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【Background】 

Since tannery workers in developing countries are chronically exposed to high levels of 

chromium (Cr), there are serious concerns about health problems. However, there has been 

limited study in which Cr levels were measured in tannery workers, who are chronically 

exposed to Cr. Moreover, there is no useful diagnostic marker for early detection of Cr-

mediated diseases. 

 

【Objective】 

Our aim was to develop a useful diagnostic marker for early detection of diseases caused 

by excessive exposure to Cr. The goal of this study was to focus on effect of Cr level in 

skin appendage samples (hair and toenails) on hyperpigmented skin (L*-values) of face 

and feet in tannery workers who were chronically exposed to high level of Cr in tannery 

and non-tannery workers (office workers) who were never exposed to Cr.  

 

【Methods】 

This epidemiological study was approved by Nagoya University International Bioethics 

Committee following the regulations of the Japanese government and the Faculty of 

Biological Science, University of Dhaka. A comparative cross-sectional study was 

conducted in randomly selected 100 male tannery workers aged from 19 to 65 years (mean 

± SD age: 36.77 ± 11.58 years) who worked in tanneries in Hazaribagh, Dhaka City and in 

49 male non-tannery workers aged from 20 to 70 years (mean ± SD age: 35.49 ± 10.37 

years) who were mainly office workers in Kaliganj, Gazipur City in Bangladesh (Table 1). 

Hair and toenail samples were collected from all of the participants after obtaining 

informed written consent. Then, this study investigated the correlation between skin 

pigmentation level digitally evaluated as L*-value by a reflectance spectrophotometer and 

Cr levels in skin appendages (hair and toenails) by Inductively coupled plasma mass 

spectrometry (ICP-MS) in all participants. The statistical software JMP Pro v. 11.0.0 was 

used to analyze the data.  

 

【Results】 

Our preliminary inspection found hyperpigmented skin in tannery workers (Fig. 1). 

Digitalized skin pigmentation levels of the face and feet in addition to Cr levels in hair and 

toenails in tannery workers were significantly higher than those in non-tannery workers in 

our univariate analysis (Fig. 2 and Fig. 3). Spearman's rank correlation coefficient analysis 

showed significant correlation between duration of tannery work (years) and Cr levels in 

hair (r=0.62) and toenails (r=0.61) (Fig. 4). Our multivariate analysis also showed that Cr 

levels in hair and toenails were significantly correlated with digitalized skin pigmentation 

levels of the face and feet in addition to duration of tannery work in all participants (Table 
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2). Moreover, McFadden’s pseudo R2 analysis showed that the relative contribution (%) of 

Cr level in hair or toenails to skin pigmented levels of the face and feet was higher than 

the contribution of Arsenic (As) level in different situations (Table 3). 

 

【Discussion】 

We showed Cr levels in both hair and toenails of tannery workers. Cr levels in hair and 

toenail samples of 100 male tannery workers were ≥20-fold and ≥360-fold higher, 

respectively, than those in hair and toenail samples of 49 male non-tannery workers. 

Moreover, there were significant correlations between Cr levels in hair and toenails and 

the duration of tannery work (years). Thus, our results provide direct evidence of exposure 

to a high level of Cr in tannery workers.  

The participants in this study were all males, a condition that is suitable for analysis of 

skin pigmentation because the constitutive levels of skin pigmentation are different in 

males and females. Our univariate and multivariate analyses both showed that skin 

pigmentation levels of the faces and feet were correlated with duration of tannery work as 

were Cr levels of hair and toenail. Our results suggest that chronic exposure to a high level 

of Cr results in the development of hyperpigmented skin in male tannery workers. Our 

results indicated that chronic exposure to Cr increased levels of skin pigmentation of an 

area not exposed to sunlight (foot) as well as a sunlight-exposed area (face) in workers of 

tanneries that have roofs for protection against direct sunlight. In multivariate analysis 

including duration of working under sunlight in a day as a confounding factor, significant 

correlations between skin pigmentation levels of both the faces and feet and Cr levels in 

hair and toenails were maintained. Multivariate analysis of McFadden’s Pseudo R2 values 

was carried out to determine the relative contributions (%) of Cr levels in hair and toenails 

and other confounding factors to face and foot pigmentation levels. Taken together the 

results of our univariate and multivariate analyses suggest that Cr levels in hair and toenails 

might generally be the greatest contributors to skin pigmentation in tannery workers. Since 

Cr-mediated skin hyperpigmentation levels could be objectively diagnosed with high 

reliability without special skill and knowledge, our results suggest that the digitalized level 

of hyperpigmentation can contribute to early detection and prevention of diseases caused 

by excessive exposure to Cr. 

The reason why Cr exposure results in the development of skin hyperpigmentation of 

the faces and feet in tannery workers remains unclear. Our previous studies showed that 

endothelin-1 might be one of key molecules for the development of As-mediated skin 

hyperpigmentation. Further study is needed to determine whether the molecular 

mechanism of skin hyperpigmentation induced by Cr is similar to that induced by As.  
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【Conclusion】 

A high level of Cr in both hair and toenails provided the direct evidence of chronic Cr 

poisoning in tannery workers through occupational exposure. Our results showed the 

development of hyperpigmented skin in tannery workers. Our results also suggested that 

hyperpigmented skin could be a useful diagnostic marker for chronic exposure to Cr. 

Furthermore, cutaneous L* value might be a convenient marker for detection of chronic 

Cr poisoning, since the digitalized values enable objective evaluation of skin pigmented 

levels by general people as well as dermatologists. 
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