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Abstract
The literature has a paucity of knowledge on the exposure and effect estimates of chromeplaters
in India. In an exploratory endeavour on chromium (Cr) exposure risk assessment, blood and
urinary Cr levels plus the DNA�/protein crosslink content were analysed in peripheral blood
lymphocytes of chromeplaters (n�/24). A cross-sectional study design was selected. Non-
chromeplaters (n�/35) were taken as the matching control. The results show that levels of blood
and urinary Cr were greater in chromeplaters. A significant increase in DNA�/protein crosslink
coefficients of peripheral blood lymphocytes and urinary Cr levels was observed. The results
demonstrate higher exposure estimates in chromeplaters and reveal exposure to a biologically
effective dose of the toxic metal. The study also validated the employed biomarkers for Cr
exposure risk assessment.
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Introduction

Hexavalent chromium (Cr6�) compounds are occupational carcinogens (Interna-

tional Agency for Research on Cancer 1990). Chromic acid mist (a Cr6� compound)

is generated at chromeplating workstations raising the exposure risk of workers to the

carcinogen. A substantial population of chromeplaters thus is exposed to Cr

chronically and consequently faces a risk of Cr-specific health hazards. Dermatitis,

ulcer formation, nasal septum perforation, inflammation, and carcinoma of the larynx

and lung parenchyma and paranasal sinuses, etc. are the health hazards of exposure to

Cr (Walsh 1953, Browning 1969, Royle 1975, Langardt 1990). According to a

conservative estimate, approximately 1 million subjects are engaged in chromeplating

occupation in India. However, their exposure and health effect estimates are rarely

reported (Danadevi et al. 2004).

In the literature, the analyses of urinary/blood Cr levels and the content of DNA�/

protein crosslinks (DPCs) in peripheral blood lymphocytes (PBL) have been

employed as Cr exposure markers (Coogan et al. 1991, Gao et al. 1993, Zhitkovich

et al. 1998). In blood, both erythrocytes and lymphocytes are capable of accumulating

Cr. Nevertheless, plasma levels of Cr are also reported (Angerer et al. 1987). This is
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for the reason of Cr6� metabolism in blood cells as well as in plasma (Korrallus et al.

1984). The Cr levels in lymphocytes exclusively does not serve as a good exposure

marker. Unlike red blood cells, these lack the active transport characteristics

(Lukanova et al. 1996). Lymphocytes are nucleated cells and can accumulate Cr.

Hence, PBL serve as a surrogate tissue to study cumulative DNA damage, i.e. DPC

formation. Cellular DPCs are biologically active nucleoprotein complexes and the

validated biomarker for Cr exposure assessments. DPCs are induced following

exposure to only a select number of carcinogens, i.e. ultraviolet light radiation,

formaldehyde, nickel, Cr, alkylating agents and platinum compounds. Induction is

described both in experimental systems as well as in humans (Tsapakos et al. 1983,

Wedrychowski et al. 1985, Langardt 1990, Taioli et al. 1995). Cr compounds, of both

3� and 6� oxidation states, induce DPC formation in human blood cells (Medeiros

et al. 2003).

The present study reports urinary/blood Cr levels and the contents of DPC in PBL.

Cr levels in urine and blood samples imply the internal exposure estimates. DPC

contents in PBL denote the biological-effect estimates. The study was conducted in a

chromeplating unit in an industry where adequate environmental safety arrangements

were already in place. The work environment was well ventilated and equipped with

proper exhaust fans.

Materials and methods

Histopaque-1077, 3,4-diamino benzoic acid, Standard Reference Material for Cr and

proteinase K were obtained from M/S Sigma Aldrich (Bangalore, India). The other

chemicals were of analytical grade and procured from Merck, Qualigens, Sarabhai

Chemicals, India.

Study population and design

A small group of chromeplaters (n�/24) and the suitable control (non-chromeplaters,

n�/35) participated in the study. The control group consisted of subjects of similar

age, sex, body mass index and socio-economic status, but who did not work in the

chromeplating units in the recent past. Occasional exposure to the trivalent form of Cr

in the distant past was, however, recorded in sporadic incidences. Informed consent

was obtained from each person. A cross-sectional study design was used. A medical

doctor examined the study population for clinical abnormalities using a structured

questionnaire, which included the demographic details on their current health status,

work-related health complaints, smoking/alcohol consumption history, their present

and past occupational history of exposure to Cr6� compounds, etc. Consumption of

vitamins or antioxidants in the immediate past was also recorded.

Venous blood samples were collected in heparinized tubes and spot urine samples in

sterile plastic containers. Samples were transported to the laboratory under chilled

conditions. Lymphocytes were isolated on Histopaque-1077 within 3�/5 h after

collection.

Occupational exposure zones and exposure situations

The chromeplating work was conducted manually in a rectangular large room (17

length�/17 width�/10 m height). It was at an isolated location and distant from other
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units in the studied industry. Chromeplating workers remained in the same hall during

working hours irrespective of their involvement in the activity. This was usually due to

adverse climatic conditions such as extreme cold/hot/rainy weather as well as to

occasional staying-in offhandedly during recess periods. While chromeplating, the

workers put objects into the bath manually and took them out just merely avoiding

touching the chromeplating solution in the bath.

Cr analysis

Urinary and blood Cr analysis was done by a direct dilution method. An atomic

absorption spectrophotometer equipped with an HGA 400 graphite furnace (Perkin-

Elmer model 4000) was used for Cr estimations. The samples were diluted with 0.1%

Triton X-100 and 1% HNO3 (Schermaier et al. 1985) and analysed directly. Samples

were spiked occasionally for per cent recovery analysis, which was 80%. The results

were corrected accordingly. A solution of Cr standard reference material (1000 ppm

as chromic nitrate) was used for calibration and analysis after dilution to 5�/20 ppb.

DNA�/protein crosslink assay

Lymphocytes (about 1 million) were de-proteinized in 1% SDS-10 mM Tris-HCl

pH 7.5 and stored frozen at �/208C until analysis. DPC were extracted using SDS and

potassium salt (Browning 1969, Zhitkovich & Costa 1992). Protein-bound DNA was

measured fluorimetrically after protein digestion with proteinase K and the values

expressed as DPC content and DPC coefficient. DPC content was expressed as the

SDS-precipitable (protein-bound) DNA per million cells; the DPC coefficient as the

ratio of SDS-precipitable (protein-bound) DNA to total DNA (protein free).

Statistical analysis

Statistical analysis was done using non-parametric Mann�/Whitney rank sum test to

evaluate the significance of change in different parameters in the control and exposed

populations.

Results

The mean age of chromeplaters (n�/24) was 44.299/8.16 years (range 25�/56 years)

and that of the non-chromeplaters (n�/35) was 32.289/9.97 years (range 19�/70

years). The mean duration of exposure to Cr in chromeplaters was 14.549/8.59 years

(range 3�/27 years). The same in non-chromeplaters was 1.169/0.37 years (range 1�/2

years) due to occasional working with the trivalent form of Cr in the distant past. A

substantial population of chromeplaters (30%) were smokers as against the insignif-

icant number (3%) of non-chromeplaters. No correlation was found between smoking

and exposure estimates.

Among chromeplaters, approximately 40% (n�/8) of the population revealed

clinical symptoms. A group of six subjects (25%) reported redness in conjunctiva with

prominent bulbar vessels. Two subjects (8.3%) reported congestion of nasal mucosa.

Nearly 10% (n�/3) of chromeplaters reported dermatological ailments such as rashes

and papule along with complaints of itching/burning sensation. None of the studied

population, however, gave a history of a secondary job with a possibility of exposure to
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Cr or antioxidant therapy in the immediate past. The workload of the chromeplaters

was comparatively light. No clinical symptoms were found in non-chromeplating

subjects.

The results of urinary/blood Cr analyses and levels of DPC and DPC coefficients

are summarized in Table I. The chromeplating subjects revealed higher mean urinary

Cr level than the non-chromeplaters. The change was significant (p�/0.001). The

range of urinary Cr levels in chromeplaters was also greater compared with the

corresponding control. Mean blood Cr levels in the chromeplaters showed a similar

trend. However, the change was non-significant (p B/0.103).

The mean DPC content and coefficients were greater in the Cr-exposed population

than in the corresponding control. The range of values also showed a similar pattern in

both parameters. The change in DPC coefficients was highly significant.

Discussion

The results are comparable with those reported in the literature (Imbus et al. 1963,

Angerer et al. 1987, Pierce & Cholak 1996, Merzenich et al. 2001).

The blood/urinary Cr levels provided the internal exposure estimates of Indian

chromeplaters. The marker levels were greater in Cr handlers. Higher exposure

estimates confirmed exposure to Cr. The marker levels represented the total exposure

to Cr including the dietary, dermal and inhalation routes of exposure.

A higher concentration of the exposure marker DPC in chromeplaters was evident

from the analysis of the DPC coefficient. The data suggested exposure of workers to

biologically effective doses of Cr. This marker is specific to Cr exposure and could be a

function of Cr-induced oxidative stress (Taioli et al. 1995). The physiological

significance of this type of DNA damage in Cr toxicity is not well understood.

However, the biochemical change may be linked to the loss of genetic information

during DNA replication and transcription, which may inactivate certain genes and

Table I. Chromium exposure and effect estimates.

Parameters Non-chromeplaters Chromeplaters Mann�/Whitney U -test (p )

Urinary Cr (ppb):

Mean9/SD (n ) 1.839/0.66 (n�/11) 4.859/2.34* (n�/18)

Range 0.8�/3.08 1.46�/9.84

Rank sum 88 318 22.00* (p�/0.001)

Blood Cr (ppb):

Mean9/SD (n ) 1.939/0.34 (n�/24) 2.329/0.70 (n�/15)

Range 0.9�/2.48 1.26�/3.67

Rank sum 423.5 356.5 123.5 (p�/0.103)

DPC content (mg DNA/million cells):

Mean9/SD (n ) 0.889/0.85 (n�/25) 1.959/1.82 (n�/17)

Range 0.05�/3 0.02�/8.33

Rank sum 527 419 149 (p�/0.092)

DPC coefficient:

Mean9/SD (n ) 0.039/0.01 (n�/25) 0.109/0.08* (n�/17)

Range 0.001�/0.125 0.02�/0.36

Rank sum 362 458 62* (p B/0.001)

*Significant.

Exposure estimates of chromeplaters in India 255

B
io

m
ar

ke
rs

 D
ow

nl
oa

de
d 

fr
om

 in
fo

rm
ah

ea
lth

ca
re

.c
om

 b
y 

H
ac

et
te

pe
 U

ni
v.

 o
n 

11
/1

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



upset their expression pattern otherwise vital for cell differentiation and growth

(Zhitkovich et al. 1992). In human studies, DPC values are not affected by weight,

age, race, gender or smoking among both control and exposed population (Popp et al.

1991, Costa et al. 1993, Taioli et al. 1995).

The clinical observations in the studied subjects showed a weak association with the

respective exposure estimates. A weak association could possibly be due to small

sample size or the result of other confounding factors, e.g. less workload and

occupational environment levels of Cr, life style and living conditions. In our study,

smoking was not a contributing factor for the higher exposure estimates in

chromeplaters.

Similar studies with a relatively large sample size are needed to confirm these

observations. Further investigations are also needed to evaluate the role of other

contributory factors (e.g. ambient air Cr levels, dietary habits and improper nutrition)

in clinical presentations of chromeplaters especially against the backdrop of their

social, ethnic or economic diversity.
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