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Introduction

Fidget spinners, toys used by children of school age, became very popular in 2017. During normal play, they
are in direct and prolonged contact with the skin on the hands. Fidget spinners may have metals parts and
therefore represent a potential source of metal contact allergy and in turn allergic contact dermatitis. The
aim of this study was to screen a random selection of fidget spinners on the Danish market for nickel- and
cobalt release.

Methods and results

In July-August 2017, M.G.A. purchased 41 random fidget spinners from a wide variety of stores: toy-stores
(n=10), on the internet (n=10), accessory stores (n=9), markets (n=4), bookshops (n=2), Danish discount
design chains (n=2), a greengrocer (n=1), a supermarket (n=1), a sports shop (n=1) and a piercing- and tattoo
clinic (n=1). No duplicates were purchased. In total, we spent 440€ and the price varied from 2.7-23€. The
dimethylglyoxime (DMG) test and the cobalt spot test were used for screening of nickel- and cobalt release
respectively (1,2) by M.G.A. in our laboratory at Department of Dermatology and Allergy in Copenhagen,
Denmark. Qualitative analysis with X-ray fluorescence (XRF) (Oxford Instruments, Maxxi 6, 2016, S/N
21G1627, Germany) was performed on 10 spinners with a positive or doubtful spot-test reaction or with a
green discoloration with the cobalt spot test was chosen for the qualitative analysis of metal content at the
Technical University of Denmark. One aluminium containing spinner was analyzed with a TM3000 Hitachi
Tabletop Microscope equipped with a Bruker Nano energy dispersive spectroscopy (EDS) detector (product
ID 2107, Serial-no.:0357). All metallic sites considered to be in direct contact with the hands i.e. the center
pad (where fingertips are placed) (Fig. S1b), the wings (arms) (Fig. S1b) and the outer bearings of the wings
(Fig. S2b) were tested. Further, the center ball bearing (under the center pad) (Fig. S2a) was tested as it was
made of metal. Parts that were visibly comprised of plastic were not tested.

The DMG spot test was performed as previously described (3). The result was classified as positive (pink),
negative (no colour change) or doubtful (discoloration other than pink). All locations with doubtful reactions
were re-tested: a remaining doubtful test reaction was classified as doubtful. The cobalt spot test was
performed before the DMG-test to decrease the risk of false-positive reactions (1). In case the cobalt spot
test had resulted in a colour change, the fidget spinner was rinsed with tap water before DMG-testing.

The cobalt spot test was prepared at Technical University of Denmark as previously described (1). The fidget
spinners were placed on a nonwoven swab (Curi. Med, Abena) and approximately 50 mL of cobalt spot test
was poured over them and the result of the test was read after approximately 20 minutes. Further, metal
parts that were not considered to be in direct contact with the swab (such as the center ball bearing) were
tested with one drop of the cobalt spot test on a cotton stick and rubbed for 30 seconds (1). The test was
classified as positive (orange-red), negative (yellow) or doubtful (light brown to rust-like).

Spot test results are presented in Table S1 and qualitative analysis of 10 spinners are presented in Table S2.
The DMG test was positive for one (3.6% Cl: 0.2-20.2), and doubtful for two of 28 (7.1% Cl:1.3-25.0) tested
center pads. EDS of the DMG-positive center pad verified a content of 0.9% nickel, and XRF analysis of the
two doubtful DMG spot test reactions showed a content of 0.5% and 4.7% nickel, respectively. None of the
center pads were positive for cobalt. Unexpectedly, 2 of the center pads contained high amounts of lead
(Table S2).

Three spinners had DMG-positive wings (Fig. S1a) and additional qualitative analysis of these spinners
confirmed high nickel content (36.6-43.5%). One outer bearing of the wing had a doubtful DMG-spot test
reaction, but was found not to contain nickel by XRF. Qualitative analysis of the DMG spot test negative wings
of one spinner showed that it contained brass with a plated layer of nickel and then a physical vapour
deposition (PVD) coated layer of titanium (Fig. S1b). A cross section through the wings of this spinner revealed
that it also contained lead. Qualitative analysis of the wings of one spinner, with a doubtful cobalt spot test



confirmed that it contained 0.8% cobalt. Further, 8 fidget spinners were tested positive with the DMG spot
test at the center ball bearing, a site probably rarely in direct contact with the skin (Table S2).

Different nuances of brown (light brown to rust like) emerged with the cobalt spot test for 19 spinners. The
light brown nuances appeared when the metal contained copper or nickel (Fig. S2c, Fig. S3c). The darker
brown colour from one spinner was caused by rust formation (Fig. S2b).

Further, a green discoloration with varying intensity appeared in 33 of the 41 fidget spinners corresponding
to metal parts (Fig. S2a-c, S3c). Qualitative analysis showed a high content of iron corresponding to these
parts (Table S2). The green and brown colour occurred from the same metal parts of several spinners (Fig.
S2b).

Discussion

In this study of 41 fidget spinners, we found nickel release by the DMG-spot test from four and cobalt release
by the cobalt spot test from none of the metallic parts expected to have skin contact during normal play.
Further qualitative analysis confirmed nickel content (0.9%-43.5%) in the four DMG-positive spinners, and on
the surface of one center pad with a doubtful DMG spot-test (4.7%). Cobalt was found in a content of 0.8%
on the surface of the wings of one spinner. Nickel release was detected both from center pads, which is in
direct contact with the skin during play, and from the wings which we expect to have some skin contact.

Qualitative analysis of a selection of 10 spinners revealed the use of chromium and lead in some spinners.
Lead content of 1.4-2 wt% was found in two center pads and in the wings of one spinner, and was probably
intentionally added as it is known to ease brass machinability. The DMG spot-test was positive for one center
pad that was found mainly to be composed of aluminum. A thin layer of nickel remaining on aluminum after
surface treatments has previously been described for products such as computers (4,5).

The cobalt spot test is relatively new (1) and interference with other metals or materials has been reported
(8,9). In this study we found a green and/or rust-like discoloration in metal parts with high iron contents and
light brown discoloration due to nickel or copper. Our results confirm the usefulness of the cobalt spot-test,
however due to the risk of misinterpretation by rust formation or interference with other released metal ions
it is important also to perform follow up studies of spot test analysis with quantitative qualitative analysis
techniques as e.g. XRF analysis.

We conclude that some fidget spinners may elicit nickel- or cobalt allergic contact dermatitis.
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Legends
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Figure S1 a) A positive dimethylglyoxime (DMG) test reaction for the metallic balls of the wings of a fidget
spinner. Qualitative analysis indicated that it is a nickel plated steel ball. b) Photo of a spinner with high
concentrations of lead in the center pad and in the wings.
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Figure S2 a) Cobalt spot test of the center ball bearing resulting in green discoloration, believed to be caused
by iron release. Qualitative analysis showed chromium containing iron alloy, indicating that the ball could be
made of DIN 100Cr6 — a conventionally used ball bearing steel type.

b) Cobalt spot test resulting in green and rust-like discoloration (also shown on a cotton stick) of the metal
parts of three outer bearings of the wings. Qualitative analysis confirmed high amounts of iron being present.



c) Cobalt spot test resulting in light brown discoloration from the center pad (removed), believed to be caused
by copper ion release as the qualitative analysis suggests the center pad to be made of brass.

(a)
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Figure 53 ‘a‘) VA ﬁdget spinner before smantlmg b) Metal balls from the wings are nickel plated iron balls

()

which were positive with the DMG spot test and c) light brown with the cobalt spot test. Further, the center

ball bearing and the metal of the three outer bearings of the wings resulted in green discoloration.

Table S1) Spot test results.
Tabel 1. Spot test results.

Part of fidget spinner, n,

(%)

Center pad, Wing, Centre
DMG test result n=28 * n=41 bearing,n=40 # Cobalt test result
positive 1(3.6) 3(7.3) 8(20.0) positive
negative 25 (89.3) 37 (90.2) 32 (80.0) negative
doubtful 2(7.1) 1(2.4) 0 doubtful

green
* Buttons made by plastic were not DMG-tested
# In one occasion the button could not be removed to uncover the centre bearring

n=41
1(2.4)
21 (51.2)
19 (46.3)
33/41
(80.5)

Table S2) Full test result list for 10 fidget spinners, tested by DMG- and cobalt spot test and XRF analysis

XRF

analysis

of

elements

[wt.%]
DMG % % %
Nr. Part of spinner Figure test Cobalt test * %Co %Cr %Cu Fe Ni Pb
Wing la pos neg 0,2 0,0 0,0 56,3 435 0,0
Center pad 1b doubtful light brown 0,0 01 558 05 05 14
Wing surface 1b neg brown 0,0 1,1 80,4 00 00 0,0

% %
Sn Zn
0,0 0,0
0,0 41,38
0,0 3,2

%
Ti
0,0
0,0
1,4
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Wing
crosssection
Center ball
bearing

Outer bearing
Ball on wing
Center pad
Center ball
bearing

Ball on wing
Center ball
bearing

Center pad
Wing

Outer bearing
Center pad

1b

2a

2b
2c
2c

2c

not
tested

neg

neg
pos
neg

neg
pos

neg

doubtful
neg

doubtful
pos

not tested

green
brown and
green

neg
light brown

green
light brown

pos and
green

light brown
pos

green

neg

0,0

0,1

0,2
0,2
0,0

0,1
0,2

0,0
0,0
0,8
0,1
0,0

0,0

13

0,0
0,0
0,1

1,3
0,0

1,3
0,0
0,0
0,0
0,0

55,8

0,0

0,1
0,0
56,0

0,1
0,0

0,1
77,9
65,1

0,0

0,0

0,6

98,5

88,1
60,9
0,3

98,5
63,2

98,6
0,0
0,0

76,0
0,0

0,3

0,0

0,0
38,9
0,4

0,0
36,6

4,7
0,0
0,0
0,9

2,1

0,0

0,0
0,0
2,0

0,0
0,0

0,0
0,0
0,0
0,0

0,0

0,0

0,0
0,0
0,0

0,0
0,0

0,7
0,4
0,0
0,0

41,1

0,0

11,7
0,0
41,2

0,0
0,0

16,7
33,7
23,9

0,0

0,0

0,0

0,0
0,0
0,0

0,0
0,0

0,0
0,0
0,0
0,0
0,0

Table 2. Full test result list for 10 fidget spinners, tested by DMG- and cobalt spot test and XRF
analysis.

* No. 10 was analysed with EDS where remaining metallic content is

Aluminium.
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