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ABSTRACT 
Occupational exposure to copper (Cu) is widespread problem in every region. Cu is an important 
engineering material of choice of technology having wide industrial application. It is one of the 
toxic metals, which causes many health hazards in human being. The Cu concentrations in blood 
serum and urine were analysed in different age group of industrial workers of Ajmer city, 
Rajasthan, India. The aim of this study was to examine the Cu concentrations in blood serum 
and urine and also to show its health implications on industrial workers. The levels of serum Cu 
range from 0.000–465.92 µg/dl and urinary Cu concentrations ranging from 0.000–11.7 umol/l 
(74.52 µg/dl). The prominent symptoms among the industrial workers are vomiting, jaundice, 
gastrointestinal distress, decreased lung function, renal failure etc. Such results indicate that 
occupational exposure increases the serum and urinary Cu levels of different industrial workers 
and adversely affecting multiple organ systems specially lungs, liver and kidneys and might 
cause permanent damage. 
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INTRODUCTION 
Occurrence of copper 
Copper is a metal of reddish colour that naturally 
occurs in water, soil, sediments and rocks. In 
household and commercial areas, it is used in 
making electrical wiring and water pipes. Comp-
ounds of copper are commonly present in the 
environment and one can be easily exposed whi-
le breathing, eating unhygienic food or drinking 
contaminated water.1 
Sources of copper 
Copper mainly found in seeds, grains, nuts, meat, 
eggs and chocolate. Copper can also be found in 
drinking water pipes as it remains in the pipe 
during water supply. Copper exposure in Indust-
ry is primarily from inhaled particulates in min-
ing or metal fumes in smelting operations, wel-
ding or related activities. The major occupan-
tional exposures of Cu toxicity are jewellery 
manufacturing, metal fumes, copper smelter, 
mining and plumbing etc. 

Toxic kinetics 
Approximately 55% to 75% of an oral dose of 
copper is absorbed from the gastrointestinal 
tract, primarily in the duodenum. Intestinal 
copper absorption can be reduced by zinc, iron, 
molybdate and fructose.2 The cellular transport 
and metabolism of copper comprises a series 
of copper-binding proteins and small peptides 
such as albumin, ceruloplasmin, glutathione, 
metalothionein and cytosolic copper chaper-
ons, which work in conjunction with copper-
ATPases to maintain copper homeostasis.3,4 
Copper levels are maintained mainly through 
control of excretion, although copper binding 
to hepatic metallothionein may act as a form of 
copper storage. In mammals, little copper is 
excreted into the urine and the bile is the major 
route of excretion. Bile secretion, enterohepa-
tic recirculation and intestinal absorption all 
help to control copper status.5 
Toxicity of copper 
Copper has wide scope of importance in 
human body but the adverse affects arises 
when it changes the concentration from normal 
to high or low levels and accumulates in the *Author for correspondence 
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soft tissues. It stores calcium in bones and also 
to repair or build connective tissues. Improper 
concentration of copper may results in fatigue, 
depression and stress and it may leads to 
chronic sinus infections and intestinal yeast as 
thyroid gland is also more sensitive to amount 
of copper present in the body. Copper is also 
deeply involved in central nervous system of 
human. Psychological and neurological condi-
tions, including stress, anxiety, schizophrenia 
and depression, often disturb by incorrect level 
of copper concentration.6 

MATERIAL AND METHODS 
Study group consisted 60 industrial workers of 
different groups in Ajmer city, Rajasthan, 
India. A study of Cu toxicity in different 
industrial workers of Ajmer city was condu-
cted from April 2014 to September 2014. For 
convenience, industrial workers were divided 
into different occupational fields to assess the 
degree of exposure of copper. The blood and 
urine sampling were made properly among the 
selected different groups of industrial workers. 
Analysis was carried out in well equipped 
standard laboratory of Maharshi Dayanand 
Saraswati University, Ajmer, Rajasthan, India 
using atomic absorption spectrophotometer.7 
Reagents and solutions 
Analytical reagent grade HCl, HNO3, HClO4 

and H2O2 were procured from E. Merck 
Germany. Certified standard stock solution of 
Cu was obtained from CDH India for calibra-
tion purpose. Fresh standard solutions were 
prepared from stock solutions on each day of 
analysis by dilution with 5% HNO3 solution in 
distilled water. Blank solutions were treated 
and prepared exactly in the same way as the 
samples. All glass ware and apparatus used 
were cleaned by soaking in 5% HNO3 follow-
ed by rinses with distilled water before use. All 
working solutions were also prepared in dou-
ble distilled water.8 
Preparation of blood serum samples and 
their digestion  
Human blood samples were collected from 60 
industrial workers with a 10ml polypropylene 
syringe equipped with silicon-coated glass 
tubes    and    centrifuged    at   3000rpm for 20  

minutes. The supernatants were collected as 
the blood serum sample.9 
0.5ml of serum was initially heated on a hot 
plate with 10ml of nitric acid for approxima-
tely 30 min. at 11000C.10 Heating was supplied 
to maintain gentle boiling of the solution. The 
reaction was carried out in a 100ml beaker 
covered with watch glass to the loss of the 
sample. Further 10 ml of HNO3 was added and 
heating continue for a further 30 min. A 2ml of 
portion of 70% perchloric acid was subseque-
ntly added and the contents were gently heated 
on a hot plate until the solution becomes color-
less and the white fumes of HCIO4 were 
evolved. When the solutions were cooled to 
room temperature the contents were brought to 
volume double distilled water and the solutions 
were kept mixed with a magnetic stirrer.11 
Preparation of urine samples and their 
digestion  
The urine samples were collected using 30ml 
sealed plastic containers. The containers were 
washed thoroughly with detergent and distilled 
water to avoid any contamination. Fresh urine 
tends decompose to become alkaline standing 
due to the breakdown of urea to ammonium 
carbonate but can be stored in a refrigerator. 
Because of lack of storage facilities, the sam-
ples were collected and digested the same day 
and were kept in a refrigerator for few days 
before analysis. 
10ml each of urine samples were measured 
with a measuring cylinder into a 150 ml beaker 
and 10ml of 1:1 nitric acid was added. The 
mixtures were covered with a watch glass and 
was heated using an adjustable hot plate and 
were allowed to reflux for 10-15 minutes 
without boiling. It was then allowed to cool 
and 15ml of concentrated nitric acid was added 
and allowed to reflux for 30 minutes. The last 
step was repeated and the mixtures were 
allowed to evaporate to about 5ml without 
boiling. It was allowed to cool and 2ml of 
water and 3ml of 30% hydrogen peroxide was 
added. The beaker was covered with a water 
glass and placed on a hot plate and was 
allowed to heat until the effervescence was 
minimal. It was then allowed to cool and 5ml 
of concentrated HCl and 10ml of water was 
added and heated and refluxed for 15 minutes 
without boiling. 
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The samples were finally diluted to 100ml 
volume with distilled water after cooling and 
were then filtered using suction filtration to 
remove any particulate matter.12-18 

RESULTS AND DISCUSSION 
Sixty industrial workers who are exposed        
to  Cu  for long duration ranging from 19 to 49  

years participated in the study and show that at 
least 17 out of 60 workers involved in various 
occupational activities were indeed suffering 
from Cu toxicity. The all industrial workers of 
different groups are smokers. The Cu concen-
tration in blood serum and urine were given in 
Table 1 to Table 4.  

Table 1 : Cu concentration in blood serum and urine of welders 

S/N Age (years) Serum Cu concentration 
(µg/dl)  

Urinary Cu concentration 
(µg/dl)  

1 26 25.47 12.22 
2 23 1.162 0 
3 30 8.166 14.16 
4 42 205.6 46.18 
5 48 465.92 74.52 
6 35 99.139 32.18 
7 22 1.163 7.1 
8 21 2.184 0 
9 24 0 0 
10 37 169.13 40.26 
11 23 0 2.22 
12 36 154.18 39.16 
13 26 39.19 13.13 
14 19 1.212 0 
15 21 0 1.17 

Table 2 : Cu concentration in blood serum and urine of painters 

S/N Age (years) Serum Cu concentration 
(µg/dl)  

Urinary Cu concentration 
(µg/dl)  

1 23 229.16 4.08 
2 22 1.141 0 
3 41 189.19 51.13 
4 31 39.16 22.55 
5 29 44.18 16.18 
6 21 1.021 0 
7 20 2.081 0 
8 19 0 0 
9 36 56.18 31.31 
10 40 89.87 47.13 
11 36 41.16 30.16 
12 24 3.182 0 
13 22 0 2.12 
14 21 0 1.18 
15 28 34.16 23.13 
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Table 3 : Cu concentration in blood serum and urine of electroplaters 

S/N Age (years) Serum Cu concentration 
(µg/dl)  

Urinary Cu concentration 
(µg/dl)  

1 46 184.88 44.37 
2 48 209.41 50.18 
3 25 0 3.16 
4 22 0 0 
5 24 11.121 4.18 
6 23 49.14 0 
7 27 31.16 31.4 
8 27 1.071 26.29 
9 22 2.021 0 
10 41 192.18 42.13 
11 33 8.891 25.18 
12 49 242.18 54.33 
13 26 4.181 15.16 
14 30 172.34 37.12 
15 21 2.34 0 

Table 4 : Cu concentration in blood serum and urine of other workers 
 (plumbing, ceramic, jewellery and battery) 

S/N Age (years) Serum Cu concentration 
(µg/dl)  

Urinary Cu concentration 
(µg/dl)  

1 45 211.13 41.42 

2 24 5.11 0 

3 35 174.1 36.18 
4 22 0 7.18 

5 24 92.2 13.44 
6 37 180.18 39.32 

7 48 184.34 47.18 

8 36 155.18 31.46 
9 26 0 6.42 

10 23 1.041 0 

11 21 2.41 0 
12 49 230.1 51.54 

13 41 175.18 32.18 
14 25 0 0 

15 23 0 2.13 
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The mean and SD value of Cu in blood serum 
in industrial workers were 78.15+128.78 µg/dl 
(welders), 48.70+70.88 µg/dl (painters), 
74.06+94.36 µg/dl (electroplaters) and 94.06+ 
94.44 µg/dl (others) as shown in Fig. 1. 

The mean urinary Cu levels industrial workers 
were 18.82+22.58 µg/dl (welders), 17.66+ 
18.83 µg /dl (panters), 22.23+20.26 µg/dl 
(electroplaters) and 20.56+19.66 µg/dl (others) 
respectively (Fig.2). 

 
Fig. 1 : Serum Cu levels in different industrial workers 

 
Fig. 2 : Urinary Cu levels in different industrial workers 

Serum Cu levels were higher than urinary Cu 
levels. As the age of industrial workers 

increases the Cu concentrations in blood serum 
and urine increases (Table 5 and Table 6).  

Table 5 : The mean values of serum Cu levels of different industrial workers groups 

        Groups                        Serum Cu levels (µg/dl) 

        Welders                            78.15 ± 128.78 

        Painters                            48.70 ± 70.88 

        Electroplaters                            74.06 ± 94.36 

        Others                            94.06 ± 94.44 
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Table 6 : The mean values of urinary Cu levels of different industrial workers groups 

Groups Urinary Cu levels (µg/dl) 
Welders 18.82 ± 22.58 
Painters 17.66 ± 18.83 
Electroplaters 22.23 ± 20.26 
Others 20.56 ± 19.66 

The minimum and maximum Cu concentrations 
in welders were 0.000-465.92 µg /dl in serum 
and 0.000-74.52 µg/dl in urine. The minimum 
and maximum Cu concentrations in painters 
were 0.000-229.16 µg/dl in serum and 0.000-
51.13 µg/dl in urine. The minimum and 
maximum Cu concentrations in electroplaters 
were 0.000-242.18 µg/dl in serum and 0.000-
54.33 µg/dl in urine. The minimum and 
maximum Cu concentrations in other groups 
were 0.000-230.1 µg/dl in serum and 0.000-
51.54 µg/dl in urine. 
The mean and SD Cu concentrations in blood 
serum and urine in other groups which including 
plumbing, ceramic, jewellery and battery were 
significantly higher than welders, painters and 
electroplaters. 17 out of 60 industrial workers 
with high serum Cu levels (range 154.18-465.92 
µg/dl) and urinary lead levels 36.18-74.12 µg/dl 
affected from severe Cu toxicity. In the present 
study, there were 20 industrial workers of 
different groups were not having any sign and 
symptoms of Cu toxicity. In remaining 23 
industrial workers of different groups had mild 
symptoms like dry throat and mouth, vomiting, 
diarrhoea, aching muscles, headache, nasal 
irritation, hypotension and fatigue but 17 
industrial workers of different groups showed 
signs and symptoms like jaundice, impaired liver 
function (including cirrhosis), respiratory illness 
and impaired kidney function showing severe Cu 
toxicity. Urinary abnormalities (haemoglobinuria 
and oligouria) were also detected in these 17 
industrial workers. They were advised to consult 
the medical professionals, one of them after 
counselling was refer to a medical professional 
and was diagnosed as suffering from Wilson's 
disease. Who is being treated appropriately and 
is in a better state of health. 

CONCLUSION 
In the present study, it was found that            
20  industrial  workers of different groups were  

having no sign and symptoms. 23 industrial 
workers were having mild symptoms of Cu 
toxicity but 17 industrial workers of different 
groups were suffering from severe Cu toxicity. 
They were counselled and advised to take 
certain protective measures. The industrial 
workers who were having severe Cu toxicity 
advised to consult the medical professional. 
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