
Accepted Manuscript

Pigments in American Tattoo Inks and their Propensity to Elicit Allergic Contact
Dermatitis

Walter Liszewski, MD, Erin M. Warshaw, MD, MS

PII: S0190-9622(19)30189-6

DOI: https://doi.org/10.1016/j.jaad.2019.01.078

Reference: YMJD 13162

To appear in: Journal of the American Academy of Dermatology

Received Date: 29 July 2018

Revised Date: 16 January 2019

Accepted Date: 30 January 2019

Please cite this article as: Liszewski W, Warshaw EM, Pigments in American Tattoo Inks and their
Propensity to Elicit Allergic Contact Dermatitis, Journal of the American Academy of Dermatology
(2019), doi: https://doi.org/10.1016/j.jaad.2019.01.078.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jaad.2019.01.078
https://doi.org/10.1016/j.jaad.2019.01.078


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
1 

 

 

Pigments in American Tattoo Inks and their Propensity to Elicit Allergic Contact 1 
Dermatitis 2 
 3 
Walter Liszewski, MD;1 Erin M. Warshaw, MD, MS2,3 4 
 5 
1University of Minnesota, Department of Dermatology, Minneapolis, MN; 2Park Nicollet 6 
Contact Dermatitis Clinic, Bloomington, MN; 3 Department of Dermatology, Minneapolis 7 
Veterans Affairs Medical Center, Minneapolis, MN 8 
 9 

Corresponding author: 10 
 11 
Walter Liszewski, MD 12 
 13 
516 Delaware Street S.E., Mail Code 98 14 
 15 
Phillips-Wangensteen Bldg., Suite 4-240 16 
 17 
Minneapolis, Minnesota 55455 18 
 19 
Phone: 504-344-7620 20 
 21 
Fax: 612-624-6678 22 
 23 
Email: wjliszewski@gmail.com 24 
 25 
Word count: 1584 26 
 27 
Reference count: 23 28 
 29 
Tables: 3 30 
 31 
Figures: 1 32 
 33 
Conflicts of interest: Neither author has any relevant conflicts of interest to disclose 34 
 35 
Funding source: none 36 
 37 
Running title: Liszewski tattoo ink  38 
 39 
Disclaimer: This material is supported by the use of facilities at the Minneapolis 40 
Veterans Affairs Medical Center. The contents do not represent the views of the U.S. 41 
Department of Veterans Affairs or the United States Government.  42 
  43 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
2 

 

 

Abstract 44 
 45 
 46 
Background:  Tattoos have become increasingly common in the United States. 47 

Historically, tattoo inks were comprised of metallic pigments which had the potential to 48 

cause allergic contact dermatitis. Data have been lacking on the current use of these 49 

pigments in tattoo ink.  50 

 51 

Objective: Identify pigments currently used in tattoo inks manufactured in or sold by 52 

wholesalers in the United States and investigate cases of allergic contact dermatitis to 53 

these pigments.  54 

 55 

Methods: Using specific keywords, an internet search was performed. Pigment 56 

information listed in tattoo product inserts was collated and evaluated.  57 

 58 

Results: 1,416 unique inks were surveyed. The average bottle of ink contained 3.0 59 

pigments. A total of 44 distinct pigments were identified, of which 10 contained metallic 60 

pigments including iron, barium, zinc, copper, molybdenum, and titanium. The 61 

remaining 34 pigments contained carbon, azo, diketopyrrolopyrrole, quinacridone, 62 

anthraquinone, dioxazine, or quinophthalone dyes. A literature search revealed that 11 63 

of the 44 (25%) pigments had been suspected to cause contact dermatitis. Five were 64 

confirmed by patch testing. 65 

 66 

Conclusions: These findings highlight the diversity of pigments currently used in 67 

tattoos. Relatively few inks contained metallic pigments to which allergic contact 68 
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dermatitis has historically been attributed. Patch test clinicians should be aware of these 69 

new pigments.   70 

  71 
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Introduction 72 

 73 

For centuries and across cultures, tattoos have been used for religious, medicinal, and 74 

aesthetic purposes. During the 20th century, tattoos became an increasingly popular 75 

form of self-expression. It is currently estimated that approximately 30% of all 76 

Americans have at least one tattoo; among Millennials, the rate is nearly 50%.1 77 

 78 

Historically, black tattoo pigments were derived from carbon, while other colors were 79 

produced with inorganic metallic compounds, including mercury, cobalt, chromium, and 80 

cadmium. Many of these metallic compounds are carcinogenic and potent sensitizers.2  81 

 82 

There is evidence that metallic pigments have been replaced by organic compounds,3 83 

including azo and quinacridone dyes.4 Despite the growing presence of organic 84 

pigments, dermatology references continue to discuss and ascribe allergic contact 85 

dermatitis (ACD) in tattoos to metallic pigments.5-8 86 

 87 

The purpose of this study was to 1) investigate the listed contents of tattoo inks sold and 88 

manufactured in the United States and 2) summarize reports of contact dermatitis to 89 

identified pigments.   90 
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Methods and materials 91 

 92 

Searches were performed on June 7 and 8, 2018 by the primary investigator (WL). The 93 

phrases “tattoo ink” and “tattoo inks for sale” were entered in Google Search. The first 94 

100 results (including advertisements) for both search terms were assessed. Inclusion 95 

criteria included: 1) tattoo inks manufactured in the United States (U.S.) or 2) tattoo inks 96 

sold by a U.S. wholesaler. Exclusion criteria included: 1) lack of safety data sheets 97 

(SDS) 2) incomplete information on SDS and/or 3) pigments made or marketed 98 

specifically for permanent makeup. The latter were excluded as the permanent makeup 99 

industry has different operating and regulatory procedures from decorative body tattoos, 100 

and the pigments used may or may not be different. 101 

 102 

For tattoo ink brands that met study criteria, SDS sheets from the manufacturer were 103 

collected, and the pigments used in each of their inks were tabulated. Pigments were 104 

organized by both specific pigment name and by color index (CI). The CI is an 105 

international system that classifies pigments uniquely. 9 For example, orange 13 and 106 

disperse orange 13 are different pigments with different CIs (CI 21110 vs CI 26080, 107 

respectively).  108 

 109 

Following the identification of pigments, the primary investigator (WL) performed a 110 

literature search for publications of contact dermatitis to these pigments using the words 111 

“pigment name” or “CI number” and “contact dermatitis” in PubMed on June 30, 2018. 112 

 113 
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Results 114 

 115 

Our search identified 35 tattoo ink companies; 17 provided detailed SDS sheets and 116 

met inclusion criteria (Table 1). Combined, these 17 manufacturers produced 1,416 117 

unique inks (Table 2). The average bottle of ink contained 3 pigments, and across all 118 

brands, 44 distinct pigments were identified.  119 

 120 

Inorganic Metallic Pigments 121 

 122 

Only 10 of the 44 pigments contained inorganic metals including iron, barium, zinc, 123 

copper, molybdenum, and titanium. The metals occurred as iron oxide, titanium dioxide, 124 

zinc ferrite, and barium sulfide, while copper and molybdenum were complexed with 125 

organic phthalocyanine rings or xanthene dyes, respectively. 126 

 127 

Organic Pigments 128 

  129 

Of the 34 organic pigments, 3 were black pigments made exclusively from carbon. The 130 

remaining 31 pigments included azo, diketopyrrolopyrrole, quinacridone, anthraquinone, 131 

dioxazine, or quinophthalone dyes (Figure 1). The organic dyes included all of the 132 

orange pigments, as well a majority of the red, violet, and yellow pigments.  133 

 134 

Pigment Diversity 135 

 136 
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There were only two types of each of the following hues: green, blue, and white. In 137 

contrast, there was a greater diversity among yellows and reds, which had 11 and 15 138 

unique pigments, respectively. Among these pigments, some were more frequently 139 

utilized than others. Seven pigments were used by more than 10 brands: Black 6, Blue 140 

15, Green 7, Red 101, Red 122, Violet 23, and White 6. However, 19 pigments were 141 

only present in 1 brand of ink. Among all inks, over 70% contained White 6. 142 

 143 

Reports of Contact Allergy to Pigments 144 

A comprehensive literature search revealed 7 publications involving 19 individuals with 145 

suspected ACD to one or more of the pigments found in the above investigation (Table 146 

3). These cases implicated 11 of the 44 (25%) pigments. Fourteen individuals had 147 

confirmatory testing. Clinical suspicion of ACD within tattoos has been reported with 148 

seven of our pigments. 149 

 150 

 151 

  152 
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Discussion 153 

 154 

This study yielded several important findings. First, despite historical emphasis on 155 

metallic pigments, none of the 1,416 inks contained mercury, cobalt, cadmium, 156 

manganese, or chromium. Second, the 44 identified pigments were primarily composed 157 

of a variety of organic dyes, including azo and quinacridone dyes; a few inorganic 158 

metallic oxides and carbon were also identified. Finally, 11 of these pigments were 159 

reported as confirmed or suspected contact allergens.  160 

 161 

Pigment Content 162 

 163 

The metallic pigments in examined inks included iron oxide, titanium dioxide, zinc 164 

ferrite, barium sulfide, and copper-containing phthalocyanine dyes. These pigments--165 

compared to older metallic pigments, such as red mercuric sulfide (cinnabar), green 166 

chromic oxide, yellow cadmium sulfide, purple manganese ammonium pyrophosphate, 167 

and blue cobalt oxide--are not known to cause ACD in tattoos.2 However, we did find 168 

cases of ACD to copper-containing phthalocyanine dyes in gloves and paint, and ACD 169 

to iron oxide in ceramic enamels. There was also one molybdenum-containing xanthene 170 

dye. Although molybdenum has not been implicated in ACD from tattoos, it is known to 171 

have allergenic potential in implanted medical devices.17 172 

 173 

The organic pigments encompassed several families of dyes. Azo dyes are defined by a 174 

double nitrogen bond (N=N). Theoretically, an individual with an existing sensitivity to 175 
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azo dyes or an azo-cross-reactor could develop ACD to a different azo dye used in a 176 

tattoo. There is one reported case of an individual who developed ACD to an azo textile 177 

dye after sensitization to paraphenylenediamine in a henna tattoo.18 Carbonyl dyes—178 

which include anthraquinone, quinacridone, quinophthalone, and diketopyrrolopyrrole 179 

pigments—are defined by the presence of two or more carbonyl groups (C=O). Within 180 

the carbonyl family, sub-groups are distinguished by the presence of various carbon 181 

and pyrrole rings. Dioxazine represents a distinct group of dyes, and it is defined by the 182 

presence of two connected oxazine rings.19 183 

 184 

Two families of organic molecules in the inks, phthalocyanines and xanthenes, formed 185 

pigments by complexing with metals. Phthalocyanine rings are made up of four pyrrole 186 

rings; they are structurally similar to porphyrins. Phthalocyanine can complex with most 187 

metals, although in the dyes, they exclusively complexed with copper. Xanthene dyes 188 

contain a central set of benzene rings joined by an oxygen containing methylene 189 

group.19 In the pigments, xanthene formed a complex with molybdenum. 190 

 191 

Impact of Multiple Pigments on Tattoo Removal 192 

 193 

We know from a study of 501 tattooed people that 16.2% regret at least one of their 194 

tattoos, and 21.2% of all tattooed individuals are interested in having a tattoo 195 

removed.20 Unfortunately, multiple pigments in an ink complicates tattoo removal. 196 

Tattoos are primarily removed with two lasers with different chromophores: ND:YAG 197 

(532 nm, 1064 nm) and alexandrite (755 nm). A 532 nm ND:YAG can remove red and 198 
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orange, while only alexandrite can remove green.21 Depending on the pigments present, 199 

both of these lasers may be needed to remove a single ink.  200 

 201 

Titanium dioxide is used to alter the intensity of other pigments, and it was present in 202 

over 70% of the inks. Unfortunately, titanium dioxide complicates tattoo removal. First, it 203 

is notoriously difficult to remove by laser.22 Second, when irradiated by a laser, it 204 

undergoes reduction and turns from white to black.21 This change is often cosmetically 205 

unappealing.  206 

 207 

Importance of Geographic Location and Age of Tattoos  208 

 209 

This study demonstrates that U.S. tattoo manufacturers have shifted to using organic 210 

pigments. It is possible, however, that in many parts of the world, older metallic 211 

pigments are still used.2 Therefore, the geographic location and date of tattoo placement 212 

may provide important clinical information.  213 

 214 

Patch Testing for Suspected Pigment Allergy 215 

 216 

Ink manufacturers are not required to disclose pigment content. Thus, even if a specific 217 

ink is identifiable as the culprit of ACD in a tattoo, detailed information on pigment 218 

content may not be available for proprietary reasons.  219 

 220 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
11 

 

 

Most tattoo inks assessed in this study contained multiple pigments. For example, 221 

Intenze’s Lilac Ink is purple, but it contains five pigments: White 6, Yellow 65, Orange 222 

13, Violet 1, and Red 101.23 This is problematic because if an individual has a reaction 223 

to an ink, the allergen could be one of multiple pigments. 224 

 225 

Once a tattoo is placed, organic pigments, such as the azo dyes, slowly degrade. In 226 

some individuals, pigment allergy may not be from the original molecule but rather 227 

break-down products.3 This may explain why ACD to pigments sometimes occurs years 228 

after tattoo placement.3,4 It has also been suggested that not all organic tattoo pigments 229 

may penetrate the skin.4 These factors may explain false negative patch tests.4,16  230 

 231 

Limitations 232 

 233 

There are several study limitations. Due to incomplete SDS sheets, we were unable to 234 

investigate 18 brands of ink. It is possible that these inks may have contained additional 235 

novel pigments. Even in the brands we were able to assess, we were limited to what the 236 

manufacturer disclosed. This limitation highlights a need for greater transparency. Not 237 

all suspected cases of pigment ACD had confirmatory patch testing, thus it is possible 238 

that allergic reactions were not due to the pigment but rather a preservative or other 239 

ingredient.  240 

 241 

Summary 242 

 243 
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Our findings demonstrate the growing presence of organic pigments in American tattoo 244 

ink. Unfortunately, due to multiple pigments in a single ink, lack of awareness among 245 

individuals regarding exact inks used in their tattoos, and the breakdown of organic 246 

dyes over time, successful identification of allergenic pigments in symptomatic patients 247 

may be challenging. Continued research on the nature of allergic reactions to tattoo 248 

pigments in the 21st century and methods for optimizing patch testing for newer tattoo 249 

pigments are needed.   250 

  251 
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Table 1 Tattoo Ink Manufacturers and their Number of Unique Inks and Pigments  332 
 333 

Number of 

Pigments per ink (average) Manufacturer  Inks Pigments 

Alla Prima 56 20 2.4 
Black Buddha 5 1 1 
Bloodline 103 19 2.2 
Cheyenne 59 11 2.3 
Dynamic 27 14 1.6 
Empire 6 2 1 
Inksanity 92 20 2.5 
Intenze 315 12 3.5 
Iron Butterfly 14 10 1.7 
Kokkai Sumi 1 1 1 
Kuro Sumi 61 13 2.8 
Millennium Moms 42 12 2.9 
One Black 1 2 2 
Quantum 92 13 2.5 
Radiant 307 12 3.6 
Starbrite 27 17 1.6 
World Famous 208 16 2.9 

Total 1416 44 3 
              334 
  335 
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Table 2 Pigments Used in 17 Brands of Tattoo Ink 336 
 337 

Pigment Frequency 
Name C.I.* Type Brands Inks Contains metal 

Black 
 Black 6† 77266 Carbon 12 335 No 

Black 7† 77266 Carbon 6 25 No 
Black 8 77268 Carbon 1 1 No 

Blue 
 Blue 15 74160 Phthalocyanine  13 562 Yes (copper) 

 
Blue 87 74200 Phthalocyanine  1 1 Yes (copper) 

Green 
 Green 7 74260 Phthalocyanine  12 125 Yes (copper) 

 
Green 36 74265 Phthalocyanine  1 12 Yes (copper) 

Orange 
 Orange 13 21110 Azo 6 367 No 

Orange 16 21160 Azo 9 41 No 
Orange 73 561170 DPP‡ 1 7 No 
Orange 5 12075 Azo 1 2 No 
Orange 34 21115 Azo 1 2 No 

Red 
 Red 210 12477 Azo 7 350 No 

Red 101 77491 Metallic 15 177 Yes (iron) 
Red 170 12475 Azo 8 85 No 
Red 122 73915 Quinacridone 11 54 No 
Red 269 12466 Azo 5 49 No 

 
Red 146 12485 Azo 3 43 No 
Red 254 56110 DPP‡ 1 12 No 
Red 22 12315 Azo 3 3 No 
Red 177 65300 Anthraquinone 1 2 No 
Red 2 12310 Azo 1 1 No 
Red 5 12490 Azo 1 1 No 
Red 23 12355 Azo 1 1 No 
Red 63 15880 Azo 1 1 No 
Red 187 12486 Azo 1 1 No 
Red 266 12474 Azo 1 1 No 

Violet 
 Violet 23 51319 Dioxazine 10 62 No 

Violet 1 45170: Xanthene 2 58 Yes (molybdenum) 
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2 

 
Violet 19 73900 Quinacridone 3 10 No 
Violet 37 51345 Dioxazine 1 4 No 

White 
 

White 6 77891 Metallic  14 
100
3 Yes (titanium) 

 
White 21 77120 Metallic  2 80 Yes (barium) 

Yellow 
 Yellow 65 11740 Azo 3 359 No 

Yellow 14 21095 Azo 7 161 No 
Yellow 74 11741 Azo 6 70 No 

 
Yellow 42 77492 Metallic 5 36 Yes (iron) 
Yellow 83 21108 Azo 5 25 No 
Yellow 138 56300 Quinophthalone 1 22 No 
Yellow 151 13980 Azo 3 17 No 
Yellow 3 11710 Azo 4 10 No 

 
Yellow 97 11767 Azo 1 6 No 
Yellow 119 77496 Metallic 1 3 Yes (iron and zinc) 
Yellow 194 11785 Azo 1 1 No 

              338 
*Black 6 and 7 share the same color index number, †Color Index (C.I.), 339 
‡Diketopyrrolopyrrole dye 340 
 341 
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Table 3 Reports of Pigments Proven or Suspected of Causing Allergic Contact Dermatitis 
 
 Pigment name Exposure Description 
 
Cases with Confirmatory Testing 

   
 Blue 15 

 

Gloves, Paint Three separate reports:  
1) Occupational glove allergy in a metal worker; positive patch tests 
to blue vinyl dots on cotton gloves and Blue 15 (50% and 10% pet).10  
2) Occupational glove allergy in a nurse; positive patch tests to blue 
nitrile glove and Blue 15 (1% pet).11 

3) Airborne allergy in a painter; positive patch test to Blue 15 pigment 
power (10% aq).12   
 

 Red 101 

 

Ceramic enamels Occupational contact dermatitis in 7/190 ceramic 
enamellers/decorators; positive patch test reactions to Red 101 (2% 
pet).13  
 

 Orange 34 Plastic gloves Occupational contact dermatitis in a hospital housekeeper; positive 
patch test reactions to orange vinyl glove and Orange 34 (0.5% and 
2.0% pet).14 

 
 Green 7 

 

Paint Airborne allergy in a painter; positive patch test to Green 7 (10% 
aq).12 

 
 Red 210 Tattoo Positive patch test to undiluted red tattoo ink.4 

 
  
  

 

 Yellow 65 
 

 
 Orange 13 

 
 

 Red 122 
 

Tattoo Positive delayed scratch test reaction to undiluted red ink.15 

 
       
Suspected Cases 
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 Red 63 

 

Tattoo Clinical findings suggestive of contact dermatitis to pigment. 
Undiluted tattoo ink applied for two days under occlusion; no reaction 
was observed.4  

 

 Red 122 

 

Tattoo Clinical findings suggestive of contact dermatitis to pigment; patch 
testing not performed.4  
 

 Red 170 

 

Tattoo Two separate reports: 
1) Clinical findings suggestive of contact dermatitis to pigment; patch 
testing not performed.4  
2) Clinical findings suggestive of contact dermatitis to pigment; patch 
and photopatch testing negative.16 

 
 Violet 19 

 

Tattoo Clinical findings suggestive of contact dermatitis to pigment. 
Undiluted tattoo ink applied for two days under occlusion; no reaction 
was observed.4 

                   
Abbreviations: petrolatum (pet), aqueous (aq)  
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Figure legend 
 
Figure 1: Representative Structures of the Eight Organic Pigment Families Identified in 

Evaluated Inks 
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Capsule summary 1 
 2 
 3 
*Historically, tattoo pigments were made with heavy metals such as mercury, cobalt, 4 

and cadmium. These are known to be allergenic. 5 

 6 

*Older metallic pigments have been replaced with organic dyes or less allergenic 7 

metals, such as zinc and barium. Cases of contact dermatitis to these organic dyes 8 

have been reported.  9 


