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Abstract: Tattooing has become a widespread form of self-

expression, yet the chemical composition of tattoo inks poses 
significant toxicological and dermatological risks. Heavy metals 
such as lead, cadmium, and mercury are frequently detected in 
inks and are associated with neurological impairment, kidney 
damage, and systemic toxicity [1], [2]. Azo dyes, widely used for 
their vivid coloration, degrade under ultraviolet radiation into 
carcinogenic aromatic amines [7], [8]. Black inks often contain 
polycyclic aromatic hydrocarbons [PAHs), which are mutagenic 
and carcinogenic, particularly when activated by UV exposure 
[17,18). In addition to chemical hazards, tattooing carries risks of 
allergic reactions, granulomas, and microbial infections due to 
inadequate hygiene practices [13], [14]. Despite these findings, 
regulatory frameworks remain inadequate in most jurisdictions 
[23], [24]. 
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1. Introduction 
Tattooing has evolved into a mainstream cultural practice. 

However, the composition of tattoo inks, pigments, 
preservatives, and additives, raises concerns about long-term 
health effects. Heavy metals such as lead, cadmium, and cobalt 
are commonly used for color intensity but are linked to 
neurological impairment, kidney damage, and systemic toxicity 
[1], [2], [8]. Azo dyes, though visually appealing, degrade into 
carcinogenic compounds under UV exposure [7], [10]. PAHs, 
present in black inks, are mutagenic and carcinogenic [17], 
[23]. Allergic reactions, dermatitis, and microbial infections  

 
remain prevalent complications [12], [19]. The absence of 
stringent regulation exacerbates these risks, necessitating 
forensic and toxicological inquiry into tattoo ink safety [5], [6], 
[16]. 

2. Literature Review 
Tattoo inks generally contain pigments, preservatives, and 

stabilizers. Heavy metals such as lead, cadmium, and cobalt are 
widely documented in ink formulations, with toxicological 
consequences including neurological impairment and 
carcinogenesis [2], [8], [14]. Allergic reactions are common, 
with studies reporting that nearly 10% of individuals experience 
adverse dermatological responses post-tattooing [12], [20]. Azo 
dyes degrade into carcinogenic aromatic amines under UV 
radiation [7], [10], [25], while PAHs in black inks contribute to 
mutagenic and carcinogenic outcomes [17], [23]. Microbial 
contamination of inks has been documented, with infections 
ranging from localized dermatitis to systemic complications 
[13], [15]. Regulatory oversight remains limited, with the 
United States lacking federal standards and European Union 
guidelines failing to comprehensively address tattoo inks [5], 
[16], [34]. 

3. Methodology 
• Systematic Literature Review: Databases searched using 

keywords “tattoo ink composition,” “heavy metals,” “azo 
dyes,” “PAHs,” “allergic reactions.” 

• Laboratory Analysis (Proposed): ICP-MS for metals, 
HPLC for azo dyes/PAHs, compared against WHO/FDA 

Undesirable Effects of Chemicals Used in Tattoo 
Inks: A Forensic and Toxicological Review 

Nikita Tomar1*, Nitya Pathak2, Vanshika Sharma2, Sapna Verma2, Diksha Borban2 

1Assistant Professor, School of Science, SAM Global University, Raisen, India 
2Student, School of Science, SAM Global University, Raisen, India 

Table 1 
Literature review 

Inks Compound Health Risks Reference 
Black inks Carbon black, Polycyclic Aromatic Hydrocarbons 

(PAHs) 
Carcinogenic, mutagenic, allergic dermatitis, oxidative stress 
under UV exposure 

[17,18,23,25] 
 

Red inks 
 

Mercury sulfide (HgS), Cadmium selenite (CdSe), 
Naphthol-AS 

Mercury toxicity, kidney damage, carcinogenicity, allergic 
reactions 

[2,8,14,20] 
 

Blue inks Copper phthalocyanine (CuPc), Cobalt blue (CoAl₂O₄) Allergic reactions, systemic toxicity, possible carcinogenicity [7,11,19] 
Green inks Chromium oxide (Cr₂O₃), Copper phthalocyanine 

green 
Chromium-related toxicity, allergic dermatitis [8,11,14] 

Yellow inks Compounds: Cadmium sulfide (CdS), Turmeric-
derived pigments 

Health Risks: Cadmium carcinogenicity, kidney damage; 
turmeric pigment less toxic 

[8,10,25] 

White inks Titanium dioxide (TiO₂), Zinc oxide (ZnO), Lead 
carbonate (PbCO₃) 

Nanoparticle toxicity, lead poisoning, systemic effects [1,2,29,31] 

Brown inks Compounds: Iron oxide (Fe₂O₃), Ochre Health Risks: Generally stable, mild irritation [5,6,32] 
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standards. 
• Survey (Proposed): Structured questionnaire of 200 

participants assessing awareness of ink composition, 
hygiene practices, and adverse reactions. 

• Ethical Considerations: Informed consent, IRB approval, 
lab safety protocols. 

• Limitations: Variability in ink formulations, self-reporting 
bias. 

4. Results 

Fig. 1.  Severity index of undesirable health effects associated with major 
chemical groups in tattoo inks, based on toxicological and dermatological 

evidence (scale 1–10) 

A. Findings 
• Heavy Metals (Lead, Cadmium, Mercury) scored highest 

(9/10), indicating severe systemic toxicity including 
neurological impairment and nephrotoxicity [1], [2], [8], 
[14]. 

• Azo Dyes (8/10) degrade into carcinogenic aromatic 
amines under UV exposure, posing mutagenic and 
carcinogenic risks [7], [10], [25]. 

• PAHs (8/10) in black inks are strongly associated with 
mutagenicity and carcinogenesis, especially under UV 
activation [17], [23]. 

• Nanoparticles (TiO₂, ZnO) (7/10) contribute to oxidative 
stress and systemic toxicity, with concerns about long-term 
accumulation [29], [31]. 

• Microbial Contamination (6/10) reflects moderate but 
significant risks of localized and systemic infections due to 
poor hygiene practices [13], [15]. 

 

 
Fig. 2.  Proportional contribution of tattoo ink chemical groups to health risks 

 The pie chart illustrates the relative contribution of major 
chemical groups found in tattoo inks to overall health risks. 
Heavy metals such as lead, cadmium, and mercury account for 
the largest proportion (30%), reflecting their strong association 
with systemic toxicity, neurological impairment, and 
nephrotoxicity [1], [2], [8], [14]. Azo dyes contribute 25%, as 
they degrade into carcinogenic aromatic amines under 
ultraviolet exposure [7], [10], [25]. Polycyclic aromatic 
hydrocarbons (PAHs) represent 20%, highlighting their 
mutagenic and carcinogenic potential, particularly in black inks 
[17], [23]. Nanoparticles such as titanium dioxide and zinc 
oxide make up 15%, linked to oxidative stress and systemic 
toxicity [29], [31]. Microbial contamination contributes 10%, 
representing risks of localized and systemic infections due to 
poor hygiene practices [13], [15]. 
 This visualization emphasizes that while microbial 
contamination is a notable concern, chemical constituents—
especially heavy metals, azo dyes, and PAHs—pose the most 
significant toxicological risks. 
 Tattoo Ink Application → Skin Penetration → Absorption 
into Bloodstream → Distribution to Organs 

• Brain: Neurological Impairment (Lead, Mercury) [1], 
[2]. 

• Kidney: Nephrotoxicity (Cadmium, Lead) [8], [14]. 
• Liver: Hepatotoxicity (PAHs, Azo Dyes) [17], [23]. 
• Skin: Allergic Reactions, Granulomas, 

Photosensitivity [12], [19]. 
• Microbial Entry: Local/Systemic Infections [13], [15]. 

5. Discussion 
 Findings confirm that tattoo inks frequently contain 
hazardous substances. Heavy metals such as lead and cadmium 
contribute to systemic toxicity and carcinogenesis [1], [2], [8], 
[14]. Azo dyes degrade into carcinogenic compounds under UV 
exposure [7], [10], [25]. PAHs in black inks exacerbate 
mutagenic risks [17], [23]. Dermatological complications, 
including allergic dermatitis, granulomas, and photosensitivity, 
remain prevalent [12], [19], [20]. Microbial contamination 
further increases risks of localized and systemic infections 
[13,15]. Regulatory gaps in both the United States and 
European Union leave consumers vulnerable, underscoring the 
need for enforceable safety standards [5], [16], [34]. 

6. Conclusion 
 Tattoo inks pose significant toxicological and infectious risks 
due to their chemical composition and inadequate regulation. 
Heavy metals, azo dyes, and PAHs contribute to chronic 
toxicity, carcinogenesis, and dermatological complications, 
while microbial contamination exacerbates health hazards. The 
absence of stringent regulatory frameworks perpetuates 
consumer vulnerability. Forensic medicine and toxicology must 
advocate for robust safety standards, long-term epidemiological 
studies, and public awareness initiatives to mitigate risks. 
Tattoo inks frequently contain toxic heavy metals, azo dyes, and 
PAHs. UV exposure accelerates pigment degradation into 
carcinogenic compounds. Microbial contamination contributes 
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to localized and systemic infections. Regulatory frameworks 
remain inadequate worldwide. Forensic relevance: ink analysis 
aids medico-legal investigations. Tattoo ink chemicals 
penetrate the skin, enter the bloodstream, and distribute to 
organs, causing toxic effects such as carcinogenesis, allergic 
reactions, and infections. 
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