing units. However, Vahter et al. showed that, no
evidence of increased blood cadmium was found

because of a low level of exposure in children who
occasionally used batteries containing Cd for the
production of glazed tiles [26]. Highly variable
cadmium content in the glazers was observed because of
the difference in the factories structure, ventilation
systems, machines maintenance, and cleaning
operations.
In all glazing processes, the glazers were prepared in
the morning shift; therefore, cadmium exposure in the
morning shift was higher than the evening shift.
The results obtained in this study were in agreement
with findings reported by Bache et al. who have
reported that, exposure to cadmium decreased with the
use of ventilation system and protective masks [27]. In

Table 4. Results of ANCOVA for after-shift urine cadmium by independent factors controlled for before shift cadmium
Source

F

p value

Shift
Mask
Job
Ventilation
Work history (month)
Overtime work (hour)
BMI
Age (yr)

3.08
0.61
0.08
0.02
0.12
0.52
0.67
1.91

0.09
0.44
0.78
0. 88
0.89
0.6
0.57
0.16
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the present study glazers who worked in well ventilated
places, and wore protective mask have lower
concentration of cadmium compare to those without
occupational protection. Achieved results confirmed the
role of personal hygiene in prevention of exposure.
There were no significant differences in any of these
levels between the two groups probably due to the small
size of glazers.
The higher urinary cadmium level was found for tile
glazers probably due to the use of more cadmium in the
glazes as well as the difference in workplace
environments.
Urinary cadmium was higher in work history. The
influence of duration of exposure on the blood cadmium
in teachers and school children were 2.5-3 times higher
in adult as compared to the children [28]. As mentioned
beforehand, no significant relation was observed
regarding to the overtime work. Similar to the previous
studies, there were no signiﬁcant relation between the
higher BMI and elevated urine cadmium [29, 30].
However, lack of knowledge for understanding the
effects of the cadmium exposure followed by nonhygienic behavior such as eating in the workplace
without washing hands, increase in the age of worker
may cause the higher urinary Cd concentration.
Simultaneously, Olsson et al. have reported
increasing urinary cadmium regarding the age factor
[31]. However, Nordberg et al. observed no relations
between cadmium and this factor [32].
Through this study, difference was seen in all
spirometric measurements between the two groups, in
which, difference in FEV1 and FEV1/FVC was higher
in those who exposed to cadmium compared to those
who were not exposed. Obtained results show activation
in the glazing unit associated with a decline in lung
function mainly in the obstructive syndrome type,
however, cadmium is one of the heavy metals that can
increase this syndrome. In addition to exposure to
coloring agents such as cadmium, exposures to raw
materials applied for the ceramic production particularly
silica may occur which is related to the reduced lung
function, so, glazers had been exposed simultaneously
to heavy metals and silica dusts. Many studies in
ceramic industry have been carried out on effect of
silica in tile or pottery workers and have shown a
significant difference in lung function measurements
between those who have exposed to the silica dust and
those who have not exposed. Halvani et al. and Bahrami
et al. both have reported exposure to silica related to
reduction in pulmonary function and chronic obstructive
pulmonary disease (COPD) [33, 34]. Respiratory and
pulmonary function disorders were observed in ceramic
factory workers in Iran [35]. In these studies, interaction
between heavy metals and silica in prevalence impaired
lung functions has not been discussed. However,
exposure to cadmium alone has also been shown in
several studies associated with COPD [36, 37].
Improper formulation and firing practices of glazes
can release cadmium to the acidic food substances
during household use. Several studies have found
cadmium to be leached from glazed dinnerware, for
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example, Sheets has reported the release of cadmium in
some of the porcelain dinnerware into food substances
[38, 39].
For reduction of cadmium exposure, respiratory
protection, protective clothing, engineering controls of
ventilation, work practice controls, hygiene facilities,
replacement of cadmium by another substance, preemployment and periodic medical test of workers, and
employee education on the hazards of cadmium have to
be organized. The simultaneous effects of heavy metalcontaining dusts and silica in prevalence of impaired
lung functions have to be discussed by research studies
in the future.
CONCLUSION
Results showed the higher urinary cadmium
concentration in the glazers. Hygienic behaviors such as
using protective mask and working in efficient
ventilated workplaces can decrease the rate of
occupational exposure to the toxic heavy metals such as
cadmium.
ACKNOWLEDGMENT
This research has been supported by Tehran
University of Medical Sciences and Health Services
grant (project no. 11/2/88/8911). The authors
acknowledge to the University supports. The authors
also thank Mrs Parvane Talebi, Mr. Gholam Hossein
Halvani and Mr Reza Sharifi for their kind assistance.
The authors declare that there is no conflict of interest.
REFERENCES
1.

Robin PH. Cadmium risk assessment of an exposed residential
population: J R Soc Med 1985; 78(4): 328-333.

2.

Godt J, Scheidig F, Grosse-Siestrup C, Esche V, Brandenburg P,
Reich A, Groneberg D.
The toxicity of cadmium and
resulting hazards for human health. J Occup Med Toxicol 2006;
1(22): 1-6.

3.

Cepria G, Garcia-Gareta E, Perez-Arantegui J. Cadmium yellow
detection and quantification by voltammetry of immobilized
microparticles. Electroanalysis 2005; 17(12): 1078-1084.

4.

Holburn GW. New technologies: current and future implications
for health and safety. Ann Occup Hyg 1989; 33( 3): 459-463.

5.

Leman RL. Lead glazes for ceramic foodware. 1st ed, The
International Lead Management Center, USA, 2002.

6.

Beton DC, Andrews GS, Davies HJ, Leonard H, Smith GF.
Acute cadmium fumes poisoning: five cases with one death
from renal necrosis. Br J Ind Med 1966; 23(4): 292-301.

7.

Adams RG, Harrison JF, Scott P. The development of cadmiuminduced proteinuria, impaired renal function, and osteomalacia
in alkaline battery workers. Q J Med 1969; 38(4): 425-443.

8.

Kazantzis G. Renal tubular dysfunction and abnormalities of
calcium metabolism in cadmium workers. Environ Health
Perspect 1979; 28: 155-159.

9.

Mason HJ, Davison AG, Wright AL, Guthrie CJ, Fayers PM.
Relations between liver, cadmium, cumulative exposure, and
renal function incadmium alloy workers. Br J Ind Med 1988;
45(12): 793-802.

10. Leman RA, Lee JS, Wagoner JK, Blejer HP. Cancer mortality
among cadmium production workers. Ann N Y Acad Sci 1976;
271: 273-279.
11. Kjellstrom T, Friberg L, Rahnstert B. Mortality and cancer
morbidity among cadmium-exposed orkers. Environ Health
Perspect 1979; 28: 199-204.

68

| IJOH | July 2012 | Vol. 4 | No. 2

12. Bako G, Smith ESO, Hanson J, Dewar R. The geographical
distribution of high cadmium concentrations in the environment
and prostate cancer in Alberta. Can J Public Health 1982; 73(2):
92-94.
13. Elinder CG, Kjellstrom T, Hogstedt C, Andersson K, Spang G.
Cancer mortality of cadmium workers. Br J Ind Med 1985;
42(10): 651-655.
14. Sorahan T. Mortality from lung cancer among a cohort of nickel
cadmium battery workers: 1946-1984. Br J Ind Med 1987;
44(12): 803-809.
15. Ades AE, Kazantzis G. Lung cancer in a non-ferrous smelter:
the role of cadmium. Br J Ind Med 1988; 45(70: 435-442.

Kargar et al.
26. Vahter M, Allen Counter S, Laurell G, Buchanan LH, Ortega F,
Schütz A, Skerfving S. Extensive lead exposure in children
living in an area with production of lead-glazed tiles in the
Ecuadorian Andes. Int Arch Occup Environ Health 1997; 70(4):
282–286.
27. Bache CA, Lisk DJ, Scarlett JM, Carbone LG. Epidemiologic
study of cadmium and lead in the hair of ceramists and dental
personnel. J Toxicol Environ Health 1991; 34(4): 423 – 431.
28. Telisman S, Azaric J, Prpic-Majic D. Cadmium in blood as an
indicator of integrated exposure to cadmium in the urban
population. Bull Environ Contam Toxicol 1986; 36(1): 491-495.

16. Sorahan T, lister A, Gilthorpe MS. Mortality of copper cadmium
alloy workers with special reference to lung cancer and nonmalignant diseases of the respiratory system 1946-92. Occup
Environ Med 1995; 52(12): 804-812.

29. Berglund M, Lind B, Lannero E, Vahter M. A pilot study of lead
and cadmium exposure in young children in Stockholm,
Sweden: methodological considerations using capillary blood
microsampling. Arch Environ Contam Toxicol 1994; 27(2): 281–
287.

17. Shahtaheri SJ, Khadem M, Golbabaei F, Rahimi-Froushani A.
Optimization of sample preparation procedure for evaluation of
occupational and environmental exposure to Nickel. Iranian J
Public Health 2007; 36 (2):73-81.

30. Huzior-Balajewicz A, Pietrzyk JJ, Schlegel-Zawadzka M,
Piatkows-ka E, Zachwieja Z. The inﬂuence of lead and cadmium
environmental pollution on anthropometric health factors in
children. Przegl Lek 2001; 58(4): 315–324.

18. Shahtaheri SJ, Khadem M, Golbabaei F, Rahimi-Froushani A.
Solid phase extraction for evaluation of occupational exposure to
Pb (II) using XAD-4 prior to atomic absorption spectroscopy. Int
J Occup Saf Ergon 2007; 13 (2): 137-145.

31. Olsson IM, Bensryd I, Lundh T, Ottosson H, Skerfving S,
Skerfving A. Cadmium in blood and urine—impact of sex, age,
dietary intake, iron status, and former smoking—association of
renal effects; Environ Health Perspectives 2002; 110(12): 11851190.

19. Shahtaheri SJ, Mesdaghinia A. Stevenson D. Evaluation of
factors influencing recovery of herbicide 2,4-D from drinking
water. Iranian J Chem & Chem Engin 2005; 24(1): 33-40.
20. Shahtaheri SJ, Ibrahimi L, Golbabaei F, Hosseini M. Solid phase
extraction for 1-hydroxypyrene as a biomarker of exposure to
PAHs prior to high performance liquid chromatography. Iranian
J Chem & Chem Engin 2007; 26(4): 75-81.
21. Shahtaheri SJ, Abdollahi M, Golbabaei F, Rahimi-Froushani A,
Ghamari F. Sample preparation followed by HPLC for
monitoring of mandelic acid as a biomarker of environmental
and occupational exposures to styrene. Int J Environ Res 2008;
2(2):169-176.
22. Koohpaei AR, Shahtaheri SJ, Ganjali MR, Rahimi-Froushani A,
Golbabaei F. Molecular imprinted solid phase extraction for
determination of atrazine in environmental samples. Iranian J
Environ Health Sci Engin 2008; 5(4):283-296.
23. Heidari HR, Shahtaheri SJ, Golbabaei F, Alimohamadi M,
Rahimi-Froushani A. Trace analysis of xylene in occupational
exposures monitoring. Iranian J Publ Health 2009; 38(1): 8999.
24. Rahiminejad M, Shahtaheri SJ, Ganjali MR, Rahimi-Froushani,
Koohpaei AR A, Golbabaei F. An experimental investigation of
the molecularly imprinted polymers as tailor-made sorbents of
diazinon. J Analyt Chem 2010; 65(7): 694-698.
25. American Conference of Governmental Industrial Hygienists.
Threshold limit values for chemical substances and physical
agents and biological exposure indices, Cincinnati, ACGIH,
2010.

32. Nordberg M, Winblad B, Basun H. Cadmium concentration in
blood in an elderly urban population. BioMetals 2000; 13(4):
311–317.
33. Halvani Gh, Zarei M, Halvani2 A, Barkhordari A. Evaluation
and comparison of respiratory symptoms and lung capacities in
tile and ceramic factory workers of Yazd. Arch Ind Hyg Occup
Med 2008; 59(3): 197-204.
34. Bahrami AR, Mahjub H. Comparative study of lung function in
Iranian factory workers exposed to silica dust. East Mediterr
Hlth J 2003; 9(3): 390- 8.
35. Dehghan F, Mohammadi S, Sadeghi Z, Attarchi M. Respiratory
complaints and spirometric parameters in tile and ceramic
factory workers. Tanaffos 2009; 8(4): 19-25.
36. Lauwerys RR, Buchet JP, Roels HA, Brouwers J, Stanescu D.
Epidemiological survey of workers exposed to cadmium. Effect
on lung, kidney, and several biological indices. Arch Environ
Health 1974; 28(3): 145–8.
37. Jakubowki M, Abramowska-Guzik A, Szymczak W , Trzcinka
Ochockam M. Influece of long-term occupational exposure to
cadmium on lung function tests results. Int J Occup Med
Environ Health 2004; 17(3): 361 – 368.
38. Sheets RW. Release of heavy metals from European and Asian
porcelain dinnerware. Sci Total Environ 1998; 212(2-3): 107113.
39. Sheets RW. Acid extraction of lead and cadmium from newly
purchased ceramic and melamine dinnerware. Sci Total Environ
1999; 234(1-3): 233-7.

