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Dear Editor of The Science of the Total Environment: 

Please find enclosed the manuscript “Formaldehyde and tobacco smoke as alkylating 

agents: the formation of N-methylenvaline in pathologists and in plastic laminate workers" 

by R. Bono et al.  In my view, the relevance of the results summarized in the manuscript is 

two-fold. Firstly, the evidence in humans that formaldehyde induces early biological effects 

which were monitored by measuring a protein adduct, the N-methylenvaline, in two groups 

of formaldehyde-exposed workers. Secondly, the evidence that also tobacco smoke can 

induce this response in this populations, independently from the occupational exposure to 

formaldehyde. Thus, data may hence represent a platform for designing a protective grid 

for workers and smokers.  

 

Some information about the results presented:  

 the manuscript is an original work, has not been previously published in whole or in 

part, and is not under consideration for publication elsewhere; 

 the voluntary participation of all the human subjects did not occur until after informed 
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 all authors have disclosed any potential competing interest regarding the submitted 
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Contacts:  
Phone: (+39) 011-670-5818 
Fax: (+39) 011-236-5818 
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ABSTRACT: 

 

Objective. The aim of this study was to investigate the relationships between air-FA 
exposure and the N-Methylenvaline formation in three occupational contexts: a) the 
pathology wards, b) the industry of plastic laminates, c) a group of controls. All subjects 
recruited in this study were considered according to their smoking habits.  
Methods. Formaldehyde was quantified with a HPLC equipped with an UV detector (360 
nm), cotinine was quantified using an Agilent gas chromatograph, interfaced to an Agilent 
mass spectrometer. N-methylenvaline were measured by turbomass GC-MS Perkin Elmer 
equipped with a single quadrupole analyzer. Analysis of variance one-way ANOVA was 
performed to compare the biomarkers considered among the three groups.  
Results. For air-FA and N-methylenvaline a difference between the three levels of 
exposure (p < 0.0001) and a significant higher concentration in the two professional 
exposures were proved. Mean values for FA (µg/m3): group a) 188.6, group b) 210.1, 
group c) 41.4; mean values for N-methylenvaline (nmol/gr of globin): group a) 377.9, group 
b) 342.8, group c) 144.8. Conversely, the comparison between the two professional 
exposures, group a) vs b), does not show significant differences highlighting similar 
exposure to FA and similar biological response. Tobacco smoke proves to have a minor 
impact on the formation of N-methylenvaline molecular adduct. 
Conclusions. We can assume the positive relationship between professional exposure to 
air-FA and N-methylenvaline formation in the two considered type of occupational 
exposure. Tobacco smoke proves to have a minor impact on the formation of N-
methylenvaline molecular adduct. 
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1. INTRODUCTION 

Formaldehyde (FA) is a common environmental and occupational contaminant and it is 

considered the principal carbonyl in urban atmosphere. FA is emitted in air through various 

waste streams during the production of resins and the use disinfectants, preservatives, 

and a variety of other chemicals; it is present in tobacco smoke, paint, garments, diesel 

and gasoline exhaust, and in numerous medical and industrial products (Bono et al., 

2010a; Saito et al., 2005).  Exposition to air-FA can induce local irritations, acute and 

chronic toxicity, and genotoxic and carcinogenic activity (Schmid and Speit, 2007; Speit et 

al., 2007), as confirmed by an increased incidence of nasopharyngeal cancer in industrial 

workers, embalmers, and pathologist (Duhayon et al., 2008; Hauptmann et al., 2004), by 

the relationship demonstrated between FA and leukemia in a recent meta analysis 

(McGwin et al., 2010; Zhang et al., 2009), and by a significant positive association 

between FA exposure and childhood asthma.(McGwin et al., 2010) FA was re-evaluated 

for carcinogenic effects and reclassified as „„Carcinogenic to humans (Group 1) (IARC, 

2006). For these reasons FA is now considered a subject of major environmental and 

public health concern  and its presence in occupational environments has been regulated 

several times by the American Conference Governmental Industrial Hygienists (ACGIH) 

until the actual ceiling limit value (TLV-C) of 0.3 ppm (0.370 mg/m3) (Heck et al., 1990; 

Nielsen and Wolkoff, 2010).  

FA is rapidly absorbed from the gastrointestinal and respiratory tract, but the exposure to 

this substance is not easily assessable through the direct measure in biological fluids, 

because the bio available portion in the site of contact is metabolized in few minutes; its 

metabolites are incorporated into macromolecules via the one-carbon pool pathway or 

eliminated with the expired air (CO2) and urine (Goulding, 1991).  

FA is an extremely reactive chemical, and reacts with monoamines or amides to form 

methylene bridges and produces covalently cross-linked complexes with protein and DNA 



named DNA-protein cross-links (DPCs) that can be measured in blood or cells of exposed 

subjects (Chaw et al., 1980; Heck et al., 1990; Lu et al., 2010). Adducts to proteins are not 

subjected to repair mechanisms, thus they reflect exposure that corresponds to the life of 

the protein. Scientific interest is directed not only to major  proteins, such as hemoglobin 

and albumin (half-lifetime in men, 120 and 23 days, respectively), but also to histones and 

collagen as potential indicators of long-term exposure (10-20 years) (Miraglia et al., 2004).  

FA is able to bind to human serum albumin (HSA), forming the FA-HSA, a molecular 

adduct having antigenic properties; the antibody response against this adduct could also 

provide an indirect measure of FA exposure (Thrasher et al., 1988; Thrasher et al., 1990), 

even if the formation of IgG and IgE antibodies against FA is inconsistent (Doi et al., 2003; 

Kim et al., 1999). Nevertheless, the evaluation of IgG formation represents a useful 

indication of occupational exposure to air-FA, only for non-smokers (Carraro et al., 1997). 

DPCs were found in tissues in direct contact with formaldehyde, rarely away from 

them.(Goulding, 1991) At this concern, to monitoring air-FA exposure, DPCs level in blood 

of subjects professionally exposed to FA in pathology wards were measured and proved to 

be higher than in controls (Shaham et al., 1996; Shaham et al., 2003; Zhitkovich and 

Costa, 1992). 

Kautiainen (Kautiainen et al., 1989) showed the formation of a molecular adduct through a 

covalent bond between formaldehyde and primary amino groups of the globin, forming the 

corresponding Schiff‟s base. The N-terminal valine of globin on 2α and 2β chains may 

undergo to an alkylation reaction, forming N-Methylenvaline. The formation of this early 

biological effect is dependent by exposure to some alkylating agents, of which FA is an 

example described in a previous study (Bono et al., 2006):  

 

R-CHO  +  H2N-Val-Hb                                      R-CH = N-Val-Hb + H2O 

       aldehydes +  N-terminal(valine)                             N-terminal (valine) adducts 

 



Pathologists and plastic laminate workers are two important risky professions, where 

workers may be exposed to high concentration of FA. The first use FA as a preservant and 

disinfectant in pathology laboratories. In particular, the higher levels of exposure to FA in 

pathology wards are recorded in reduction rooms, where FA is directly used to fix the 

biological tissues (Bono et al., 2010b). Plastic laminate workers are exposed to FA 

contained and released by pressed-wood products used in home construction, in 

furnishings containing urea-formaldehyde resins (e.g. particleboard, hardwood plywood, 

medium density fibreboard, and panelling) and phenol-formaldehyde resin (e.g. softwood 

plywood, oriented strand board) (Kelly et al., 1999). Therefore, we can assume that the 

widespread use of FA in many working and life contexts can represent a potential risk 

factor for human health when this pollutant is assumed by contact or breathed. 

Consequently, these two occupational exposures represent typical environments where 

workers can show biological answers due to FA exposure. Thus, the first aim of this study 

was to study the relationships between air-FA exposure and the N-Methylenvaline 

formation, taking into account the tobacco smoke habit as a possible confounding factor. 

Secondly, we intended to compare N-Methylenvaline formation in two different populations 

of workers exposed to air-FA: pathologists and plastic laminate workers.  

 

2. MATERIALS AND METHODS 

2.1 Epidemiological Sample.  

44 pathologists and 51 workers of an industry of plastic laminates were recruited as 

subjects potentially exposed to air-FA. 78 subjects were enrolled as controls from some 

scientific labs and offices where FA is not used. All the 173 subjects were sampled during 

2009 from 3 hospitals, 1 industry, 1 university, and several offices in Piedmont region 

(North-Western Italy). For each of 173 subjects, an air-FA sample was collected for an 

entire working shift (about 8 h). Information on personal medical history, smoking habits, 



and drug intake were also collected through a questionnaire administered at the end of the 

working shift when a sample of venous blood and a spot of urine were collected as well. 

The description of smoking status of all of the subjects was a priori established, classifying 

as “non smokers”, the never smokers and the former smokers who had ceased smoking 

for at least 1 month, and “smokers” who smoked at least one cigarette per day. All 

subjects were informed about the objective of the study, and voluntarily, gave a written 

consent.  

2.2 Personal Air-FA.  

FA air samples were collected for a whole working shift (8 h) on Wednesday using 

passive, personal air samplers working with radial symmetry (Radiello), clipped near the 

breathing zone of the subject. Samplers were equipped with a specific sorbent tube 

containing florisil 35-50 mesh coated with 2,4-dinitrophenylhydrazine (DNPH). DNPH 

reacted with FA, and changes, by derivatization, to the specific 2,4-

dinitrophenylhydrazone-FA which was quantified with a HPLC Perkin-Elmer equipped with 

an UV detector regulated at 360 nm: NIOSH Method no. 2016 (Eller, 1984). The 

instrument was set in according to the following specifications: pump Perkin-Elmer series 

200, detector UV-vis Perkin-Elmer LC 295, dilutor model 401 Gilson, automatic sampler 

Gilson model 231, HPLC column, and cartridge 10 m LiChro CART 250-4. The 

instrumental conditions were as follows: mobile phase, 45% acetonitrile and 55% water; 

flux in column, 1 mL/min; and injection volume, 20 μL. The estimate limit of detection 

(LOD) was 0.05 μg/mL. The calibration curve was prepared using a calibration standard 

(2,4 dinitrophenilhydrazone-FA specific, having a certificated concentration of 3.83 μg/mL 

aliquoted with a range of concentration between 0.05 and 3 μg/mL.  

2.3 Questionnaire.  

A questionnaire was administered to each subject, at the end of shift, to acquire 

information concerning the individual and clinical features (age, sex, place of residence, 



hobbies, and therapies), smoking habits, profession (qualifications, seniority, and job-

specific work), and the presence and use of environmental and personal devices to 

prevent air exposure and health risks. 

2.4 Blood Sampling and N-methylenvaline analysis.  

For each subject, 10 mL of venous blood were collected at the end of the working shift in a 

eparinized tubes, and immediately processed for the quantification of N-Methylenvaline, as 

described in our previous study (Bono et al., 2006). Briefly, the collected blood was 

centrifuged and washed with NaCl after that ultra pure water was added to lise 

erythrocytes. The emolysate was centrifuged and dialyzed in water; 2-propanol acidified, 

ethyl-acetate, and pentane were added to precipitate the globin which was subsequently 

dried and stored at -20°C. Through the application of Edman degradation method, 

modified by Törnqvist (Tornqvist et al., 1986), globin was derivatized with the reduction 

performed by Kautiainen (Kautiainen et al., 1989).  

For each sample the procedure was applied twice. In the first application, 50 mg of dry 

globin was diluted in formammide and buffered with NaOH to obtain the N-methylvaline 

(N-methylvaline background). In the second application of the procedure, the globin diluted 

with formammide was followed by addition of NaBH4 in buffered water (Tornqvist and 

Kautiainen, 1993):  

 

                  Reduction (NaBH4) 

R-CH = N-Val-Hb                                              R-CH2NH-Val-Hb 

N-terminal (valine) adducts                              reduced N-terminal (valine) adducts 

 

This procedure achieved the reduction of the soughed N-methylenvaline to stable N-

methylvaline which adds up to background N-methylvaline (N-methylvaline background + 

N-methylenvaline reduced to N-methylvaline). Therefore, the N-methylenvaline, produced 



by the alkylating activity of FA (the dependent variable that we intend to study), is obtained 

by subtracting the endogenous N-methylvaline from the total amount of N-methylvaline 

arising from the reduction procedure. In each sample and for both procedures, N-methyl-L-

isoleucine as internal standard was dissolved in the formammide solution. Subsequently, 

each sample was derivatized with pentafluorophenyl isothiocyanate (PFPITC) and 

products were separated from globin by extraction with diethyl ether. The extract was 

dried, re-dissolved in toluene and washed with ultra pure water and Na2CO3. Lastly, N-

methylvaline-pentafluorophenyl thiohydantoin (N-methylvaline-PFPTH) was isolated 

together with the internal standard by evaporation. The purification of samples was done 

with C-18 cartridges, before the GC/MS analysis. 

To test linearity and reproducibility of analysis, a calibration curve was prepared with 50 

mg of globin dissolved in formammide and added of calibration and internal standard 

(Bono et al., 1999; Bono et al., 2005).   

2.5 GC-MS analysis.  

Dried samples were dissolved in 100 µl of toluene and immediately analyzed. Analysis 

was performed using a Turbomass GC-MS by Perkin Elmer (Norwalk, CT, USA), equipped 

with a single quadrupole analyzer, with sources for electron impact and chemical 

ionization. The injection volume was 1 µl in pulsed splitless mode. The capillary column 

used was a Phenomenex, Zebron ZB-5, 30 m X 0,25 mm X 0,25 µm film thickness. Initial 

column temperature was 80°C, and increased by 22°C/min to 190°C, then  5°C/min to 

235°C and lastly by 20°C/min to 300°C; isothermal at 300°C for 7 min. The transfert-line 

temperature was set at 200°C. Carrier gas was ultrapure He (1.0 ml/min). 

The mass analyzer is a quadrupole type, setted in SIM mode (Selected Ion Monitoring), 

with a programmed selection of masses m/z as follows: selected ions for N-methylvaline: 

290-310Th; selected ions for N-methyl-L-isoleucine: 334-314Th. The resulting 

chromatographic peaks were integrated to give the quantitative results. Coefficients of 



variation (CV, %) calculated to test repeatability were 4,8%, for the internal standard and 

4,3% for samples. 

2.6  Urine collection and cotinine analysis.  

A spot of fresh urine were collected the sampling day at the same time (the first of the 

morning) from each volunteer and stored at -80 °C to measure cotinine within the next 20 

days. Cotinine measurement was carried out taking into account the possible role played 

by tobacco smoke in the human intake of FA, or of other independent variables. To 10 ml 

of urine transferred into a glass tube for extraction, 4 g of NaCl, 500 µl of NaOH (5M) and 

10 µl of cotinine-d3 ([2H3]-Cotinine) as internal standard, were added. Subsequently, to 

extract cotinine from urine the follow procedure was executed twice: addiction of 2 ml of 

trichloromethane (CHCl3), liquid-liquid extraction in a shaking wheel for 15 minutes, and a 

centrifugation for 10 min at 1000 g. The two resulting organic phase were collected and 

joined in a new glass tube and evaporated to dryness in a rotary evaporator. Calibration 

curve was performed by introducing increasing quantity of cotinine (2,5 µg/ml) in a urine 

pool of non smoking subjects, to obtain a concentration range from 10 to 100 ng/ml. The 

points of the calibration curve were then treated as the samples.  

The dry residue was reconstituted by addiction of 200 µl of CHCl3 and transferred into a 

vial for the GC-MS analysis as described below. Analysis was performed using an Agilent 

Technologies 6890 gas chromatograph, interfaced to an 5973 MSD Inert Agilent mass 

spectrometer. The injection system used was a Gerstel CIS4 PTV. Initial injection 

temperature was 50°C programmed at 10°C/s; final temperature was 300°C, held for 10 

min. The injection volume was 1 μl in split mode. The capillary column used was a HP-

5MS 30mx0.25mmx0.25μm film thickness. Initial column temperature was 50°C, and 

increased by 15°C/min to 300°C. Carrier gas was ultrapure Helium (1.0 ml/min). The 

transfer-line temperature was set at 280°C. The ionization source worked in electronic 

impact mode and the mass spectrometer operated in SIM mode. The monitored masses 



for cotinine were: 98.00; 118.00; 176.00 Th. The monitored masses for the internal 

standard were: 101.00; 121.00; 179.00 Th. The resulting chromatographic peaks were 

integrated to give the quantitative results. Coefficients of variation (CV%) calculated to test 

repeatability were below 5% for cotinine and its internal standard. 

2.7 Statistical analysis:  

The non-normal distribution of data of airborne chemicals and urinary biomarkers tested 

through Kolmogorov-Smirnov test for each of the 3 populations (pathologists, workers in 

the plastic laminates industry, and controls) suggested a log-transformation of data to 

stabilize the variance and normalized the distributions. Student's t-test or the analysis of 

variance one-way ANOVA were then applied to compare two or more groups of 

independent samples, and Pearson's correlations were used to test the associations 

between variables. For ANOVA test, we assumed as post-hoc multiple comparison the 

equal variance of Tukey. Lastly, a p value of ≤0.05 (two-tailed) was considered significant 

for all of the tests. All the statistical analysis were performed using SPSS Package, version 

17.0 (www.spss.com). 

 

3. RESULTS       

Within the 44 pathologists, subjects who work in reduction rooms (n. 19), where FA is 

directly used, show a statistically significant higher level of FA (p < 0.0001) than who works 

in other services (n. 25). Conversely, air-FA levels of these 25 other pathologists show 

similar concentrations to that of subjects recruited as controls, where they were therefore 

included. Thus, the resulting final groups were constituted by 19 pathologists (exposed to 

FA), 51 plastic laminates workers (exposed to FA), and 103 controls. Table 1 shows some 

epidemiological general aspects of the three resulting groups of volunteers. At this 

concern, to excluding a possible confounding factor, the three age groups were compared 

and any statistical differences were recorded. 

http://www.spss.com/


Tobacco smoke is a known source of several air pollutants, including FA, and many of 

them possess alkylating properties (Bono et al., 1997; Bono et al., 2005).  To quantify the 

level of exposure to this important confounding factor, we have measured the urinary 

cotinine, a metabolite of nicotine, sensitive and specific biomarker of passive and active 

tobacco smoke intake. To test the epidemiological behaviour of this biomarker of 

exposure, correlation between numbers of cigarettes smoked per day and cotinine levels 

among all the 173 subjects was calculated by means of Pearson test. A strong and highly 

significant correlation was found: r = 0.814, p < 0.0001 (figure 1).  

To compare the biomarkers considered in this study among the three groups, analysis of 

variance one-way ANOVA was performed. Results show in table 2 underline, for air-FA 

and N-methylenvaline, a general difference between the three levels of exposure 

investigated (p < 0.0001). A significant higher concentration in the two types of 

professional exposures (19 and 51) were demonstrated with the Tukey post-hoc test, in 

comparison to controls (n. 103). Conversely, the comparison between the two different 

professional exposures (19 versus 51) does not show significant differences, neither 

considering air-FA nor N-methylenvaline. This aspect highlights similar levels of exposure 

to FA and of this biological response in these two so different professions.  Finally, by 

means of t-test, the merged data of the two professions (51 + 19 = 70) showed a 

significant higher levels of FA and N-methylenvaline than controls. Statistical analysis of 

cotinine of the whole population, underlines a general difference between the three levels 

of exposure investigated (p < 0.002) (table 2). In detail, comparing the 19 and the 51 

exposed workers, the post-hoc Tukey test does not show difference in the tobacco smoke 

habit, as well as between the 19 pathologist and the 103 controls. Conversely, the 51 

plastic laminate workers show a significant higher tobacco smoke habit with respect to 

controls. This finding is probably due to sociological reasons that leads to a greater use of 

tobacco in blue collars (the plastic laminate workers) than white collars (the pathologist 



and controls). Lastly, t-test confirms a general higher level of tobacco assumption in 

exposed (n. 70) than controls (n. 103) (p < 0.001).  

In order to excluding the tobacco smoke in the formation of N-methylenvaline due to the 

FA professional exposure, analysis of table 2 was repeated excluding active smokers and 

considering only the 120 non-smokers (Table 3). These last show a negligible and 

significantly lower  levels of cotinine (10.6 ng/ml) in relation to that of active smokers 

(1093.1 ng/ml), p < 0,0001. Also in this case the whole population of non-smokers shows a 

general difference between the three levels of exposure investigated for air-FA (p < 

0.0001) and for N-methylenvaline (p < 0.0001). In detail, post-hoc Tukey test highlights for 

FA a higher level of air-FA in the plastic laminated workers than pathologists (p = 0.025) 

and a higher exposure in the two professional exposed group than controls: 13 versus 79 

and 28 versus 79 (p < 0.0001). Post-hoc Tukey test shows for N-methylenvaline any 

differences between the two type of professional exposure to FA for N-methylenvaline but 

significant differences comparing the two groups of exposed to FA with controls: 13 versus 

79 (p < 0.023) and 28 versus 79 (p < 0.0001). Finally, t-test confirms a general higher level 

of N-methylenvaline in exposed (n. 70) than controls (n. 103) (p < 0.001).  

To evaluate possible relationships between the three biomarkers, Pearson‟s correlation 

tests were carried out after the log-transformation of data. Analyzing the whole population, 

the air-FA appears to be significantly correlated with N-methylenvaline (r = 0.678; p < 

0.0001) and weakly correlated also to cotinine (r = 0.291; p = <0.0001). The same 

correlations were carried out restricting the analysis to the 120 non-smokers and the 

findings were the same comparing air-FA and N-methylenvaline (r = 0.658, p < 0.0001). 

Finally, no correlation was recorded considering FA and cotinine.  

In order to assess the response of the N-methylenvaline to the increase of exposure to air-

FA, independently from the profession of the subjects, one-way ANOVA test was carried 

out considering the four averages of N-methylenvaline sub-grouped according to quartiles 



of the 173 values of air-FA (figure 2). The resulting high significance of the test (p < 

0.0001) shows a direct responsibility of air-FA exposure in the N-methylenvaline formation. 

In particular,  post-hoc Tukey test underlines the linearity of the response of this biomarker 

as function of FA exposure, particularly at lower levels. In effect, the N-methylenvaline 

proves significant differences comparing fourth and third quartile (p = 0.0001), third and 

second (p = 0.0001), fourth and second (p = 0.0001), but not second and first (p = N.S.). 

 

4. DISCUSSION AND CONCLUSIONS 

The pathologists and the workers in plastic laminates are two professional figures that, 

although very different, both use formaldehyde. In the present work we confirm these two 

as two risky work activities due to the exposure to this chemical. Taking into consideration 

its toxicological and carcinogenic properties, the widespread use of FA in many working 

(and life) contexts represents a potential risk factor for human health when this pollutant is 

breathed. As previously mentioned, the actual ceiling limit value (TLV-C) suggested by 

ACGIH is 0.3 ppm (0.370 mg/m3). 

Our air-FA measurements show that during the sampling day, 1 pathologist and 2 workers 

in the plastic laminate industry were exposed to air-FA in higher concentration than the 

limit recommended by ACGIH, eventuality just described by some other authors (Costa et 

al., 2008; Orsière et al., 2006; Pala et al., 2008). At this concern, we can assume that 

these high values may be episodic and due to improper use of personal protective 

equipment, or due to poor functionality of the aspirators. In general, the pathologists show 

also an exposure level dependent by some specific tasks and by the small and not 

perfectly ventilated indoor environments in which workers act. In particular, pathologists 

show higher exposure to FA when operate under hood in direct contact with FA used for 

the reduction of the tissues. On the whole, air-FA exposure is preventable in both the two 

occupational environments through better aspirators of exhausts and environmental 



ventilations, even if in a pathological wards seems to be easier, at least reducing quantities 

of FA adopted for reduction and getting the anatomical tissue under vacuum (Di Novi et 

al., 2010).  

The differences of N-methylenvaline between exposed and controls and between smokers 

and non-smokers was considered true after verifying that N-metilvaline background levels, 

analyzed by one-way ANOVA for all four groups above mentioned, shown any statistical 

differences. Therefore, N-methylenvaline was evaluated attributing the observed 

differences solely to determinants studied and not to different background levels of N-

methylvaline. Since formaldehyde represents an alkylating pollutant present in both 

occupational and environmental context, the formation of N-Methylenvaline as a early 

biological effect resulting from air-FA exposure, was evaluated comparing two groups of 

voluntary subjects different for their professional exposure to FA and a control group. Due 

to their FA exposure, pathologists and workers of plastic laminate are able to increase 

their levels of N-methylenvaline two times (table 3, the 120 non-smokers) or more times 

(table 2, the whole population including the smokers). Conversely, the two occupational 

exposures to FA show, practically, concentrations of the adduct of the same order of 

magnitude and not statistically different.  

Aiming to consider the role of tobacco smoke in the methylation of human hemoglobin and 

in the consequent N-methylenvaline formation, number of cigarettes smoked per day was 

correlated to urinary cotinine value for each subject. Figure 1 demonstrated the high 

sensitivity and specificity of this internal dose marker through the very high “r” of 

correlation. In table 2 analysis of cotinine in the three groups analyzed shows a significant 

higher exposure to tobacco smoke in the two categories of professional exposed to FA 

(Daher et al., 2010). This aspect, even if apparently justified by the presence of 

formaldehyde in tobacco smoke  does not seem to be due to absorption of the gas by this 

route but to sociological reasons. however, among the pathologists, the number of 



smokers so low (n=6) does not allow to attribute any role to the profession in highest 

concentration of cotinine than controls (Tukey post-hoc test not significant). Instead, a 

significant higher concentrations of cotinine in workers of plastic laminates (Tukey post-

hoc test: p < 0.001) is probably dependent by their smoking habits, larger as number of 

smokers and as number of cigarettes smoked per day (typical of the blue collars) than in 

controls (all white collars). 

Even if in minor magnitude, data on N-methylenvaline reported in table 3 still show a 

significantly higher concentration of N-methylenvaline for pathologists non-smokers 

although to a lesser extent (p < 0.023) compared to the population including the smokers 

(p < 0.0001). Instead, the plastic laminate workers show a significant higher concentration 

of N-methylenvaline than controls, independently by tobacco smoke habit. 

In conclusion, we can assume the positive relationship between air-FA professionally 

exposure and N-methylenvaline formation. The analysis of variance one-way ANOVA, 

performed for this purpose shows a general positivity of the model (p < 0.0001) and 

underlines the role of confounding factor for tobacco smoke. To test this last 

habit/exposure we used cotinine, which proved its sensitivity and specificity in showing the 

levels of exposure to tobacco smoke. In general, the two occupational exposures 

(pathologists and plastic laminate workers) show higher levels of exposure to 

formaldehyde when compared to controls, and similar levels when compared among 

themselves. Some criticisms can be summarized considering: a) the exposure variability, 

b) the different time described by the two measurements, namely the 7 hours of sampling 

for air-FA and 120 days for N-methylenvaline, the life of the erythrocytes, c) the N-

methylenvaline variability (possible genetic polymorphisms). 
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FIGURE CAPTIONS 

 

Figure 1. Correlation between urinary cotinine and number of cigarettes/die referred to the 

whole population (n. 173). p < 0.0001, r = 0.814.   

 

 

Figure 2. Box-plots of the four group of N-methylenvaline data according to the four 

quartile of air-FA exposure in µg/m3: I quartile = 159.2-558.4, II = 66  One-way ANOVA 

test: p = 0.0001 
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Table 1. General description of some individual characteristics of all the 173 volunteers. 

 

 

*ANOVA test p = not significant  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Exposed to formaldehyde  

 pathologists plastic laminate workers controls 

Subjects (n.) 19 51 103 

Age (mean of years)  38 40,9 39.1 

Gender (m/f) 8/11 51/0 30/73 

Smoking habits (yes/no) 6/13 23/28 24/79 
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Table 2. Air-FA, N-methylenvaline, and cotinine in the three category of air-FA 

exposure. In brackets the log-transformation.   
 

 

Reference category 

 

 

 

 

 Exposed to formaldehyde  

 pathologists plastic laminate workers Controls 

Number 19 51 103 

FA µg/m3 (log-transformed data) 
Min 14.9 (1.172) 49.1 (1.691) 5.3 (0.725) 

Max 558.4 (2.747) 444.5 (2.648) 134.6 (2.129) 

Median 189.6 (2.278) 195.1 (2.290) 29.8 (1.474) 

Mean 188.6 (2.110) 210.1 (2.265) 41.4 (1.507) 

SD 144.2 (0.442) 104.5 (0.235) 29.4 (0.321) 

p ANOVA <0.0001 

p (19 vs 51) tukey N.S. 

p (19 vs 103) tukey <0.0001 

p (51 vs 103) tukey <0.0001 

p (70 vs 103) t-test <0.0001  

N-methylenvaline nmol/gr of globin  (log-transformed data) 
Min 22.13 (1.345) 30.80 (1.489) 0.7 (-0.156) 

Max 1606 (3.206) 1242 (3.094) 894.3 (2.951) 

Median 369.3 (2.567) 278.4 (2.445) 65.8 (1.818) 

Mean 377.9 (2.365) 342.8 (2.420) 144.8 (1.739) 

SD 362.7 (0.501) 259.2 (0.338) 204.8 (0.689) 

p ANOVA < 0.0001 

p (19 vs 51) tukey N.S. 

p (19 vs 103) tukey <0.0001 

p (51 vs 103) tukey <0.0001 

p (70 vs 103) t-test <0.0001  

cotinine ng/ml  (log-transformed data) 
Min 3.1 (0.491) 1.0 (0) 0.8 (-0.097) 

Max 1963 (3.293) 3306 (3.519) 1644 (3.216) 

Median 8.0 (0.903) 45.0 (1.653) 10.0 (1) 

Mean 409.1 (1.521) 704.3 (1.794) 129.6 (1.164) 

SD 706.0 (1.076) 954.2 (1.278) 307.4 (0.867) 

p (ANOVA) 0.002 

p (19 vs 51) tukey N.S. 

p (19 vs 103) tukey N.S. 

p (51 vs 103) tukey 0.001 

p (70 vs 103) t-test 0.001  
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Table 3. Air-FA and N-methylenvaline in the three category of air-FA exposure of the 

120 non-smokers. In brackets the log-transformation.  

 

 

Reference category 

 

 

 

 

 

 Exposed to formaldehyde  
 pathologists Plastic laminate workers Controls* 

n. = 120 13 28 79 

FA ug/m3  (log-transformed data) 
Min 14.9 (1.173) 49.10 (1.691) 5.300 (0.725) 

Max 335.5 (2.536) 444.5 (2.648) 134.6 (2.129) 

Median 117.9 (2.072) 190.5 (2.279) 29.80 (1.474) 

Mean 136.1 (1.966) 208.5 (2.248) 40.44 (1.502) 

SD 106.7 (0.439) 115.9 (0.263) 28.33 (0.312) 

p ANOVA <0.0001 

p (13 vs 28) tukey 0.025 

p (13 vs 79) tukey <0.0001 

p (28 vs 79) tukey <0.0001 

p (41 vs 79) t-test <0.0001  

N-methylenvaline nmol/gglobin  (log-transformed data) 
Min 22.1 (1.345) 32.4 (1.511) 0.7 (-0.156) 

Max 626.2 (2.797) 1214.0 (3.084) 894.3 (2.951) 

Median 130.1 (2.114) 342.2 (2.254) 51.1 (1.708) 

Mean 244.7 (2.182) 380.6 (2.476) 133.6 (1.694) 

SD 211.7 (0.489) 258.9 (0.332) 197.5 (0.694) 

P <0.0001 

p (13 vs 28) Tukey N.S. 

p (13 vs 79) Tukey 0.023 

p (28 vs 79) Tukey <0.0001 

p (41 vs 79) t-test <0.0001  
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