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Abstract

Purpose: To determine whether chromium, cadmium, and lead levels in human Fingernails reflected the exposure to workplace contam-
ination in tanneries.

Approach: 49 exposed tanning workers and 33 controls were monitored for fingernail levels of chromium, cadmium, and lead by graph-
ite furnace and hydride atomic absorption spectroscopy.

Results: The mean levels of fingernail chromium, cadmium, and lead in the exposed workers were significantly higher than those in the
controls. In regression models for the tannery workers, the significant risk factor that affected the fingernail chromium, Cadmium, and
lead level were occupational exposure, respectively. Current smoker it showed a significant change in trend of increased fingernail cad-
mium levels.

Conclusion: These findings indicate that chromium, cadmium, and lead absorbed from. Leather tanning compounds result in raised lev-
els of chromium, cadmium, and lead in fingernails and that improvement of the industrial health should be more practiced in the tanner-

ies in Taiwan.
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1. Introduction

Leather tanning is a traditional and polluted industry. Leather
manufacturing consists of four steps: pre-tanning and tanning, wet
finishing, dry finishing, and packing (Gupta 1990). Heavy metals,
including Cr, Cd, and Pb are generally used in the tanning and
dyeing procedures that are known not essential for plants or ani-
mals and can be toxic to both (Haroun et al. 2007). For the reason,
tannery workers may thus be exposed to undue amounts of these
metals.

Biological monitoring of Cr levels by analysis of hair, blood, and
urine in tannery workers had been documented (Saner et al. 1984,
Randall & Gibson 1987, Randall & Gibson 1989). The use of
fingernails to monitor industrial exposure to Cr, Cd, and Pb is well
invested in many sectors and environments (Sukumar & Subra-
manian 1992, Sukumar & Subramanian 1992, Mehra & Juneja
2005, Sukumar & Subramanian 2007). Nevertheless, the levels of
fingernail Cr, Cd, and Pb in tannery workers are still not known.
Human nails as well as hair are non-invasive and biological sam-
ples for monitoring body burden of elements (Hopps 1976, Suku-
mar & Subramanian 2007)... The fingernail's Cr, Cd, and Pb levels
of tannery workers were determined in an attempt to establish
whether they may reflect workplace contamination in tanneries.

2. Methods

2.1. Study subjects

We studied subjects from three tanneries in southern Taiwan. The
study population consisted of 49 tannery workers. They were clas-
sified into three exposure categories based on their operational
department, chemical use, and references (Saner et al. 1984, Ory
et al. 1997): 1) 16 pre-tanning and tanning; 2) 18 wet finishing and
dry finishing, and 3) 15 supervisor, plant services, and guards. The
controls consisted of 33 persons who were not employed in indus-
trial sectors. Each participant included in the study population
completed a questionnaire, including information about age, ciga-
rette smoking, working years, job histories, and operational de-
partment. The study subjects and controls had no overt signs of
clinical disease. The study was approved by the Institutional Re-
view Board of Kaohsiung Medical University. All participants
were informed and signed consent forms.

2.2. Biological monitoring

Fingernails were scraped with clean stainless-steel clippers. A total
of 3 grams of fingernails was sealed in the plastic cover till it was
washed. All the fingernail clippings were stored in polyethylene
tubes before washing. The samples were washed with nonionic
detergent (Triton X-100) following a standardized washing proce-
dure (Gammelgaard et al. 1991). The fingernails were soaked in
acetone three times to remove external contamination and then
rinsing them one time with deionized water, dried in an oven and
stored in a desiccator (Sukumar & Subramanian 2007).

Microwave dissolution technique was used to digest fingernail
samples by a Model-MDS-2000 CEM remote microwave system
(CEM, Matthews, NC). A fingernail sample (100 mg) and 10 ml
of the Bi-acid solution (three ml 65 % HNO3 + 1 ml 30 % H202)
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were transferred into a 80-ml pressure-resistant polytetrafluoro-
ethylene bottle. The sample was digested by seven steps to remove
the interfering matrix (S1: 10 W, 5 minutes; S2: 0 W, 30 minutes;
S3: 25 W, 15 minutes; S4: 40 W, 20 minutes; S5: 50 W, 10
minutes; S6: 10 W, 5 minutes; S7: 60 W, 15 minutes). Digested
solution was evaporated completely to remove excess acid and
then diluted with deionized water to 10 ml for metal analysis. The
levels of the metals were assayed by using GBC AAS model 906
plus with graphite 3000 after microwave dissolution. The optimal
experimental conditions are given in Table 1.

Table 1: Graphite Furnace Parameters of Cr, Cd, and Pb

Parameter Cr Cd Pb
Wavelength (nm) 357.9 228.8 283.3
Lamp current (mA) 6.0 3.0 5.0
Slit Width (nm) 0.2 0.5 05
Argon flow (L/min) 34 34 4.2
Drying temperature (0C) 120 120 120
Ashing temperature (0C) 1100 300 400
Atomization temperature (0C) 2300 1700 1900
Clean temperature (0C) 2600 2200 2400

workers and the controls in fingernail Cr levels, between wet,
finishing and dry finishing workers and the controls in Fingernail
Cr, Cd, and Pb levels, and between a group of supervisor, plant
services, and guards and the controls in fingernail Cr levels. Fin-
gernail Cr levels in the pre-tanning and tanning workers were also
significantly higher than those in the wet, finishing and dry finish-
ing workers, and in the supervisor, plant services, and guards.
Fingernail Cd levels in the wet, finishing and dry finishing work-
ers were also significantly higher than those in the pre-tanning and
tanning workers and in the supervisor, plant services, and guards.
Mean of working years (12.53 + 6.47) in the supervisor, plant
services was significantly lower than those in the pre-tanning and
tanning workers, and in the wet, finishing and dry finishing work-
ers, respectively. There was no significant difference of levels of
fingernail Pb among the exposed subgroups.

Table 3: The Demographic, And Levels of Metals in Human’s Fingernails
among the Exposed Workers (N= 49) and the Controls (N= 33).

Group Pre-tanning and Wet finishing and supervisor, plant Total controls

All reagents used were purchased from Merk (Germany) and were
of Suprapur grade. To establish the validity of our results, we used
the Trace Metals 7878 APG Setpoint TM QC Standard (Analytical
Products Group, Belpre, OH, USA) as a reference. Table 2 shows
the accuracy and precision of the Cr, Cd, and Pb analysis.

Table 2: Accuracy and Precision of the Trace Metals 7879 Standard Anal-
ysis (Mg/DlI).

Cr Cd Pb
Certified value 68.8£6.2 130.4+118 80.0+55
Measure value (N=3) 66.7+7.3 1354+109 77.6+4.8
Accuracy (%) -1.60 3.83 -3.00
Precision (%) Within-run
(N=10) 6.84 5.14 4.33
Day- to- day (N=10) 10.94 6.19 8.05

tanning dry finishing  services, and guards
Number 16 18 15 49 33
Male 6 8 8 22 17
Smoker 5 7 1 14 9
Working

years 24.06 +12.55 92039+ 10.63 | 1253 +6.47 1918+ 11.12

Age 49.06 12,55 43.00 +10.87 3553 +10.29 42.82+12.24* 37.45 9.75
Years p bf

Fingernail 4.83 + 2.5 "% 134 +04 "' 116 +0.2° 2.42 +2.2%0.82 +0.2
Crug/e (1.66,826) (051, 1.86) (0.78, 1.52) (0.5, 8.26) (0.36, 1.24)

Fingernail 1.32 +0.39 1.87 £ 0.59 " 1.28+0.4 1.51 + 0.54* 1.16 % 0.4
Cdpg/g (0.53,1.83) (0.66,3.24) (0.66,1.83) (0.53,3.24) (0.54,1.90)
Fingernail 11.28 + 3.6 13.12 + 3.63 ~ 12.15+ 4.6 12.22 + 3.93* 9.33 £ 4.6
Pbug/g (6019.0) (68,90)  (6.6,20.2) (6.0,20.2) (3.3,20.1)

2.3. Statistical Methods

All results were presented as the value of mean £ SD. When two
groups were compared, the Student’s t test (normalized transfor-
mation) or Chi-square test was employed. The one-way analysis of
variance test (ANOVA) and post-hoc statistic were used to com-
pare the significant differences of metal levels in fingernails
among the three operational departments, and the controls. The
Pearson’s correlation between each of measured Cr, Cd, and Pb
levels in the various groups was calculated. The data were sub-
jected to multiple linear regression models to examine the net
effects and dose-response relation between exposure situation and
fingernail metal concentrations. The limit of significance was set
up at p<0.05. All analyses were performed with the SPSS program
(SPSS Inc., Chicago, IL) for Windows.

3. Results

3.1. Distribution of demographic characteristic, and
exposure biomarkers among the study subjects

The demographic, and levels of metals in human’s fingernails are
showed in table 3.

There were a significantly lower proportion of current smokers in
the group of supervisor, plant services, and guards than in the pre-
tanning and tanning workers, in wet, finishing and dry finishing
workers, and in the controls. The mean age (42.82 + 12.24 years),
levels of fingernail Cr (2.42 + 2.22 pg/g), Cd (1.51 + 0.54 pg/g),
and Pb (12.22 + 3.93 pg/g) were significantly higher in the occu-
pationally total exposed workers than in the controls. Using the
one-way analysis of variance test and post post-hoc statistics, sig-
nificant differences were found between pre-tanning and tanning

*P < 0.05 total exposed workers vs. controls; aF—‘ < 0.05 pre-tanning and
tanning vs. controls; bP < 0.05 wet finishing and dry finishing vs. controls;
CP < 0.05 supervisor, plant service, and guards vs. controls; dP < 0.05 pre-
tanning and tanning vs. supervisor, plant service, and guards; eP < 0.05

f
pre-tanning and tanning vs. wet finishing and dry finishing; P < 0.05 wet

finishing and dry finishing vs. supervisor, plant service, and guards.
3.2. Relationship of fingernail Cr, Cd, and Pb

Fingernail Cd levels were positively correlated (p < 0.05) with the
fingernail Pb in the total subjects, in the total exposed group, and
in the wet, finishing and dry finishing workers, respectively (table
4). There were no correlation between fingernail Cr and Cd, and
Pb in the total subjects, in the total exposed group, and in the ex-
posed subgroups, respectively.

Table 4: The Pearson’s Correlation Coefficient between Fingernail Cr, Cd,
and Pb Levels

Crvs. Crvs. Cd vs.
Group (numbers) Cd Pb Pb
Total (82) -0.04 0.13 0.42*
Exposed workers (42) -0.26 -0.06 0.44*
Pre-tanning and tanning (16) -0.33 0.25 0.08
Wet finishing and dry finishing (18) -0.00 -0.36 0.65*
?;gervnsor, plant services, and guards 027 0.18 0.40
Controls (33) 0.18 0.24 0.22
*P < 0.05

3.3. Dose-response relation between biomarkers and
risk factors

In stepwise regression models (table 5); we first used the controls
as an external comparison group to examine fingernail Cr, Cd, and
Pb levels. The regression coefficient (S ) of exposure situation
was 0.37 (p <0.05) in fingernail Cr levels, 0.37 (p < 0.05) in fin-
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gernail Cd levels, and 0.32 (p < 0.05) in fingernail Pb levels, and
the Regression coefficient ( £ ) of the current smokers was 0.35 in
fingernail Cd levels.

Table 5: Predictors of the Fingernail Cr, Cd, and Pb Levels by Multiple
Regressions in the Total Population and Among Tannery Workers.

Cr 5 Cd 5 Pb 5
Variables B pvalue r B pvalue r B pvalue r

EvsC(C=0) 0.37 0.00 0.20* 0.37 0.00 0.17* 0.32 0.00 0.11*
Current smoker (no = 0) 0.35 0.01
P&T vs. C (C=0) 0.830.00 0.62*

0.630.00 0.45* 0.53 0.00 0.42* 0.33 0.03 0.12*

Finishing vs.
C(C=0)
Current smoker (no = 0) 0.45 0.01 0.40%
Services vs. 0.620.00 0.30* -- -- - -
C(C=0)

P&T vs. Service 0.770.00 0.47* - -- = =
Finishing vs. Service -- -- 0.45 0.04 0.26* -- --
P&T vs. Finishing 0.73 0.00 0.46* -0.45 0.00 0.32* -- -

E: Occupational exposure. C: controls. P&T: Pre-tanning and tanning.
Finishing: Wet finishing and dry finishing. Service: Supervisor, plant ser-
vices, and guards. *p value < 0.05: significant difference, all data had been
normalized. All models were adjusted for age, sex, and working years.

However age and sex did not significantly affect the fingernail Cr,
Cd, and Pb in the two comparison groups. We finally used the
controls as an internal comparison group. The pre-tanning and
tanning workers had fingernail Cr levels that were higher

By 82.6% (p < 0.05) than those in the controls. The wet finishing
and dry finishing workers had fingernail Cr, Cd, and Pb levels that
were higher by 63.4 %, 53.0 %, and 33.0% (all p < 0.05) than
those in the controls. Furthermore, the regression of coefficient
(B) of current smoker was 0.45 (p < 0.05) in fingernail Cd levels.
The Supervisor, plant services, and guards had fingernail Cr levels
that were higher by 62.1. % (p < 0.05) than those in the controls.
Occupational exposure was the most common risk factor correlat-
ed with fingernail Cr, Cd, and Pb, respectively. The smoking status
was another risk factor that correlated with fingernail Cd levels
significantly (p < 0.05).

4. Discussion

The study showed an elevated fingernail Cr, Cd, and Pb levels in
tannery workers.

When compared with the controls. A post-hoc analysis showed
that pre-tanning and tanning workers, wet finishing and dry finish-
ing workers, and supervisor, plant services, and guards had signif-
icantly higher mean fingernail Cr levels than the controls. The wet
finishing and dry finishing workers had higher mean fingernail Cd
levels than the controls. These results suggest that heavy exposure
to Cr, Cd, and Pb metals may affect human fingernail Cr, Cd, and
Pb levels in leather manufacturing.

The process of tanning consists of the transformation of animal
skin to leather. The obtained hide is heavily treated with Cr com-
pound in the tanning department, then dyeing with Cr, Cd and Pb
salts to obtain leather in the wet and dry finishing department.
These metals were also found as contamination in tannery sludge
(Haroun. et al. 2007, Tariq et al. 2006). The pre-tanning and tan-
ning workers had significantly higher fingernail Cr levels than the
wet finishing and dry finishing workers, and group of supervisor,
plant services, and guards. The wet finishing and dry finishing
workers had significantly higher fingernail Cd than the pre-
tanning and tanning workers, and group of supervisor, plant ser-
vices, and guards. These results reflect that use of leather Tanning
and dying compounds could reflect in raised levels of Cr, Cd, and
Pb in fingernails and that fingernails may be used as a monitor of
occupational exposure to metals in tannery.

In multiple regression models, occupational exposure was the
most risk factor correlated with increased fingernail Cr, Cd, and
Pb levels. Current smoker as another risk factor was also correlat-
ed with increased fingernail Cd levels in the study subjects.

Some studies suggested that cadmium levels observed high in
fingernails were related to tobacco smoking (Sukumar & Subra-
manian 1992, Sukumar & Subramanian 2007).

Their common suggestion is in agreement with our results. Age,
and sex were not found influencing levels of metals in the finger-
nails. Similar observation has been made. For the studies of
Sukumar & Subramanian, and Hayashi et al (Sukumar & Subra-
manian 1992. Hayashi et al. 1993). Length of employment might
reflect the accumulated levels of biological exposure markers.
However, fingernail Cr, Cd, and Pb levels were not correlated with
working years in our studies. It implied that fingernail levels may
be similar to serum or urine as a biomarker of current metals ex-
posure, and the mechanism of length of employment on fingernail
metal should be further investigated.

There were very limited exposure studies that conducted with the
levels of Cr, Cd, and Pb in the fingernails of normal humans. Fin-
gernail Cr levels in the controls was between 0.36 pg/g and 1.24
ng/g, with a mean value of 0.82 + 0.24 ug/g. This result is in good
agreement with the values (0.9 pg/g) reported by Kasperek et al
(Kasperek et al. 1984), and Sukumar and Subramanian (0.9+ 0.1
ug/g) (Sukumar & Subramanian 1992). Fingernail Cd levels in the
controls was between 0.54 pg/g and 1.90ug/g, with a mean value
of 1.16 + 0.38 ug/g. This result is in good agreement with the
values (1.1+ 0.2 ) reported by Sukumar and Subramanian
(Sukumar & Subramanian 1992), and Nowak and Chmielnicka
(1.2+ 1.3 pg/g) (Nowak & Chmielnicka 2000).

Fingernail Pb levels in the controls was between 3.33 pg/g and
20.09 pg/g, with a mean value of 9.33 + 4.59 ng/g. This result is in
good agreement with the values (9.0+ 1.0 pg/g) reported by
Sukumar and Subramanian (Sukumar & Subramanian 1992), and
Wilhelm et al (8.5 pg/g) (Wilhelm et al. 1991).The mean level of
fingernail Cr (1.16 + 0.02ug/g) was significantly higher in the
group of supervisor, plant services, and guards than in the controls,
as well as their fingernail Cr levels were higher by 62.1 % (p <
0.05) than those in the controls. Ory et al suggested that non-
tanning workers, such as packers, and plants services often had
chemicals of exposures as they move from one section to the other
during their daily work (Ory et al. 1997). Based on the above re-
sults, we suggest that improvement of the workplace through ade-
quate ventilation should be more practiced in the tannery.

The limitation of this study is its cross-sectional design. Because
the biological limit value of fingernail Cr, Cd, and Pb are not well
known, more work will be warranted to clarify the relationship of
metals exposure and health effects.
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