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Reactions in Green Tattoos .
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£' Allergic reactions in green tattoos have
f now been reported in seven cases,!'® of
Fwhom four showed a foreign-body and/or

%sarcoid reaction on histologic examination.
Y The typical case acquires an allergic sensi-

£ tivity to dichromates and later presents a re-
‘action in areas tattooed with chrotne green
¢ 'many years before. The fact that the chrome
¥in dichromates and the chrome used in
;f_tattooing differ fundamentally in their chem-
ijcal, biologic, and allergenic behavior has
"hitherto been ignored. In the absence of
[ cross sensitivity between chrome in its dif-
_ferent states of valence another explanation

\; The patient, a white man, age 33, was first
@ seen in August, 1958, Employed as a bricklayer,
BHe was in frequent contact with wet cement. For
one year he has had a persistent cczema of the
ands and legs, with occasional generalized dis-
: ination. Patch tests with potassium dichromate
i }re positive and a diagnosis of cement dermatitis

as made. His employment was changed but no

; Submitted for publication Oct. 30, 1959.
From the South Airican Institute for Medical
esearch, Johannesburg.

Fig. 1-—Swollen green portions of tattoo. Heal-
biopsy wound on right.
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improvemient of his skin condition took place. He
was next scen a year later, in August. 1939, with
the cczematous dermatitis unchanged; he stated
that the green areas of a tattoco of the arm, made
over 20 ycars ago, had become raised and slightly
irritable about 6 months previously, and this was
confirmed on examination (Fig. 1). First one and
later the other five green areas were excised for
chemical and histologic examination and further
tests made (Table). This excision, without any
alteration n treatmerit, was followed by rapid
inprovement in his eczematous dermatitis. With
lhe exception of one slight flare-up within 3 weeks
of tlie exasion his skin has remained clear for a
period of 10 wecks to date.

Cutancors Tests—In August, 1938, patch tests
to potassium dichromate, in dilutions of 0.1% to
2%. were strongly positive. A patch test with
moistened  Portland cement was negative.* In
August, 1939, these tests were repeated, with the
same results. Chromic acid (CrOs) also gave a
positive resutt in a dilution of 0.1%. The follow-
ing patch-tests were negative : chroniiuni sulfate,
0.4% and 0.2%; chromic chloride, 0.5%. The
same solutions were pricked into the skin of the
volar surface of the forearms; examination at
frequent intervals during tho following four weeks
showed no reaction of the type which would be
classed as positive in intradermal testing with.
e.g.. tuberculin.

Histology — The six affected green areas were
excised. One was used for chemical investigation
without previous fixation; two others were fixed
in 10% {ormalin, embedded in paraffin wax, and
cut at various lcvels.

Foreign Matter : Unstained sections showed nu-
merous foreign particles, the majority of them
being green; others, where presumably a portion
of blue tattoo had been included in the excised
tissue, were black and ainorphous and resembled
in every rcspcct the deposits of carbon seen in
blue tatioos. Both specimens revealed a few light-
blue to violet particles, of an almost constant
diameter of 20x and of circular or oval outline.

* A series of over 20 cases Of cement dermatitis
has shown similar results, i.e. a positive reaction
to 0.1% potassium dichromate and/or chromic
acid solution, and a negative reaction to various
types of cement (unpublished data).
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Fig  2—Sarcoid type of

reaction in upper cutis (firgt *
specimen). Hematoxylin and
cosin stain, X 38

These particles did not show refraction under  certain lifferences, iii that the oiie contained gran-
polarized light. The green particles varied i1 size  ulomas of sarcoid type (Fig.Z), while the other
irom that of coarse melanin granules as seen in  showed a predominanty lymphocytic and giant-
chromatophores to 30u or more. Many oi the cell infiltrate (Fig. 3); both contained numerous
larger ones showed a definite crystalline structure,  giant cells of the foreign-body type in whose
but it was not possible to determine a typical cytoplasm many of the foreign particles were
shape: however all of them refracted polarized seen. Ia areas where only carbon particles were
light {rom one or more facets. In addition there  present, these were lving free betneen collagen,
was much “dust” consisting of particles so small  hundles as is normally found in uncomplicated
that their color could not be determined. tattoos, Or at the mos: were surrounded by a:
Tissue Changes: These were localized to areas moderate lymphocytic infiltrate. But where lhe;;q;
where tfareign particles were found, aiid it was  carbon occupied the same area as green arid bluq ¥
obvioiic irom the examination of staiiietl sections particles the foreign-body granuloma included
that these areas were all situated in the tipper
half oi the corium. The two specimens showed

.
T

Fig 3 —Forcign body
type of reaction (2d
spectimen).  Hematoxylin
and cosin; reduced 30%%
from rmag. X 130.

s ‘ ~ T
]
=

A ]

4 ‘:.g

SV
Ay

-
A
>

130/238



“'REACTIONS IN GREEN TATTOOS

vy

£y

o Fig 4. —Giant call con-

s acatil 4

;{.(ainiﬂ green. blue, and
tplack Pparticles. Hema-
toxyh and cosin; re-
= duced 30%  from mag
fxon

Xy
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Na single giant cell was scen containing one blue
= and several green and black particles (Fig. 4).
? There was little evidence of fibrous tissue reaction
round the clearly outlined granulomas of both
»‘specimens; fibroblasts and mast cells were scanty.
-"; In one specimen the overlying epidermis showed
B early eczematous changes in the form of lympho-
Ecytic spongiosis (Fig. 3).
P Chemical cinalysis—One of the- excised pieces
ﬁas tested for the presence of chrome. The
_gpecimen (0.5 gm.) was dried, ashed in platinum,
Wand the ash dissolved in 2 ml. of 2 N sulpluric
cid. The solution gave a strong positive spot
ffest for chromium using sym.-diphenylcarbazide.
[The color was compared with that from a standard
chromate solution and corresponded roughly to a
' 100,000 concentration: this indicated an approxi-
'tc Cr concentration in the wet specimen of 40
ppm ; the test is sensitive down to a 1/625,000
[Concentration. A specimen of skin from a non-
,t:tooed man gave to spot test for chromium when
reated in exactly the same way.

'

Comment

Dermal Reactions to Foreign Substances.

Shelley and Hurley ® give a comprehensive
list of foreign substances which mav pro-
voke granuloma formation in man, but
chrome 1s not included. 1t s, however,
mentioned in a subsequent publication.” Al-
though their careful studies conclusively
proved the allergic origin of zirconium-
deodorant granulomas, the allergic nature
of certain granulomatous tattoo reactions
has been recognized since the publication of
the first example by Paul Unna Jr.® in 1930
{not P. 5. Unna, as sometimes misquoted).
Furthermore the allergic origin of bervilium
granulomas was clearly demonstrated by
Sneddon.? who produced sarcoid-tike granu-
lomas after an interval of three weeks at

Fig. 5.—Focus of basal
Iymphocytic Spongiosis
overlying chrome granu-
loma. Hematoxvlin and
cosin; reduced 276 from

mag. X 600.
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the site of positive (eczematous) patch- -

test reactions
nitrate.

A full account of tattoo reactions up to
1954 was given by Beerman and Lane,'®
and further examples of allergic granu-
lomatous reactions to the cinnabar of red
tattoos are given by Sulzberger and Tol-
mach,!* who also mention some of the rare
examples of analogous reactions in green
tattoos,>* which they assume to represent
an allergic hypersensitivity to chrome salts.

The case presented here, like those of
Bjornberg,® demonstrates how chrome par-
ticles may lie quiescent in the skin for up to
20 years and then provoke a granulomatous
reaction when a proved allergic sensitivity
to chrome develops. An interesting theoreti-
cal point is the combined presence of dermal
and epidermal allergic hypersensitivity to the
sane substance, as seen in many cases of
cinnabar tattooing, in berylliosis ®* and, for
instance, in concomitant reactions to intra-
dermally injected and epicutaneously applied
tuberculin.

The fact that this patient's eczematous
dermatitis, which had persisted for two
years, recovered promptly after removal of
the intradermally situated chrome is relevant
here, as is the finding of eczematous foci
overlying a granulomatous lesion (Fig. 5).
The question of the coexistence of allegedly
immunologically distinct epidermal and
dermal sensitivities, including those pro-
voked by chromates, is well presented by
Epstein,»® and in the discussion which ap-
pears after his paper.

The simultaneous Occurrence of two
distinct types of granuloma (sarcoid-like,
Figure 2, and nonsarcoid foreign-body type,
Figure 3) in neighboring lesions from the
same patient and through the same allergic
mechanism is also noteworthy. No expla-
nation is advanced for this phenomenon; it
may, however, account for the fact that
either type of granuloma may be seen
around silica particles.

Chemical Considerations.—The occur-
rence of simultaneous or subsequent reac-
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to berylhum sulfate and
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tions 1o chrome compounds by epidermy)
and intradermal application would hardly
warrant such extensive treatment were it nog
for a fact that has been overlooked preyi.
ously : chromiton in the form of bichromates
and chromium compounds os used by 4,
ta‘too "artist" ore chemically and biologica[ly
different substances, and no cross sensitivity
between them has been demonstrated.

Chromium exists in various oxidation
states, so that it is capable of forming dif-
ferent compounds according to its state of
valence. In accordance with the recommen-
dations of the International Union 0f Chem-
istry, bivalent chrome may he referred to
as Chromium (II). tervalent chrome gg
Chromium (II1) and sexivalent chrome as
Chromium (\'1).

Sexizalent chronic forms chromates and
dichromates {bichromates) whose ions have
a double negative charge and are therefore
anions.  Chromates and dichromates are
strong oxidizing agents, the chromium
(VIY being easily reduced to Chromium
(IT1) in acid solution, as occurs in the two-. -
bath chrome tanning process.!? The great .
majority 0i cases of allergic sensitivity to
chrome are proved to be sensitive to di-
chromates, whether these are encountered ift; u
cement, Javel water, fur-dyeing, photog=¥
raphy or any other of the numerou
processes in which these salts are used.

Chromiun: (I11) aiid its salts form cationsye3
Stronz oxidizing agents are required 10§

2
ning leather, either directly, as in M3k
modern tanneries in the United Statesf"’:b

tattoo 'artist.”? Chrome green is a,n‘;.
stable substance, resistant to acids aﬂﬁl'
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a powerful oxidizer, such as ozone.’* Guig-
E,et's green, which is a mixture of hydrous
Chromium (111) oxides, may contain blue-
tgmy particles of small size, containing large
amounts Of water. This is a possible expla-
b ation of the bluish-violet particles scen in
the histologic preparations described previ-

Chrome green is prepared by reduction
Fof an alkali dichromate with sulfur, carbon,
ammonium chloride, or organic materials.®
{The usual method is by heating sodium
Fdichromate with sulfur, and leaching out
he sodium sulfate with water. This should
theoret)callv remove all traces of dichromate,
h view of its high solubility. This question
wxll be referred to later. Guignet‘s green is
repared from potassium dichromate and
boric acid; it will thus be seen that Chro-
mium (V1) compounds fonn the starting
fpoint in the preparation, of both pigments.
Biological Differences—Herrmann and
Iopeck 7 were forced to account for the
teractiori of (sexivalent) chromate with
ncleic acids in tissues by postulating that
ais first reduced to Chromium (111) com-
fbounds, “as is evidenced by the greenish
Bolour of the residue.” Visek, Whitney,
i"" and Comar,'® using radioactive
'ome investigated its metabolism in ani-
ls; they found that cationic tervalent
ome was bound by plasma proteins, while
nic sexivalent chrome entered the eryth-
ghcytes as previously shown by Gray and
plerling,'® where it was bound by globin.
Baetjer 20 cites other examples of contrast-
iological behavior, such as differing
tf bnhty at body pH and the role cf ter-

'lbed by Horecker,

Stotz, and Hog-
8521 The interaction

of chrome and

chelate with amino and carboxyl
“" of the protein (Gustavson,2? Bowers
":.; Kentonz") while no combination be-
" sexivalent chrome and protein was

1‘:' .
B nstrable by paper electrophoresis

-Allergenic Differences.—Walsh 2 states
unequivocally that “trivalent and muctallic
chromium apparently are not irritating or
sensitizing substances.” There is, however,
one solitary report of sensitivity to tervalent
chrome: Morris?3 patch-tested a case of
shoe-leather dcrniatitis with 0.2¢%  basic
Chromium (I11) sulfate and obtained a
positive result. He mentions similar, un-
published, results in other cascs. e empha-
sizes that tervalent chromium sulfate is not
related to the sexivalent chromates and
dichromates which dermatologists use for
patch-testing in suspected dermatitis from

shoes, with largely negative results, but he -

did not state whether standard patch-tests
with dichromates were done in his own
cases; this omission is a serious one in view
of Walsh's remarks in the next paragraph.
Certainly Bett 8 has recently reported thnt,
of 27 patients shown to be leather-sensitive,
only 5 were dichromate-positive, arid con-
cludes that the association of dichromate and
leather sensitivities is a weak one. Tests
with tervalent chrome were not done.

Apart from Morris?® no writer haz dem-
onstrated or c¢ven seriously considered the
possibility of sensitization by tervalent
chrotne. Walsh 2! endeavored to explain
hypersensitivity to sexivalent chroniates in
some cases of shoe-leather dermatitis as
follows: ““Theoretically, when tanning is
completed, all this chromium is in trivalent
form. . . . Since apparently trivalent chro-
mium is never sensitizing, the frequent co-
existence of dermatitis from shoe leather
and hypersensitivity to chromate is difficult
to explain. . . . There may be sinall amounts
of residual chromate that was not reduced
during the ‘two bath’ tanning process. Some
of the trivalent chromium mav be oxidized
to chromate during some subsequent proc-
essing of leather.”

More specifically, the same problem of
antigenic dissimilarity arises in tattooed pa-
tients who have shown allergic reactions
around deposits of tervalent chrome after
being sensitized to sexivalent dichromates.
The Table presents such data as have been
collected to date. In reading this Table two
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Reactions tn Green Tattoos: Swmmary of Tests Employed

v
==

Case Author Nuture of Test Substance Valence Result
1 Bjbrnstad « Patch Dichremate Vi +
2 Rostenterg et al.t Note _

3 kHeilesen ? Patch Stand. chrome (presum

' dichromate) Vi +

Patch Chroniinm-containing paimnt ? +

4 Bonnell & Russefl ¢ Patch “Chrome’” (varicty not stated) Neg.

5 Bjornberg * Patch Dichromate 0.5/ VI 1st test nex., later 4
Patch Chrome green (commerc ) 1 Neg.

6 Bjérnberg Patch Dichromate 0.5 %, V] +
Patch Chromie green 1l Neg.

7 Bjornberg Patch Dichromate 0.5 7. vy +
Patch Chronie green 1 Neg.

8 Loewenthal Patch Dichromate, 2¢ ,0.5%.0 1% VI Al +
Patch Chroiiiiuin sulfite 0 4% & 0.2% m Both Neg
I'atch Chromie chloride 0.5% 11 Neg.
Prick Chromium sutlite 0.2% 111 Neg.
Prick Chiromic chloride 0.5% 1 Neg.

* The patient presented only eczematous eruptions on the green tattoced areas.

facts must be remembered: (1) that a patch
test with ‘“‘chrome-containing paint” gives
little evidence of the valence state of the
chromium present, for reasons to be given
later, and (2) that patch tests with chrome
green are unlikely to be informative, in view
of the insolubility of this substance. .

Similar results were obtained by Jaeger
and Pelloni ** in their investigation of ce-
ment dermatitis; cases who showed a
marked epicutaneous sensitivity to dichro-
mates were negative to patch tests with
tervalent and metallic chrome. This assumed
incapability of tervalent chrome to act as
a sensitizer is reflected in Hilt’s 2% claim to
have prevented sensitivity to Chromium
(V1) by its in situ reduction to Chromi-
um III.

All in all, then, a sensitivity to tervalent
chrome need not be considered in the prob-
lem of reactions to green tattoos. We must
therefore postulate that sesivalent chrome
is either formed or liberated at the surface
of the particles of chrome green in the
tattoo.

A. Oxidation of Tervalent Chrome Green
to Sexivalent Dichromates.—The insolubility
of chrome green, as well as the necessity for
a powerful oxidizer,® make it unlikely that
a change in valence by raising the oxidation
number from 3 to 6 could take place as a
result of the oxidation-reduction reactions
present in living tissues.
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B. Presence of Sexivalent Chrome as an
Impurity in Chrome Green—-The presence
of visible admixtures in the form of bluish-
violet particles in the histologic preparations
argues against the chemical purity of the
chrome green used by the tattoo “urtist”
Although the leaching used in the normal
preparation of Chromium (IiI} oxide from
dichromate and sulfur should theoretically
remove all traces ot dichromate, it is prob
able that hurried or careless preparation
could result in contamination. Thus Walsh
writes that *“. . . the pigments used in paints,
inks, rubber, and ceramics, namely lead and
barium chromate and trivalent chromium
oxide, are very insoluble and seldom if ever
cause dermatitis. These substances may)
sometimes contain traces of a soluble hex:_i:l":
valent chromate that will cause difficulty in"
the evaluation of patch tests.” The situation
with regard to chrome pigments is thereforg.
precisely that which was outlined in the casé’:
of chrome-tanned leather.

PR
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Summary and Conclusions %_

A further case of reaction in a green tattod¥

is presented. A

Sarcoid and nonsarcoid types of forei_gqu;
body granuloma occurred in adjacent d"?é"»‘? L
cally identical lesions. The association 4
dermal granulomatous and epidermal eczefi .

atous allergic reactions is noted. ;
Vol. 82. Aug., 1%
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The previous tacit acceptance of simulta-
neous allergic sensitivity to dichromates and
chrome green 1s rejected; no antigenic simi-
Jarity exists between tervalent and  sexi-
valent chrome and cross sensitivity does not
occur. A possible explanation s given for
this apparent paradox.

De. G Ho Findlay  (Section of Denmuatology,
University of Pretoria) and Dr. 1) A Sutton
(Pnenmoconinsis - Research Laboratorics,
neshurg) otfered vaduable suggestions e discussing
this casc; the latter performed the chemieal ex-

Johan-

amination of  tissue. The photomicroeraphs are
by M. Ulnch of the South Alrican Tustitute for

Medical Research.

604, Medical Centve, 209, Jeppe St
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