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Abstract
[bookmark: _GoBack]Little research has been done on the relationships between chromium exposure, skin barrier function, and other hygienic habits in cement workers. Our purpose was to investigate skin barrier disruption with chromium of cement exposure among cement workers. One hundred and eight cement workers were recruited in this study. Urinary chromium concentration was used to characterize exposure levels. The biological exposure index was used to separate high and low chromium exposure. Transepidermal water loss (TEWL) was used to assess the skin barrier function. TEWL was significantly increased in workers with high chromium exposure levels than those with low chromium exposure levels (p = .048). A positive correlation was also found between urinary chromium concentration and TEWL (R = 0.28, p = .004). After adjusting for smoking status and glove use, a significant correlation between urinary chromium concentrations and TEWL remained. Moreover, workers who smoked and had a high chromium exposure had significantly increased TEWL compared to non-smokers with low chromium exposure (p = .01). Skin barrier function of cement workers may have been disrupted by chromium in cement, and smoking might significantly enhance such skin barrier perturbation with chromium exposure. Decreased chromium skin exposure and smoking cessation should be encouraged at work.
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Introduction
The skin maintains thermal and water homeostasis as well as the normal physiological condition in human bodies (Chuong et al., 2002). Skin acts as a barrier to protect against environmental hazards (Roberts and Walters, 1998). The barrier function of the skin is the most important defense against physical, chemical, and microbial attacks (Elias, 2005). Previous studies have associated altered skin barrier function with the potential to absorb chemicals through the skin (Pflucker et al., 2001; Rubio et al., 2011; Hui et al., 2012). Another study found that increased transepidermal water loss (TEWL), an index of skin barrier function, was associated with increased skin permeability and absorption of chemicals directly applied to human skin (Machado et al., 2010; Rubio et al., 2011). In occupational settings, maintenance of normal barrier function is important due to direct contact of various hazards with the skin that might induce skin disease or result in skin absorption of chemicals. 

Owing to strong alkalinity of and high hexavalent chromium concentration in cement products, skin diseases including irritant and allergic contact dermatitis are common among cement and concrete workers (Bock et al., 2003). Hexavalent chromium is a well-known hazard that has been documented as a skin sensitizer (Stern et al., 1993). Furthermore, exposure of skin to aqueous chromium induces irritant contact dermatitis (Fowler et al., 1999). Previous studies have demonstrated that the total body burden of chromium was higher among cement workers with skin diseases who smoked (Chen et al., 2008), and that application of ferrous sulfate as an additive to cement could effectively decrease the total body burden of chromium, especially in workers with severe and continuous hand eczema (Chou et al., 2008). Both skin disease severity and skin barrier function may affect the absorption of chemicals through the dermal route (Chou et al., 2004a; Chou et al., 2004b). To our knowledge, no studies have documented the effects of chromium exposure and smoking on skin barrier function in cement workers. The purpose of this study was thus to investigate skin barrier disruption with chromium exposure and other hygienic habits among cement workers.

Materials and Methods
Subject recruitment 
One hundred and eight cement workers who routinely work in building construction in southern Taiwan were recruited as subjects of this study. All subjects were members of the Cement Workers’ Association of Tainan City and were enrolled as subjects in this study on a voluntary basis. An industrial hygienist conducted an in-person interview with each participant to collect information, with informed consent, regarding demographic characteristics, smoking habits, and alcohol consumption, hygienic habits (including glove use, hand washing, and after-work showering patterns), and past medical history. Subjects were current cement workers and, on average, had been working for 30 years. This study was approved by the review committee of the College of Medicine, National Cheng Kung University.

Chromium exposure measurement 
The biological exposure index (BEI) for chromium is 25.0 g/L in the urine of workers at the end of their work shift (ACGIH, 2005). We used the urinary chromium concentration to characterize the exposure level in cement workers. The urine of all subjects was spot-collected in pre-cleaned polyethylene plastic tubes after they had worked without interruption for at least 6 hours. Samples were immediately transported in a cool box to the laboratory and stored in a freezer at -20C. All samples were analyzed within 2 weeks of collection. All urine samples were labeled with code numbers so that the technicians performing analyses were blind to sample status. We used graphite furnace atomic absorption spectrophotometry (Varian AAS 220FS, Melbourne, Australia) to determine urinary chromium. The detection limit was 1.42 μg/L. Based on the urine analysis result, we divided all participants into two groups: urinary chromium concentration less than BEI as a low exposure group (n=63) and urinary chromium concentration higher than BEI as a high exposure group (n=45). These groups had similar demographic properties including age, employment years, gender, and smoking status (Table I).

TEWL measurement
We used an evaporimeter (Tewameter 210, Courage & Khazaka, Cologne, Germany) to measure TEWL, as in our previous studies (Tsai et al., 2001a; Tsai et al., 2001b). Before measurement, all subjects were instructed to sit still in a room with atmospheric temperature and relative humidity of 26.6 (1.1)℃ and 53.4 (11.6)%, respectively, and to maintain a physiologically calm condition for 30 minutes (Pinnagoda and Tupker, 1995). Moreover, TEWL measurement was performed on their day off and between 3:00 to 6:00 p.m. local time in order to avoid water loss due to evaporation during work and variations in the circadian rhythm (Yosipovitch et al., 1998). 

Data analysis
Non-parametric statistical methods, including the Mann-Whitney U test for two categorical variables (e.g., chromium exposure, gender, smoking, alcohol consumption, glove use, hand washing habits, and after-work showering) and the Kruskal-Wallis ANOVA test for three or more categorical variables (e.g., age), were used to analyze differences in demographic information and factors affecting TEWL measurement. General linear regression model (GLM) was then used to determine the relationship between TEWL and urinary chromium levels as well as independent variables found significant on univariate analyses. Statistica Software version 8.0 (StatSoft, Tulsa, OK, USA) was used for statistical analysis. Statistical significance was set at p < .05.

Results and Discussion
TEWL was significantly increased for cement workers with urinary chromium over BEI (median 14.1, range 7.8 - 30.8) compared to the workers with urinary chromium under BEI (median 12.3, range 4.8 - 25.8) (p = .048). Smoking and glove use were significantly correlated with TEWL measurements in cement workers (Table II). Smokers (median TEWL 14.1) had worse skin barrier function than non-smokers (median TEWL 12.3). In addition, increased urinary chromium concentrations were correlated with increased TEWL (correlation coefficient for chromium concentration and TEWL was 0.28 and p = .004, Figure 1). After adjusting for smoking status and glove use using the GLM model, the significant correlation between urinary chromium concentrations and TEWL still exist (correlation coefficient for chromium concentration and TEWL was 0.39 and p = .01). 

To analyze the effects of chromium exposure and smoking status on skin barrier function, we divided the subjects into four sub-groups: non-smokers with urinary chromium concentrations under BEI (non-smoker_L-Cr, n = 44), smokers with urinary chromium concentrations under BEI (smoker_L-Cr, n = 19), non-smokers with urinary chromium concentrations over BEI (non-smoker_H-Cr, n = 25), and smokers with urinary chromium concentrations over BEI (smoker_H-Cr, n = 20). Upon inter-sub-group comparison, we found that only group smoker_H-Cr had significantly increased TEWL compared to group nonsmoker_L-Cr (p = .01) (Figure 2).  

For cement and construction workers, various hazards are found in the work environment including heavy metals, particles, and volatile organic compounds (Avnstorp, 1992). Disruption of the barrier function of the skin could thus increase the risk of absorption of these chemicals through direct contact during work (Rougier et al., 1986). In this study, we demonstrated that skin barrier function was related to chromium exposure and hygienic habits of cement workers. The correlation result between chromium internal exposure and TEWL indicated that skin barrier disruption was dose-dependently related to the internal chromium dose in cement workers. Moreover, comparing TEWL results among groups for different chromium exposures and smoking statuses suggested that skin barrier disruption is enhanced in cement workers who have both a high chromium internal dose and a smoking habit.

Numerous chemicals can affect the barrier quality of the skin (Abrams et al., 1993; Zhai et al., 1998). The major component of cement is CaO (approximately 63%), which becomes strongly alkaline when cement and water are mixed (Avnstorp, 1992). A previous investigation found that alkalinity could induce the disruption the barrier function of skin (Gammelgaard et al., 1992). Hexavalent chromium is another well-known hazard that has been documented as a skin sensitizer (Stern et al., 1993). Although a previous investigation showed that a single exposure of skin to aqueous chromium (concentrations up to 29 mg/L) is not expected to cause allergic contact dermatitis and irritant contact dermatitis (Fowler et al., 1999), a subsequent review illustrated that repeated exposure to hexavalent chromium could both induce sensitization and elicit allergic contact dermatitis (Shelnutt and Goad, 2007). Hence, workers who have direct skin contact with wet cement may experience irritation by strong alkalinity and hexavalent chromium, which may in turn cause altered skin barrier function. 

Smoking is highly prevalent in Taiwanese workers (Wen et al., 2005) and has long been considered a health hazard including diseases or hazardous chemical absorption from the respiratory system (Brown et al., 1980; Ulenbelt et al., 1990). Previous investigations have also suggested that smoking could increase the amount of wrinkles in the skin, probably due to a change in skin composition (Morita, 2007). Some studies have suggested pathological effects of smoking. Boyd et al. (1999) associated smoking with increased elastosis, which manifested as wrinkling and gray hue of the skin. Facial aging and wrinkling also occur more frequently in smokers compared to non-smokers  (Ernster et al., 1995; Freiman et al., 2004). However, to date, there have been no investigations of skin barrier function in smokers. In this study, we found increased TEWL in cement workers who smoked compared to those who did not smoke (Table II). We also observed frequent smoking by cement workers in the course of this study. Thus, encouraging smoking cessation in the workplace should be considered in order to avoid compromised skin barrier function. 

Although no significance TEWL differences were found between workers with and without skin disease (data not shown), higher TEWL was observed in normal skin areas of workers with skin disease, suggesting that TEWL elevation could predict the local occurrence of skin disease. In addition to chromium exposure and smoking, other factors such as glove use were significantly related to TEWL on univariate analysis. Workers in Taiwan frequently touch cement with their bare hands or cotton gloves due to hot weather or convenience; hence, appropriate skin protection should be encouraged for cement and concrete workers. However, chromium exposure and smoking showed the strongest correlation with skin barrier alteration.

Selection bias is the major concern in this study, which is difficult to avoid in real field studies. The subjects recruited in this study were volunteers from the Cement Worker’s Association. It is understandable that those volunteers with skin problems would be more interested in the study compared with those who have no skin problems. The healthy worker effect is an important factor that should be considered, and this may be reflected by cement workers with severe skin disease quitting their job readily and failing to enroll in this study. Only 14.8% of cement workers were under the age of 40 in this study, indicating that younger cement workers with skin problems may have quit their job earlier. Therefore, although selection bias may exist, this study revealed that skin barrier function alteration induced by chromium exposure may be worse than our results suggest.

In conclusion, chromium exposure might induce skin barrier disruption, possibly via direct skin contact with cement. In addition, smoking might enhance skin barrier perturbation in cement workers with chromium exposure. Decreased skin exposure to chromium and smoking cessation should thus be encouraged in the workplace to protect the skin of cement workers. 
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Figure Captions
Figure 1.  TEWL measurement of cement workers exposed to chromium. Significant positive correlation was revealed between urinary chromium concentration and TEWL.

Figure 2.  TEWL measurements of control group and cement workers in different chromium exposure and smoking status groups. All cement workers were divided into four sub-groups: non-smokers with urinary chromium concentration under BEI (nonsmoker_L-Cr, n=44), smokers with urinary chromium concentration under BEI (smoker_L-Cr, n=19), non-smokers with urinary chromium concentration over BEI (nonsmoker_H-Cr, n=25), and smokers with urinary chromium concentration over BEI (smoker_H-Cr, n=20). A significant difference was only found between the nonsmoker_L-Cr group and the smoker_H-Cr group on inter-sub-group comparison. Notes used in the figure: mean  SD.
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Figure 2.

Table I. Characteristics of cement workers in variant chromium exposure [median (range) or n (%)]
	
	U-Cr < BEI a
	U-Cr ≥ BEI
	p-value b

	N
	63
	45
	

	Age
	50.0 (26.0-65.0)
	50.0 (26.0-66.0)
	0.34

	Employment years
	30.0 (3.0-48.0)
	30.0 (1.0-50.0)
	0.51

	Gender (%)
	
	
	0.06

	Male
	40 (63.5)
	36 (80.0)
	

	Female
	23 (36.5)
	9 (20.0)
	

	Smoking (%)
	
	
	0.13

	Yes
	19 (30.2)
	20 (44.4)
	

	No
	44 (69.8)
	25 (55.6)
	

	Alcohol consumption (%)
	
	
	0.22

	Yes
	26 (41.3)
	24 (53.3)
	

	No
	37 (58.7)
	21 (46.7)
	

	Urinary chromium conc. (g/L)
	14.5 (3.0-24.9)
	37.8 (25.2-73.9)
	< 0.001


a: BEI = 25.0 g/L
b: by Mann-Whitney U test and chi-square test (U-Cr < BEI vs. U-Cr ≥ BEI) 

Table II. Distribution of TEWL measurements classified by chromium exposure, demographic information, and other factors
	
	
	
	TEWL (mg/cm2hr)
	

	Factors
	
	N
	Mean (SD)
	Median
	Min
	Max
	p-value a

	Chromium exposure
	U-Cr < BEI
	63
	12.9 (4.9)
	12.3
	4.8
	25.8
	0.048

	
	U-Cr ≥ BEI
	45
	14.8 (5.4)
	14.1
	7.8
	30.8
	

	Age
	20-29
	8
	13.5 (5.1)
	12.1
	7.5
	23.8
	0.88

	
	30-39
	8
	13.5 (5.6)
	13.8
	5.0
	23.0
	

	
	40-49
	31
	13.9 (4.9)
	14.3
	4.8
	23.3
	

	
	50-59
	46
	14.0 (5.7)
	12.7
	6.6
	30.8
	

	
	60-69
	15
	12.5 (3.9)
	10.9
	7.6
	22.1
	

	Gender
	male
	76
	14.1 (5.5)
	13.0
	4.8
	30.8
	0.40

	
	female
	32
	12.8 (4.0)
	12.6
	7.5
	23.3
	

	Smoking
	yes
	39
	15.2 (5.9)
	14.1
	5.0
	30.8
	0.04

	
	no
	69
	12.8 (4.0)
	12.3
	4.8
	25.8
	

	Alcohol consumption
	yes
	50
	14.7 (5.6)
	13.2
	6.8
	30.8
	0.10

	
	no
	58
	12.8 (4.6)
	12.6
	4.8
	23.8
	

	Glove use
	yes
	63
	12.5 (4.4)
	11.6
	4.8
	23.8
	0.009

	
	no
	45
	15.4 (5.7)
	14.1
	7.4
	30.8
	

	Hand cleaning habits
	yes
	101
	13.8 (5.1)
	12.8
	5.0
	30.8
	0.37

	
	no
	7
	12.3 (5.8)
	10.3
	4.8
	23.0
	

	Shower after work
	yes
	93
	13.8 (5.4)
	12.9
	4.8
	30.8
	0.99

	
	no
	15
	13.2 (3.3)
	12.5
	9.8
	23.0
	


a: by Mann-Whitney U test or Kruskal-Wallis ANOVA test
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