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Abstract

Background: Allergic contact dermatitis to tattoo ink may last from weeks to years. 

Formaldehyde is a strong sensitizer that may be present in predispersed tattoo inks.

Objectives: The aim of this study was to evaluate the presence of formaldehyde in predispersed 

tattoo inks using the chromotropic acid method.

Methods: Tattoo inks from 39 companies were evaluated. Inclusion criteria included availability 

to purchase inks online through US tattoo product wholesalers or individual Web sites. Brands 

were grouped based on prevalence of use: common, uncommon, or rare. For common brands, 8 

colors (primary colors, secondary colors, black, and white) were purchased. For uncommon and 

rare brands, 5 colors (primary colors, black, and white) were purchased. Each ink was tested 

with standard chromotropic acid method procedures; concentration of formaldehyde released was 

quantified using spectrophotometry.

Results: In total, 127 tattoo inks were purchased and tested. Ninety-three (73%) tested positive 

for formaldehyde release; 34 (27%) tested negative. Formaldehyde release did not correlate with 

color or brand. At least 1 ink from all brands (except 1) was positive for formaldehyde release.

Conclusion: Approximately three-quarters of selected US tattoo inks tested positive for 

formaldehyde release. Clinicians should be aware of tattoo ink as a potential source of 

formaldehyde.
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Apermanent tattoo is formed when ink is forced into the dermis with a needle.1 In the 

last century, tattoos have become increasingly popular. It is currently estimated that 30% 

of adult Americans have at least 1 tattoo.2 Previously, tattoo artists created their own inks 

by dissolving pigments in solvents; however, premade or “predispersed” tattoo inks are 

now commonly used. Predispersed commercially available tattoo inks are color pigments 

dissolved in a solvent (typically in a water- or alcohol-based carrier).3

The rising prevalence of tattoos and permanent makeup has been coupled with a 

corresponding increase in cutaneous and systemic complications. The most common adverse 

effects arising from tattoos include blood-borne/cutaneous infections and hypersensitivity 

reactions.3 Allergic contact dermatitis (ACD) to tattoo inks has been reported in both tattoo 

recipients and tattoo artists.

Despite reports of tattoo and permanent makeup-related adverse health problems, the US 

Food and Drug Administration has yet to formally regulate labeling of tattoo inks; only 

toxic ingredients in pigments are listed in safety data.4,5 Most tattoo ACD reports are related 

to pigments. Contact allergy to tattoo pigments often presents with pruritus, edema, and 

dermatitis at the site of tattoo placement.6 These reactions may be chronic and can develop 

weeks to years after a tattoo is placed.7 Historically, pigments have contained numerous 

inorganic metallic compounds known to be strong sensitizers.8 A recent analysis of 1415 

US tattoo inks by Liszewski and Warshaw,9 however, found that heavy metal pigments are 

rarely used in modern inks; of the 44 unique pigments identified, 25% have been implicated 

in ACD. Other reported sensitizers in tattoo inks include paraphenylenediamine, cobalt, 

balsam of Peru, and nickel sulfate.10 Furthermore, information is lacking regarding inactive 

ingredients in US tattoo inks including preservatives, which may potentially be allergenic.11

In Europe, there has been increasing concerns about sensitization to preservatives in tattooed 

individuals. Recently, the German Contact Dermatitis Research Group has developed a 

screen tattoo series patch that consisted of 82 substances including dyes, preservatives 

and biocides, and other tattoo ink constitutes.12 Formaldehyde, quaternium-15, DMDM 

hydantoin, and bronopol were included in this screening series that aim to identify culprit 

allergens in tattoo inks.

Formaldehyde and formaldehyde-releasing preservatives are used to prevent the growth 

of microorganisms in various liquid products. These preservatives are well-known contact 

sensitizers but are relatively underappreciated ingredients in tattoo inks.13,14 In Switzerland, 

55 of 416 tattoo inks were found to contain formaldehyde.15 Another Korean study 

discovered that 13 of 16 tattoo inks had formaldehyde concentrations of up to 308.2 ppm, 

a level that exceeds the concentration (2.5 ppm) needed to worsen existing ACD16 and the 

threshold concentration (250 ppm) to elicit a positive patch test reaction.17,18 Moreover, a 

patient has previously been reported with tattoo-related dermatitis who had a positive patch 

test to a formaldehyde-releasing preservative19; this finding suggests that the presence of 

undisclosed formaldehyde in tattoo inks may potentially elicit cutaneous allergic reactions in 

patients allergic to formaldehyde.
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There are several methods used to detect formaldehyde release from products, including 

the chromotropic acid method (CAM).20 Briefly, when chromotropic acid is exposed to 

formaldehyde in a closed container, a color change (clear to purple) occurs in an acidic 

environment.20 The CAM can qualitatively detect the presence of formaldehyde in many 

substances;16,21,22 the specific concentration of formaldehyde can be further quantified 

using spectrophotometry.23

To our knowledge, there have been no studies evaluating formaldehyde release from 

predispersed tattoo inks in the United States. This study investigates the presence 

of formaldehyde in commercially available US tattoo inks using the CAM and 

spectrophotometric method of formaldehyde detection in an effort to determine whether 

predispersed tattoo inks represent an additional, undisclosed source of formaldehyde.

METHODS

Material Selection

The primary investigator (Y.L.L.) reviewed a list of 39 tattoo ink companies that 

manufactured and sold tattoo inks in the United States; this list was generated from 

a previous study of tattoo ink pigments.9 To minimize counterfeit products, tattoo inks 

were excluded if they (1) could not be purchased through a US online tattoo product 

wholesaler or through respective individual Web sites, (2) were available exclusively through 

Amazon.com, or (3) were discontinued.

A dermatologist with expertise in tattoo use (W.L.) categorized the brands of tattoo inks into 

3 different groups (common, uncommon, and rare) based on the popularity and prevalence 

of use by US tattoo artists (Table 1). Five inks of primary colors (including red, yellow, 

blue, white, and black) were purchased for all brands. Three inks of secondary colors 

(including orange, green, and purple) were also purchased for common brands. A few brands 

including “One Ink,” “Kokkai,” and “Cheyenne” had limited colors; in these cases, all colors 

available were purchased. All tattoo inks used in this study were purchased from online 

tattoo wholesale/retail vendors or their respective websites.

Ingredient Review

The label for each tattoo ink was examined for the presence of declared formaldehyde/

formaldehyde releasers (eg, bronopol, DMDM hydantoin, diazolidinyl urea). If no 

ingredients were available on the label, the online Material Safety Data Sheet, if available, 

was examined and reviewed.

Chromotropic Acid Method

All chromotropic acid experiments were conducted at room temperature using standard 

CAM procedures as described in previous studies.24 Half of a milliliter of tattoo ink sample 

was used for each experiment. For each chromotropic acid experiment, 0.5 mL of 0.1% 

formaldehyde solution was used as a positive control, and distilled water was used as a 

negative control. Each ink sample was tested twice on separate days. Samples that provided 

conflicting results from the first 2 experiments were tested a third time.
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After 48 hours of incubation, each vial of chromotropic acid solution with either tattoo ink 

samples or control solutions was placed in a Beckman DU 640 UV-VIS spectrophotometer 

(Fig. 1A). The chromotropic acid solution from the negative control served as blank for each 

absorbance reading.24 Absorbances of 570- and 573-nm wavelength of light were used for 

optimal formaldehyde detection.25

Threshold for Positivity

To identify the limit of detection (LOD) and set the threshold of positivity, a dose-dependent 

formaldehyde titration curve was performed 3 independent times. Formaldehyde solutions 

from 2.5 to 80 ppm in concentration with 2-fold dilutions (Fig. 2) were used to form a 

standard curve. First, an 80-ppm (0.008%) formaldehyde solution was made from a 0.1% 

formaldehyde solution and then serially diluted to create standard solutions. Each standard 

formaldehyde solution was incubated with chromotropic acid solution per protocol and then 

read using the spectrophotometer (Fig. 1B). The LOD for the spectrometer in identifying 

formaldehyde was determined by 3.3 times the standard deviation of the regression line 

divided by the slope. Each regression line was generated using data of concentration ranges 

of 0 to 5 ppm or 0 to 10 ppm, whichever generated a line with the highest R2. Data of higher 

concentrations (20–80 ppm) were excluded because they were outside the linear range for 

spectrophotometric measurement. The average LOD of 4 standard titration sets was used as 

the threshold for positivity for all ink samples tested. Absorbance of 2.5-ppm formaldehyde 

solution was determined as the lowest relevant concentration per previous guidelines.24

RESULTS

Ingredient Review

Of the 127 inks, 93 inks (73%) had listed ingredients, and 34 inks (27%) did not. Of 

those with ingredients, 80 tattoo inks did not declare formaldehyde or other formaldehyde­

releasing chemicals as ingredients, whereas 13 inks listed DMDM hydantoin. The 13 

DMDM-hydantoin–containing tattoo inks were from 2 brands, Millennium Moms Tattoo 

Ink and World Famous.

Formaldehyde Detection

The LOD of the spectrophotometer was calculated to be 2.47 ppm. The average absorbance 

for a 2.5-ppm formaldehyde solution was determined to be 0.014 AU when read with 

570-nm light and 0.013 when read with 573-nm light. On the basis of this determined 

threshold of positivity, 93 of the 127 tested tattoo inks (73%) released greater than or equal 

to 2.5 ppm of gaseous formaldehyde; 34 of the 127 tested tattoo inks (27%) released less 

than 2.5 ppm of gaseous formaldehyde (Table 2). All inks with DMDM hydantoin were 

positive for formaldehyde release using CAM.

DISCUSSION

This study has several important findings. Approximately three-quarters of study inks 

released formaldehyde. These positive samples included 13 tattoo inks, which specifically 

declared DMDM hydantoin—a formaldehyde-releasing preservative commonly used in 
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personal care products—as well as 80 inks that did not declare any formaldehyde-releasing 

ingredients. The amount detected in each product was 2.5 ppm or greater, a clinically 

relevant concentration that has previously been shown to worsen existing dermatitis in 

formaldehyde-allergic patients.16 These findings are consistent with several other reports 

that detected formaldehyde in cosmetic products that did not declare formaldehyde.22,26,27 

Possible explanations may include the following: (1) formaldehyde/formaldehyde-releasing 

preservative was added for preservation; (2) 1 or more of the individual ink ingredients that 

manufacturers purchase to produce the ink may contain formaldehyde or a formaldehyde 

releaser, which may not be listed because they were not added directly; (3) breakdown 

ingredient(s) that releases formaldehyde; and/or (4) packaging that releases formaldehyde.

We found no correlation between colors or brands and presence of formaldehyde. At least 1 

tattoo ink color from almost all brands tested positive for formaldehyde release.

From the colors tested, few brands of tattoo inks had low formaldehyde release (2.5–5 

ppm); these included Eternal tattoo ink, Fusion, Intenze, Kokkai Sumi ink, National tattoo 

ink, and One ink. Cheyenne tattoo inks had the overall highest concentration (20–80 ppm) 

of formaldehyde release. Empire Ink was the only negative brand, but only 2 colors were 

tested.

Although we found that most of the tested tattoo inks released formaldehyde, the clinical 

implications of this study are unclear.Currently, there have not been any reports of ACD 

explicitly linking formaldehyde patch test reactions to tattoo inks. One reason may be due 

to difficulty identifying culprit ingredients, as most clients do not know the brand of tattoo 

ink in their tattoos. Even when tattoo ink brands can be identified, ingredients are often 

unavailable on packaging or Material Safety Data Sheets. Another reason for the lack of 

formaldehyde-related ACD tattoo reactions may be that clients often contact the tattooist 

about adverse tattoo reactions instead of seeing a dermatologist.28

In theory, formaldehyde sensitization from tattoo inks is plausible. Cutaneous sensitization 

develops when an antigen is recognized by dermal dendritic cells.29,30 Although most tattoo 

ink is deposited in the dermis,31 ink also contacts all layers of the epidermis as the needle 

penetrates the skin. Importantly, sensitization may be enhanced by the intense inflammatory 

response to the tattoo ink.32,33

In addition to tattoo clients, our findings are also relevant to tattoo artists. Regulations 

of tattoo parlors vary by state, and personal protective equipment is generally required 

during the needling process but not necessarily when preparing/handling tattoo inks. Given 

potential exposure to blood-borne pathogens and possible ACD, we recommend that gloves 

be worn routinely by tattoo artists during all steps of the tattooing process including 

preparation.

Limitations

This study has notable limitations. Most importantly, we chose a convenience sample 

of predispersed tattoo ink brands manufactured and sold in the United States, based on 

common, uncommon, and rare commercial brands, which spanned a wide variety of tattoo 
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ink manufacturers. We selectively tested the more commonly used primary and secondary 

colors. Tattoo inks were excluded from this study to avoid counterfeit inks and to ensure 

purchase from reliable sources that tattoo parlors would be likely to use for bulk purchases. 

Testing potentially counterfeit inks from less reliable sources may have yielded additional 

products containing formaldehyde and may represent a direction for future studies.

CONCLUSIONS

Tattoos are an increasingly popular aspect of modern skin modification practices. Although 

pigments are notoriously common causes of tattoo-related contact allergy, additional 

ingredients such as preservatives may cause ACD. In this study, approximately three­

quarters of US predispersed tattoo inks tested positive for formaldehyde release when 

evaluated with CAM. We found no correlation between colors or brands and presence of 

formaldehyde. Patients and clinicians should be aware of predispersed tattoo inks as a 

potential source of formaldehyde.
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Figure 1. 
A, Beckman DU 640 UV-VIS spectrophotometer. B, Each glass vial containing 

chromotropic acid solution is placed in the reading chamber of the spectrophotometer.

Liou et al. Page 9

Dermatitis. Author manuscript; available in PMC 2021 October 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Standard formaldehyde titrations. Concentration ranged from 2.5 to 80 ppm. Distilled water 

and 0.1% formaldehyde as negative and positive controls, respectively.
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TABLE 2.

Formaldehyde Release of Tattoo Inks by Brand and Color

Brand
Formaldehyde Negative Ink Color 

(<2.5 ppm)
Formaldehyde Positive Ink 

Color
Estimated Formaldehyde 

Released (ppm)

Alla Prima Ink Titan white Ruby red 2.5–5

Brilliant yellow 20–40

Krishna blue 2.5–5

Tangerine 20–40

Forest green 20–40

Violet 20–40

Ash 20–40

Cheyenne ink N/A Chili red 40–80

Lemon cream 40–80

Pure blue 40–80

Lining black 20–40

Dynamic N/A Chinese red 5–10

Canary yellow 10–20

BD1 (blue) 10–20

OD-5 10–20

Leaf green 10–20

Lavender 10–20

BLK (black) 10–20

White 10–20

Electra Pro Fire engine red Orchid 5–10

Dandelion yellow Solid black 2.5–5

Deep blue sea Mixing white 2.5–5

Bright orange

Forest green

Element Tattoo Ink Blue Red 20–40

Burnt orange Yellow 2.5–5

Green Black 2.5–5

Purple

White

Empire White N/A

Black

Eternal Tattoo Ink Lightning yellow Dark red 2.5–5

True blue White 2.5–5

Bright orange

Jungle green

Light magenta

Triple black

Fantasia Art Supply N/A Dark red 10–20

Lite yellow 10–20
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Brand
Formaldehyde Negative Ink Color 

(<2.5 ppm)
Formaldehyde Positive Ink 

Color
Estimated Formaldehyde 

Released (ppm)

Medium blue 10–20

White 10–20

Tribal black 10–20

Fusion Golden yellow Really red 2.5–5

Periwinkle Power black 2.5–5

Mixing white

Inksanity Super white Blood red 20–40

Banana 2.5–5

Electric blue 20–40

Tribal black 2.5–5

Intenze Bright red Lemon yellow 2.5–5

Bright orange Mario’s blue 2.5–5

Grasshopper green Grape 2.5–5

True black

Snow white opaque

Kokkai Sumi Ink N/A Black 2.5–5

Kuro Sumi Tattoo Ink N/A Dragon’s breath red 5–10

Koi yellow 2.5–5

Tsunami blue 5–10

Rising sun orange 2.5–5

Oochi Momma green 5–10

Double Sumi 5–10

White rice mixing 5–10

Millennium Moms Tattoo Ink N/A Monthly red* 5–10

Hello yellow* 5–10

Pretty boy blue* 2.5–5

Danger zone* 20–40

Mean green* 2.5–5

Marvelous magenta* 20–40

Black onyx* 2.5–5

Power white opaque* 5–10

National Tattoo Ink Red velvet Buttercup yellow 2.5–5

Electric blue White on white Triple black 2.5–5

One Ink N/A Black 2.5–5

Scream Ink N/A Super red 10–20

Electric yellow 10–20

Dodger blue 10–20

Pitch black 10–20

Silk white 10–20

Solid Ink N/A Red 10–20
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Brand
Formaldehyde Negative Ink Color 

(<2.5 ppm)
Formaldehyde Positive Ink 

Color
Estimated Formaldehyde 

Released (ppm)

Yellow 2.5–5

Dark blue 5–10

Lining black 2.5–5

White 5–10

Starbrite Tattoo Ink Lime green Crimson red 2.5–5

Canary yellow 5–10

Royal blue 2.5–5

Brite orange 2.5–5

Lavender 2.5–5

Black outliner 10–20

Brite white 10–20

Victory Tattoo Ink American red Victoriana 2.5–5

Lemon sailfin Snack black 2.5–5

White caps 20–40

Waverly N/A Red 20–40

Yellow 40–80

Blue 20–40

Black 20–40

White 10–20

World Famous N/A Samuel O’Reilly red* 5–10

Canary yellow* 2.5–5

Bangkok blue* 5–10

Everest orange 20–40

Ireland green* 2.5–5

Galaxy purple 5–10

Pitch black* 5–10

Fuji Mt mixing white 5–10

*
Declared DMDM hydantoin.

Dermatitis. Author manuscript; available in PMC 2021 October 08.


	Abstract
	METHODS
	Material Selection
	Ingredient Review
	Chromotropic Acid Method
	Threshold for Positivity

	RESULTS
	Ingredient Review
	Formaldehyde Detection

	DISCUSSION
	Limitations

	CONCLUSIONS
	References
	Figure 1.
	Figure 2.
	TABLE 1.
	TABLE 2.

