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Abstract:

Introduction: Cadmium is a cumulative multisystem metallic toxin widely used in in-
dustry causing occupational exposure, while the main source of cadmium in the general
population is diet and smoking.

Aim of the work: To demonstrate the hazardous effects of long-term occupational
exposure to cadmium as a multisystem metallic toxin.

Subjects and methods: The study included 42 male workers exposed to cadmium
from the electroplating sections of one factory, with a mean age of (41.19 + 1.44) years
and 30 control subjects with a mean age of (48.33 + 1.85) years. The two groups were
matched as regards age, sex and socioeconomic status. Individuals included in the pres-
ent study had to respond to a questionnaire and were subjected to thorough clinical
examination, assessment of liver and kidney functions, serum electrolytes, blood cad-
mium level - as an exposure biomarker - complete urine analysis, ventilatory functions
and prostate specific antigen as an early predictor of prostatic cancer.

Results: The prevalence of clinical manifestations was significantly higher among the
exposed versus the control group. The blood cadmium and the PSA levels were found
to be higher among the exposed group. Ventilatory functions showed statistically sig-
nificant difference between both groups indicating an obstructive pattern due to inhala-
tion of cadmium fumes. Also, there was a statistically significant difference between
both groups regarding levels of blood urea, serum creatinine and some serum electro-
lytes. Urine analysis showed higher protein excretion in the exposed group.

Conclusion: Chronic occupational cadmium exposure in egyptian workers causes dam-
age to different body systems and results in their dysfunction. Prostate specific antigen
(PSA) can be used for screening of prostate cancer among cadmium-exposed workers.

Key words: Cadmium- Prostatic cancer- PSA- Renal toxicity- Ventilatory functions-
Carcinogenicity.
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Introduction:

Cadmium (Cd) is a well-known haz-
ardous heavy metal which is present in the
workplace and in the living environments.
It is generated as a by product of the mining
of other metals e.g. lead, copper and zinc.
It was presented by the Agency for Toxic
Substances and Disease Registry as the
7th most toxic agent in the priority list of
the top 50 hazardous substances (ATSDR,
2003).

Environmental and occupational expo-
sure to cadmium is implicated in a number
of clinical complications, primarily renal
dysfunction and bone disease. Even at very
low levels of exposure, this heavy metal can
cause kidney damage (Jarup, 2002 and Sa-
tarug and Moore, 2004). Also, Cd effects
on reproductive outcomes have begun to
emerge and recent studies have illustrated
that the testis is exceedingly sensitive to Cd
toxicity (Attia et al., 2006 ; Kusakabe et
al., 2008 and Siu et al., 2009).

According to Herak-Kramberger and
Sabolic in 2001, nephrotoxic heavy metals
directly damage the integrity of proximal
tubular cell plasma membrane thus causing

shortening and loss of microvilli.

Chronic exposure to Cd can also lead to
manifest disorders in the calcium metabo-

lism, respiratory system and causes liver

toxicity (Liu et al., 1992). Manca et al., in
1991, added to these findings, the risk of
cardiomyopathy resulting from the accu-

mulation of the metal in vital organs.

Cd acts as a hepatotoxin, producing
hepatic dysfunction, which is characterized
by increased excretion of the plasma ala-
nine aminotransferase (GPT). It can cause
various histopathological lesions in the liv-
er, such as periportal liver cell necrosis and
bile duct hyperplasia in rats (Mitsumori et
al., 1998), cell death and regeneration (Tan-
imoto et al., 1993), dilatation of sinusoids
as well as Kupffer cell enlargement (Sudo
et al., 1996).

Cadmium- induced genotoxicity in-
creases the risk of several cancers (Patrik,
2003).

OId studies revealed that Cadmium ex-
posure has been associated with 3 types of
cancer: prostate, kidney and bronchial. The
predominance of prostate cancer was sig-
nificant, but the incidence of other cancers
was close to the expected figures (Kipling
and Waterhouse., 1967 and Lemen et al.,
1976).

The International Agency for Research
on Cancer (IARC) had classified Cadmium
as human Carcinogen (IARC, 1993 and
Waalkes et al., 1999). Also, Zeng et al., in
2003 proved that cadmium causes testicular
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necrosis and is carcinogenic to the prostate;
and Ewis et al., in 2006 confirmed the oc-
currence of carcinogenicity through apop-
tosis and cellular dysfunction. The study
done by Sorahan and Esmen in 2004 that
investigate the incidence of mortality from
lung cancer in nickel-cadmium battery
workers in relation to cumulative exposure
to cadmium hydroxide did not indicate that
cadmium hydroxide is an occupational lung

carcinogen.
Aim of the work:

To demonstrate the hazardous health
effects of occupational exposure to cadmi-
um as a multisystem metallic toxin and to
investigate the role of PSA in early detec-

tion of prostatic cancer.
Subjects and Methods:

The present work was carried out in an
electroplating industry in Cairo. A written
consent was taken from the studied group
to perform the work.

The process of electroplating is the de-
position of metallic layers on to conduct-
ing surfaces by making the cathode in an
electrolytic cell with a suitable electrolyte
which consists of a solution of a suitable
salt (cadmium oxide or cadmium carbon-
ate) of the metal being plated (Gaber and
Yassin, 1994). Cadmium volatilizes readily
during smelting and then condenses to form

fine airborne particles that react almost im-
mediately with oxygen to form respirable
cadmium oxide fume. Potential worker
exposure occurs from ore smelting opera-
tions, the mist above cadmium-containing
electroplating baths. Also, exposure occurs
during cutting, soldering and welding cad-
mium-plated steel.

The exposed group included 42 work-
ers and the control group included 30 work-
ers chosen from the administrative zone,
far from any exposure. All members of the

examined groups were males.

Individuals included in the study were
interviewed to complete a standardized
questionnaire including medical history
about genitourinary, renal and respiratory
symptoms; in addition to personal, present,
past, family and occupational histories with
special emphasis on the nature of the work,
type of exposure, duration of work and the

use of protective equipment.

General examination was carried out
and local examination of the chest, heart

and abdomen.
Laboratory analysis:

Ten c.c. of venous blood were taken
from the exposed workers and the con-
trols under complete aseptic condition for
measurement of hemoglobin level, total

and differential leucocytic count, total red
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blood cell count and platelet count; chemi-

cal analysis and PSA measurement.

Chemical analysis was performed using
the photometer PM 750 for measurement of
SGPT (ALT), SGOT (AST) (normal values
up to 45 IU and 36 IU respectively). Serum
creatinine (normal value = 0.5 -1.2 mg%),
blood urea (normal value = 19-50 mg%).
Serum electrolytes were measured using
the AVL apparatus. Normal values for se-
rum sodium = 136-145 mM/L; Potassium =
3.5-5 mM/L and Calcium = 8.8-12 mg/dl).

Total PSA was measured using an Elisa
(Enzyme — linked Immunasorbent Assay)
for quantitative analysis, normal level =
2.4 ng /ml.

Cadmium was determined in blood
samples using Atomic Absorption Spectro-
photometer (AAS) PYE Unicam SP9. The
concentration of cadmium in blood was ex-
pressed as pg/L (normal value up to 1 pug
/L) (Hairrison and Laxen, 1981).

A sample of urine was collected from
the studied group in a sterile container for

urine analysis.

Environmental monitoring was done
by collecting air samples from the general
working environment inside the electro-
plating chamber from different department
of the factory, continuously during work
time (8 hours/day). The filtration method

was used for collecting the suspended par-
ticulate matters (Perry and Young, 1977).
The air was drawn through a membrane fil-
ter, vaccum pump and calibrated gas meter.
Then the membrane filter was digested in
nitric acid and perchloric acid and cadmi-
um concentration was then determined in
the dust using atomic absorption spectro-
photometer. For comparison, samples were
also drawn from outside the electroplating

chamber.

Resting ventilatory function tests were
performed using the Medgraphic spirom-
eter in the Fitness and Rehabilitation Unit,
Kasr El Aini Hospital. The following pa-
rameters were measured for each subject:
FVC,FEV1,FEV1/FVC%, FEF 25%, FEF
50%, FEF 75%, FEF 25-75%,MVV, SVC,
IC and ERV. The values were assessed
from the flow volume curve using the stan-
dard technique according to the American
Thoracic Society recommendations (ATS,
1995). It is advocated that lung function
tests are considered abnormal only when
the value deviates by 20% or more from the
mean normal value (100%) (Ruppel, 2003).
Results were expressed as % of predicted.

Data handling and Statistical Analysis:

Data were collected, checked, revised
and entered the computer. Data were ana-

lyzed by SPSS statistical package version



Health hazards among cadmium-exposed workers 237

15. Excel computer program was used to
tabulate the results, and represent them
graphically. Qualitative variables were ex-

pressed as percentages.

The differences in the distribution of
the qualitative variables were tested by the
Chi square non-parametric test at a level of
significance p<0.05.

Quantitative variables from normal dis-
tribution were expressed as mean and stan-
(S.E.) The difference between,
before and after was tested by using Paired

dard error

t-test at a level of significance p<0.001.

The difference between groups were
tested by using independent t-test at a level

of significance p<0.05.

Pearson correlation coefficient was cal-
culated to measure the power and direction
of the relationship between the quantitative
variables at p<0.05 (Armitage, 1971).

Results:

The work was conducted on 42 male
workers exposed to cadmium during elec-
troplating and 30 males as a control group.
Both studied groups were statistically
matched as regards age, sex and socioeco-

nomic status.

The age of the exposed group ranged
from 28 to 54 years with a mean value of
(41.19 + 1.44), while the age of the control

group ranged from 30 to 58 years with a
mean value of (48.33+1.85) with no statis-
tically significant difference between both

groups (p-value 0.06).

Thirty two subjects among the cadmi-
um- exposed group (76.2%) were cigarette
smokers versus 10 subjects (33.3%) of the
control group and none were ex-smokers.
Sixteen subjects (38.1%) of the exposed
group had a duration of employment less
than 15 years with a mean value of (12.25
+ 0.53) while 26 subjects (61.9%) had been
employed for more than 15 years with mean
value of (19.38 + 0.82).

As regards different clinical manifesta-
tions, table (1) shows a statistically signifi-
cant difference between exposed workers
and the control group as regards respiratory
symptoms in the form of cough, expectora-
tion, dyspnea and asthma or asthmatic like
attacks; renal symptoms in the form of re-
current renal colic, frequency and dysuria;
and prostatic symptoms in the form of ur-

gency, retention and sexual problems.

Cd and PSA level in table (2) shows sig-
nificantly higher blood cadmium levels and
prostatic specific antigen (PSA) in exposed
workers when compared to the controls
(p.value < 0.05). As regard the duration

of exposure, blood cadmium level among
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exposed workers employed for more than
15 years was higher although the difference
was not statistically significant. Also higher
PSA levels were recorded among exposed

group employed for more than 15 years.

The effect of smoking on PSA level
was not significant but there was a non-
significant higher blood cadmium level
among smokers compared to non-smokers
(p-value 0.770).

Table (3) illustrates the correlation
between PSA and different parameters; it
shows positive correlation of PSA with age

and duration of exposure.

Table (4) shows that SGPT and SGOT
levels were higher in the exposed than the
controls but the difference was not statis-
tically significant. In addition, blood urea
level is significantly higher in the workers
than in the controls, serum creatinine is also
higher but the difference was not statisti-
cally significant between both groups. The
table also shows significantly higher level
of sodium in exposed workers when com-

pared to the controls. Also serum calcium

was found to be significantly lower in the

exposed workers than in the controls.

Table (5) shows the results of urine
analysis of the studied groups, there is a
statistically significant difference between
exposed workers and control group in uri-
nary protein excretion and urinary crystals
(oxalate, urates and phosphates).

As regards pulmonary function param-
eters, (table 6) shows a statistically signifi-
cant difference between exposed workers
and controls as regards FVC,FEV1,FEV1/
FVC, FEF 50 and MVV percentage of pre-
dicted.

Environmental monitoring was done
by collecting air samples from the general
working environment inside the electro-
plating chamber from different department
of the factory, continuously during work
time (8 hours/day). Results revealed differ-
ent concentrations with maximum level =
10 pg /mCminimum level = 0.91 yg /mC]
Mean + S.D (6 pg /m 1.8). The maxi-
mum value obtained was 10 times greater
than the 1xg /mCket by OSHA (1990).
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Table (1): Comparison between exposed workers and control group as regards symptoms.

Exposed workers with Control with
symptoms symptoms 72 p-value
no %0 no Yo
Respiratory 24 57.1% 6 20.0% 540 0.020*
Renal 18 42.9% 4 13.3% 4.46 0.041*
Prostatic 22 52.4% 4 13.3% 6.23 0.013*

* significant

Table (2): Comparison between exposed workers and control group as regards the blood cad-
mium and prostate specific antigen levels.

Exposed
Control
Min. | Max. workers Min. | Max. t-value | p-value
Mean + S.E Mean + S.E

Cd in

blood 08 | 16 1.2120.05 0 0.8 0.22+0.08 1097 | 0.000%*
(ng/L)

PSA
1.9 3 2.64+0.06 1.2 1.8 1.53+0.05 13.81 0.000**
(ng/ml)

** Correlation is highly significant at the 0.001 level
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Table (3): Correlation between PSA and different parameters

Pearson
. p-value
Correlation r
Age 0.7%* 0.001
Cadmium 0.14 0.09
Duration of exposure 0.55% 0.01

** Correlation is highly significant at the 0.001 level.

* Correlation is significant at the 0.05 level.

Table (4): Comparison between exposed workers and control group as regards liver function

studies, kidney function studies and serum electrolytes.

Exposed workers Control
t-value p-value
Mean+S.E Mean+S.E
SGPT(IU) 19.67+4.75 17.57+1.79 0.46 0.646
SGOT(IU) 17.80+2.88 15.71+£1.47 0.70 0.490
Urea (mg%) 32.52+2.10 27.33+1.78 2.79 0.043*
Creatinine
1.01+0.08 0.95+0.05 0.52 0.610
(mg%)
Sodium
142.48+0.69 139.40+0.58 3.24 0.003*
(mM/L)
Potassium
3.99+0.10 4.05+0.08 045 0.657
(mM/L)
Calcium (mg/dl) 8.81+0.13 9.05+0.12 1.26 0.216

* There is a significant difference between patient and control group by using independent t-test at
p<0.05
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Table (5): Comparison between urine analysis of exposed workers and control group.

Exposed workers Control
t-value p-value
no % no %

Proteins 20 16.9% 4 12.5% 4.63 0.03*
Glucose 14 11.9% 12 37.5% 0.08 0.780
Oxalate 26 22.0% 8 25.0% 4.77 0.029%
Urates 36 30.5% 4 12.5% 12.80 0.000%*
Phosphates 22 18.6% 4 12.5% 6.23 0.013%*

* Significant difference by using Chi square test at p-value<0.05.
** High significance at the 0.001 level.

Table (6): Ventilatory functions expressed as % of predicted in both exposed and control

groups
Exposed workers Control
t-value p-value
Mean =+ S.E Mean + S.E
FVC % of pred. 95.13+1.38 101.43+1.22 3.39 0.002*
FEV1 % of pred. 93.00+1.32 96.95+1.31 207 0.046*
FEV1/FVC % 79.48+1.16 83.33+0.88 246 0.019*
FEF25% of pred. 86.90+1.93 88.13+0.83 0.51 0.612
FEF50% of pred. 63.90+2.90 83.47+1.02 5.51 0.000%*
FEF75% of pred. 79.57+6.09 86.07+0.73 0.89 0.377
FEF25-75% of pred. 82.33£3.97 88.80+1.42 1.33 0.192
MVYV % of pred. 73.62+3.20 90.07+0.98 422 0.000%*
SVC % of pred. 99.52+2.37 98.07+1.63 0.47 0.644
IC % of pred. 107.33+3.21 102.53+2.72 1.08 0.288
ERYV % of pred. 83.62+6.39 87.93+1.73 0.56 0.580

** High significance at the 0.001 level.

* Significant difference by using Chi square test at p-value<0.05.
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Discussion:

The increasing pollution by cadmium
and its influence on human health has at-
tracted  great interest during this decade.
Cadmium (Cd) is an environmental toxicant
and an endocrine disruptor in humans and
rodents. Several organs (e.g. kidney, liver)
are affected by Cd (Siu et al., 2009). It has
been shown in studies on industrial workers
as well as general population that excessive
exposure to cadmium can cause renal tubu-

lar dysfunction (Jarup et al., 1993).

The Cd-binding protein metallothion-
ein (MT) plays important roles in Cd reten-
tion in tissues and dramatically decreases
biliary excretion of Cd. Cd bound to MT is
responsible for Cd accumulation in tissues
and the long biological half-life of Cd in
the body. Induction of MT protects against
acute toxicity to the liver and lung. Intracel-
lular MT also plays important roles in ame-
liorating Cd toxicity following prolonged
exposures, particularly chronic Cd-induced
nephrotoxicity, osteotoxicity, and toxicity
to the lung, liver and immune system. Thus,
MT is critical for protecting human health
from Cd toxicity (Klaassen et al., 2009).

These data explain our results where
the kidney function tests revealed that the
blood urea and serum creatinine levels of

exposed workers were higher than normal

with a statistically significant difference
in the urea level among exposed workers
when compared to the control group which
could be an indication of early induction of

nephrotoxicity (table 4).

In accordance with our results, Chia et
al.,in 1992 demonstrated high level of urea
and creatinine among Cd exposed work-
ers even with Cd level below the critical
concentration. Prasad and Nath, in 1995
and Aoshima et al., in 1995 reported sig-
nificantly higher values of serum creatinine
among exposed groups. Bar-Sela et al., in
1992 found that workers who had worked
for more than 10 years had more urinary
tract problems including high level of urea

and creatinine.

The initial cadmium-induced renal dys-
function is manifested as tubular proteinu-
ria (Jdrup, 2002). Unfortunately, cadmium-
induced tubular proteinuria is irreversible,
and continued exposure to cadmium may
lead to glomerular damage with decreased
glomerular filtration rates. Severe cadmi-
um-induced nephrotoxicity may manifest
as renal glucosuria, aminoaciduria, hyper-
phosphaturia, hypercalcuria, polyuria, re-
nal stones and decreased ability to buffer
acid load (Kazantzis, 2004).

Changes in urinary urates and phos-

phate tend to be significant only after other
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markers of renal damage are clearly elevat-
ed (Mason et al., 1988). These data typical-
ly explain our results where the elevation of
blood urea and serum creatinine were as-
sociated with proteinuria, phosphaturia and
changes in urinary urates and other crystals
(table 5). The present results were in accor-
dance with the results of Sato et al., in 1995
which demonstrated frank proteinuria and
disturbed kidney functions in the form of
elevation of blood urea and serum creati-
nine. Also, Tanimoto et al., in 1993 report-
ed that frank proteinuria was preceded by
excretion of low molecular weight protein
such as 2 microglobulin and aminoacidu-
ria, glucosuria, phosphaturia and calcium

wasting.

Our results are also consistent with
those obtained by Shaikh et al., in 1987
whose results confirmed not only that oc-
cupational exposure to cadmium over long
periods resulted in renal dysfunction but
also the levels of all urinary parameters in-

creased with the duration of employment.

In individuals living in a cadmium-pol-
luted areas, Sangster et al., in 1984 found
that cadmium excretion, protein excretion
and glucose excretion were significantly

higher than in corresponding controls.

High incidence of multiple stone for-

mation have been observed among work-

ers exposed to cadmium. Stone formation
is likely to be secondary to disruption of
calcium metabolism due to kidney damage
(Jarup and Elinder, 1993 ) which supports
our results in which calcium was found to be
lower in cadmium-exposed workers com-
pared to controls although the difference
was not statistically significant. Moreover,
Yang et al., in 2009 stated that as cadmium
stimulates calcium release from the endo-
plasmic reticulum, it induced elevation of
calcium which depolarizes the mitochon-
drial membrane potential and then leads to
apoptosis leading to nephrotoxicity.

In the present study the level of blood
cadmium of exposed workers who had un-
controlled exposure to Cd fumes for more
than 5 years; was found to be higher than
in control group (table 2). Simth et al., in
1986; Aayad et al., in 1988 and Iwata et al.,
in 1991 had also demonstrated in their stud-
ies increased Cd concentration among ex-
posed workers. In addition to this, the level
was found to be higher with increased dura-
tion of exposure; which was also reported
by Kawada et al., in 1990.

Cadmium and cadmium compounds
are known to be human carcinogens (Rob-
ert et al.,2004). Cadmium causes various
genitourinary disorders and is a carcinogen
for the prostate ( Jan_Dar et al.,2009 ). An
association between human and rodent Cd
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exposure and prostate cancers was found,
especially in the portions where MT is
poorly expressed (Klaassen et al., 2009).

In general, increased proliferative ac-
tivity in cells resulting from toxicity, cell
death and regeneration due to toxicants,
has been reported to be closely associated
with tumor development. The persistent en-
hancement of cell proliferation as a result of
damage caused by toxicants might be cru-
cial for carcinogenesis. This appears to be
the mechanism of action of non-genotoxic

carcinogenesis (Yoshida et al.,1999).

Prostate specific antigen (PSA) is a pro-
tein produced by cells of the prostate gland,
There can be different reasons for an ele-
vated PSA level, including prostate cancer,
benign prostate enlargement, inflammation,
infection, age, and race. In general, howev-
er, the higher a man’s PSA level, the more

likely cancer is present.

Edwin et al., in 2008 found that PSA
levels were 22% higher among american
men who had cadmium levels above me-

dian.

Robert et al., in 2004 stated that the
probability of surviving prostate cancer in
the United States is about 95% as early di-
agnosis by routine examination and testing
of older men for PSA has enhanced sur-

vival.

In the past, a PSA level below 4.0 ng/
ml was considered as normal. However, in
one large study prostate cancer was diag-
nosed in 15.2 percent of men with a PSA
level at or below 4.0 ng/ml (Thompson et
al., 2004). In another study, 25 to 35 per-
cent of men who had a PSA level between
4.1 and 99 ng/ml and who underwent a
prostate biopsy were found to have pros-
tate cancer, meaning that 65 to 75 percent
of the remaining men did not have prostate
cancer despite higher PSA level (Smith et
al., 1997).

In the current study, the mean PSA
level, although within normal range, was
found to be significantly higher in exposed
workers when compared to the controls
(table 2). This could be attributed not only
to advancement of age of the workers, but
to cadmium exposure as well. PSA levels
showed negative correlation with cadmium
level, and positive correlation with age
and with the duration of exposure (table 3)
which means that PSA level continues to
rise over time, a finding that should be put
into consideration in periodic examination
of workers with performance of digital rec-
tal examination (DRE). If no symptoms to
suggest cancer are present, we should rec-
ommend repetition of PSA tests regularly
to watch for any changes. If a man’s PSA

level has been increasing or if a suspicious
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lump is detected during a DRE, we may
recommend biopsy procedure or other tests
to determine if there is cancer or another

problem in the prostate.

As regards liver function studies, our
results showed no significant difference be-
tween exposed workers and control group
as regard SGPT and SGOT levels (table
2) which was consistent with the results of
Kamiyema et al., in 1995 which revealed
normal levels within the studied groups.
In contrast Novelli et al., in 1998 and El-
Maraghy et al., in 2001 found significant
elevation of SGPT and SGOT after ex-
perimental administration of Cd chloride to
rats. Manca et al., in 1991 found minimal

hepatotoxicity among examined workers.

Respiratory symptoms were common
among industrial workers exposed to high
cadmium concentration (Magnus, 1981)
which is consistent with our results that
showed statistically significant difference
between the exposed workers and the con-
trol group in the form of chronic cough,
expectoration, dyspnea and repeated asth-
matic attacks in 80% of the exposed work-
ers (table 1). Repeated or prolonged inhala-
tion of cadmium dust or fumes have been
reported to produce an obstructive pulmo-
nary syndrome and possibly emphysema
with abnormal lung functions (Emara and
Abdel Samie, 1991).

Cadmium fumes are not dissolved in
the upper respiratory tract but penetrate into
alveoli. This accounts for high incidence
of pulmonary disease among Cd exposed
workers and produces severe pulmonary
damage that may lead later to fibrosis or

emphysema (Frankel et al., 1991).

A new study has also confirmed that
Cd induces centrilobular emphysema and
chronic obstructive pulmonary disease
(COPD) (Fievez et al., 2009) which is con-
sistent with our results. Also, pulmonary
inflammation induced by cadmium inha-
lation could be associated with oxidative
stress (Kischvin et al., 2006).

A potential mechanism for Cd-induced
emphysema was studied recently by Zhao
et al., in 2009. They found that the levels
of the lung metal scavenging thiols, e.g.,
metallothionein (MT) and glutathione
(GSH), were both upregulated upon long-
term Cd exposure. This Cd upregulation
of cellular thiols may be a critical cellular
event facilitating downregulation of lysyl
oxidase (LO), a copper-dependent enzyme
for crosslinking collagen and elastin in the
extracellular matrix (ECM), causing sup-
pression of synthesis of collagen, a major
structure component of the lung ECM. As
a result, emphysematous lesions were gen-

erated.
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There has been a number of experimen-
tal studies which demonstrated that Cd in-
hibits the pulmonary defense mechanisms
against infection. Also, it has been proved
that there is genetic susceptibility to emphy-
sema as subjects with o1-antitrypsin defi-
ciency are less able to protect themselves
from injury from proteases generated from
inflammatory insults to the lung. It was ob-
served that inhibition of al antitrypsin by
Cd may therefore play a role in the patho-
genesis of Cd- induced emphysema (Emara
and Abdel Samie, 1991 and Hendrick, D.
2004).

Sakurai et al., in 1982 and Jakubows-
ki et al., in 2004 reported that exposure to
high cadmium concentrations in the work-
place resulted in the significant deteriora-
tion of some lung functions expressed as %
of predicted (FVC, FEV1, FEV1/ FVC%,
PEF, maximum midexpiratory flow (MEF)
at 25%,50%, and 75% ) and respiratory im-
pedance in the workers, suggesting airway
obstruction . In agreement with these stud-
ies, the results of the present study demon-
strated statistically significant reduction in
the ventilatory functions, expressed as %
of predicted, (FVC, FEV1, FEV1/ FVC%,
MVYV, forced expiratory flow (FEF50%) of
the exposed workers when compared to the
controls (Table 6).

Our results were also consistent with
those obtained by Boudreau et al. 1989 who
reported that cadmium inhalation affected

the pulmonary functions.

However, Edling et al., in 1986 found
that there was no significant difference in
lung function data (FVC, FEV1, FEV1/
FVC% and MMF) between the cadmium-
exposed and reference groups and there
was no dose-response relation within the

exposed group.

The study of Pocock et al., in 1988 re-
vealed that cigarette smoking was associ-
ated with higher cadmium body burden
as they found that 95% of men who never
smoked had cadmium blood concentration
less than 1 pg /L, while 80% of men who
smoked more than 20 cigarettes per day
had values higher than 1 ug /L .

The blood and urinary cadmium reflect
the total cadmium body load which has 2
main sources; First due to occupational ex-
posure (concentration of cadmium in atmo-
spheric air Oduration of exposure); second
due to the load of cadmium in cigarettes;
which provides an additional load of Cd
among smokers. The mean value of Cd
among smokers was higher than the level

in non smokers (Bajpai et al., 1994).

However, in our results, the difference

in blood Cd level between smokers and non-
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smokers was not statistically significant
because we measured the blood Cd level
which reflects the recent exposure rather
than body burden (Roles et al., 1989); while
urinary Cd level reflects the total Cd body
burden. The same results were reported by
Fahim et al., 1990. According to Willers
et al., in 1988 direct measurement of cad-
mium levels in body tissues confirms that
smoking roughly doubles cadmium body

burden in comparison to non-smoking.

Finally, recent studies suggest that
taking care of the nutrition of cadmium
exposed workers may play a role in their
protection against its toxicity e.g. onion
and garlic may exert their protective ef-
fects via reduction in lipid peroxidation
and enhanced antioxidant defense (Suru,
2008). Also, Zinc and antioxidants intake
may offer protection against cadmium in-
duced health hazards (Edwin et al., 2008
and Renugad, 2009). The effect of supple-
mental magnesium (Mg) has been studied
on the kidney levels of cadmium, zinc, and
copper of mice exposed to toxic levels of
cadmium. Results showed that in acute Cd
intoxication, Mg pretreatment resulted in
significant decrease of Cd in the kidney af-
ter 4 and 6 h, compared with animals given
only Cd. Under the condition of subacute
Cd intoxication, Mg supplementation re-
duced Cd kidney content after 2 weeks for

about 30%, compared with animals treated
with Cd only (Danijela et al., 2006). This
study also raises the importance of the pos-
sible use of magnesium as a supplement in
exposed workers; a finding that should be

well investigated in future researches.
Conclusion & Recommendations:

Cadmium is a multi system toxicant
and its compounds are known to be human
carcinogens based on findings of increased
risk of prostatic cancer among exposed
workers. Prostate Specific Antigen (PSA)
can be used for diagnosis and early detec-
tion of cancer of the prostate. However, fur-
ther studies and investigations are needed
to clarify our understanding of the effects

of cadmium on different body systems.

Although there are many parameters
suggested for use as potential biological
indicators for cadmium toxicity, none ap-
pears to be suitable by itself. Based on this
fact and on the different studies, the mea-
surement of urinary cadmium, metallothi-
onein, and 32 —microglobulin appear to be
the most rational strategy to use in detect-
ing and monitoring cadmium toxicity. Also,
there has been an interest in monitoring o

1- antitrypsin level in plasma.

Strict supervision and application of
preventive measures in the work environ-
ment with periodic medical follow-up of
exposed workers are of great importance.
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Proper nutrition of Cd exposed work-
ers may play arole in their protection against
its toxicity e.g. onion and garlic. Also, Zinc
and antioxidants intake may offer protec-
tion against Cd induced health hazards.
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