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Introduction
Human exposure to heavy metals is
on the rise and requires both global
and regional attention.1 In addition
to background and natural sources,
like rock weathering, volcanoes, etc.,
there are many other anthropogenic
sources of heavy metal pollution,
including crude recycling of used
lead acid batteries and end-of-life
electronic wastes, wear and tear of
vehicular bodies and tires, untreated
industrial effluents and releases from
metallurgical industries. Another
overlooked source, especially in
developing countries, is metal
released from low-cost jewelry items
through either dermal contact or
ingestion. Children and women are
more vulnerable to exposure to toxic
metals because of their behavior and
physiological makeup.2-3 Women are
more prone to wear jewelry items than
men, and therefore are at higher risk of
exposure, especially through the skin.
Children are even more vulnerable
than adults as many of them normally
play with their jewelry items by
mouthing them, and therefore are at
1

Background. Many developing countries either lack or have weakly enforced regulations on
imported goods. A high percentage of low-cost jewelry items in Nigeria are imported from
abroad. There is concern about the levels of heavy metals present in these products.
Objectives. The present study examined the levels of lead (Pb), cadmium (Cd), chromium
(Cr) and nickel (Ni) in inexpensive jewelry purchased from retail wholesale shops in Ibadan
metropolis, southwestern Nigeria.
Methods. One hundred (100) assorted jewelry items were digested in dilute nitric acid
solution followed by atomic absorption spectrophotometric analysis.
Results. Out of the total number of jewelry items analyzed, 12% of them had Pb
concentrations above European Union (EU) safety limits. Also, 63%, 42% and 62% of items
had Cd, Cr and Ni average concentrations above their EU limits. Notably, 3%, 27% and 8% of
the items had Pb, Cd and Cr concentrations over 103 times above their EU limits Overall, Cd
showed the highest average level in rings (256,952 mg/kg) followed by bracelets (60,627 mg/
kg) and earrings (54,388 mg/kg). All metals in solid bangles were within their EU guidelines.
Conclusions. Given the significant deleterious impacts of these metals on human health, lowcost jewelry poses a serious potential threat to users’ health. Policies to guarantee the safety of
low-cost jewelry items must be established and enforced.
Competing Interests. The authors declare no competing financial interests.
Keywords. low-cost jewelry, Heavy metals, European Union safety limit, Ibadan, Nigeria.
Received March 27, 2020. Accepted August 20, 2020.
J Health Pollution 28: (201202) 2020
© Pure Earth

risk of the metals being extracted by
the saliva or swallowing, in addition to
dermal exposure. There has also been
evidence of the transfer of toxic metals
from mothers’ breast milk to their
children.4
Many heavy metals have irreversible
deleterious effects on young children.
For instance, lead (Pb) is known to
reduce intelligence quotient, especially
in children, induce kidney damage
and can be fatal with high dose
exposures.3,5 Other acute symptoms
from Pb poisoning can include loss
of appetite, headache, hypertension,
abdominal pain, arthritis, etc.6 A
possible lead toxicity mechanism
could occur when Pb2+ replaces
other bivalent cations like calcium
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(II), magnesium (II) and iron (II)
and monovalent cations like sodium
(I), which eventually disrupts the
biological metabolism of the cell. This
causes significant changes in various
biological processes. Substitution of
calcium in ultra-trace concentrations
affects protein kinase carbon which
regulates neural excitation and
memory storage.1 Cadmium (Cd)
has been found to easily replace zinc,
thereby inhibiting its activities as a free
radical as well as binding to cysteine–
rich protein in cells and can lead to
deficiency in iron (II).7 Cadmium
exposure has been observed to cause
osteoporosis (skeletal damage) and
kidney damage in both humans and
other animals.8 The metal is known
for causing the common health hazard
Adie, Oyebade, Atanda
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There have been numerous cases
of heavy metal poisoning through
the ingestion of jewelry; in 2006 in
Minnesota, United States of America
(USA), there was a case of fatal Pb
poisoning after a child ingested a
Pb-contaminated charm; there was
another instance of Pb poisoning in
Oregon after a young child consumed
a necklace medallion.11 These incidents
led to the recall of several million
Pb- and Cd-containing jewelry items
on the market.3,12,13 Other studies on
human exposure to toxic metals in
jewelry items have been reported.14-17
Weidenhamer and Clement reported
that one of the main sources of Pb in
jewelry items could be from the use of
recycled electronic wastes and battery
Pb as a source material.18-20 They found
Pb, tin, and copper composition in
some jewelry items similar to that in
the solder of circuit boards, as well as
Pb/antimony composition similar to
that in Pb batteries. Elemental Pb is
usually added to paints as a coloring
agent in the production of toys and
low-cost jewelry items to prevent
free radicals from reacting to form
acidic media.5 Furthermore, heavy
metals are sometimes intentionally
Adie, Oyebade, Atanda

Abbreviations

AAS

Atomic absorption
spectrometer

added to jewelry items to serve as
coating agents, to lower the cost of
manufacturing (as many of them
are cheap), for easier workability, to
provide shiny surfaces and to make
jewelry items heavier in attempt to
mimic superior quality products.
Nigeria, like most developing
countries, imports all kinds of jewelry
items from abroad, mainly from
China, the USA, Brazil, Italy, India,
and the United Kingdom, etc. There
is high demand for consumer goods
in Nigeria as a result of increasing
population and lack of industries
to produce products to meet this
demand. Many of these goods arriving
in Nigeria do not meet the accepted
guidelines due to either the lack of
or weak enforcement of policies/
regulations guiding the qualities of
imported goods. The levels of toxic
metals present in low-cost jewelry
items sold in Nigerian markets is of
concern as there is paucity of data
within the African region. Therefore,
the present study aimed to examine
the levels of heavy metals in lowcost jewelry items sold in Ibadan,
southwestern Nigeria and to determine
the safety of these products.

Methods
The present study was conducted
between February and June 2019. A
total of 100 low-cost jewelry items
which were metallic in nature were
purchased from different retail and
wholesale stores in Agbowo, Bodija,
Mokola, Dugbe and Agbeni markets

BDL
EU

Below detection limit
European Union
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called ‘Itai Itai disease’ first noticed
in Japan around 1912.9 Chromium
(Cr) exists in different valent states
with Cr(III) the most stable, less toxic
and beneficial in glucose metabolism
in humans, while Cr(VI) is highly
unstable, toxic and carcinogenic in
nature. Nasal ulcer is common among
workers that deal with Cr-containing
compounds.1 Nickel (Ni) is not
an essential metal and quite toxic,
especially in aquatic environments.
Nickel does not break down easily
in the environment and can bioaccumulate in living systems for many
years even at low level exposures.
The metal is usually regarded as
a xenobiotic substance in human
systems with risks of carcinogenicity.10
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in Ibadan, southwestern Nigerian.
Table 1 presents a summary of the
jewelry item types, weight and cost
ranges (all jewelry items were under
$2 US dollars) while Figure 1 provides
photos of some of the items studied.
All items were stored separately in
small polythene bags and labelled
accordingly prior to analyses.
Sample preparation and chemical
analyses
Jewelry items weighing ≤5.0 g were
digested whole, while those weighing
>5.0 g were carefully cut using acid
washed stainless handheld pliers into
pieces and a piece weighing ≤5.0 g
was digested. The plier was cleaned
after every cut to prevent cross
contamination. The method used
by Weidenhamer and Clement was
adopted with slight modification.18
Each weighed item was placed in
a pre-cleaned Pyrex beaker and
soaked overnight with 10 mL of
50% (v/v) Analar grade nitric acid.
Each sample was then heated on a
thermostatic electric hot plate in
the hood until complete dissolution
occurred. The digests were allowed
to cool, then filtered using Whatman
filter paper and made up to mark in
an appropriate volumetric flask. The
concentrations of Pb, Cd, Cr and Ni
in the digests were then determined
using Perkin-Elmer AAnalyst 200
atomic absorption spectrometer (AAS)
equipped with single element hollow
cathode lamp and 10 cm air–acetylene
burner flame. Blank samples were also
carried out using the same method to
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Table 1 — Jewelry Items

Figure 1 — Selected samples of studied jewelry items
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Table 2 — Summary of Metal Concentrations (mg/kg) in Jewelry Items

Table 3 — Summary of Metal Concentrations (mg/kg) Across Jewelry Item Types
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check reagent impurities.
All reagents used were of Analar
grade. All glassware were cleaned by
soaking in diluted nitric acid solution
overnight and thoroughly rinsed with
distilled water prior to use. This was
necessary to remove any adsorbed
metals on the walls of the glassware.
Blanks were used to check reagent
contamination with metals of interest.
Furthermore, 10% of the samples were
duplicated to check precision.
A preliminary analysis including double
blind samples was carried out to ensure
proper functioning of the AAS and to
validate the repeatability of the results in
order to determine the results generated
from the instrument were accurate.

Results
A summary of total concentrations of
Pb, Cd, Cr and Ni in all jewelry items
is presented in Table 2. The European
Union (EU) safety limits for each
metal are also included in the table
for comparison.22 Cadmium showed
the highest average concentration of
59 125 mg/kg with concentrations
in all items ranging from below
5

detection limit (BDL)-922 000 mg/
kg. Lead showed the lowest average
concentration of 950 mg/kg with
concentrations in all items ranging
from BDL-24 500 mg/kg. Chromium
had an average of 10 456 mg/kg and
ranged from BDL- 62 008 mg/kg,
while Ni had an average of 9511 mg/
kg and ranged from BDL-49 751 mg/
kg. It is noteworthy to mention that
the metal concentrations detected
in the blanks were subtracted from
the results before computation.
Furthermore, blind and duplicate
samples to validate the accuracy
and precision, respectively of AAS
procedure, were within the allowable
limits of 10% for the AAS technique.
Summary of metal concentrations in
six different types of jewelry items
Table 3 shows the six different types
of jewelry item in the present study:
bangle (6 items), earring (33 items),
bracelet (4 items), necklace (36 items),
pendant (9 items) and ring (12 items).
Comparison of Pb and Cd (mg/kg) in
gold- and silver-plated jewelry items
The concentrations of Pb and Cd in
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earring, necklace and ring items that
were plated with gold and silver were
compared and are shown in Figure 2a
and 2b.

Discussion
As shown in Table 2, the
concentrations of the metals in all
items followed the sequence Cd>
Cr>Ni>Pb. Comparing the results
with EU safety guidelines as shown in
Table 2, Cd seemed to pose the highest
risk with 63% of 100 items having a
concentration higher than the EU
guideline of 17 mg/kg. Furthermore,
over 27% of the items showed a Cd
concentration 103 times over the EU
guideline. Lead posed the lowest risk
with over 88% of 100 items within
the EU guideline of 160 mg/kg and
45% of the items below the detection
limit of 0.04 mg/L. However, two
earrings and one bangle had a Pb
level over 103 times the EU guideline
of 160 mg/kg. Chromium and Ni
levels ranged between the Cd and Pb
concentrations. The higher average
Cd content in the items in the present
study supports the report by Becker
et al. which indicated that the use of
Pb-contaminated materials to produce
Adie, Oyebade, Atanda
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Figure 2 — (a) Comparison of average Pb concentrations in gold-plated and silver-plated jewelry items;
(b) Comparison of average Cd concentrations in gold-plated and silver-plated jewelry items
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The mean bioaccessibility of metals
in low-cost children’s toys and
jewelry items reported by Cui et al.
for saliva and hydrogen chloride
extracts compared with total metal
concentrations were 2.57 and
6.45% (Ni), 7.59 and 8.56% (Cd),
1.78 and 22.6% (Pb) and 1.94 and
24.0% (Cr).25 Our study did not
report bioaccessibility tests of the
metals, however judging from the
concentrations of metals obtained
compared with the % bioaccessibility
(concentration of metal likely to be
available for intake by biological
cells) of metals in a study by Cui et
al., it is thought that there could be a
possibility of potential risk associated
with mouthing or ingesting the jewelry
items, especially by children.25 This
calls for close monitoring of children
wearing these jewelry items by adults
as well as the need for the government
to formulate and enforce policies and
regulations to ensure the quality of
low-cost jewelry items arriving in
Nigeria.
As shown in Table 3, ring items
Adie, Oyebade, Atanda

showed the highest average Cd
concentration of 296 952 mg/kg,
which ranged from BDL-922 000 mg/
kg, and had an average concentration
higher than 104 -fold the EU guideline.
The items also showed an average Pb
concentration of 3269 mg/kg (more
than x10 the EU safety guideline). The
metal concentrations exhibited in the
ring items are worrying considering
that most adults/children wear them
for long periods of time compared
with other jewelry types and mouth
contact may be higher. Chromium and
Ni were within their EU regulatory
guidelines for the ring items. The
average Cd level was many times
higher than the EU limit in almost all
jewelry items, except for bangles. The
mean concentrations of all the metals
in pendants, earrings and necklaces
indicated levels many times higher
than the EU safety guidelines (Table 3).
This may indicate that manufacturers
of these products are not adhering to
existing global guidelines regarding
the amount of these metals allowed in
consumer products.
Both Pb and Cd had significantly
greater levels in silver-plated earring
and ring items compared to gold items.
Necklace items had comparable levels.
Overall, silver-plated items pose more
risk than gold-plated items.

highest concentration in rings, while
all the metals in hand bangles were
within their EU levels as shown in
Table 3.
Although a bioaccessibility study was
not carried out to identify the real time
leaching of metals into the human
system, previous studies suggest that
the average concentrations of these
metals can have serious deleterious
effects on users, especially children,
when mouthed or ingested. Policies
on the recommended levels of a wide
range of toxic heavy metals in lowcost jewelry items arriving in Nigeria
need to be put in place and enforced to
protect users.

Downloaded from http://meridian.allenpress.com/jhp/article-pdf/10/28/201202/2651629/i2156-9614-10-28-201202.pdf by guest on 23 November 2020

toys and jewelry items was decreasing
as manufacturers were shifting
attention from Pb to Cd and other
metals as a result of stricter regulations
on Pb due to its toxicity, especially
in children.23 Furthermore, the 2008
Annual Report on the Cadmium
Market reported that 75% of the Cd
produced in China was used for Ni-Cd
batteries which was reused at end-oflife to make low-cost toys and jewelry
items.24 The concentrations of Cr and
Ni were 42% and 62% higher than
their EU guideline, respectively, of
50 samples studied (Table 2). All the
average metal contents in the studied
items were higher than those reported
in a similar study by Cui et al. carried
out on 13 metallic toy and jewelry
items in China.25 Another study
reported variable metal concentrations
within the ranges of the present study.5

Heavy Metals in Jewelry in Nigerian Markets

Acknowledgments
This study was funded as part of
employment
Copyright Policy
This is an Open Access article
distributed in accordance with
Creative Commons Attribution
License (http://creativecommons.org/
licenses/by/3.0/).

Conclusions

References

The concentrations (mg/kg) of Pb,
Cd, Cr and Ni in over 100 samples of
low-cost jewelry items were examined
to assess their safety when worn. All
metals showed varying percentage
levels higher than their European
Union safety limit. Notably, 3%, 27%
and 8% of the items analysed had
Pb, Cd and Cr concentrations over
103 times above their EU limits. The
results suggest that manufacturers are
shifting from Pb to other metals like
Cd perhaps due to stricter regulations.
Cadmium was observed to have the

1. Jaishankar M, Tseten T, Anbalagan N, Mathew
BB, Beeregowda KN. Toxicity, mechanism and health
effects of some heavy metals. Interdiscip Toxicol. 2014
Jun;7(2):60-72.
2. Finch LE, Hillyer MM, Leopold MC. Quantitative
analysis of heavy metals in children’s toys and jewelry:
A multi-instrument, multitechnique exercise in
analytical chemistry and public health. J Chem Educ
[Internet]. 2015 Feb 27 [cited 2020 Mar 27];92(5):84954. Available from: https://doi.org/10.1021/ed500647w
Subscription required to view.
3. Guney M, Zagury GJ. Heavy metals in toys and
low-cost jewelry: critical review of U.S. and Canadian
legislations and recommendations for testing.

Journal of Health & Pollution Vol. 10, No. 28 — December 2020

6

Research

mmwrhtml/mm5323a5.htm

22. European Standard, EN 71-3:2013+A1: Safety

Mar 27];46(8):4265-74. Available from: https://doi.

13. Cox C, Green M. Reduction in the prevalence

of toys - Part 3: Migration of certain elements (2014

org/10.1021/es203470x Subscription required to view.

of lead-containing jewelry in California following

Oct).

4. Mothers can pass toxic metals to children through

litigation and legislation. Environ Sci Technol

23. Becker M, Edwards S, Massey RI. Toxic chemicals

breast milk, study shows. Medical Xpress [Internet].

[Internet]. 2010 [cited 2020 Mar 27];44(16):6042-5.

in toys and children's products: limitations of current

2014 Nov 5 [cited 2020 Jul 30];Health:[about 3

Available from: https://doi.org/10.1021/es903745b

responses and recommendations for government and

p.] Available from: https://medicalxpress.com/

14. Guney M, Zagury G. Contamination by ten

industry. Environ Sci Technol [Internet]. 2010 [cited

news/2014-11-mothers-toxic-metals-children-breast.

harmful elements in toys and children's jewelry

2020 Jan 2];44(21):7986-91. Available from: https://

html#:~:text=A%20new%20study%20conducted%20

bought on the North American market. Environ

doi.org/10.1021/es1009407

by,to%20child%20through%20breast%20milk.

Sci Technol [Internet]. 2013 [cited 2020 Mar

24. 2008 annual report on cadmium market

5. Murphy T, Lim S, Kim S, Irvine K, Chaiwat W,

27];47(11):5921-30. Available from: https://doi.

[Internet]. Beijing: Asian Metal Ltd.; 2008 [cited Feb

Wilson K. Metal contamination in low-cost jewelry

org/10.1021/es304969n Subscription required to view.

27]. 7 p. Available from: www.asianmetal.com/report/

and toys in Cambodia. J Health Pollut [Internet]. 2016

15. Guney M, Zagury GJ. Bioaccessibility of As,

en/2008Cd_en.pdf

Sep [cited 2020 Mar 26];6(12):47-57. Available from:

Cd, Cu, Ni, Pb, and Sb in toys and low-cost jewelry.

25. Cui XY, Li SW, Zhang SJ, Fan YY, Ma LQ. Toxic

https://doi.org/10.5696/2156-9614-6-11.47

Environ Sci Technol [Internet]. 2014 Jan 21 [cited

metals in children's toys and jewelry: coupling

6. Flora SJ, Mittal M, Mehta A. Heavy metal

2020 Mar 27];48(2):1238-46. Available from: https://

bioaccessibility with risk assessment. Environ Pollut

induced oxidative stress & its possible reversal

doi.org/10.1021/es4036122

[Internet]. 2015 May [cited 2020 Jan 15];200:77-

by chelation therapy. Indian J Med Res. 2008

16. Guney M, Zagury GJ. Children's exposure to

84. Available from: https://doi.org/10.1016/j.

Oct;128(4):501-23.

harmful elements in toys and low-cost jewelry:

envpol.2015.01.035 Subscription required to view.

7. Castagnetto JM, Hennessy SW, Roberts VA,

characterizing risks and developing a comprehensive

Getzoff ED, Tainer JA, Pique ME. MDB: the

approach. J Hazard Mater [Internet]. 2014 Apr 30

metalloprotein database and browser at the Scripps

[cited 2020 Mar 27];271:321-30. Available from:

Research Institute. Nucleic Acids Res [Internet].

https://doi.org/10.1016/j.jhazmat.2014.02.018

2002 [cited 2020 Jul 30];30(1):379-82. Available

Subscription required to view.

from: https://www.ncbi.nlm.nih.gov/pmc/articles/

17. Yost JL, Weidenhamer JD. Accessible and

PMC99158/pdf/gkf102.pdf

total lead in low-cost jewelry items. Integr Environ

8. Chakraborty S, Dutta AR, Sural S, Gupta D, Sen

Assess Manag [Internet]. 2008 Jul [cited 2020

S. Ailing bones and failing kidneys: a case of chronic

Mar 27];4(3):358-61. Available from: https://doi.

cadmium toxicity. Ann Clin Biochem [Internet]. 2013

org/10.1897/IEAM_2007-071.1 Subscription required

Sep [cited 2020 Jul 30];50(Pt 5):492-5. Available from:

to view.

https://doi.org/10.1177/0004563213481207

18. Weidenhamer JD, Clement ML. Widespread

9. Aoshima K. Itai-itai disease: Renal tubular

lead contamination of imported low-cost jewelry in

osteomalacia induced by environmental exposure

the US. Chemosphere [Internet]. 2007 Mar [cited

to cadmium—historical review and perspectives.

2020 Mar 27];67(5):961-5. Available from: https://doi.

Soil Sci Plant Nutr [Internet]. 2016 [cited 2020 Jul

org/10.1016/j.chemosphere.2006.10.071 Subscription

30];62(4):319-26. Available from: https://doi.org/10.10

required to view.

80/00380768.2016.1159116

19. Weidenhamer JD, Clement ML. Evidence of

10. Sujata K. Toxicity of nickel to fresh water

recycling of lead battery waste into highly leaded

fish, Channa Gachua (Ham.). Cibtech J Zool

jewelry. Chemosphere [Internet]. 2007 Nov [cited

[Internet]. 2016 [cited 2020 Jul 30]5(1):25-9.

2020 Mar 27];69(10):1670-2. Available from:

Available from: https://www.cibtech.org/J-Zoology/

https://doi.org/10.1016/j.chemosphere.2007.06.005

PUBLICATIONS/2016/VOL_5_NO_1/05-CJZ-005-

Subscription required to view.

SUJATA-TOXICITY.pdf

20. Weidenhamer JD, Clement ML. Leaded

11. Death of a child after ingestion of a metallic

electronic waste is a possible source material for lead-

charm—Minnesota, 2006. MMWR [Internet].

contaminated jewelry. Chemosphere [Internet]. 2007

2006 Mar 31 [cited 2020 Mar 27];55(12)340-1.

Oct [cited 2020 Mar 27];69(7):1111-5 Available from:

Available from: https://www.cdc.gov/mmwr/preview/

https://doi.org/10.1016/j.chemosphere.2007.04.023

mmwrhtml/mm5512a4.htm

Subscription required to view.

12. Brief report: lead poisoning from ingestion of

21. Historical exchange rate [Internet]. New York:

a toy necklace—Oregon, 2003. MMWR [Internet].

Oanda; c2020 [cited 2020 Mar 26]. [about 1 screen].

2004 Jun 18 [cited 2020 Mar 27];53(23):509-11.

Available from: https://www.oanda.com/fx-for-

Available from: https://www.cdc.gov/mmwr/preview/

business/historical-rates

Journal of Health & Pollution Vol. 10, No. 28 — December 2020

Adie, Oyebade, Atanda

Downloaded from http://meridian.allenpress.com/jhp/article-pdf/10/28/201202/2651629/i2156-9614-10-28-201202.pdf by guest on 23 November 2020

7

Environ Sci Technol [Internet]. 2012 [cited 2020

