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ABSTRACT

Copper, an essential trace element for health, plays various biological roles in human body.
Serum copper reference values are important for assessing copper associated abnormalities
and the prevalence of copper deficiency. The aim of this study was to determine reference
range of copper in adult population of Lahore. Serum copper concentration was measured
by flame atomic absorption spectrometry in 450 healthy adults aged 20 to 29 years, which
were randomly selected. After application of exclusion criteria reference values were
determined in apparently healthy subjects according to guidelines of International
Federation of Clinical Chemistry. Reference value for serum copper concentration ranged
between 4.72µmol/L to 31.48µmol/L (mean 17.62 µmol/L ±6.67). The mean serum copper
level for males was 18.57µmol/L ± 6.61. The value for male subjects ranged between
4.72µmol/L to 31.7µmol/L. The mean serum copper level in females being 16.52µmol/L ±
6.67. Similarly the values for females range between 4.72 µmol/L to 30.48µmol/L. In
conclusion this study presents reference values for serum copper concentration in adult
population of Lahore. The results here shows that there is significant difference in serum
level of copper among different countries. This difference may be due to racial and genetic
difference, dietary habits and socioeconomic and analytical variables. KEY WORDS: copper,
reference value, atomic absorption spectrometry, population

المرجعیةالقیم. الانسانجسمفيمختلفةبیولوجیةأدوارویلعبالصحةفيالاساسیةالعناصرمنالنحاس:ملخص
نقصانتشارمعدلولتحدیدمصلالفيللنحاسطبیعیةالغیرالمستویاتلتحدیدضروریةالدممصلفيالنحاسلمستوي
تركیزقیاستم.  لاھورمدینةسكانمنللبالغینالنحاسلقیممرجعيمدىتحدیدھوالدراسةھذهمنالھدف.  النحاس
اختیارھمتموالذین( عاما٢٩إلى٢٠بینأعمارھمتتراوحالذینالأصحاءالبالغینمن٤٥٠لعددالدمفيالنحاس
لموجھاتوفقاالاصحاءفيالمرجعیةالقیمتحدیدتمالاستبعادمعاییرتطبیقبعد. الطیفيالتحلیلجھازبواسطة) عشوائیا
لتر/مولمیكرو٤،٧٢( بینتراوحتالدممصلفيالنحاسلتركیزالمرجعیةالقیمة. السریریةللكیمیاءالدوليالاتحاد

المصلفيالنحاسمستوىمتوسطكان). ٦،٦٧± لتر/ مولمیكرو١٧،٦٢المتوسط()لتر/ مولمیكرو٣١،٤٨الي
٣١،٧اليلتر/ مولمیكرو٤،٧٢(بینللذكورالقیمةتراوحتحیث), ٦٫٦١± لتر/ مولمیكرو١٨،٥٧(للذكور
القیمفإنوبالمثل،. ٦٫٦٧± لتر/ مولمیكرو١٦،٥٢للإناثالمصلفيالنحاسمستوىمتوسطو). لتر/ مولمیكرو

الدراسةھذهتالخلاصة: قدم). لتر/ مولمیكرو٣٠٫٤٨اليلتر/ مولمیكرو٤٫٧٢( بینتراوحتالإناثمجموعةل
فيكبیرفرقھناكأنأظھرتھناالنتائج. لاھورمدینةسكانمنللبالغینالدممصلفيالنحاسلتركیزالمرجعیةالقیم

للاختلافأو, الجینیةأوالعرقیةالاختلافاتإلىراجعایكونقدلفرقاھذا, البلدانمختلفبینبالمصلالنحاسمستوى
.التحلیلیةأووالاقتصادیةالاجتماعیةللمتغیراتأوالغذائیةالعاداتفي
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INTRODUCTION

The availability of accurate trace element
reference values in human is an important
indicator to the health status of the general
population and the occupational groups
which are exposed to trace elements.1 The
key role of the laboratory scientist is to help
the clinician in interpreting observed
values, by providing relevant reference
values in a convenient and practical form.2
In Pakistan, reference values used in
laboratories have been established in the
western population. But these can be
questioned due to differences in genetic
load, lifestyle, and diet.3

Copper, an essential trace element is
involved in multiple biological processes.4
The importance of this trace element in
health and disease cannot be ignored. To
assess the relation of this trace element with
different diseases, it is important to have a
baseline status of this trace element in the
body in the healthy sample of population.
So this requires establishment of accurate
reliable reference values that can be used in
clinical decision.5

The recommended daily requirement of
copper in our body is 2.5 - 3 mg/day. About
30% of ingested copper is absorbed in the
intestine, bound to albumin and transported
to the liver, where it is stored. The major
circulating form ceruloplasmin is
synthesized in the liver.

Copper is an integral component of at least
16 essential metalloproteinase, including
cytochrome oxidase, monoamine oxidase,
lysyl oxidase, tyrosinase and ceruloplasmin.
It participates in prostaglandin synthesis, in
the formation of connective tissues, in the
function of Central nervous system and in
hematopoiesis. It is required for red and
white cell maturation, cholesterol and
glucose metabolism and myocardial
contractility. The stability of vein's
membrane depends on the adequate amount

of copper in the tissues. Copper is involved
in the transport of iron and vitamin A.6 Its
deficiency contributes to the development
& progression of certain diseases.

The objective of this study was to establish
reference range for copper in adult
population with 20 to 29 years of age
residing in Lahore.

DESIGN AND METHODS

This was a descriptive cross sectional study
which was conducted on apparently healthy
individual of age range 20 to 29 years from
nine different zones of Lahore. A total of
450 healthy individuals comprising of 216
males & 234 females were randomly
selected using a multistage sampling
method. Five union councils were selected
randomly from each zone. From each
selected union council ten healthy subjects
who were assessed clinically were selected
for the study. So a total of 450 samples
were collected from randomly selected 45
union councils.  The exclusion and
inclusion criteria were based on the IFCC
guidelines for the establishment of
reference values. The study was approved
by Ethical Committee. Written consent was
taken from all the subjects.

At the time of sampling based on past
medical history and physical examination
only those individuals were included who
did not prove any signs and symptoms of
disease.

The samples were collected under aseptic
conditions. 7 ml of blood was collected in 2
serum separator vacutainer tubes (SST, BD
vacutainer) one for the determination of
trace elements and other 3.5 ml blood was
collected in SST for determination of
albumin, glucose & ALT without venous
stasis and without frothing. The sample was
transported to University of Health
Sciences, Lahore in an ice box containing
ice bags.
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Serum was separated by centrifugation at
3000 g for 05-10 minutes. Serum separated
was then carefully shifted into 1ml nitric
acid treated aliquot (for trace elements
determination) & the other separated serum
was collected in a separate aliquot for ALT,
albumin and sugar levels. Hemolyzed and
samples having high levels of glucose,
albumin or ALT were excluded from this
study.

Only nitric acid washed plastic lab ware
was used for sample and standard
preparation for trace elements. Urine
examination for protein & sugar was also
performed. Trace element Copper was
performed on Hitachi Z-2000 Series
Atomic Absorption Spectrophotometer.

Serum copper was measured by flame
atomic absorption spectrometry (Hitachi Z-
2000) following a one in five dilution with
distilled water. The results were multiplied
by dilution factor 5.

Statistical analysis: Data was analysed
using SPSS version 20. Serum Copper
levels were expressed as Mean ± SD.

RESULTS

A total of 450 healthy subjects were
included in which 216 were males and 234
were females. Only those subjects were
included who fulfilled the inclusion criteria.
Their health status was assessed after
detailed history & physical examination.
Blood sugar random, ALT, Albumin, urine
for proteins & sugar were performed. The
results of these tests were also in the normal
range. The blood samples of these healthy
450 subjects were then selected for the
estimation of serum copper which was
estimated on atomic absorption
spectrometer.

The mean age range of these healthy
subjects was 25 years. The mean for serum
copper was found to be 17.62±6.67 µmol/L.
Here the value of serum copper ranged

between 4.72 to 31.48µmol/L. The mean
serum copper level for males was
18.57±6.61 µmol/L with a range of 4.72 to
31.7µmol/L. The mean serum copper level
in females being 16.52±6.67 µmol/L. Here
the values for females ranged between 4.72
to 30.48 µmol/L. Minimum & maximum
levels of Copper in µmol/L along with
95th confidence interval, also the 2.5th
percentile & 97.5th percentile are shown in
table 1.

Table 1:  Minimum & Maximum levels of
COPPER in µmol/L with 95th    confidence
interval (CI), also the 2.5th percentile &
97.5th percentile
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Male 3.14 33.05 17.31 -19.83 4.72 31.7

Female 3.14 41.40 15.58–17.78 4.72 30.48

Overall 3.14 42.49 16.84–18.41 4.72 31.48

DISCUSSION

Reference interval refers to the interval
between reference limits that includes
usually 95% of the reference values.7 It is
also defined as a range comprising between
2.5th & 97.5th percentile of the data
distribution from a given reference
population.8 Establishing a normal range of
trace elements in the sera of healthy
individuals in any geographical area is very
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important for interpretation of trace element
results and for further studies in that
particular region.9

Copper, an essential trace element is
required in body for performing major
functions. Copper is an important
component of ceruloplasmin and various
enzymes including ferroxidase II, lysyl
oxidase, Zn-Cu superoxide dismutase,
tyrosinase.9

The range for copper varies from 4.72 to
31.48µmol/l with a mean of 17.62µmol/L.
These results were in close proximity with
another study carried out in Pakistan in
2004 in Islamabad / Rawalpindi area where
mean copper concentration was found to be
18.1µmol/L with a range of 9.4 to 30.06
µmol/L.10 This slight difference in the mean
value of copper might be attributed to the
difference in the age range of the
population included in that study. Another
factor contributing to this difference may be
the integrated diet mainly consisting of
wheat & wheat products.10

A study conducted by Manser and Khan11

in Karachi on normal population found that
the mean concentration of copper was
14.71µmol/L which was lower as compared
to this study. The main contributing factor
for this difference could be the excessive
use of the automobiles & pesticides
resulting in environmental pollution.

Another factor contributing to the increase
in the concentration of copper is the
distribution of water for domestic uses,
particularly in the system where an acidic
pH exists.12 In this regard, WHO conducted
a study in Pakistan on quality of drinking
water and found that the concentration of
the copper in the drinking water varies
widely which is constantly adding copper
element to the drinking water. Along with
the manufacturing of the commercial
appliances like wires & pipes, copper was
also used as the copper sulphate

pentahydrate for the control of algae in
water pipes.

The other factors include the inhalation of
copper fumes produced mainly during
welding & plumbing increases copper
concentration in blood. Copper could also
be present in drinking water pipes as it
remains in pipes during water supply. The
deficiency of iron, zinc, vitamin B and
vitamin C also raises copper concentration
in human.13

Copper is being constantly added in soil
form of pesticides, fertilizers, industry &
sewage sludge. Similarly melting, grinding
& cutting of copper may produce fumes &
dusts & exposure & inhalation of these
fumes may be the contributors of raised
copper levels in our body.14

A study conducted in Iran in 2011 showed
that the mean value of serum copper in age
ranging from 20 to 29 years was
14.2µmol/L. The mean age range being 25
years is comparable to population in Lahore
where mean copper concentration was
17.62µmol/L. This was mainly attributed to
the lifestyle & habits of the people living in
Iran.15 Urbanization & educational
attainments might be the factors
contributing to the changes in serum copper
levels.

The reference range used by the trace
element & Environment Toxicology
Laboratory at the University of Alberta had
a mean of 19µmol/L for copper which is
close to the mean (17.62µmol/L) of our
population under study. The author
mentioned that the range for a trace element
analysis is only suggestive of the usual
exposure of this element encountered in
daily life.16

Similar study conducted in Kuwait
determined serum level of copper in normal
population. Here mean copper
concentration was found to be 23µmol/L.
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This large difference in mean concentration
of copper is mainly attributed to
Desalination plants which are used in
Arabian Gulf. These plants were the main
source of increased copper levels in the
environment. On the other hand industries
& oil pollution were constantly adding
copper to the environment.17

The concentration of copper in our study
was comparable to the reported values from
Spain and China where mean copper
concentration was 17.27µmol/L and
17.11µmol/L respectively.18 Similarly mean
concentration of copper reported from Italy
was 19.15µmol/L which was also
comparable with the mean concentration of
our study.19

The mean copper level (17.62µmol/L) of
our study was found to be greater than that
reported in studies from Bangladesh &
Japan that had a mean concentration of
15.38 µmol/L & 12.56µmol/L
respectively.20,21

Our study did not show a significant
difference in mean concentration of copper
when compared with mean concentration of
copper quoted in reference books (p = 0.9).

The mean serum copper concentration of
our study compared with various countries
is shown in following figure.

CONCLUSION

This study provides data for the
establishment of reference range for copper
in healthy population of Lahore. Here the
mean concentration of copper is
17.62±6.6µmol/L. The results showed that
there is significant difference in serum level
of copper among different countries. Diet,
physical environment and socioeconomic
conditions all affect the physiology of a
population. These values can be useful for
interpretation and clinical management of
copper disorders. As there are no
established reference ranges for trace

elements in Pakistan, these findings can
form the basis and reference for any future
studies on trace elements in Pakistan.

LIMITATION OF THE STUDY

The study was carried out on only specific
age group due to financial constraint faced
during the study.
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