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ENVIRONMENTAL AND BIOLOGICAL MONITORING OF TRAFFIC WARDENS FROM THE CITY OF ROME

INTRODUCTION

Urban air is polluted by a number of toxic or potentially carcinogenic compounds, mainly originating from the combustion of fossil fuels. Beyond inorganic toxic pollutants, the occurrence in urban air of significant amounts of organic carcinogens such as benzene and benzo(a)pyrene raises concern. Epidemiological studies indicate infact an increased risk for lung cancer in urban residents compared to rural populations, and higher exposure to airborne carcinogens has been implicated in this “urban factor”. Therefore, considering the large number of people living in urban areas, and the high mortality associated to lung cancer, the possible long term effects of air pollution represent nowadays a prioritary environmental health problem. 

Among urban citizens, the highest exposure to airborne pollutants is experienced by outdoor workers such as as policemen, street sweepers, postal workers, newspaper vendors, etc. Traffic wardens in particular have been suggested to be a high risk group. Previous studies infact suggested a prevalence of respiratory and cardiovascular diseases, as well as an excess of cytogenetic alterations and DNA adducts in white blood cells of traffic police workers. 

Considering that traffic wardens are exposed to basically the same pattern of pollutant as the resident population, albeit with greater intensity, they may represent an useful model to assess the health consequences of the exposure to air pollutants in the general urban population. Passive personal samplers, as well urinary biomarkers, were used to measure individual exposures to volatile aromatic compounds (benzene and alkyl derivatives) and polycyclic hydrocarbons during workshift. Moreover, the intensity of exposure to benzene of the study subjects was compared to ambient benzene concentrations measured by stationary analysers during workshift, in order to investigate the correlation between individual exposure and background levels of this pollutant.

METHODS

Study population

Study subjects were recruited among Rome policemen. The study group consisted of 66 traffic wardens engaged in traffic control in medium-high traffic districts, and in a reference group of 33 policemen involved in office work. All subjects were non smokers. Detailed information on health status, diet and exposure to aromatic compounds at home or during recreational activities was recorded by questionnaire. 

Samplings

Spot measurements of both external and internal exposure were performed within December 1998 – June 1999. In order to account for environmental or seasonal variations in air pollution, exposure measurements in traffic wardens and reference subjects were carried out in parallel. All workers were monitored once, during the a.m. shift on a working day. 

Environmental monitoring

Subjects were equipped with a diffusive air sampler (Radiello, Fondazione S.Maugeri, Padua, Italy), in order to measure the time-weighted average (TWA) environmental concentration of benzene, toluene, and xylenes over a 7-h period.

Personal samplers were desorbed with 2 ml benzene-free CS2 , shacked for 30 min and analyzed by gas chromatography coupled with mass spectrometry . The detection limit was 0.01 µg benzene/ml CS2, corresponding to an airborne benzene concentration of 0.7 µg/m3. 

Biological monitoring

Benzene in blood and both S-phenylmercapturic acid (S-PMA) and trans-muconic acid (TMA) in urine were measured in samples collected at the beginning and at the end of the work-shift. Urinary 1-pyrenol (1-PYR) was measured in end shift samples only.

i) urinary S-PMA determination

Urine samples for the S-PMA measurements were kept frozen until the analysis by HPLC method. Briefly, urinary S-PMA measurement involved a two-step purification of samples with reversed-phase and with strong anionic exchange solid-phase extraction cartridges, followed by enzymatic deacetylation. After centrifugal ultrafiltration, deproteinized samples were derivatized for 5 min with o-phthalaldialdehyde and 2-mercaptoethanol (OPA-MCE reagent) and the fluorescent derivatives were separated on a reversed-phase column as described by Maestri et al.  The detection limit was 0.5 µg/l. To correct for urine dilution, the results were expressed as (g of S-PMA per gram of creatinine measured by the Jaffé reaction.

ii) urinary TMA determination

Urine were frozen at - 20°C immediately after collection and thawed just before analysis. Urine samples (2 ml) were centrifuged at 1200 g for 10 min, then 1 ml was loaded onto a strong anionic exchange cartridge (Isolute Sax International Technologires) which had been previously conditioned with 3 ml of acetonitrile and 3ml of water. After washing with 4x3 ml of 1% acetic acid, TMA was eluated from cartridge with 3 ml of 10 % acetic acid. Two hundred µl of the eluate were directly injected into a column-switching system apparatus. The detection limit was 3 µg/l. The results were expressed as (g of TMA per gram of creatinine.

iii) determination of urinary 1-PYR

1-Pyrenol in urine samples was determined as previously described, following the method of  Jongeneelen et al.. Briefly, samples were subjected to enzyme hydrolysis (at 37°C for 16 h) with (-glucuronidase/aryl sulphatase and then extracted, eluting urine at a flow rate of 1ml/minute through Sep-Pack C18 columns previously activated with methanol and water. Extracts were taken up in methanol, dried under a N2 stream at 40 °C and then resuspended in 2 ml of methanol for HPLC analysis (Waters 510 with a Perkin-Elmer  LC 240 fluorescence detector). Separation was carried out on 15x4 cm Lichrosorb RP 18 columns (5 µm), using a 95:5 methanol/water gradient (60:40 v/v) in 35 minutes, at a flow rate of 1 ml/minute. The retention time of 1-pyrenol was  16 minutes. 1-PYR concentrations were quantified by a fluorescence detector (excitation 336 nm; emission: 388 nm). Calibration was carried out with spiked samples. The detection limit of 1-PYR was 0.02 µg/l. 1-PYR levels in urine were expressed per mole of urinary creatinine.

iv) determination of benzene in blood

Five ml of blood were collected in 22 ml vials filled with 50µl heparin as an anticoagulant and containing a sorbent cartridge sheltered with a glass support. The sorbent cartridge was filled with 300 mg of Tenax (35/50 mesh) previously thermally desorbed to ensure maximum purity. The Tenax sorbent cartridge was used to collect solvents that were present in the blood; after 24 hours from sample collection the sorbent cartridge was removed from vial and successively analysed utilising a Thermal Tube Desorber. The detection limit was 50 ng benzene/l of blood. 

Statistics

Group mean values were compared by the non parametric Mann-Whitney U test. Correlations between experimental variables were estimated by Pearson r coefficient. Stepwise regression analysis of ln transformed data was used to estimate the influence of multiple independent variables on personal exposure descriptors. All analyses were performed using the SPSS statistical software package.

RESULTS

Environmental monitoring

The comparison of group values shows a highly significant difference between traffic wardens and the reference group of indoor workers for all pollutants measured (p<0.001, Mann-Whitney U test). 

In general, the variation coefficient (ratio SD to mean) of exposure values were quite greater for traffic wardens than for controls, in agreement with the expected larger variation of exposure profile of outdoor workers. The distribution of values was asymmetrical, skewed toward higher values in traffic wardens. Therefore, data were ln transformed in order to normalize variance for further analyses.

All aromatic compounds measured were intercorrelated, as expected because of their common origin from antropic sources.  It can be observed that r values were sistematically higher for traffic wardens compared to administrative personnel, possibly reflecting a relatively greater contribution to benzene exposure by external air pollutants compared to other sources (e.g. environmental tobacco smoke). 

A comparison between levels of personal exposure to benzene in traffic wardens and ambient concentrations of this pollutant was also attempted. To this aim, benzene concentrations measured by four local stationary analysers were considered. Average ambient benzene concentration during the monitoring of traffic wardens was 13.1 (g/m3 (SD 3.9, median 12.6). In first instance this figure was comparable to individual exposure levels recorded during workshifts, even thought the majority of personal measurements were lower than ambient concentrations, as shown by the comparison of median values. This result is conceivable considering that three of the four stationary analysers were located at high traffic sites, and that their topographical location was only partially coincident with the areas covered at work by the study subjects. On the other hand, despite the location of the analyzers at different urban sites, the data provided were fairly intercorrelated, indicating that these measurements were representative of the general trend of daily variation in pollution levels over the entire urban area. It is notably therefore to observe that the overall correlation between personal exposure and background level of benzene was poor (r=0.06 for ln transformed data): in particular, outlier values of benzene exposure were apparently uncorrelated to higher enviromental pollution levels.

A stepwise regression analysis of data confirmed that environmental benzene does not contribute significantly to personal exposure in the study group. Infact, among the variables considered (job, age, sex, environmental benzene) only the dicothomy variable job (traffic wardens vs office clercks) entered in a statistical model which explained 26 % of the variance observed.

Biological monitoring

Blood benzene levels were relatively more elevated in traffic wardens compared to controls, but this difference did not attain statistical significance (p=0.059, Mann-Whitney U test). No significant difference between study groups was observed for the other exposure biomarkers, nor for the difference between pre- and post-shift samples (data not shown). As the distribution of values deviated significantly from normality, they were ln transformed for subsequent regression analyses. 

Blood benzene levels were weakly correlated to urinary S-PMA (p=0.069), but not to TMA or 1-PYR. On the other hand, a highly significant correlation was observed between urinary concentrations of the unrelated metabolites TMA and 1-PYR (P<0.001). As discussed below, interindividual variations in metabolic activities related to the genetic polymorphism of drug metabolizing enzymes could underlie this unexpected similarity in the excretion profile. Basically similar conclusions (i.e. for a correlation between blood benzene and urinary S-PMA) were obtained subtracting baseline concentrations measured in pre-shift samples (data not shown).

A regression model explaining 18 % of total variance in blood benzene level at the end of workshift considered both personal exposure to benzene and blood benzene before workshift. The dichotomy variable season (December-March vs April-June), referred to sampling period, entered in statistical models describing the variation of 1-PYR and TMA levels. On the other hand no model explaining the variance of S-PMA could be constructed with the variables considered. In any case, these models only explained a small fraction of total variance, indicating that other, undefined factors play a prevailing role modulating the internal exposure and excretion of benzene and pyrene metabolites in the study group. 

DISCUSSION

An accurate determination of the intensity of exposure is pivotal to any reliable estimation of risks posed by environmental agents. For what concerns airborne pollutants, risk estimates usually rely on environmental measurements of the agents of toxicological concern. Yet, the appropriatness of this approach was recently called in question by the results of a survey which demostrated that the exposure to benzene of European citizens may be twice as high as urban leves, and that indoor concentrations may exceed outdoor levels by a factor 1.5. Therefore, in an ongoing molecular epidemiology project on the effects of air pollution in Rome, it was of interest to assess preliminarly whether – and to what extent - outdoor activities in high traffic areas could be associated to an increased exposure to noxious pollutants. In particular, benzene exposure was evaluated along a seven months period in traffic wardens, typically involved in outdoor work, and in matched controls spending the shift time indoor. 

The results presented in this paper show that indeed outdoor workers in Rome may experience an average benzene exposure which is higher than twice that of indoor workers. The distribution of exposure values in the former was greatly asymmetrical, skeweed toward higher values, highlighting a sizeable number of isolate peak exposures. Interestingly, no parallel increase of environmental benzene was recorded in concurrence with the highest personal exposure measurements, suggesting that localized, high pollution situations may occurr even in conditions of normal background contamination. On the other hand, benzene exposure in indoor workers was far less scattered, with no outlier value. Exposure to environmental tobacco smoke in buildings with inadequate smoking restrictions did not affect individual benzene exposure of office workers in a detectable way.

At the relatively low exposure levels measured in this study, exposure biomarkers were of limited use. Among benzene exposure biomarkers, only blood benzene proved to correlate to some extent with previous exposure level. On the other hand, no apparent correlation with exposure was observed with the urinary markers TMA and S-PMA. In this respect it has to observed, however, that the collection of urine just at the end of shift could lead to an underestimation of previous exposure because of the time lag due to pharmacokinetic and metabolic processes intervening between benzene exposure and excretion of marker metabolites. In any case, a significant overall reduction of TMA and 1-PYR was observed comparing summer samples (collected over April -June) to winter ones (collected in December – March). This may conceivably reflect the parallel seasonal variation in atmospheric pollution which has been consistenly observed in Rome over the last years, indicating some responsiveness of urinary TMA and 1-PYR to the variation in environmental pollution levels. 

An unexpected finding coming from this study is the strict quantitative correlation observed - in both study groups - between TMA and 1-PYR excretion. Due to the lack of direct links between the two molecules, it is proposed that metabolic factor(s) may underlie such similar excretion profile. A common genetic polymorphism has been shown in fact to modulate in the same way the excretion of both TMA and 1-PYR, with higher excretion in glutathione transferase null individuals. 

In conclusion, the results of this study indicate that outdoor activities give a greater contribution to personal exposure to benzene for Rome citiziens, and that relatively high level exposures can be experienced, maybe in unfavourable limited situations, even in the absence of large scale pollution episodes. Therefore, despite the significant reduction in environmental benzene achieved in Rome in recent years as a consequence of the improvement of fuel quality and the abatement of vehicle emissions, the implementation of further measures for the reduction of benzene pollution are recommended.
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ASSESSMENT OF SUBJECTIVE STRESS IN THE MUNICIPAL POLICE FORCE OF THE CITY OF ROME

METHODS

Out of a population of the Municipal Police Force of the City of Rome amounting to 5809 persons, after excluding all employees with less than 2 years’ service, we extracted two random samples of 590 traffic police (average age 42.9(8.1 years, length of service 11.7(7.1 years) and 590 police officers working in the offices (average age 43.8(7.9 years, length of service 11.0(6.7).

Each person was given the "Rapid stress assessment scale” (RSA) to complete on a non-working day. This is a self-assessment rating scale with 15 items, with four reply choices (from 0 to 3 points), which explores individual responses to stressful situations and divides them into five dimensions (clusters) that, when added together, quantify the stress: depression, anxiety, somatization, aggressivity and lack of social support. Each cluster, composed of three items, goes from a minimum rating of 0 to a maximum of 9; the total stress rating is obtained from the sum of the 5 clusters (from a minimum of 0 to a maximum of 45 points).

Since the RSA is specific, flexible and very practical and easy to administer and process (about three minutes to complete it and thirty seconds for the computerised scoring) it proved to be sufficiently reliable and valid (test-retest reliability: r between 0.7 and 0.92 (p<0.0001); significant content validity with correlations between the areas of the RSA and the scales of the “Minnesota Multiphasic Personality Inventory” (MMPI) between r=0.33 and r=0.61; satisfactory concurrent validity).

With regard to the RSA scores, comparisons were made: a) between traffic and administrative police and b) between the male and female gender. We continued processing the data by dividing the total scores (stress) into 3 habitual classes: a “low stress” class for scores from the minimum to the mean, a “medium stress” class corresponding to the second standard deviation and a “high stress” class for scores higher than the second standard deviation, considered to be pathological. We compared the frequency distributions of the low, medium and high stress classes in traffic police with police performing clerical duties.

A random subsample was extracted from the 1180 police officers consisting of 115 traffic police officers (average age 41.2(7.6 years, length of service 11.6(6.4 years) and 115 officers performing clerical duties (average age 43.1(5.7 years, length of service 10.1(6.2) and administered the scale of assessment to them twice on  working day, at the beginning (6.45 a.m.) and end (2 p.m.) of their shift. In this subgroup of Municipal Police, we took protracted use (for at least 6 months) of any type of pharmacological treatment as an aspecific index of the use of allopathic medicine. In order to obtain this information, the 230 persons filled in an anamnestic form about habitual use of medicaments.

In this subsample, comparisons were made, inside the group of traffic police and inside the group of clerical workers, between the scores obtained with the administration of the RSA at the start and end of the shift; the only cluster considered was “depression” because it is entirely composed of items that explore characteristics of state, that is to say at the time of administration. A further comparison was made, both for traffic and administrative police, stratified on the basis of the use of pharmacological treatment.

All the subjects agreed to the processing of their personal data, stating that they were aware that those data fall within the category of “sensitive data” and they agreed for the data obtained from the protocol to be treated anonymously and collective, with scientific procedures and objectives, according to the principles of the Declaration of Helsinki.

The data were analysed using the mean and standard deviation; the differences between the two averages were assessed by the T test. The scores were divided into 3 levels (lower than average, between average and 2 SD, over 2 SD) and differences between the frequency distributions assessed by the chi-square test with Yates’ correction and 2x2 contingency tables. With p<0.05, the differences were considered to be significant. The data were entered in a compatible PC, Windows( platform, using the programs: Microsoft Excel( and Solo BMDP(.

RESULTS

When the data obtained from the administration of the RSA scale were processed, it emerged that the total RSA score was significantly higher in police performing traffic control duties compared to their colleagues with clerical duties; this result is significant in the depression, anxiety and aggressivity clusters.

The frequency distributions between the “low, medium and high stress” classes revealed a significant difference between traffic police and those performing clerical duties, in particular in the high stress classes (p<0.000).

For the traffic police, the analysis of gender differences revealed higher total scores for the female sex, with a significant difference for the anxiety, depression, aggressivity and somatization clusters; the result was particularly marked in the last cluster. The same comparison made between the clerical police showed significant differences between men and women in the total scores and in the somatization cluster.

By double administration of the document to the subsample of 230 persons, at the start and end of their shift, a significantly higher degree of the depression cluster at the end of the shift was revealed in the traffic group.

An analysis of aspecific recourse to allopathic medicine revealed significantly higher totals and scores for the anxiety, somatization and aggressivity dimensions in the traffic police officers who stated that they habitually used pharmacological treatments. A similar comparison revealed no significant differences in the clerical workers.

DISCUSSION

The results obtained suggest that Municipal Police officers who control traffic seem to perceive a greater disadaptive response to stress than those performing clerical duties do. It can therefore be assumed that the many stimuli deriving from the work and certain particular aspects of their activities may constitute stress factors. Scientific literature in the last few decades has shown that chronic stressors are formative components of precursors of disease: the action of such stimuli may be either direct, causing alterations to the physiology of organs and systems, or indirect, generally due to the adoption of types of behaviour that may dangerous to health, such as voluptuous habits initially aimed at attenuating psychological or physical reactivity to the stressor. Many studies have focussed on the immune system, reporting endocrinological alterations in chronic stress, which appear to be accompanied by an immunosuppressive effect, negative variations in the activities of the Natural Killer cells, in the response to mitogens and in some lymphocyte populations. On the whole, the immune response, both of the cellular and humoral type, is found to be altered, with greater susceptibility to the development of infections and to the manifestation of clinical symptoms of disease. These data allow us to situate the instrument used in a general context of health protection of an occupational category that, in previous studies, has been shown to be exposed to an increased risk of disease. A significant comment about stressful situations is that anything that can cause immune and somatic alterations in general also resides in the emotional sphere, in worry and in anguish aroused by stress. From this concept emerges the importance of the identification made of the persons most sensitive to occupational stress, in other words, those with total scores above the second standard deviation, considering that susceptibility to stressful situations can vary considerably from one individual to anther. The high prevalence of traffic police and the high significance of the comparison between frequencies in the high-stress class between traffic and administrative police leads us to suppose that the work of a traffic police officer can, in some cases, be the source of high stress that falls within the pathological class.

An analysis of the gender differences, confirming the data in some studies on stress evaluation, indicates that there may be a higher subjective perception of stress in the female sex, which seems to express the discomfort related to the work, at a mainly somatic level, much more markedly than in the male sex. This result coincides with that shown in a study conducted by Stuart J.A. et al. on a sample of soldiers.

The double administration of the RSA during the same working day allowed us to identify the circadian variations, solely for the police on traffic duties, revealing an increase in the depressive aspects of the disadaptive response at the end of the shift. This result emphasises the stress perceived at the end of each working day; furthermore, since it is only significant in traffic police, it confirms the association between the psychometric variables measured and the types of duty performed by the police.

An analysis of the persons who stated that they used pharmacological treatments, even though indirectly and not specifically, appears to indicate greater subjective stress in individuals probably suffering from disease.

Because it was easy to administer and to do computerised scoring, the instrument used enabled an easy assessment to be made of these samples, numerous as usually occurs in a working context. The results of this study point to the identification of preventive procedures to limit stress, improving the physical, mental and social wellbeing of the employees. Such preventive procedures can be classified in: stressor reduction, stress management and employee assistance.

Stressor reduction deals with the modification or elimination of sources of stress present in the working environment and with adapting the working environment to the individuals by means of various possible strategies: a) adapting the rhythms and workloads to the capacities of the individual; b) taking personal needs into account in the organisation of the work (e.g. flexitime); c) making career opportunities clear; d) facilitating interaction between colleagues for mutual working and psychological support; e) encouraging professional growth and motivating the worker; f) modulating exposure to the specific stressors related to different duties by job rotation, while taking the skills and particular characteristics of individual employees into account.

In the field of stressor reduction for traffic police who perform outdoor duties, it is considered advisable to set up workstations (climatised, soundproofed cabins equipped with air filters that screen out dust, up to at least 0.5(m and gases) to be used where possible during the work shift in order to reduce exposure to both stressors and environmental pollutants.

Stress management, by means of information and training (training programs), deals with developing employee awareness of the stressors present in the working environment and teaching them how to manage their states of stress.

Employee assistance consists of the treatment and rehabilitation of persons who manifest alterations in their state of health because of stress, by means of: employee assistance programs (EAP) and rehabilitation programs before reinstatement at work after a period of absence.

EVALUATION OF THE AUDITORY THRESHOLD IN MEMBERS OF THE MUNICIPAL POLICE FORCE OF THE CITY OF ROME

MATERIALS AND METHODS

Out of the population of 5809 municipal policemen of the City of Rome, all the female subjects, the subjects who did not perform traffic duties and those who had less than 4 years service were excluded. We thus obtained 703 male subjects who were subjected to the following protocol:

· collection of personal and occupational case;

· control of the patency of the external auditory meatus and observation of the state of the tympanic membrane (otoscopic examination with an examination of the respiratory tract);

· determination of the auditory threshold by means of manual tonal audiometry at 250, 500, 1000, 2000, 3000, 4000, 6000, 8000 Hz by air and by bone.

The  audiometric tests, carried out with clinical audiometers (Amplifon Amplaid 309 Classe I tipo B), were done in a silent booth.

In this way, the personal data, case histories and auditory threshold values at each frequency were recorded for each subject, for both ears separately.

All the subjects (276) who did not correspond to the Draft 1999 ontological normality criteria: «subjects who, at the time of the examination are in normal conditions of health, without signs or symptoms of pathology affecting the ears and with no wax in the canals » and all the subjects found positive for at least one of the various exclusion factors were excluded from the subsequent evaluations.

The remaining  427 traffic policemen were stratified by age. The following age classes were considered: 20-24, 25-34, 35-44, 45-54, 55-64 years. Because, in view of the low numbers in age classes 55-64 and 20-24 it was impossible to obtain sufficiently accurate estimates, it was decided only to consider the subjects in the 25-54 years of age bracket. The residual population studied consisted of  357 subjects (average age 39.0(6.7).

This study group was compared with a control group of 357 subjects (average age 38.9(7.9), paired by age with the group of traffic policemen. The controls were obtained from a group of subjects engaged in office work, with no occupational exposure to noise, using the same exclusion and inclusion criteria described above for the traffic policemen.

Comparisons were made between the traffic policemen and the group of office workers (controls) with regard to the averages and the standard deviations of their auditory thresholds, distributed by frequency and by age class, for each ear, according to Local Health Centre (Emilia Romagna, Italy).

In order to evaluate the exposure to noise of traffic policemen, the sound levels were measured in some external stations, in areas where the policemen being studied work, on 30/12/1998 and 14 and 15/01/1999. The noise value, expressed as dBAeq, was measured at the level of the operator’s ear and each observation lasted about 20 minutes.

A Class I precision integrator phonometer of the QUEST firm MOD 1900 CLASS 1° (date of calibration November 1998) complying with I.E.C. (International Electrotechnical Commission) standards 651-1979 and 804-1984 was used for the measurements. The phonometers were calibrated with the Quest calibration signal, which, with a ½ inch microphone, emits a constant signal at 1000 Hz with amplitude of 110 dB. The calibrations were done before and after each measurement cycle. The phonometric measurements were only considered valid if the difference between the two calibrations, done before and after the measurement cycle, was equal to or less than 0.5 dB.

All the subjects consented to the processing of their personal data, stating that they were aware that those data came under the category of “sensitive data” and they consented to the data arising from the protocol being processed anonymously and collectively with procedures and for scientific objectives according to the principles of the Declaration of Helsinki. 

The data were analysed using the average and the standard deviation; the differences between the averages were evaluated using the T-test.  The differences were considered significant with p<0.05, 

The data were processed using the Solo BMDP® program.

RESULTS AND DISCUSSION

The average values of the auditory thresholds recorded for the population of the municipal policemen are significantly different from those recorded for the reference group, in particular for the 250-2000 Hz frequencies, for both the right and left ears, for every age class. At a  frequency of 3000 Hz, the difference between the average values of the auditory threshold was found to be significant in the younger subjects (25-34 years) for both the right and left ear. This significance was found to be limited to the right ear in the 35-44 years age class and absent in the 45-54 years age class. As far as the higher frequencies (4000-6000-8000) were concerned, no significant differences were found between the two groups studied. The values related to the averages and the DS show more homogeneity in the data recorded in our sample than in the reference group for the younger age classes (25-34 and 35-44).

A progressive increase in the threshold is noted with age, more evident for the 8000 Hz frequency, in line with existing records for the reference population and with the data in the literature. 

Phonometric monitoring revealed a level of road noise close or equal to 80.0 dBA (in only one case was this value exceeded: 81dBA). In the daytime the value was below the 80 dBA bracket and the calculation of personal exposure to noise, made for the entire outdoor working day in the stations investigated, gives an exposure value far lower than 80 dBA. 

Our results suggest some remarks.

a) The impairment of auditory functions in the municipal policemen exposed to noise from vehicular traffic could be related to a rise in the TTS (Temporary Threshold Shift) according to theories put forward by some authors.

b) It can be presumed that the impairment of the medium-low frequencies, not typical in exposure to industrial noise, is linked to the particular spectrum of the noise of vehicular traffic (with a prevalent medium-low frequency component). Alterations noted in the threshold are in relation to acoustic stimulation and, in particular, can be maximum in relation to frequencies equal to tiring noise, which in this case appears to be represented by the urban noise characterised by the presence of sound levels with a greater energetic potential at medium and low frequencies.

c) Acoustic pollution is often particularly marked in the areas where the pollution of the atmosphere is more intense due to the presence of chemical pollutants (toluene, carbon monoxide, etc.); in fact it is mainly caused by vehicular traffic and industrial activities. Some studies have shown a possible association between exposure to chemical substances contained in the air (toluene, benzene, carbon monoxide) and the loss of auditory functions. In view of the foregoing and the prevalent impairment of auditory functions by medium-low frequencies noted by some authors due to exposure to chemical agents, the results of our study might be explained by a possible combined ototoxic effect, caused by many environmental chemical pollutants and by the noise of vehicular traffic to which the policemen on traffic duty are exposed. The most considerable auditory threshold changes of young traffic policemen are in accordance with previous researches. 
CONCLUSION

Impairment of the medium-low frequencies, not typical of exposure to industrial noise, suggests that the damage found is linked to the spectrum of the noise of vehicular traffic (with a prevalent medium-low frequencies component) and to the possible influence of ototoxic chemical agents present in the urban area.
The results obtained can be helpful for the purposes of the protection of the health of city populations also, since municipal policemen who perform outdoor duties can be regarded as a useful indicator of the effects on health caused by exposure to acoustic and atmospheric pollution.

HARM TO THE LIVER AND EMPLOYEES OF THE MUNICIPAL

 POLICE FORCE EXPOSED TO URBAN POLLUTION

MATERIALS AND METHODS

From the population of 5809 members of the City of Rome’s Municipal Police Force, we eliminated subjects who did not perform traffic-control duties (control of unlawful parking, traffic control at junctions, crossroads or on roads with heavy traffic), and women (residual population 703).

For inclusion in the study, a doctor completed a questionnaire to identify the possible risk factors and the principal non-professional confounding factors. All the workers who answered in the affirmative to the questions related to previous or present liver disease (documented with the markers for HBV and HCV), use of hepatotoxic drugs, family history of liver disease, situations at risk of viral hepatitis (history of previous transfusions or use of hemoderivatives, use of narcotic substances, promiscuous use of syringes, contacts with known bearers of hepatitis), use during leisure time or in other previous or contemporaneous employment of potentially hepatotoxic substances (solvents, paints, pesticides, other)and to the smoking habit were excluded from the study. The subjects included in the study were either non-drinkers or their consumption of alcohol was negligible (no alcoholic beverages or less than one glass of wine or beer a day).

We excluded workers aged under 32 years, with less than 2 year’s service and a body-mass index (BMI)>25 from the study.

The subjects were given a general clinical examination, which included search for any hepatomegaly or other clinical signs of liver disease (palmar erythema, spider naevi, gynecomastia, jaundice).

The following liver tests, commonly used in clinical practice, were done: alanine aminotransferase (ALT), aspartate aminotransferase (AST), total and conjugated bilirubin, alkaline phosphatase (AP), gamma-GT, total protein, BUN, blood glucose, cholesterol, triglycerides, creatinine, complete blood count with differential formula,platelet count, and complete urinalysis. The normal values for all tests were those normally applied in our laboratory: total bilirubin <1 mg/dl; conjugated bilirubin <0.25 mg/dl; AST ( 46 IU/L, ALT ( 46 IU/L; gamma-GT ( 55 IU/L; AP ( 280 IU/L;  total proteins 6.6-8.7 mg/dl;  BUN 10-50 mg/dl;  blood glucose 60-100 mg/dl; cholesterol <200 mg/dl; triglycerides 60-165 mg/dl; creatinine 0.6-1.3 mg/dl; WBC 4800-10800/mm3; RBC 470-610x104/mm3; platelets 130-400x103/mm3; Hb14-18 g/dl; Hct 42-52%.

The study has a case-control structure. The controls were blood donors who did office work, paired by age and length of service, obtained from a sample of 1427 donors, using the same exclusion and inclusion criteria described above.

The data were anlysed using the mean, standard deviation and the frequencies. The differences between the two averages were  assessed by the T test. The differences between the frequency distributions assessed by the chi-square test with Yates’ correction and 2x2 contingency tables. With p<0.05, the differences were considered to be significant. The data were entered in a compatible PC, Windows( platform, using the programs: Microsoft Excel( and Solo BMDP.

RESULTS

The average values and the values above the normal laboratory range for AST and ALT showed significant differences compared to the controls as did the distribution of the AST and ALT values. All clinical examinations were normal. All the other parameters studied were within the range of normal values for both groups and showed no statistically significant differences in the averages, the urine test also gave normal results in both groups.

DISCUSSION

Our results suggest the possibility of damage to the liver in asymptomatic members of the Municipal Police Force.

The proportion of employees exposed to urban traffic having high hepatic test values (44%) was similar to our earlier results and to other authors results on subjects in various occupational categories exposed during their duties to low doses of hepatotoxic substances.

The results obtained indicate the following considerations:

1. The fact that the difference between the average values of the persons exposed and the controls is significant suggests that this difference has clinical validity even if the average value is “numerically” normal. The fact that the modifications of the hepatic tests were significantly different in the exposed subjects compared to the controls with regard to our normal laboratory values suggests that these modifications can be considered valid even if the deviations are not as high as those normally found in medical pathology (such as viral hepatitis). This is also in line with the results reported by us and by other authors.

2. The fact that the modifications mainly relate to ALT and AST leads us to think of a mainly cytotoxic mechanism on the membrane that could cause steatosis, rather than a cholestatic mechanism, in line with the results reported by us and other authors.

The foregoing suggests the following hypotheses: a) these modifications do not depend on the drinking of alcohol because that confounding factor was excluded; b) the low doses (particularly mixtures) of potentially hepatotoxicity chemical agents, (including solvents), present in the urban area suggest that they could affect the liver in some of the exposed persons without provoking any symptoms; the effects on the hepatic test are still insufficient and not specific c) such modifications can be regarded as early indicators of risk for the exposed population under those conditions; d) the parameters used here can be used as risk markers in a health supervision screening programme.

With regard to benzene, which is usually considered a representative indicator of other pollutants, useful data is obtained from the stations (fixed posts) for measuring atmospheric pollution situated in the areas where the policemen studied operate. It has been estimated that the average annual value of benzene measured in the urban area of Rome in 1998 was 15 (g m3. This datum was obtained from the stations of the three high-traffic areas 14.3, 22.5, 19.8 and from a public park used as a control 4.9. The stations also show the values for ethylbenzene, toluene, o-m-p-xylene, carbon dioxide and urban particulates, with values that fluctuate around the acceptable concentrations for life environments fixed by the European regulations. Outdoor pollution is greater than indoor pollution in Italian cities, due to the prevalent use indoors of marble, tiles and bare walls, compared to highly absorbent material like carpeting, wooden surfaces and linoleum. This difference in pollution is also brought out by our current studies, which, by means of personal dosimeters, show a daily concentration of benzene of about 9.5  (g m3 for traffic police, compared to 3.8 (g m3 for policemen doing office work; it has been observed that also for toluene, ethylbenzene, o-m-p-xylene the correlation between  "outdoor" and "indoor" is in proportion of about 3:1.

In conclusion, the foregoing suggests that there is a possibility of liver damage in asymptomatic members of the Municipal Police Force and that periodic hepatic screening, with the tests indicated above (particularly ALT and AST), could be useful. It is supposed that the chemical agents (especially solvents) present in the urban air of big cities may be responsible for damage to the liver, even at exposure levels far lower than the threshold limit values (TLV), and that they fluctuate around the acceptable environmental concentrations according to European regulations.

DYSLIPEMIA AND URBAN POLLUTION

METHODS

Out of the population of 5809 members of the Municipal Police Force of the City of Rome, we eliminated all the subjects who performed duties other than traffic (staff on duty in ordinary shifts dealing with parking control, control of junctions, control of crossroads or roads with intense traffic), women and all subjects with less than 2 years of service. We thus obtained 703 male subjects with traffic duties.

For inclusion in the study, a questionnaire was completed for all the workers, in the presence of a doctor, for identification of possible risk factors and the principal non-occupational confounding factors. To avoid the effect of confounding factors, all the workers who answered in the affirmative to the questions about cardiovascular disease (documented by an electrocardiogram) and previous or current liver disease, including hepatitis (documented by the HBV and HCV markers), family history of cardiovascular and liver disease, use of narcotics, promiscuous use of syringes, contact with known hepatitis carriers, use of potentially hepatotoxic substances, such as solvents, paints, pesticides etc., during leisure time or in other previous or contemporaneous work, the smoking habit and consumption of alcohol. As far as consumption of alcohol is concerned, all the subjects included in the study were either non-drinkers or consumed a negligible amount of alcohol (no spirits and/or less than one glass of wine or beer a day). We excluded all the smokers and all the workers under 32 years of age and/or with less than 2 years of service from the study because we considered their period of exposure to be too short to have had any effect. In the group of exposed subjects, none was older than 64 years or had more than 30 years of service. Subjects with a body mass index (BMI)>25 were also excluded from the study. All 703 subjects were subjected to a general clinical examination, which included a search for any cardiovascular disease or any clinical signs of cardiovascular disease (heart murmurs, [declive] oedemas etc.) and liver disease. These subjects underwent the following laboratory tests: total cholesterol and HDL, triglycerides, total protein, azotemia, glycaemia, creatinine, haemo-chromo-cytometric test with a leukocyte formula, platelet count and complete HbsAg, anti-HbsAg and anti-HIV examination of the urine. The normal values for all the tests were those ordinarily used by our laboratory: total cholesterol <200 mg/dl; HDL cholesterol >35 mg/dl  triglycerides 60-165 mg/dl; total protein 6.6-8.7 mg/dl; azotemia 10-50mg/dl; glycaemia  60-100 mg/dl; creatinine 0.6-1.3 mg/dl; WBC 4800-10800/mm3; RBC 470-610x104/mm3; PLT 130-400x103/mm3; Hb 14-18 g/dl; Hct 42-52%.  Samples were taken from patients fasting for at least 10 hours, lying down, by the vacutainer system. The venous blood sample of 10 ml was taken from each worker in the morning, between 6.45 and 9.30, before the start of the normal work shift. The blood samples were kept in a refrigerator at the workplace at –4°C until they were taken to the laboratory where they were immediately centrifuged to obtain the serum, which was kept at –20°C until it was analysed (within 3 days). The laboratory did not know which patients were included in the research, although both the doctors and laboratory technicians were aware that the study was being carried out.

After taking the abovementioned exclusion factors into account, we obtained a sample of 118 traffic policemen (average age 40.3(7.6 years; range 32-64 years; length of service 11.5(6.6 years; range 2-30 years). Five hundred and eighty-five subjects were excluded from the study (37.5 years, SD 10.7; average length of service 10.4 years, SD 4.3).

Our study has a case-control structure. The controls consisting of 118 blood donors who perform office work, paired by age and length of service (average age 40.3(7.6 years; range 32-64 years; length of service 11.5(6.6 years; range 2-30 years). The control group was obtained from a sample of 1427 blood donors, using the same exclusion and insertion criteria as those described above for the exposed subjects.

All the subjects consented to the processing of their personal data, stating that they were aware that those data were in the category of “sensitive data” and they consented to the data arising from the protocol being processed anonymously and collectively with procedures and for scientific objectives according to the principles of the Declaration of Helsinki. 

The statistical analysis was based on the calculation of the average, the standard deviation and the frequencies. The differences between the averages of the groups were evaluated using the Student t-test for non-paired data. The frequencies if the single variables were compared using the chi-square test with Yates' correction. When the values obtained has a p<0.05, the differences were considered significant. The data were entered in a compatible PC, Windows( platform, using the programs: Microsoft Excel( and Solo BMDP(.

RESULTS

An analysis of the results of each  test showed that the average total cholesterol values of the exposed group were higher, but not significant, than the control group and with values higher than normal value at our laboratory (<200 mg/dl). The number of exposed workers with total cholesterol values outside the range was also slightly higher but not significant).

The average HDL cholesterol values in the exposed group were significantly low compared to the control group and with values lower than normal value at our laboratory (>35 mg/dl). The number of exposed workers with HDL cholesterol values below the normal laboratory level (out of range) was significantly.

The average triglyceride values of the group of exposed subjects was significantly higher compared to the control group and with values higher than normal value at our laboratory (60-165 mg/dl). The number of exposed workers with triglyceride values above the normal laboratory value was significantly higher.

The distribution of the values of HDL cholesterol and of  triglycerides differed significantly between the exposed subjects and the controls and the difference was not significant for the total cholesterol values.

The averages of the values of total protein, azotemia, glycaemia, creatinine, white blood corpuscles, differential formula, red corpuscles and platelets showed no significant differences between exposed subjects and controls; the results of the urine tests were normal in both groups.

DISCUSSION

Since all the workers found positive for confounding factors were eliminated from the study, our results suggest the possibility of an alteration in the lipid balance in asymptomatic subjects occupationally exposed to urban pollution.

The foregoing suggests the following considerations:

1) The chemical agents present in urban areas, potentially capable of altering hematic lipids, in particular carbon monoxide, can cause dyslipemic effects in some exposed subjects without causing symptoms.  As far as carbon monoxide is concerned, the stations (fixed posts) for recording atmospheric pollution, present in the areas where the policemen studied operate, provide useful data. In these stations the annual average value of 3.3 mg/m3 in 1998 has been recorded (values fluctuate around the guideline value and annual ambient air concentration, WHO 2000).

2) The parameters used can be employed as risk markers in a programme of health supervision screening in a population exposed to the urban pollution of a big city.

3) The theory put forward by Mulligan, according to which the effects take place in the liver, appears interesting and is in line with studies we are presently conducting, which show liver damage in persons occupationally exposed to urban pollution.

It is supposed that the chemical agents present in the urban area of big cities, particularly carbon monoxide, can be responsible for dyslipemia, even at levels of exposure far lower than the threshold limit values (TLV) and that they fluctuate around the guideline value and annual ambient air concentration, WHO 2000 and that a control screening with the tests used could be useful in subjects occupationally exposed to urban pollution.



Evaluation of allergologic parameters on population groups with high levels of exposure to air pollutants

Allergological survey of traffic policemen 

· Allergologic examination. The individual anamnesis has been carried out on the 196 subjects, subdivided in three subgroups according to their traffic exposure (high, mean-low, no traffic) together with the compilation of a questionnaire dealing with demographic information, school attendance, life style, previous work experience, present working activity, presence of allergic symptomatology at different levels of severity and eventual diagnostic confirmation, family allergological anamnesis. Data collected in the questionnaires are currently being inserted in a “ad hoc” software that will allow the statistical evaluation of the information. 
· Evaluation of cutireactivity against a panel of aeroallergens, selected as those more represented in the geographic area under study. Allergenic sources rare or not present at all in the urban area studied have been included to evaluate the influence of cross-reactions on the onset of sensitization to allergens never directly encountered. Skin prick testing (SPT) has been performed according to standard procedure. Results have been expressed in a semiquantitative way, using the following scores: negative (-); doubt (+/-); positive with increasing intensity (+, ++, +++, ++++). No differences in the prevalence of allergic sensitization have been evidentiated between the three subgroups. It is important to emphasize that these prevalence data refer to allergic sensitization and are not a direct index of actual allergic disease. From the clinical and anamnestic information gathered during the allergologic examination, the symptomatology reported by allergic subjects was generally mild. These data are in keeping with the results of the spirometric assay, which detected only very moderate alterations in a minority of the subjects, without differences between subgroups.
· Quantitative assessment of total serum IgE. Blood was collected by venipuncture at the workshift end. Samples have been maintained for 1 hour at 37°C and then overnight at 4°C to allow clotting; serum samples have been stored frozen at -20°C. Total IgE evaluation was performed by using a commercially available, computer managed, in vitro system, to assure quality and reproducibility of the assays. Results, indicate that total serum IgE levels are comparable in the three subgroups of policemen. As expected, values are significantly different between SPT-positive and SPT-negative subjects belonging to subgroups "high traffic" and "mean-low" traffic. 

These preliminary data need further studies in order to assess any relationship between exposure to air pollutants and allergic sensitization. In particular, the study of a control group made up of subjects living in the same urban area but not professionally exposed to traffic pollutants is indispensable. 
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