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Abstract

Purpose To evaluate whether the exposure to arsenic

(As) causes alterations of liver enzymes in two groups of

outdoor workers.

Methods Total urinary As and the levels of AST/GOT,

ALT/GPT, and GGT were measured on 80 traffic police-

men and 50 police drivers. Personal air samples were

obtained for assessing the exposure to As on a subgroup of

20 traffic policemen and 20 police drivers.

Results Mean values of personal exposure to As, urinary

As, AST/GOT, and ALT/GPT were significantly higher in

traffic policemen than in the police drivers. Multiple linear

regression models showed associations between urinary As

and airborne As, ALT/GPT and the job variables, and BMI

and urinary As.

Conclusions These findings contribute toward the evalu-

ation of the hepatic effects of exposure to As in the urban

workers.

Keywords Arsenic � Liver disease � Urban

pollution � Inhalation exposure

Introduction

Chronic exposure to arsenic (As) is a worldwide public

health problem. The toxicity observed after chronic expo-

sure to inorganic As (iAs) has been associated with a

number of adverse effects on human health, such as cancer

of the bladder, lung, skin, urinary tract and maybe of the

kidney, prostate, and liver (IARC 2004). The exposure to

As has also been linked to cardiovascular diseases, kidney

diseases, neuropathy, diabetes mellitus, and to effects on

reproductive health (ATSDR 2007). The liver is the pri-

mary organ where As is metabolized (Drobná et al. 2010).

Studies on humans and animals have associated the

exposure to As with hepatomegaly, hyperbilirubinemia,

fibrosis, portal hypertension, liver cirrhosis, and abnormal

expression of genes involved in cell cycle regulation of

hepatocytes, apoptosis, and response to DNA damage (Das

et al. 2012; Guha Mazumder 2001; Patlolla et al. 2012).

Other studies have observed elevated liver enzymes

aspartate aminotransferase–glutamate oxaloacetate trans-

aminase (AST/GOT) and/or alanine aminotransferase–

glutamate pyruvate transaminase (ALT/GPT) in animals

(Pari and Mohamed Jalaludeen 2011; Patlolla et al. 2012)

or in humans exposed to As (Das et al. 2012; Guha

Mazumder 2001).

Arsenic is a ubiquitous element that is present in the air,

water, and soil; it is released into the environment from

natural sources (such as, volcanoes and forest fires) and

anthropogenic sources (such as, coal power plants, indus-

trial sources, use of pesticide, and incineration of different

kinds of waste) (ATSDR 2007). In air, arsenic exists pre-

dominantly adsorbed on particulate matters; it is usually

present as a mixture of arsenite and arsenate (Davidson

et al. 1985), and therefore, people who work in these areas

are potential receptors of airborne metals.
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The present research follows previous studies that we

had conducted in which we looked at whether the differ-

ences in the exposure to arsenic were because of different

job types (Ciarrocca et al. 2012a, b). The results obtained

have shown that the exposure to As was higher in traffic

policemen when compared to drivers and in outdoor

workers in urban areas compared to outdoor workers in

rural areas. In this study, we evaluate, on a new set of

samples, whether and how the increased occupational

exposure to arsenic correlates with the effects on liver tests.

Alteration of the transaminases is not considered as a

pathognomonic marker of hepatocellular damage (Schmidt

and Schmidt 1993; Scheig 1996). However, the authors

believe that the study of the activity of the liver enzymes,

which are routinely used in clinical practice, could be a

useful method in health surveillance in workers exposed to

arsenic. In the field of prevention, it would be important to

use quick methods and rapid responses in order to inter-

vene as early as possible.

The aim of this study was to evaluate whether the

exposure to As could cause alterations of the liver enzymes

AST/GOT, ALT/GPT, and c-GT in a group of traffic

policemen in comparison with a group of police drivers of

a big Italian city.

Materials and methods

Study population

The study started on an initial sample of 278 outdoor male

workers (traffic policemen and police drivers) of the

Municipal Police of a big city in central Italy who were

exposed to urban air pollutants.

Traffic policemen were assigned to control the flow of

vehicles in roads and areas with high and medium traffic

intensity and to monitor and regulate traffic at road junc-

tions, parking areas, and traffic-limited areas. Traffic

policemen were not provided with personal protective

equipment for their protection against dust and fumes in the

urban workplace.

Police drivers were assigned to the control of traffic and to

specific interventions in case of road accidents and other

activities, including driving the car as a driver or as a ‘‘second

patrol’’. Their cars were all provided with air conditioning

units and pollen filters that are able to trap particles.

Both traffic policemen and police drivers were carrying

out their activities in an outdoor environment and inside the

car, respectively, for at least 80 % of their working time

(7 h a day for at least 5 days a week).

To be included in the study, each traffic policeman and

police driver was administered a clinical anamnestic

questionnaire in the presence of a physician. The

questionnaire included the following items: age, length of

service, height, and weight [to calculate the body mass

index (BMI)] (Syczewska et al. 2004); area of residence in

the last 5 years; physiological anamnesis with special ref-

erence to dietary habits (weekly intake of food, such as rice

and corn) (Abernathy et al. 2003); water consumption

details such as from the municipal water supply or mineral

water and number of glasses of water per day (Abernathy

et al. 2003); alcohol drinking habit (number of glasses of

wine/beer per day) (Stranges et al. 2004); cigarette-smok-

ing habit (number of cigarettes smoked per day and years

of smoking) (ATSDR 2007); drug history; past and current

pathological anamnesis with special reference to hepatic

diseases (hepatitis A, B, C, or D, cytomegalovirus and

Epstein–Barr virus, Wilson’ disease, celiac disease, he-

mochromatosis, a1-antitrypsin deficiency, and autoimmune

diseases); and information about possible exposure to As

during time off (use of paints, solvents, and pesticides).

In order to avoid the influence of the main confounding

factors, 148 subjects were excluded from the study: 95

subjects because of their alcohol drinking habit (at least

one glass of wine or beer a day) (Stranges et al. 2004), 30

subjects because of their cigarette-smoking history (ATS-

DR 2007), and 23 subjects because of their daily intake of

drugs. The final number of subjects included in the study

was 130 (50 police drivers and 80 traffic policemen).

Biomonitoring of total urinary As and levels of AST/

GOT, ALT/GPT, and c-GT was carried out on the total

sample of 130 subjects. Moreover, personal air samplings

for assessing the exposure to As was performed on a sub-

group of 40 subjects, and these subjects were raffled off

with a random method: 20 subjects from the group of traffic

policemen and 20 subjects from the group of police drivers.

Each subject was monitored only once during the

morning shift (7.00–14.00 h). The air, blood, and urinary

samples were measured on traffic policemen and police

drivers on the same day in order to avoid the influence of

weather conditions on airborne As. Blood and spot urine

samples of each worker were collected at the end of the

work shift for four working days in succession.

All the subjects agreed to processing of their data and

understood that this information was categorized as ‘‘sen-

sitive data.’’ All the subjects were informed that the data

from the research protocol would be treated in an anony-

mous and collective way, with scientific methods, and for

scientific purposes in accordance with the principles of the

Helsinki Declaration.

Biomonitoring of total urinary AS and personal air

samplings of As in air

Spot urine samples were collected in polypropylene tubes

and were kept in a cooler at ?4 �C and then stored in the

746 Int Arch Occup Environ Health (2014) 87:745–752

123



lab at -20 �C until analysis. The Jaffé method (Liu et al.

2012) was used to assess urinary creatinine. After miner-

alization in an acidic environment, the urine samples were

analyzed by hydride generation atomic absorption spec-

troscopy (Anawar 2012) (reduction of arsenic to arsine).

The limit of detection (LoD) for total urinary As was

2.0 lg/L. With attention to concentration dilution in the

urine samples, we divided the urine As (lg/L) by urine

creatinine (g/L) and expressed the concentrations of total

urine As in terms of lg/g creatinine.

The individual samplings of As in air were performed on

a subgroup of 40 subjects on the same day of the spot

urinary sampling.

The air samples were collected by using the Dorr–Oliver

cyclones with an aerodynamic 5-lm cut-off-point diame-

ter. Each cyclone was connected to a sampling pump; the

pump was calibrated to a flow rate of 1.7 L/min of air (as

recommended by the National Institute for Occupational

Safety and Health, NIOSH). Each cyclone was equipped

with a cassette holding a 37-mm polyvinylchloride (PVC)

membrane filter. The cyclone and the cassette were

attached to the shirt collar, within the subject’s breathing

zone. The pump was placed in a padded pouch. It did not

rain during the sampling period. After sampling, the

cyclone was carefully disassembled. Filters containing the

collected particulate were analyzed according to the NI-

OSH Method 7900 for As (NIOSH 1998). The collected

particulate samples were analyzed by atomic absorption

spectrometry (Perkin-Elmer, mod. 403). Each subject wore

the air sampler for the entire work shift (7 h). For each air

sample, the time-weighted average (TWA) level of indi-

vidual exposure to As over 7 h was calculated.

Assay of AST/GOT, ALT/GPT, and c-GT

On the same day of the air samplings and the spot urine

samplings, a 10 mL sample of peripheral venous blood was

taken from 80 traffic policemen and 50 police drivers to

evaluate the AST/GOT, ALT/GPT, and c-GT concentra-

tions. The normal ranges used in the laboratory analysis

were as follows: AST/GOT 10–37 U/L, ALT/GPT 10–65

U/L, and c-GT 0–70 U/L. The values of the AST/GOT,

ALT/GPT, and c-GT were analyzed with the kinetic

method (Schumann and Klauke 2003).

Statistical analysis

The normal distribution of the variables was determined by

the Kolmogorov–Smirnov test. The results were expressed

as the mean, standard deviation (SD), and range. The

geometric mean (GM), geometric standard deviation

(GSD), and range (min–max) were reported for the values

of As in air and for the values of urinary As. The single-

variable frequencies were compared by using the chi-

square test with the Yates’ correction. The differences

between the means were compared by using the Student’s

t test for unpaired data after logarithmic transformation of

the non-normally distributed variables.

For the log transformed data, Pearson correlation coef-

ficients were used to assess the associations between the

airborne As and the total urinary As on the subgroup of 40

subjects; among airborne As, AST/GOT, ALT/GPT, and

c-GT on the subgroup of 40 subjects; and among total

urinary As, AST/GOT, ALT/GPT, and c-GT on the sub-

group of 40 subjects and on the total sample (130 subjects).

Multiple linear regression models were used to examine

the association between the total urinary As values and the

independent variables (age, working life, job title, BMI,

values of individual samplings, diet, and water consump-

tion) and between the AST/GOT, ALT/GPT, and c-GT

values and the independent variables (age, working life, job

title, BMI, urinary As values, or values of personal expo-

sure to As). Covariates with a p value of \0.10 were

selected for inclusion in the multivariate model.

These analyses were performed on the subgroup of 20

traffic policemen and 20 police drivers, analyzed as a

single group (n = 40 subjects), and the total sample of

traffic policemen (n = 80 subjects), and police drivers

(n = 50 subjects), and analyzed as a single group (n = 130

subjects).

The differences were considered statistically significant

when the p values were \0.05. Statistical analysis was

carried out by using the SPSS statistical program for

Windows.

Results

The characteristics of the total population studied (130

subjects) and that of the subgroup of 40 subjects are shown

in Table 1. The traffic policemen and police drivers were

well matched for mean age, working life, BMI (kg/m2),

weekly intake of some foods, and daily consumption of

water from the local supply, and/or mineral water (number

of glasses per day) (Table 1). No subject reported past or

current liver diseases, or activities implying exposure to As

during a time off, hobby, gardening for instance, that may

include the use of arsenical herbicides. All the subjects

were working in the same urban area where they had lived

for at least 5 years.

The mean value of individual exposure to As in air was

significantly higher in the traffic policemen than in the

police drivers (p = 0.000; Table 2).

In the subgroup of 40 subjects and in the total sample of

130 subjects, the mean values of the total urinary As were

significantly higher in the traffic policemen than in the

Int Arch Occup Environ Health (2014) 87:745–752 747

123



police drivers (p = 0.04 and p = 0.018, respectively;

Table 2). All the values of urinary creatinine were within

the reference range (0.3–3.0 g/L) that is recommended by

the World Health Organization. None of the traffic police-

men and police drivers had As values lower than the LoD.

In the subgroup of 40 subjects, the mean values of AST/

GOT were significantly higher in the traffic policemen than

in the police driver (p = 0.032; Table 2). No significant

differences were observed for ALT/GPT and c-GT mean

values in the traffic policemen when compared to the police

drivers in the subgroup of 40 subjects (p [ 0.05; Table 2).

In the total sample, the mean values of AST/GOT and

ALT/GPT were significantly higher in the traffic policemen

than in the police drivers (p = 0.025 and p = 0.046,

respectively; Table 2). No significant differences were

observed for c-GT mean values in the traffic policemen

when compared to the police drivers in the total sample

(p [ 0.05; Table 2).

AST/GOT values higher than the normal range were

found in 12.5 % (10 subjects) of the traffic policemen,

while no police drivers had levels above the standard

(p = 0.024; chi-square test with Yates’ correction).

ALT/GPT values higher than the normal range were

found in 8.7 % (7 subjects) of the traffic policemen, while

no police driver had levels above the standard (p [ 0.05;

chi-square test with the Yates’ correction).

c-GT values higher than the normal range were found in

6.2 % (5 subjects) of the traffic policemen and in 8.0 % (4

subjects) of the police drivers (p [ 0.05; chi-square test

with Yates’ correction).

In the subgroup of 40 subjects that was analyzed as a

single group, the log values of the total urinary As were

significantly correlated with the log values of As in the air

(r = 0.22, p = 0.03, one-tailed test) as well as the log

values of As in air were correlated to the values of ALT/

GPT (r = 0.15, p = 0.04, one-tailed test). In the subgroup

of 40 subjects, no significant correlation was found among

the log values of As in air and the values of AST/GOT and

c-GT.

In the total sample of 130 subjects that was analyzed as

a single group, the log values of the total urinary As were

significantly correlated with the log values of AST/GOT

and ALT/GPT (r = 0.20, p = 0.02 and r = 0.35,

p = 0.01, one-tailed test). In the total sample, no

Table 1 Characteristics of the total population studied (130 subjects) and of the subgroup of 40 subjects

Subgroup of 40 subjects Total sample of 130 subjects

Traffic policemen

(n = 20)

Mean (SD)

Min–max

Police drivers

(n = 20)

Mean (SD)

Min–max

Traffic policemen

(n = 80)

Mean (SD)

Min–max

Police drivers

(n = 50)

Mean (SD)

Min–max

Age (years) 42.1 (8.4)a

33–60

42.5 (8.1)

34–59

43.8 (8.7)a

29–64

43.9 (7.8)

28–59

Working life (years) 11.9 (5.3)a

3–23

12.1 (4.9)

2–21

12.6 (6.4)a

2–24

12.0 (7.8)

2–21

BMI (kg/m2) 25.0 (2.6)a

21.0–29.7

25.4 (5.3)

19.5–35.7

24.8 (3.1)a

18.8–34.7

25.1 (4.6)

17.5–40.9

Consumption of water from water supplies

(number of glasses per day)

2.9 (1.2)a

2–6

3.0 (1.3)

2–5

3.1 (1.4)a

2–6

3.8 (1.4)

2–8

Consumption of water from mineral water

(number of glasses per day)

4.4 (1.7)a

1–8

4.5 (1.8)

1–8

3.5 (1.3)a

1–8

3.7 (1.6)

1–8

Intake of fish (number of times per week) 0.7 (0.5)a

0–2

0.6 (0.4)

0–2

0.8 (0.6)a

0–3

0.9 (0.7)

0–3

Intake of shellfish (number of times per week) 0.3 (0.5)a

0–1

0.4 (0.2)

0–2

0.4 (0.5)a

0–2

0.5 (0.4)

0–2

Intake of rice (number of times per week) 1.4 (0.8)a

1–4

1.7 (0.9)

2–5

1.3 (0.6)a

1–5

1.4 (0.7)

1–5

Intake of corn (number of times per week) 0.9 (0.3)a

0–1

1.0 (0.4)

0–2

0.8 (0.7)a

0–3

0.9 (0.6)

0–3

SD standard deviation
a p [ 0.05 = not significant in traffic policemen versus police drivers of the subgroup of 40 subjects and in the total sample of 130 subjects

(student’s t test)
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significant correlation was found between the log values of

total urinary As and the values of c-GT.

The multiple linear regression analysis performed on the

subgroup of 40 subjects showed that the log values of total

urinary As were dependent on the log values of As in the

air and on the ‘‘job title’’ variable (traffic policeman or

driver) (R2 = 0.312, p = 0.038; Table 3). The values of

the total urinary As were not dependent on the other

variables used in the model, such as age, working life,

BMI, diet, and water consumption (Table 3).

The multiple linear regression analysis performed on the

total sample of 130 subjects showed that the log values of

total urinary As were dependent on the ‘‘job title’’ variable

(traffic policeman or driver) (R2 = 0.27, p = 0.040;

Table 4) but not dependent on the other variables used in

the regression model.

The multiple linear regression analysis performed on the

total sample of 130 subjects showed that: (1) the values of

AST/GOT were dependent on the BMI variable

(R2 = 0.156, p = 0.017; Table 5); (2) the values of ALT/

GPT were dependent on the three variables ‘‘job title,’’

BMI, and log values of the total urinary As (R2 = 0.256,

p = 0.009; Table 5); and (3) the values of c-GT were

dependent on the age and on the BMI (R2 = 0.352,

p = 0.000; Table 5).

Discussion

This study is the first research that reports on occupational

exposure to As in urban outdoor workers (traffic policemen

and police drivers) and the effects of such exposure on

AST, ALT, and c-GT.

In the present study, the individual exposure to As in air

of traffic policemen, although at low doses, resulted sig-

nificantly higher than the exposure of police drivers.

This finding confirms what has already been observed in

two of our recent studies (Ciarrocca et al. 2012a, b) and

supports the hypothesis that anti-pollen filters present in the

cars used by the police drivers are capable of retaining the

particulate matter.

The intake of water contaminated with As (Abernathy

et al. 2003) and the consumption of food such as corn and

rice (Abernathy et al. 2003) are the main sources of

exposure to iAs. Other source of exposure to As is repre-

sented by the cigarette-smoking habit (ATSDR 2007).

Table 2 Personal exposure to arsenic, total urinary arsenic, GOT/AST, GPT/ALT e GGT values in the subgroup of 40 subjects and in the total

sample studied

Subgroup of 40 subjects Total sample of 130 subjects

Traffic policemen

(n = 20)

Geometric mean (GSD)

Min–max

Police drivers

(n = 20)

Geometric mean (GSD)

Min–max

Traffic policemen

(n = 80)

Geometric mean (GSD)

Min–max

Police drivers

(n = 50)

Geometric mean (GSD)

Min–max

Personal exposure to arsenic in air

(TWA over 7 h, ng/m3)

3.2 (1.5)a

1.7–7.5

0.6 (0.4)

0.1–1.7

n.d. n.d.

Total urinary arsenic (lg/g creat) 13.1 (6.8)b

4.0–22.7

9.0 (5.3)

2.6–20.1

12.8 (7.7)e

2.7–54.7

9.7 (6.2)

2.6–24.4

GOT/AST (U/L) 30.7 (16.8)c

12.0–67.0

22.1 (4.1)

15.0–28.0

25.8 (13.2)f

12.0–69.0

21.4 (4.5)

15.0–32.0

GPT/ALT (U/L) 36.1 (13.5)d

12.0–56.0

32.2 (8.7)

15.0–44.0

41.3 (17.4)b

15.0–97.0

35.5 (13.3)

12.0–60.0

GGT (U/L) 34.0 (23.0)d

15.0–92.0

27.9 (17.3)

12.0–83.0

31.7 (17.0)d

11.0–152.0

32.7 (18.5)

14.0–83.0

SD standard deviation, n.d not determined on the total sample
a p = 0.000: significant in traffic policemen versus police drivers (student’s t test on the log transformed data)
b p = 0.04: significant in traffic policemen versus police drivers of the subgroup of 40 subjects and in the total sample of 130 subjects (student’s

t test on the log transformed data)
c p = 0.032: significant in traffic policemen versus police drivers of the subgroup of 40 subjects (student’s t test)
d p [ 0.05: not significant in traffic policemen versus police drivers of the subgroup of 40 subjects and in the total sample of 130 subjects

(student’s t test)
e p = 0.018: significant in traffic policemen versus police drivers of the total sample of 130 subjects (student’s t test on the log transformed data)
f p = 0.025: significant in traffic policemen versus police drivers of the total sample of 130 subjects (student’s t test)
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The main sources of introduction of As were the same

for the traffic policemen and the police drivers evaluated in

this study. All the subjects who reported cigarette-smoking

habit were excluded from the study.

The above considerations lead to the assumption that the

significant increase in the values of the total urinary As

observed in traffic policemen versus police drivers may

depend on the levels of individual exposure to As in the air.

The results of the correlation analysis confirm these findings.

Similarly, the results of the multiple linear regression

analysis showed that both individual exposure to As in the

air and the ‘‘job title’’ variable explain about 31 % of the

variability in the concentrations of total urinary As. It is to

be noted that the values of total urinary As were not

influenced by the dietary habits and the quality of water

taken.

In the subgroup of 40 subjects, individual exposure to

the As present in urban air by the traffic policemen rather

than the police drivers could cause a significant increase in

the mean values of AST/GOT but not of the mean values of

ALT/GPT.

It can be assumed that the nonsignificant differences

between the mean values of ALT/GPT in the traffic

policemen and the police drivers of the subgroup of 40

subjects may be due to the small sample size.

Besides, a significant increase in the mean values of

AST/GPT and ALT/GPT in the traffic policemen when

compared to the police drivers was also observed in the

total sample.

No significant difference was found between the traffic

policemen and police drivers as regards the mean values of

c-GT, both in the subgroup of 40 subjects and in the total

sample of 130 subjects.

Correlation analysis and multiple linear regression

analysis confirmed the association among: (1) the values of

As in air and ALT/GPT; (2) the values of the total urinary

As, job title, BMI, and ALT/GPT values; (3) the values of

AST/GOT and BMI; and (4) the values of c-GT values,

age, and BMI.

The mean values of the studied liver enzymes are within

the normal limits, although there was a higher and signif-

icant percentage of traffic policemen compared to police

drivers with values of AST/GOT (12.5 %) and ALT/GPT

(8.5 %) above the normal range of our laboratory.

The persistent alteration of the liver function tests in the

general Italian population is between 10 and 17 %, and the

primary etiological factors are alcohol abuse and viral

hepatitis (Maio et al. 2000; Pendino et al. 2005).

Another study showed that, among Italians, the preva-

lence of non-virus- and non-alcohol-related hypertran-

saminasemia was 23 %, and it was closely related to the

BMI (Morisco et al. 2001). These data are consistent with

those found in other countries and in particular in the USA

(Clark et al. 2003; Ruhl and Everhart 2003).

Table 3 Multiple linear

regression analysis in the

subgroup of n = 40 subjects

using as dependent variable the

log urinary arsenic values

Bold values are statistically

significant (p\0.05)

Independent variables Dependent variable: log total urinary arsenic

(lg/g creat)

Sample: traffic policemen and police drivers

(n = 40)

b (standardized

coefficients)

t p

Constant – 2.501 0.018

Age (years) 0.042 0.250 0.804

Working life (years) 0.030 0.320 0.903

Job title (traffic policemen or police drivers) 0.408 2.567 0.045

BMI (kg/m2) -0.218 -1.175 0.250

Consumption of water from water supplies (number of

glasses per day)

0.655 1.555 0.131

Consumption of water from mineral water (number of

glasses per day)

0.420 1.114 0.264

Intake of fish (number of times per week) 0.098 0.437 0.665

Intake of shellfish (number of times per week) 0.478 0.963 0.344

Intake of rice (number of times per week) 0.071 0.392 0.698

Intake of corn (number of times per week) 0.057 0.244 0.809

Log Arsenic in air (ng/m3) 0.387 2.247 0.033

Model F p R2 adjusted

4.446 0.038 0.312
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The significant differences observed in the present

study as to the liver enzymes AST/GOT and ALT/GPT

in traffic policemen versus police drivers acquire greater

significance of an effect, when we consider that (1) no

subjects had factors that were able to alter the concen-

trations of AST/GOT and ALT/GPT (such as, alcohol

consumption, cigarette-smoking habit, liver disease,

and daily intake of hepatotoxic drugs), and (2) all par-

ticipants were comparable as for age, working life, and

BMI.

The present study has some limitations:

• we analyzed the total urinary As but did not check the

value of the exposure to iAS and to organic As

(Francesconi and Kuehnelt 2004);

• we studied a limited number of subjects.

In spite of these limitations, our results are in agreement

with what has already been observed by other authors in

the literature, although none of these studies was conducted

in subjects exposed to As present in urban air.

Table 4 Multiple linear

regression analysis in the total

sample of n = 130 subjects

using as dependent variable the

log urinary arsenic values

Bold values are statistically

significant (p\0.05)

Independent variables Dependent variable: log total urinary arsenic

(lg/g creat)

Sample: traffic policemen and police drivers

(n = 130)

b (standardized

coefficients)

t p

Constant – 3.501 0.118

Age (years) 0.055 0.597 0.552

Working life (years) 0.060 0.620 0.603

Job title (traffic policemen or police drivers) 0.510 3.477 0.030

BMI (kg/m2) -0.117 -1.375 0.240

Consumption of water from water supplies (number of

glasses per day)

0.080 0.510 0.730

Consumption of water from mineral water (number of

glasses per day)

0.010 1.114 0.964

Intake of fish (number of times per week) 0.088 0.437 0.665

Intake of shellfish (number of times per week) 0.035 0.333 0.454

Intake of rice (number of times per week) 0.062 0.664 0.508

Intake of corn (number of times per week) 0.025 0.233 0.816

Model F p R2 adjusted

3.586 0.040 0.278

Table 5 Multiple linear regression analysis in the total sample of n = 130 subjects using as dependent variable GOT/AST, GPT/ALT e GGT

values

Independent variables Sample: traffic policemen and police drivers (n = 130)

Dependent variables

GOT/AST (U/L) GPT/ALT (U/L) GGT (U/L)

b* t p b* t p b* t p

Constant – 0.884 0.379 – 0.399 0.691 – 2.019 0.046

Age (years) 0.062 0.723 0.471 0.064 0.749 0.456 0.320 3.932 0.000

Working life (years) 0.052 0.676 0.673 0.074 0.805 0.567 0.174 1.180 0.240

Job title (traffic policemen or police drivers) 0.089 0.896 0.098 0.243 3.007 0.004 0.084 1.131 0.258

BMI (kg/m2) 0.265 3.088 0.002 0.229 2.684 0.008 0.244 2.998 0.003

Log total urinary arsenic (lg/g creat) 0.083 0.963 0.337 0.374 0.188 0.045 0.060 0.740 0.461

Model F p R2 adjusted F p R2 adjusted F p R2 adjusted

3.528 0.017 0.156 4.028 0.009 0.256 8.717 0.000 0.352

* Standardized coefficients

Bold values are statistically significant (p\0.05)
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In a study conducted in India, Guha Mazumder et al.

(2001) observed an increase in AST/GOT and ALT/GPT in

subjects exposed to As through the intake of contaminated

water.

In two other studies carried out in Bangladesh and India,

an increase in liver transaminases was observed in subjects

exposed to As through the intake of contaminated water

(Islam et al. 2011; Maiti et al. 2012).

In a recent study carried out in India, in agreement with

our results, Das et al. (2012) observed significantly

increased values of the total urinary As, AST/GOT, and

ALT/GPT but not of c-GT values in subjects exposed to As

through the intake of contaminated water (Das et al. 2012).

Conclusions

The attention on the effects of the exposure to As is cur-

rently focused on the subjects exposed through the intake

of contaminated food and water. It should be noted that the

effects of the exposure to As in the air in large cities need

to be better analyzed in further research.

In this context, our study provides an initial contribution

for the assessment of individual exposure to As in urban air

and for the evaluation of the hepatic effects of such exposure.

The results of this study can provide information about

the occupational exposure to As in the street and in the car,

and about the effects on the liver function, and for other

categories of outdoor workers exposed to As.
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