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Allergic reactions in  green tattoos have 
< now Lecn reported in seven of 
r',&m four showed a foreign-body and/or 
9' sarcoid reaction on histologic examination. 
f!The typical case acquires a n  allergic sensi- :+ 5itivity to dichromates and later presents a re- 
raction in areas tattooed with chrotne green 

'many years before. The fact that the chrome 
!in d i c h r o m a t e s  and the chrome used in 

rent states of valence another explanation 
this phenolnenon must be sought. 

Report of a Case 
The patient, a white nian, ape 35, was first 

ii~~provenictit of his skin condition took 
w a s  iiest sscn a year later, in August. 
the ec~ciii;~tous dcrmatitis unchanged ; 
that the grccn areas of a tattoo of the 

place. H e  
1939, with 

I IC  stated 
arm, made 

over 20 yc;irs ago, had t ~ c c m e  raised and slightly 
irritalde :it>out 6 months previously, and this was 
rorifirnicd on cxaminatioii (Fig. 1).  First one and 
Ixtcr thc orher five green areas were excised for 
cticniical a d  histologic ex;imination and further 
tests matte ( l a b l c ) .  This  excision, without any 
alteration in treatmerit, W:IS followed by rapid 
iniprovcnieiit i n  his eczematous dermatitis. With 
!he csccptitm of one slight flare-up within 3 weeks 
of t11e escision his skin has remained clear fo r  a 
period of 10 w ~ c k s  to date. 

Cidtiticoir r 7.~sts.-In Au,qust, 1958, patch tests 
to potassiuin dichromate, in dilutions of 0.1% to 
2%. were strongly positive. A patch test with 
moistened Portland cement was nept  ive.* In 
August, 19;9, these tests were repeated, with the 
same results. Chromic acid (GO,) also gave a 
positive re5ult in a dilution of 0.1%. The follow- 
iiiy patrh-tests were negative : chroniiuni sulfate, 
0.4% and 0.2% ; chromic chloride, O.5c/o0. The 
smie solutions were pricked into the skin of the 
volar suri.ice of the forearms; examination at  
irc~lrient in.ervals during tho following four weeks 
showed no reaction of the type which would be 
classed as positive in intradermal testing with. 
e.g.. tuberculin. 

His tdog :<  -The six affected green areas were 
excised. One was used for chemical investigation 
without prwious fixation; two others were fixed 
i n  10% for-malin, embedded in paraffin wax, and 
cut at various Icvels. 

Foreign Matter : Unstainrd sections showed nu- 
merous foreign particles, the majority o f  them 
being green ; others, where presumably a portion 
of blue tartoo had been included in the excised 
tissue, were black and ainorphous and resembled 
in every rcspcct the deposits of carbon seen in 
hlue tattoo!-. 130th specimens revealed a few light- 
t h e  to violet particles, of an almost constant 
diameter of 2Oj1 and of circular or oval outline. 

* A series of over 20 casc:s of cement dermatiiis 
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 cwnent (unpublished data). 

- 
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l’hcse particles did not show ref ractioii itrider 
polarized light. The green particles varied i i i  size 
from 11121 of coarse nielatiin qrannles as  seen in 
cliromatopliores to 30p or more. LIaiiy o i  the 
larger ones showed a definite crystalline striicitire, 
but it n a i  not possible to determine a t>,l>ical 
shape: Imvever all of them refracted polarized 
light from one or iiiore facets. In  atlditioii tlicre 
\vas niucli “dust” consisting oi particles so siii;ill 
that their color could not be determined. 

These were lmalizetl to areas 
where inreign particles were iound. aiid i t  \vas 
obvioiic irom the examination oi staiiietl sections 
that these areas were all situated in the tipper 

Tissue Changes : 

certain liffcrences, iii ilint the oiie cont.iiried gran- 
ulomas oi sarcoid type (Fig. Z) ,  while ttie other 
4iowcd a pretioniiiiaiitlj I! nipliocytic and piant- 
cell infiltrate (Fig.  3 )  ; bo111 coritainetl numerous 
,ciant cd ls  of the iorcigii-tmly type in whose. 
cytopla:iii many of tlic foreign particles were 
qeen. I 1  arcas \\here oiily carbon particles were 
preseiit. these Here lyiiig free betneen collagen, 
bundles as is normally found in uncomplicated 
tattoos, or a t  the niosi \vere surrounded by a-‘: 
nicderate lymphocytic infiltrate. But where tbei5(; 
carbon occupied the same area as green arid bl?:.? 
particle, the foreign-body granuloma included ‘a:’ 

them a l l ,  and the giant cells did not seem 
hali o i  the corium. Thc 

.. 
tvo  specimens showed discriminate betneen-the \;rrious substances; thqe 

$&- 

Fi,c 3 -Forcigii body 
type of r e a c t  i o n  (2d 
specirren). Hematoxylin 
and cn:’n: rcduced 30% 
from r a g .  X l j0 .  
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AR~- /? l l , ' l i :<  01.'  I)Ll<.t l .  1 l ' ~ , l . ( ) ( ; y ,  ' 

tions i o  chrotiie cr)niljoiintls ty qi(lcr1llal 
ant1 intradermal alqJication would liardly 
warrant such e'cterisiw trcnttnt'nt wcrc i t  not 
for a fact that has lwcn overlooked prcvi. 

and chromium coiripotcrzds O S  tisrd by 
la ' too "artist" ore clrcrrLically arid bidogica//J 
dilfzrcut subsmrtces, and n o  cross sensitivity 
between them tias been denionstratcd. 

Chrlmiiuiii exists in various oxidation 
states, so that it is capable of forming dif- 
ferent compounds according to its state of 
valencc. In accordance with the recorninen- 
dation; of the 1iiter-n;itional Cnioll of Chem- 
istry, bivalent chroine may he referred to 
;IS CIi roniiutii ( I 1  1 ,  tenalent  chrome as 
Chi-oiiiium (111) am1 scsivalent chrome as 
Chroiiiiuin ( i-1). 

Sc.ri.ialcrif chronic forms chrcmates and 
dichromates (bichroniates) \vhosc~ ions have 
;I tlouhle negative charge and  arc therefore 
anioiiy. Chromates aiid dichromates are ' 

strong oxidizing agelltj. the chromium 
( VI ) being easily recluccd to Chi-omiq 
( I I 1  ) in acid solution, as occurs in the two-. ' 
bath chrome tanning process.I2 The great . 

majority o i  cases oi allergic sensitivity to . 

chron:c are proved to be sensitive to di- 
chromates, bvhether these a re  encountered in: I. 

cctrient, Jai-21 water, fur-dyeing, photog- 
raphy o r  any other of the numerous 
proces.ies in which these salts are used. I 

OUSIy C h Y O W Z i l i ~ r ~  in t / l C  f U Y J J r  o/ bicllYOrJlu(eg 

rhe site of positive (eczematous) patch- 
test reactions to berylliuni sulfate and 
nitrate. 

.A full account of tattoo reactions up to 
1954 was given by Beernian and Lane,'o 
and further examples of allergic granu- 
lomatous reactions to the cinnabar of red 
tattoos are  given by Sulzberger and Tol- 
mach,I1 who also mention some of the rare 
examples of analogous reactions in green 
 tattoo^,^.^ which they assitine to reprcsetit 
a n  allergic hypersensitivity to chrome salts. 

The case presentcd here, like those of 
B i o r ~ ~ b e r g , ~  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 t o  thc 
suJiic szrbstaiice, as seen in many cascs of 
cinnabar tattooing, in berylliosis and, for 
instance, in concomitant reactions to intra- 
derrnally injected and epicutaneously applied 
tuberculin. 

The fact that this patient's eczematous 
dermatitis, which had persisted for two 
ycars, 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,I2 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 exp!a- 
nation is advanced for this phenomenon; it 
may, however, account for the fact that 
either type of granulonia may be seen 
around silica particles. 

Chenzical Considerufions.-The occur- 
rence of simultaneous or subsequent reac- 
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(-hroinhv: (111) aiid its salts form 

Stron;. oxidizing agents are  requ 
transforni these to chroinate or dic 
ion." Only two of the tervalent 
conipouiids are  relevant to this dis 

Chroiniu!:i (111) sulfate is used 
n ing  lea'her. either directly, as in 
niodei-n tanneries in the 'LTnited Stat 
indirectly, by reduction of sexiyalent sodl 
dictlrc m a t  e .  

Chromium (111) oxide is a powder 
called chroir!r V C C J l  or Casa1.k green. 
its close1y related pigment, Glriywet's 
are the principal green dyes used b 
tattoo "artist." 2 Chrome green is a 
stable substance, resistant to acids an 
soluble in water, alcohol, and acetone; 
version to sexivalent chromic oxide re 



A C f i O N S  IN GREEN TATTOOS 

werful oxidizer, such as 0 z 0 1 1 e . ~ ~  Guig- 
s green, which is a mixture oi hydrous 
omium (111) oxides, may contain blue- 

particles of  small size, containing large 
nts of water. This is a possible expla- 
I of the bluish-violet particles scen in 

histologic preparations described previ- 

hrome green is prepared by reduction 
an alkali dichroiiute with sulfur, carbon, 

niuni chloride, or organic materials.1s 
usual method is by heating sodium 
omate with sulfur, and leachiiig out 
diuni sulfate with water. This should 
tically remove all traces of dichromate, 
w of its high solubility. This  question 
e referred to later. Guignet‘s green is 

pared from potassium dichromate and 
c acid; it will thus be seen that Chro- 
m ( V I )  compounds fonn the starting 

nt in the preparation, of both pigments. 
ological Diti-’rrences.-Tlerrniann and 
kl’ were iorced to account for the 
ctiori of (sexi\;alent) chromate with 
ic acids in tissues by postulating that 

s first reduced to Chromium (111) com- 
ds, “as is evidenced by the greenish 

of the residue.” Visek, Whitney, 
and Coniar,”’ using radioactive 

e, investigated its metabolism in ani- 
they found that cationic tervalent 
was bound by plasma proteins, while 
sexivalent chrome entered the eryth- 
a s  previously shown by Gray and 
,lS where it was bound by globin. 

er20 cites other examples of contrast- 
iological behavior, such as differing 

body pH and the role of ter- 
rome in activating the succinic de- 
ase-cytochrome system, originally 

by I-Iorecker, Stotz, and Hog- 
The interaction of chrome and 
provides another example, as  tewa- 

m e  is believed to form aggregates 
chelate with amino and carboxyl 
of the protein (Gustavson?* Bowers 

ton,%) while no combination be- 
alent chrome and protein was 
e by paper electrophoresis 

.Allrrgriric ~ ) ; ~ ~ y ~ ~ ~ r ~ , . ~ . - ~ ~ ’ a I ~ I i  states 
unequivocally that “trivalent and  mctallic 
chromium appreii t ly are  not irritating or 
sensitizing substarices.” There is, however, 
one solitary relort of seiisitivity to tervalciit 
chrome: Morris 25 patch-tested a case oi 
shoc-leather dcrniatitis with 0.2~6 h s i c  
Chromium (I1 I )  sulfate and  obta,iiied a 
positive result. f I C  mentions similar, uii- 
published, results in other cascs. I I C  etiiplia- 
sizcs that tervalent chromium sulfate is not 
related to the sexivalent chroni;ites ;ind 
dichromates which dermatolo_~ists use for 
patch-testing i n  suspected dormatitis from 
shoes, with laigcly negative results, Out he ‘ 

did not state whether stand;lrd patch-tests 
with dichroinates wri-e done iii his own 
cases; this omission is a serious one i r i  vicw 
of Walsh’s reinai-ks in the next parnyaph. 
Certainly I3ett XI has recently rcpoi-td thnt, 
of 27 patients shown to be leather-sensitive, 
only 5 were tlichroniate-positive, arid con- 
cludes that the association of dichroniate and 
leather sensitivities is a H-eA one. Tests 
with tervalent chrome were not done. 

Apart from Morris ?5 no writer has dein- 
onstrated or w e n  seriously considered the 
possibility of sensitization by tervalent 
chrotne. M:alsh endeavored to esplain 
hypersensitivity to sexivalent chroniates in 
some cases of shoe-leather dermatitis as 
follows: “Thcoretically, \vhen tanning is 
completed, all this chromium is i n  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 bv slnall amounts 
of residual chromate that was not reduced 
during the ‘two bath’ tanning process. Some 
of  the trivalent chroniium may be osidized 
to chromate during some subsequent proc- 
essing of leather.” 

More specifically, the s a n e  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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Palrh 
Sorie 
I’lItCh 

1’3tPll 
I’ntcli 
I’utrh 
I’atrh 
I’iLtCtl 

Putrh 
I ’ l l t C h  

I’utch 
Pa1ch 
1’:ltclI 
I’otcll 
h i c k  
Prick 

I)ichri, mnte 

Stniid. rhroiiie [Ivi’suni 

C hroniiuiii-ronl ,iiniiiR puiit 
“Chrornc” (varii ty  not stxtrd) 
I>ichroin:ilr 0.5’  : 
Chroinr c r w i i  l.,oininrrr ) 
I>ic+ironintr 0.5 ’;, 
(’tirotlie Erwn 
I ~ i c h r i ~ i n ~ l t e  0.5 ’;. 

Clironie prrcn 
I>ichriuiiiiLr, 2 F  , 0 .5%.  0 1 %  
Chroiiiiuin sulf.ite 0 4 9b Ai 0.2% 
Cliroiiiic chloride O..5Tc 
Chroiiiiuni sull.htc 0.2q0 
Ctiroiiiic chlorigk 0.5 % 

dicti~nriinlr) 

- 
’ The polienl iircscntcd only eczriiiiilous rruiitions on thc green tuttocrd artup. 

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

Similar results were obtained by Jaeger 
and Pelloni27 in their investigation of ce- 
ment dermititis; cases who showed a 
marked epicu taneous sensi t ivi ty to di ch ro- 
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 28 claim to 
have prevented sensitivity to Chromium 
(VI) by its in situ reduction to Chromi- 
um 111. 

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 Tcmaleiit Chrome Green 
to Sexivalent Dichronmfcs.-The insolubility 
of chrome green, as well as the necessity for 
a powerful oxidizer,lJ 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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I:. Prcsr)icr 0.i . ~ C . t ~ i i l l / < ~ J l f  C ~ ~ U J J I ~ ,  as afi 
I J j i / m Y d y  it! C I L Y O I J I ~ .  O’rcc~i.-~-lhe presence 
o f  vi.;ible adniixture..; i n  the forni o i  bluish- 
violet particles in  t h t  histologic preparations 
arguc’i against the chcinical purity o i  the 
chrome green used by the tat t t x) “ ;L I- t ist.” 
Although the leaching used in the normal 
preparation of Chromium j I J I )  oxide from 
dichromat e and sul fu r  1; houl d t h eo rrt i d l y  
reinovc all traces 01 dichrornate, it is prob 
able that hurried or careless preparation 
could result in containination. Thus Walsh 
writes that “. . . the p ipe r i t s  used in paints, 
inks, rubber, and ceramics, namely lead and 
barium chromate and trivalent chromium 
oxidc, are very inso!uble and seldom i f  ever 
cause dermatitis. These substances may) 
soiiietiines contain traces of a soluble h q $  
valent chromate that \vi11 cause difficulty i n -  
the evaluation of patch tests.” The situation 
with regard to chrome pigments is therefo 
precisely that which was outlined in the a$+ 
of chrome-tanned leather. .7 

Summary and ConcIusions 

A further case of reaction in a green tatt 
is presented. 

Sarcoid and nonsarcoid types of fore 
body granuloma occurred in adjacent 
cally identical lesions. The association 
dermal granulomatous and epiderlnal ecz 
iitous allergic reactions is noted. 

,’ 4. ..&, 
.,P .’ 
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i r  
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