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17 Abstract
18
19 This human biomonitoring (HBM) follow-up survey, within the SPoTT project, assessed the 

20 temporal and spatial trends of exposure to 18 metals in a cohort living around the waste-to-energy 

21 (WTE) incinerator of Turin (Italy) before (T0, 2013) and after 1-year of plant activity (T1, 2014). 

22 Urine of 380 adult individuals (186 exposed and 194 unexposed subjects, classified on fallout 

23 maps) were analyzed by sector field inductively coupled mass spectrometry. A decrease trend of 

24 the majority of metals in all subjects indicates that the overall air quality of the studied sites was 

25 not significantly compromised, also in proximity of the WTE plant, as corroborated also by air 

26 monitoring data of the regional agency. The only relevant exception was the higher Cr levels found 

27 at T1 than T0 in exposed subjects, suggesting a possible contribution from the WTE plant. 

28 Chromium, Mn and Pt urine levels were also higher in the site far from the WTE, in relation to 

29 other sources as vehicular traffic, industrial and civil activities. Whilst, As and Cd were influenced 

30 by fish intake and tobacco smoke. A very small number of individuals at T1, equally distributed 

31 in both areas, exceeded the health-based guidance values and so, at current knowledge, living near 

32 the Turin incineration did not significantly influence the exposure status of the population.

33

34 Keywords: waste-to-energy (WTE) incinerator, follow-up human biomonitoring (HBM), metals, 
35 exposure assessment, Health Based Guidance Values (HBGVs)
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36 1. Introduction
37

38 A recent study commissioned by the European Environment Agency (EEA) showed that the 

39 incineration capacity in the EU-28 countries increased by 6% to 81 Mt/year between 2010 and 

40 2014 (Wilts et al., 2017). In Europe, the Municipal Solid Waste (MSW) average production was 

41 480 kg per person in 2016, and in Italy the production lied above the EU average value (497 

42 kg/pp/year) (http://ec.europa.eu/eurostat/statistics-

43 explained/index.php/Municipal_waste_statistics#Municipal_waste_generated_by_country). The 

44 waste-to-energy (WTE) facilities offer effective solution to convert a MSW from a pollution 

45 source to a renewable energy resource; even though in 2013 only close to 2.5 Mt of waste was 

46 shipped for energy recovery. Thus, in the last years, great efforts towards a better exploitation of 

47 technical potential of WTE plants have been prompted by the EC (Saveyn et al., 2016). To date, 

48 more than 200 WTE plants are active in 14 European countries; in Italy there are 41 incinerators 

49 including the newly built Gerbido WTE plant in the Turin area which is one of the biggest facility 

50 in Europe (European Commission, 2017). The plant treats both household and special waste (421 

51 Mt/year with an electricity generation capacity of 350,000 MWh/year), providing to meet the needs 

52 of 175,000 homes (Bena et al., 2016a; Bena et al., 2016b).

53 The Waste Incineration Directive (WID) 2000/76/EC and the newer Industrial Emissions 

54 Directive (IED) 2010/75/EU looks to achieve significant levels of environmental and human health 

55 protection by setting very strict operational and technical limit values for various parameters, 

56 including metals (European Commission, 2000; European Commission, 2010). The IED was 

57 transposed in Italy by the Legislative Decree 46/2014 and, regardless of the waste incineration 

58 technology, compliance with the emission standards for metals like arsenic (As), cadmium (Cd), 

59 chromium (Cr), cobalt (Co), copper (Cu), mercury (Hg), manganese (Mn), nickel (Ni), lead (Pb), 

60 antimony (Sb), thallium (Tl), and vanadium (V) is required (Decree-Law 46/2014).

61 Although WTE plants are monitored by governments, the local residents show strong 

62 opposing public opinion, especially in cities with high population densities (Ren et al., 2016). 

63 Nevertheless, this adverse incineration risk perception, the WTE technology can be a climate- and 

64 environmental-friendly solution as compared to conventional incinerators (Seltenrich et al., 2016). 

65 In the SPoTT project, the concern arising from population has encouraged local health authorities 

66 and the scientific community to study the real exposure arising from WTE plants, including also 
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67 the assessment of risk perception of the population and the maintenance of a constant dialogue 

68 through a local control committee (Bena et al., 2016a; Bena et al., 2016b). Regarding local risk 

69 perception, a questionnaire was submitted to SPoTT participants with specific questions mainly 

70 designed to investigate the degree of concerns of the population about environmental and health 

71 risks. Residents living closer to the incinerator showed greater concern than more distant ones, 

72 especially with regard to anthropogenic and natural air and water pollution, but also to waste 

73 management. Moreover, population believed that environmental pollution definitely causes acute 

74 and chronic diseases and the exposed people considered themselves to be much more at risk than 

75 unexposed (Bena et al., 2019).

76 Among different approaches for exposure assessment, the human biomonitoring (HBM) 

77 allows to evaluate the internal dose of metals in people living around WTE incinerators, laying the 

78 basis for a major awareness on health risk/benefit of this strategy.

79 In this context, the SPoTT (Italian acronym for Population health Surveillance in the Turin 

80 incinerator's area) surveillance program used the HBM approach to detect 18 metals and their 

81 temporal trends in urine of a cohort of individuals living around the WTE incinerator of Turin. The 

82 rationale of the SPoTT program as the population recruitment criteria, questionnaires, and fall-out 

83 maps has been previously described (Bena et al., 2016).

84 The SPoTT cohort was prospectively followed by two measurements over time. The first time 

85 measurement (T0, 2013) corresponded to the baseline survey before the cohort was exposed to 

86 WTE plant emissions and represented the reference values (RVs) for 18 metals in urine and Pb in 

87 blood (Bocca et al., 2016). The second time measurement (T1, 2014) represented the potentially 

88 exposed SPoTT cohort after 1-year of the WTE plant activity. The same metals previously 

89 investigated in T0 survey were analyzed in this follow-up study using the same analytical method 

90 validated at T0; collection of samples was limited to urine, avoiding the invasive and less practical 

91 blood collection; and, a questionnaire was given to participants with the aim to update personal 

92 information including residence, occupation, diet and lifestyles. Data of the cohort at T1 were 

93 compared to the baseline (T0) to highlight differences in metal levels according to exposure to the 

94 WTE incinerator, considering also the influence of individuals’ habits. Health assessment of the 

95 cohort before and after 1-year of WTE activity was also evaluated by comparison of results with 

96 the available health-based guidance values (HBGVs).

97
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98 2. Methods

99 2.1 Population and methodology
100
101 The population recruited at T0 (2013) was invited to participate at T1 survey (2014). In Figure 

102 1 is shown a flow-chart of the SPoTT enrollment activity, including the time of recruitment and 

103 sampling, percentage of refusals, and when the WTE plant started to operate. Individual exposures 

104 were recorded by the classification used in T0 survey and based on previously described fall-out 

105 maps- namely, the unexposed area (Area 1) with people residing in the range 0-0.007 mg/m2/year 

106 of annual deposition of metals and exposed area (Area 2) with residing in the range 0.014-0.11 

107 mg/m2/year (Bena et al. 2016a, Bocca et al., 2016). A total of 380 individuals - 186 individuals in 

108 Area 1 and 194 in Area 2 - agreed to participate in the second round. 

109 The used methodology was the same as that of the baseline study (Bocca et al., 2016). As 

110 regards number of participants involved, the sample size was selected so as to obtain differences 

111 in metal content below 20% with an α error of 0.05. Potential variability of the population was 

112 appropriately characterized by the use of questionnaires tracking any resultant inter- and intra-

113 individual variability (like age, gender, education level, social class, residence, occupation, alcohol 

114 consumption, smoking, food consumption, etc.).

115 Morning urine spot samples of participants were collected between June and September 2014 

116 and stored at -20° until analysis. Eighteen metals including As, Be, Cd, Co, Cr, Cu, Hg, Mn, Ni, 

117 Sb, Sn, Tl, V, Zn and the Platinum Group Elements (PGEs: Ir, Pd, Pt, Rh) were measured in urine 

118 samples by the sector field inductively coupled mass spectrometry (SF-ICP-MS, Element2, 

119 ThermoFisher, Bremen, Germany). The LoDs in urine were the following: 0.01 µg/L for Cd, Cr, 

120 Sb, V; 0.02 µg/L for Co, Mn; 0.03 µg/L for Tl; 0.04 µg/L for Be, Sn; 0.12 µg/L for Ni; 0.25 µg/L 

121 for Hg; 0.30 mg/L for Cu; 0.92 µg/L for As; 2.0 µg/L for Zn. As regards the PGEs, limits were as 

122 follows: 0.50 ng/L for Ir; 1.34 ng/L for Pt; 7.7 ng/L for Pd; 6.7 ng/L for Rh.

123 Regarding the quality assurance (QA) scheme, it included the analysis of internal and external 

124 quality control (IQC and EQC) samples (Ruggieri et al., 2016). In particular, IQC samples 

125 consisted of Certified Reference Materials (CRMs), namely the Lyophilized Human Urine at Level 

126 1 and Level 2 (Sero AS, Billingstadt, Norway) or in-house spiked urine samples for the analysis 

127 of PGEs that were not certified in the above-mentioned CRMs. These IQC samples were analyzed 

128 concurrently with test samples at a frequency of one per 20 samples during the sequence to monitor 
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129 daily recovery and repeatability. Recoveries were between 90-110% and repeatability was better 

130 than 20%. Moreover, the method was controlled over-time by analyzing EQC samples provided 

131 by the Italian External Quality Assessment Scheme (EQAS) in the field of occupational and 

132 environmental medicine (OELM). Regarding uncertainty of measurements, it was calculated for 

133 each urinary metal using QA/QC data and applied to each SPoTT urine sample (Ruggieri et al., 

134 2016). The method used obtained the accreditation according to the ISO/IEC 17025 standard by 

135 the Italian accreditation body (Accredia).

136 2.2 Statistical analysis 
137
138 Data treatment, already utilized in T0 study, was applied: i) urinary metals were normalized 

139 by the specific gravity (SG); ii) for values below the limit of detection (LoD), the LoD/2 values 

140 were used; and iii) outliers, defined as samples higher than [Q3+3×(Q3-Q1)], where Q3-Q1 was 

141 the interquartile distance - were excluded from the statistical analysis (Bocca et al., 2016). Due to 

142 not-normality of the distribution of metal concentrations, median and 95th percentile values were 

143 used to describe the data and non-parametric tests were applied. The Mann-Whitney U test was 

144 used to compare the two areas of exposure at T1 and the Wilcoxon signed-rank test to compare 

145 observations over time (survey T0 - 2013 and T1 - 2014). The role of fish consumption (the day 

146 before and the week before sampling) and smoking habit (non-smoker: cotinine <14.0 ng/mL; 

147 smoker: cotinine ≥ 14 ng/mL) were also examined. A result was considered statistically significant 

148 if associated with a p value <0.05. Analyses were conducted using the statistical package IBM 

149 SPSS Statistic 24. 

150 3. Results and discussion

151 3.1 Rating of the follow-up study
152
153 Of the population re-contacted at T1 (Figure 1), the respondents were 186 in Area 1 on a total 

154 of 196 at T0, so only the 5.1% declined to adhere to the new study. In the Area 2, the exposed one, 

155 the rate of participation at T1 was even higher (194 respondents on 198 at T0) with very few cases 

156 of refusals (2.02%). The time of recruitment was between June and September both at T0 and T1. 

157  Comparison of characteristics of SPoTT population enrolled in T0 and T1 phases is reported 

158 in Table 1. On a total of 394 recalled T0 subjects, only 14 individuals (3.55%) in both areas 
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159 declined to take part in T1 phase for different reasons (i.e., untraceability of the subjects or loss of 

160 interest towards the study). Usually, unbiased results are minimized if the overall follow-up rate 

161 reaches 80% or more of subjects whose exposure is measured at baseline (Padula et al., 2017); in 

162 this study more than 95% of eligible persons contributed to the second round program, therefore 

163 there was an appropriate representativeness of the sample and not-respondents and/or refusals were 

164 indeed not substituted. Those subjects which changed area of residence were not enrolled. Sex 

165 balance was achieved (191 women and 189 men) though a slightly higher amount of women rather 

166 than men (4.02% vs 3.08%) declined to participate at T1 survey. A higher percentage of older 

167 people (51-69 ys: 4.13%) than younger (36-50 ys: 2.84%) did not take part to T1 campaign. 

168 Regarding areas of exposure, the more active participation in the second survey was obtained for 

169 the exposed people (Area 2) of both sexes and age classes, being probably more motivated than 

170 the unexposed population (Area 1). 

171 With concern to tobacco smoking, the number of smokers were lower in T1 respect to T0 (18% 

172 vs 30%). People who consumed fish during the day before urine collection were fewer in T1 

173 respect to T0 survey (11% vs 53%), as well those who consumed fish during the last week (67% 

174 vs 87%). The decrease of fish consumers might reflect a major awareness of participants towards 

175 the study and/or a great capability of the SPoTT team of motivating the enrolled subjects to follow 

176 the advice of avoiding to eat fish the last day before sampling.

177 Table 2 shows that more than 90% of samples in both T0 and T1 studies were above LoD 

178 values, thus reaching a sufficient number of cases to address and compare the exposure assessment 

179 at the two monitoring periods (LaKind et al., 2014). In addition, the number of samples below 

180 LoDs increased in T1 respect to T0 (0-5.3% vs 0-9.2%), and the major number of values <LoDs 

181 was obtained for PGEs found in urine at ultra-trace levels (order of ng/L or fractions).

182

183 3.2 Spatial and temporal exposure to metals
184

185 Table 2 reports the median and 95th percentiles of urine content in the SPoTT cohort at T0 and 

186 T1 monitoring periods by exposure areas (Area 1 and 2).

187 Comparing spatial distribution of metals at T1, significantly higher Cr levels in people living 

188 in Area 2 (p<0.0001) and higher Mn levels in those living in Area 1 (p=0.0017) were observed. 
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189 Comparing the cohort at the two time measurements, the analysis showed a general significant 

190 reduction after 1-year of WTE plant activity for As, Be, Cd, Cu, Hg, Ir, Mn, Pd, Rh, Sb, Sn, Tl, V 

191 and Zn; also Co and Ni decreased but not significantly. Chromium was significantly higher in T1 

192 respect to T0 (with an increment more marked in Area 2) and Pt showed levels 1.3-times higher 

193 in T1 respect to T0, but only in Area 1.

194 The percentage variation on median values ( ) between the two 𝑉𝑎𝑟% =
(𝑇1 ― 𝑇0)

𝑇0 × 100

195 measurement times (Figure 2) clearly demonstrated the declining trend of metals in the whole 

196 group and in both exposure areas, with a reduction of 40-60% for some of them (as As, Cd and 

197 Sn). Only Cr showed an increment of 25% in the total population, 23.7% in the exposed subjects 

198 (Area 2) and 14.3% in those unexposed (Area 1), while, the increment for Pt was equal to 26.6% 

199 in the far area (Area 1).

200 The HBM data showed urinary levels of metals not significantly associated with the activity 

201 of the WTE plant because similar concentration for the majority of metals were detected in both 

202 areas; to the opposite, quite all metals were found decreased after the plant started to operate. The 

203 only potentially associated metal with the incinerator was the urinary Cr whose levels was 

204 significantly higher in exposed subjects (Area 2) compared to unexposed ones (Area 1); moreover, 

205 Cr showed an increase over time between T0 and T1 study principally in the Area 2 (Figure 2). 

206 The urinary Pt showed a significant increment during T1 monitoring period only in the unexposed 

207 area (Area 1) (Figure 2). A significant increment of Mn and a slight increase for other metals like 

208 As, Cd, and Rh were found in the unexposed area respect to that exposed, even if, all these metals 

209 showed a decreasing trend at 1-year distance.

210 The Regional Agency for the Protection of the Environment (ARPA Piemonte) collected PM10 

211 samples in air monitoring stations located in the area of the WTE plant (Area 2) and inside urban 

212 settings (Area 1) in the same two periods (2013 and 2014) of the SPoTT urine campaigns (ARPA, 

213 2013; ARPA, 2014). Reports by ARPA described amounts of Cd, Co, Cu, Ni and Zn lover in PM10 

214 samples collected during the WTE plant activity (2014) than 1-year before (2013), in both areas. 

215 On the contrary, the ARPA air monitoring showed higher Cr levels in PM10 sampled during the 

216 second follow-up study rather than 1-year earlier (ARPA, 2013; ARPA, 2014). In Figure 3, metals 

217 measured in air and urine were compared; the Figure shows, in both Areas 1 and 2, a decreasing 

218 trend at T1 respect to T0 for all metals in PM10 samples consistent with the metal profile in urine, 

219 except for Cr. The ARPA also monitored the levels of As, Cd, Cr, Cu, Hg, Mn, Ni, Pb, Sb, V, Zn 
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220 in water intended for human consumption in the municipalities within the Areas 1 and 2 (data are 

221 not shown). None difference was detected between the two monitoring periods (2013 and 2014) 

222 in drinking water and the decreased urine metal levels observed in the SPoTT cohort could not be 

223 linked with water (http://www.arpa.piemonte.it/dati-1). 

224 In previous literature, the concentrations of metals in biomonitoring samples collected in 

225 people living near newer incinerators are so low that they were not different from control people. 

226 In Italy, none of the metals determined in urine (As, Cd, Cr, Cu, Hg, Ni, Pb Sn, Tl, V and Zn,) 

227 showed a clear relationship with the MSW incinerator exposure (Gatti et al., 2017). In Spain, blood 

228 levels of Cd and urinary Hg and Cr were comparable both before and after 2-years of MSW 

229 incinerator and between people living near and far from the plant (Gonzalez et al., 2000). Similarly, 

230 in 10-years follow-up studies in Spain, decreasing levels of many metals (As, Be, Cd, Hg, Mn, Ni, 

231 Pb, Sn, Tl and V) were found in hair and blood of subjects living near a hazardous waste incinerator 

232 from 1998 to 2007 (Ferré-Huguet et al., 2009; Nadal et al., 2005). Another study revealed a 

233 significant reduction of blood Cd, Hg and Pb concentrations in residents near two different MSW 

234 plants in Portugal in succeeding observational periods (Reis et al., 2007a and 2007b). In Bilbao, 

235 the over-time levels of blood Pb and urinary Cd, Cr and Hg were similar between 2006 and 2008 

236 and between areas close and far from the MSW incinerator (Zubero et la., 2010).

237 Regarding Cr, the increment of this metal in airborne particles around MSW incinerators - 

238 covering different abatement system technologies - was observed in the last decades in several 

239 countries as Denmark, Portugal, China and UK (Astrup et al., 2005; Quina et al., 2008; Hu et al. 

240 2003; Tian et al., 2012; Font et al., 2015). In hair of children, a significant increase of Cr was found 

241 during the 10 years follow-up study conducted in Spain near a hazardous waste incinerator (Ferré-

242 Huguet et al., 2009). 

243 Metals urinary profile of the SPoTT population were comparable to those found in a cohort of 

244 2000 people living in a city of central Italy (Civitavecchia) with urban and industrial environment 

245 (Ancona et al., 2016); the only exception was the 2-fold higher level of Cr in SPoTT subjects at 

246 T1 (0.20 µg/L) than those in Civitavecchia (0.13 µg/L) suggesting the WTE plant emission might 

247 be an additional source of Cr. 

248 At the same time, the increment observed for urine Cr and Pt in the area far from the WTE 

249 (Area 1; Figure 2), means that these metals are also emitted from a mixture of environmental 

250 sources, as industrial effluents, civil activities and traffic vehicular. 
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251 As concern Pt, although no environmental data on its content in PM10 samples are available, a 

252 greater amount of PM10 was observed in the Area 1 (urban area) respect to Area 2 (incinerator 

253 area) (ARPA, 2014). Both in Italy and many other European cities the abundance of Pt was found 

254 significantly associated to the size of the population and number of vehicles rather than industrial 

255 emissions (Jackson et al., 2010; Bocca et al., 2003; Gómez et al., 2002). In an Italian study, a 

256 significantly higher concentration of urinary Pt was found in subjects living in the metropolitan 

257 area than those living nearby a plant that recycles and refines precious metals including Pt, defining 

258 the urban traffic pollution as the main source of this metal (Chellini et al., 2017). 

259 This study also found a significantly higher urine Mn in T1 subjects living in the far area (Area 

260 1) with respect to Area 2. The Mn values were therefore not likely the result of higher WTE plant 

261 emissions, but higher background Mn concentrations from natural and/or anthropogenic sources. 

262 The general population may be exposed to Mn through consumption of food and water, inhalation 

263 of air, and dermal contact with air (ATSDR, 2012). In 2014, the ARPA evaluated the Mn content 

264 in PM10 highlighting a greater Mn content in samples collected in urban settings (Area 1) than in 

265 those collected near the WTE plant (ARPA, 2014).

266 Regarding the other metals, all were found lower in urine in the second sampling campaign 

267 respect to the first one, and two of them (namely Co and Ni) remained comparable. These metals 

268 are present as a mixture in the atmosphere and in foods and water, or they can came from personal 

269 habits. For example, urinary Co was found to be significantly associated with the use of jewellery; 

270 Zn with alcohol consumption; Ni to the wearing of piercing; Pd with dental restorations (Bocca et 

271 al., 2016). However, based on the findings achieved so far, they were not actually associated with 

272 1-year of incinerator activity. 

273 3.3 Exposure to other variables
274

275 Controlling the factors of variability is a critical issue in HBM studies; among them, diet, 

276 smoking and habits in general are those that can mainly affect and modify the internal dose of 

277 metals (Skelly et al., 2012). Differences in exposure by several variables were previously assessed 

278 at the baseline scenario of the SPoTT population (Bocca et al., 2016); for this reason, a new 

279 questionnaires collection was made in T1 survey to account for these variables. Furthermore, the 

280 study period was the same in the two surveys (i.e., summer season), as other external exposure 

281 sources might vary by seasonal period and weather conditions (mainly traffic and heating). Diet, 
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282 educational level, occupation, drug/supplement use, domicile, presence of implants or amalgam 

283 fillings, alcohol intake and other variables were not changed over time; this was expected because 

284 a very little variation on personal lifestyles generally happens in 1-year. Some differences (Table 

285 1) were found indeed for smoking and fish consumption (1-day or 1-week before sampling) and a 

286 stratified analysis for controlling the contribution of these variables was performed. 

287 Regarding fish consumption only As showed significantly differences at T1 sampling; As 

288 urinary excretion was higher in subjects who ingested fish the day before urine collection in both 

289 areas of exposure (Figure 4a); it was also significantly higher in those who ate fish 1-week before 

290 urine sampling (Figure 4b). The lack of difference for urinary Hg at T1 with fish intake - neither 

291 for last-day nor for last-week consumption in both areas – supported the knowledge of urinary Hg 

292 level as indicator of exposure to inorganic form rather than that organic assumed from fish 

293 (Ruggieri et al., 2017).

294 Smoking habits was associated to urinary content of Cd, Cu, Sb, Sn, and Tl at T1 survey. 

295 Regarding Cd (Figure 5), smokers had levels higher than non-smokers in both areas, as previously 

296 obtained in the baseline survey, and confirming the tobacco smoke as a key determinant in the Cd 

297 body burden (Bocca et al., 2016). Smokers living in the exposed area (Area 2) had higher Cu 

298 (p<0.018), Sb (p<0.004), Sn (p< 0.024), and Tl (p<0.009) levels than non-smokers. All of these 

299 elements have been recognized in tobacco smoke (Stohs et al., 1997; Richter et al., 2009), 

300 3.4 Comparison with health-based guidance values (HBGVs)
301

302 The HBM data obtained in the SPoTT population at the baseline and after 1-year of the plant 

303 operation were compared with health-based guidance values (HBGVs). These values correspond 

304 to biomarker concentrations consistent with exposure levels and are derived by population surveys 

305 and/or epidemiological and toxicological studies (Ruggieri et al., 2017). For some metals (As, Cd, 

306 Hg and Tl) do exist different HBGVs: 1) the German HBM-I and HBM-II values for adults based 

307 on epidemiological data on human toxicity (Apel et al., 2017; Schulz et al., 2011); 2) the 

308 Biomonitoring Equivalent (BE) values based on the acceptable level of exposure calculated by the 

309 chronic ATSDR minimal risk level (MRL) or US EPA reference dose (RfD) (Hays et al., 2008; 

310 Hays et al., 2009). The German HBM-I value is used as primary HBGV and exceeding this value 

311 implied that an investigation of potential sources of exposure should be undertaken and exposure 

312 to such sources should be minimized. The HBM-II value is used as secondary HBGV in order to 
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313 establish the exposure level potentially associated to an increased risk of harmful effects for which 

314 immediate actions should be considered (Apel et al., 2017). In Figures 6-9, urine data (median and 

315 dot plot values) of the SPoTT population benchmarked against the HBGVs at the two monitoring 

316 periods are reported.

317 Regarding As, the total content in urine accounted for the sum of the organic As (less toxic) 

318 assumed mainly by fish and inorganic As much more toxic and assumed generally by other routes 

319 of exposure (e.g., drinking water, diet, environmental pollution). In the absence of fish 

320 consumption, levels of total As >50 μg/L are at slight risk as reported by the ATSDR; values >100 

321 µg/L are considered abnormal (ATSDR, 2007). Studies on general populations suggested that 

322 health risks, like peripheral vascular disease and skin lesions, may be associated with total As 

323 urinary levels >50 µg/L (Valenzuela et al., 2005; Tseng et al., 2005; Caldwell et al., 2009). Among 

324 subjects (no. 120) (Figure 6) that avoided fish 1-week and 1-day before urine collection in T1 

325 survey, only 1 subject had total As values >50 µg/L, and none of them >100 µg/L. In fish 

326 consumers, 1.5% of last-week consumers and 7.3% of last-day consumers had urine As >50 µg/L, 

327 confirming fish as a major contributing source of organic and non-toxic As in this subgroup. The 

328 higher As excretion in recent fish consumers reflected the short biologic half-life of this metal (less 

329 than 20 hours) and its rapid urinary clearance (≤ 48 hours) after ingestion (ATSDR, 2007). 

330 The application of the HBM-I value (1.0 µg/L) to urinary Cd concentrations, 10% of the 

331 population at T1 survey (12% in Area 1 and 9.3% in Area 2) exceeded this value (Figure 7). In the 

332 cohort stratified by smoke, 7.8% of non-smokers and 15.5% of smokers exceeded the HBM-I 

333 threshold value, indicating that smoking habits contributed two-fold more than other sources to 

334 the internal dose of Cd. On the contrary, Hg and Tl were lower than their HBM-I values (7.0 µg/L 

335 and 5.0 µg/L, respectively) (Figures 8 and 9). The use of HBM-II values (much more higher than 

336 HBM-I values) for Cd and Hg showed that none of the participants did exceed these thresholds 

337 (Figures 7 and 8) and so the exposure was far from potential harmful health effects. 

338 According to BE values, acceptable levels for urinary Cd were estimated equal to 1.2 µg/L and 

339 1.5 µg/L corresponding to the ATSDR MRL and US EPA RfD. The first threshold indicated low 

340 to medium priority for exposure assessment follow-up; while the second threshold correlated to 

341 the critical Cd concentration in the renal cortex. This last issue because the concentration of Cd in 

342 the renal cortex was believed to be the critical dose metric associated with Cd-induced proteinuria, 

343 and urinary Cd levels were highly correlated with renal cortex Cd concentrations (Hays et al., 
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344 2008; Hays et al., 2009). The BE of 1.2 µg/L revealed that 4.2% of the population (4.8% in Area 

345 1 and 3.6% in Area 2) exceeded this value (Figure 7) and so additional studies on pathways and 

346 aspects that might affect the exposure should be carried out. The more critical Cd-BE of 1.5 µg/L 

347 was exceeded by 2.9% of the population (3.2% in Area 1 and 2.6% in Area 2) indicating that 

348 exposure - in this part of population - did not guarantee protection against an increased risk of Cd-

349 proteinuria. Stratifying for smoking habits, 1% of non-smokers and 5.6% of smokers exceeded the 

350 Cd-BE of 1.5 µg/L, again confirming smoke as a relevant influencing factor.

351 Moreover, a lower frequency of metals’ exceedances respect to the HBGVs was found in T1 

352 respect to T0 survey (Figures 6-9), indicative of an improvement of the exposure status of the 

353 Turin population. In the case of As, the frequency of exceedances from the cut-off value for not-

354 fish consumers was 10-folds lower in T1 compared to T0 (0.8% vs. 10%); for Cd the exceeding of 

355 HBM-I value were 3-fold lower than in the previous campaign (10% vs 30%); and in the case of 

356 Hg a percentage (3.0%) of exceedance respect to the HBM-I was observed only in the first 

357 measurement survey and not in the second one.

358 At last, because the extent of exceedance values for As and Cd were very comparable between 

359 subjects living in the area near and far from the WTE plant (Figures 6-7), the residing in the vicinity 

360 of the Turin incineration did not significantly impact the exposure to these metals. 

361 4. Conclusions
362
363 In this follow-up study the exposure to 18 metals was evaluated in the adult SPoTT cohort 

364 living around a WTE plant before (2013) and after 1-year of operation (2014). The high follow-up 

365 participation and the ICP-MS method sensitivity used for sample analyses allowed to reach quality 

366 and reliability of the HBM surveillance program. It was also beneficial to have a not-exposed area 

367 in order to evaluate not only temporal but spatial trends as well. Findings revealed that the majority 

368 of urinary metals were not associated neither with 1-year of plant emissions nor with the distance 

369 from the WTE incinerator; to the opposite a declining trend between 2013 and 2014 was observed 

370 in both exposed and unexposed areas. These data indicated that total exposure to metals decreased 

371 over two consecutive years also supported by the general decrease in metals’ levels in the air 

372 compartment, as measured by the regional agency. A marked increment in urine concentration of 

373 Cr was observed in the exposed area before and after 1-year of WTE activity. There were also 

374 increments in Cr, Mn, and Pt urine levels in the area far from the WTE. These variations observed 
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375 might be due to the multi-pathway (industrial, traffic, civil) exposure to these metals to the local 

376 residences. Comparing data with the available health-based guidance values (HBGVs), only few 

377 individuals reached urine levels of As and Cd of attention, but in this subgroup the exposure was 

378 much more related to fish consumption and smoke. In general, a lower frequency of metals’ 

379 exceedances respect to the HBGVs was found in 2014 than 2013 in both exposed and not-exposed 

380 areas, indicative of an improvement of the exposure status of the Turin population. 

381 Notwithstanding this study represents the first one performed in Italy with a longitudinal 

382 design, several open issues should be considered. Firstly, it could be supposed that the prolonged 

383 activity of the Turin’s WTE plant will lead to deterioration and, eventually, to potential increments 

384 of the population exposure to facility emissions. Secondly, evaluating the exposure by a single 

385 time point and a single biomarker concentration (especially for not persistent metals) - which was 

386 a compromise between validity and facility of participants’ recruitment - might not completely 

387 underline the metals’ behavior over time. Basing on these issues, another observation period has 

388 been performed after 3-years from incinerator activity to update spatial and temporal trends of 

389 metals exposure and data are under evaluation. 

390

391 Funding
392 The SPoTT study is supported by a financial grant from the Province of Turin (resolution n. 409-
393 18423/2014 of 06/06/2014). 
394
395 Acknowledgement
396 The authors thank members of the Scientific Committee, Silvia Candela, Benedetto Terracini and 
397 Francesco Forastiere as well as the whole working group that assisted the SPoTT study.
398
399 Conflict of interest
400 The authors disclose no actual or potential conflict of interest.
401
402 References
403
404 Adams, S.V., Newcomb, P.A., 2014. Cadmium blood and urine concentrations as measures of 
405 exposure: NHANES 1999-2010. J. Expo. Sci. Environ. Epidemiol. 24(2), 163-170. doi: 
406 10.1038/jes.2013.55.
407
408 Ancona, C., Bauleo, L., Biscotti, G., Bocca, B., Caimi, S., Cruciani, F., Di Lorenzo, S., Petrolati, 
409 M., Pino, A., Piras, G., Pizzabiocca, A., Rabbiosi, S., Ruggieri, F., Salatino, C., Alimonti ,A., 
410 Forastiere, F., 2016. A survey on lifestyle and level of biomarkers of environmental exposure in 
411 residents in Civitavecchia (Italy). Ann. Ist. Super. Sanità 52(4), 488-494.



ACCEPTED MANUSCRIPT

14

412
413 Apel, P., Angerer, J., Wilhelm, M., Kolossa-Gehring, M., 2017. New HBM values for emerging 
414 substances, inventory of reference and HBM values in force, and working principles of the German 
415 Human Biomonitoring Commission. Int. J. Hyg. Envir. Health 220, 152–166. 
416 https://doi.org/10.1016/j.ijheh.2016.09.007
417
418 ARPA, 2013. Rapporto di sintesi sui dati prodotti dalla stazione di monitoraggio della qualità 
419 dell’aria ubicata nel Comune di Beinasco – Giardino Pubblico Aldo Mei, di proprietà di TRM 
420 S.p.A. Anno 2013. ARPA Piemonte, Dipartimento provinciale di Torino. (in Italian)
421 http://www.arpa.piemonte.it/approfondimenti/territorio/torino/impianti/termovalorizzatore-del-
422 gerbido/dati/2013/anno-2013 (Access 27.11.2018)
423
424 ARPA, 2014. Rapporto di sintesi sui dati prodotti dalla stazione di monitoraggio della qualità 
425 dell’aria ubicata nel Comune di Beinasco – Giardino Pubblico Aldo Mei, di proprieta di TRM 
426 S.p.A. Anno 2014. ARPA Piemonte, Dipartimento provinciale di Torino. 
427  http://www.arpa.piemonte.it/approfondimenti/territorio/torino/impianti/termovalorizzatore-del-
428 gerbido/dati/2014/anno-2014 (Access 27.11.2018)
429
430 Astrup, T., Rosenblad, C.,  Trapp, S., Christensen T.H., 2005. Chromium Release from Waste 
431 Incineration Air-Pollution-Control Residues. Environ. Sci. Technol. 39, 3321-3329. doi: 
432 10.1021/es049346q
433
434 ATSDR, Agency for Toxic Substances and Disease Registry. 2007. Toxicological profile for 
435 arsenic. Draft for Public Comment. Atlanta GA. Available from: 
436 http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=22&tid=3 (Access 27.11.2018)
437
438 ATSDR, Agency for Toxic Substances and Disease Registry. 2012. Toxicological profile for 
439 manganese. Draft for Public Comment. Atlanta GA. Available from: 
440 https://www.atsdr.cdc.gov/ToxProfiles/tp151.pdf (Access 27.11.2018).
441
442 Bena, A., Gandini, M., Cadum, E., Procopio, E., Salamina, G., Orengia, M., Farina, E., 2019. Risk 
443 perception in the population living near the Turin incinerator: ante-operam results and 
444 communication strategies. BMC Public Health, in press.
445
446 Bena, A., Orengia, M., Cadum, E., Elena, F., Alimonti, A., Bocca, B., Chiusolo, M., De Felip, E., 
447 Gandini, M., Iamiceli, A.L., Pino, A., Procopio, E., Salamina, G., 2016a. Biomonitoring and 
448 exposure assessment of people living near or working at an Italian waste incinerator: methodology 
449 of the SPoTT study. Environ. Monit. Assess. 188(11), 607. doi: 10.1007/s10661-016-5624-5.
450
451 Bena, A., Chiusolo, M., Orengia, M., Cadum, E., Farina, E., Musmeci, L., Procopio, E., Salamina, 
452 G., Gruppo di lavoro SPoTT, 2016b. Sorveglianza sulla salute della popolazione nei pressi del 
453 termovalorizzatore di Torino (SPoTT): presentazione del programma di sorveglianza [Population 
454 health surveillance of the general population living near Turin (Northern Italy) incinerator 
455 (SPoTT): methodology of the study]. Epidemiol. Prev. 40 (5):366-373. doi: 
456 10.19191/EP16.5.P366.112.
457

http://www.arpa.piemonte.it/approfondimenti/territorio/torino/impianti/termovalorizzatore-del-gerbido/dati/2013/anno-2013
http://www.arpa.piemonte.it/approfondimenti/territorio/torino/impianti/termovalorizzatore-del-gerbido/dati/2013/anno-2013
http://www.arpa.piemonte.it/approfondimenti/territorio/torino/impianti/termovalorizzatore-del-gerbido/dati/2014/anno-2014
http://www.arpa.piemonte.it/approfondimenti/territorio/torino/impianti/termovalorizzatore-del-gerbido/dati/2014/anno-2014
http://pubs.acs.org/author/Astrup%2C+T
http://pubs.acs.org/author/Rosenblad%2C+C
http://pubs.acs.org/author/Trapp%2C+S
http://pubs.acs.org/author/Christensen%2C+T+H
http://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=22&tid=3
https://www.atsdr.cdc.gov/ToxProfiles/tp151.pdf


ACCEPTED MANUSCRIPT

15

458 Bocca, B., Petrucci, F., Alimonti, A., Caroli, S., 2003. Traffic-related platinum and rhodium 
459 concentration in the atmosphere of Rome. J. Environ. Monit. 5, 563–568.
460
461 Bocca, B., Bena, A., Pino, A., D'Aversa, J., Orengia, M., Farina, E., Salamina, G., Procopio, E., 
462 Chiusolo, M., Gandini, M., Cadum, E., Musmeci, L., Alimonti, A., 2016. Human biomonitoring 
463 of metals in adults living near a waste-to-energy incinerator in ante-operam phase: Focus on 
464 reference values and health-based assessments. Environ Res. 148, 338-350. 
465 doi: 10.1016/j.envres.2016.04.013.
466
467 Caldwell, K.L., Jonesa, R.L.,Verdona, C.P., Jarretta, J.M., Caudilla, S.P.,Osterloha, J.D., 2009. 
468 Levels of urinary total and speciated arsenic in the US population: national health and nutrition 
469 examination survey 2003–2004. J. Expo. Sci. Environ. Epidemiol. 19, 59–68. doi: 
470 10.1038/jes.2008.32.
471
472 CDC, Centers for Disease Control and Prevention, 2009. Third National Report on Human 
473 Exposure to Environmental Chemicals. Biomonitoring Results since the Third Report. Atlanta GA. 
474 Available from: http://www.cdc.gov/exposurereport/ (Access 27.11.2018)
475
476 Chellini, E., Maurello, M.T., Cortini, B., Aprea, C., 2017. Human bio-monitoring study around a 
477 plant that recycles and refines precious metals in Central Italy. Sci Total Environ. 15, 584-585: 
478 348-354. doi: 10.1016/j.scitotenv.2016.12.178. 
479
480 Decree-Law 46/2014. Attuazione della direttiva 2010/75/UE relativa alle emissioni industriali 
481 (prevenzione e riduzione integrate dell'inquinamento). (14G00058) (GU Serie Generale n.72 del 
482 27-03-2014 - Suppl. Ordinario n. 27) (in Italian).
483
484 European Commission, 2000. Directive2000/76/EC of the European Parliament and of the Council 
485 of 4 December 2000 on the incineration of waste. Official J.L332, 91–111. 
486 http://ec.europa.eu/environment/archives/air/stationary/wid/legislation.htm (Access 27.11.2018).
487
488 European Commission, 2010. Directive 2010/75/EU of the European Parliament and of the 
489 Council of 24 November 2010 on industrial emissions (integrated pollution prevention and 
490 control). https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32010L0075 (Access 
491 27.11.2018).
492
493 European Commission, 2017. Communication from the commission to the European parliament, 
494 the council, the European economic and social committee and the committee of the regions - the 
495 role of waste-to-energy in the circular economy. Brussels, 26.1.2017 COM(2017) 34 final 
496 http://ec.europa.eu/environment/waste/waste-to-energy.pdf (Access 27.11.2018).
497
498 Ferré-Huguet, N., Nadal, M., Schuhmacher, M., Domingo, J.L., 2009. Monitoring Metals in Blood 
499 and Hair of the Population Living Near a Hazardous Waste Incinerator: Temporal Trend. Biol. 
500 Trace Elem. Res. 128, 191–199. doi: 10.1007/s12011-008-8274-9.
501

http://www.cdc.gov/exposurereport/
http://ec.europa.eu/environment/archives/air/stationary/wid/legislation.htm
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32010L0075
http://ec.europa.eu/environment/waste/waste-to-energy.pdf


ACCEPTED MANUSCRIPT

16

502 Font, A., de Hoogh, K., Leal-Sanchez, M., Ashworth, D.C., Brown, R.J.C., Hansell, A.L., Fuller, 
503 G.W., 2015. Using metal ratios to detect emissions from municipal waste incinerators in ambient 
504 air pollution data Atmos. Environ. 113, 177-186. https://doi.org/10.1016/j.atmosenv.2015.05.002.
505
506 Gatti, M.G., Campo, L., Barbieri, G., Quattrini, G., Ranzi, A., Sucato, S., Olgiati, L., Polledri, E., 
507 Romolo, M., Iacuzio, L., Carrozzi, G., Lauriola, P., Goldoni, C.A., Fustinoni, S., 2017. Human 
508 biomonitoring of polycyclic aromatic hydrocarbon sand metals in the general population residing 
509 near the municipal solid waste incinerator of Modena, Italy. Chemosphere 186, 546-557. doi: 
510 10.1016/j.chemosphere.2017.07.122.
511
512 Gómez, B., Palacios, M.A., Gómez, M., Sanchez, J.L., Morrison, G., Rauch, S., McLeod, C., Ma, 
513 R., Caroli, S., Alimonti, A., Petrucci, F., Bocca, B., Schramel, P., Zischka, M., Petterson, C., Wass, 
514 U., 2002. Levels and risk assessment for humans and ecosystems of platinum-group elements in 
515 the airborne particles and road dust of some European cities. Sci. Total Environ. 299(1-3), 1-19.
516
517 Gonzalez, C.A., Kogevinas, M., Gadea, E., Huici, A., Bosch, A., Bleda, M.J., Päpke, O., 2000. 
518 Biomonitoring study of people living near or working at a municipal solid-waste incinerator before 
519 and after two years of operation. Arch. Environ. Health 55(4), 259–267. doi:  
520 10.1080/00039890009603416
521
522 Jackson, M.T., Prichard, H.M., Sampson, J., 2010. Platinum-group elements in sewage sludge and 
523 incinerator ash in the United Kingdom: Assessment of PGE sources and mobility in cities. Sci. 
524 Tot. Environ. 408, 1276–1285. doi: 10.1016/j.scitotenv.2009.09.014.
525
526 Hays, S.M., Nordberg, M., Yager, J.W., Aylward, L.L., 2008. Biomonitoring Equivalents (BE) 
527 dossier for cadmium (Cd) (CASno.7440-43-9). Regul. Toxicol. Pharmacol. 51, S49–S56. doi: 
528 10.1016/j.yrtph.2008.05.008.
529
530 Hays, S.M., Aylward, L.L., 2009. Using Biomonitoring Equivalents to interpret human 
531 biomonitoring data in a public health risk context. J. Appl. Toxicol. 29, 275–288). 
532
533 Hu, C.W., Chao, M.R., Wu, K.Y., Chang–Chien, G.P., Lee, W.J., Chang, L.W., Lee, W.S., 2003. 
534 Characterization of multiple airborne particulate metals in the surroundings of a municipal waste 
535 incinerator in Taiwan. Atmos. Environ. 37, 2845–2852. https://doi.org/10.1016/S1352-
536 2310(03)00208-5
537
538 LaKind, J.S., Sobus, J.R., Goodman, M., Barr, D.B., Fürst, P., Albertini, R.J., Arbuckle, T.E., 
539 Schoeters, G., Tan, Y.M., Teeguarden, J., Tornero-Velez, R., Weisel, C.P., 2014. A proposal for 
540 assessing study quality: Biomonitoring, Environmental Epidemiology, and Short-lived Chemicals 
541 (BEES-C) instrument. Environ. Int. 73, 195–207. doi: 10.1016/j.envint.2014.07.011.
542
543 Nadal, M., Bocio, A., Schuhmacher, M., Domingo, J.L., 2005. Monitoring metals in the population 
544 living in the vicinity of a hazardous waste incinerator: levels in hair of school children. Biol. Trace 
545 Elem. Res.104, 203–213. doi: 10.1385/BTER:104:3:203
546

https://www.ncbi.nlm.nih.gov/pubmed/?term=Gatti%20MG%5BAuthor%5D&cauthor=true&cauthor_uid=28806681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Campo%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28806681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barbieri%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28806681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quattrini%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28806681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ranzi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28806681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sucato%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28806681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Olgiati%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28806681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Polledri%20E%5BAuthor%5D&cauthor=true&cauthor_uid=28806681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Romolo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=28806681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iacuzio%20L%5BAuthor%5D&cauthor=true&cauthor_uid=28806681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carrozzi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28806681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lauriola%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28806681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldoni%20CA%5BAuthor%5D&cauthor=true&cauthor_uid=28806681
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fustinoni%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28806681
https://doi.org/10.1016/S1352-2310(03)00208-5
https://doi.org/10.1016/S1352-2310(03)00208-5
https://www.ncbi.nlm.nih.gov/pubmed/?term=LaKind%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=25137624
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sobus%20JR%5BAuthor%5D&cauthor=true&cauthor_uid=25137624
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goodman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25137624
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barr%20DB%5BAuthor%5D&cauthor=true&cauthor_uid=25137624
https://www.ncbi.nlm.nih.gov/pubmed/?term=F%C3%BCrst%20P%5BAuthor%5D&cauthor=true&cauthor_uid=25137624
https://www.ncbi.nlm.nih.gov/pubmed/?term=Albertini%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=25137624
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arbuckle%20TE%5BAuthor%5D&cauthor=true&cauthor_uid=25137624
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schoeters%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25137624
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tan%20YM%5BAuthor%5D&cauthor=true&cauthor_uid=25137624
https://www.ncbi.nlm.nih.gov/pubmed/?term=Teeguarden%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25137624
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tornero-Velez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25137624
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weisel%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=25137624


ACCEPTED MANUSCRIPT

17

547 Padula, R.S., Caires Comper, M.L., Sparer, E.H., Dennerlein, J.T., 2017. Job Rotation Designed 
548 to Prevent Musculoskeletal Disorders and Control Risk in Manufacturing Industries: A Systematic 
549 Review. Appl. Ergon. 58, 386–397. doi: 10.1016/j.apergo.2016.07.018
550
551 Quina, M.J., Santos, R.C., Bordado, J.C.M., Quinta Ferreira, R.M., 2008. Characterization of air 
552 pollution control residues produced in a municipal solid waste incinerator in Portugal. J. Haz. Mat. 
553 152, 853-869. doi: 10.1016/j.jhazmat.2007.07.055
554
555 Reis, M.F., Sampaio, C., Brantes, A., Melim, M., Cardoso, L., Gabriel, C., Simão, F., Miguel, J.P., 
556 2007a. Human exposure to heavy metals in the vicinity of Portuguese solid waste incinerators - 
557 Part 1: Biomonitoring of Pb, Cd and Hg in blood of the general population. Int. J. Hyg. Environ. 
558 Health 210, 439-446. doi: 10.1016/j.ijheh.2007.01.023
559
560 Reis, M.F., Sampaio,C., Brantes, A., Aniceto, P., Melim, M., Cardoso, L., Gabriel, C., Simão, F., 
561 Miguel, J.P., 2007b. Human exposure to heavy metals in the vicinity of Portuguese solid waste 
562 incinerators – Part 3: Biomonitoring of Pb in blood of children under the age of 6 years. Int. J. 
563 Hyg. Environ. Health 210, 455–459. doi: 10.1016/j.ijheh.2007.01.021
564
565 Ren, X., Che, Y., Yang, K., Tao, Y., 2016. Risk perception and public acceptance toward a highly 
566 protested Waste-to-Energy facility. Waste Manage. 48, 528–539. 
567
568 Richter, P.A., Bishop, E.E., Wang, J., Swahn, M.H., 2009. Tobacco Smoke Exposure and Levels 
569 of Urinary Metals in the U.S. Youth and Adult Population: The National Health and Nutrition 
570 Examination Survey (NHANES) 1999–2004. Int. J. Environ. Res. Public Health 6(7), 1930–1946.
571
572 Ruggieri, F., Alimonti, A., Bocca, B., 2016. Full validation and accreditation of a method to 
573 support human biomonitoring studies for trace and ultra-trace elements. Trac-Trend. Anal. Chem. 
574 80, 471-485. https://doi.org/10.1016/j.trac.2016.03.023.
575
576 Ruggieri, F., Majorani, C., Domanico, F., Alimonti, A., 2017. Mercury in Children: Current State 
577 on Exposure through Human Biomonitoring Studies (Review). Int. J. Environ. Res. Public Health
578  14(5), 519-546.
579
580 Saveyn, H., Eder, P., Ramsay, M., Thonier, G., Warren, K., Hestin, M., 2016. Towards a better 
581 exploitation of the technical potential of waste-to-energy. EUR 28230 EN. doi:10.2791/870953.
582
583 Schulz, C., Wilhelm, M., Heudorf, U., Kolossa-Gehring, M., 2011. Update of the reference and 
584 HBM values derived by the German Human Biomonitoring Commission. Int. J. Hyg. Environ. 
585 Health 215(1), 26–35. doi: 10.1016/j.ijheh.2011.06.007
586
587 Skelly, A.C., Dettori, J.R., Brodt, E.D., 2012. Assessing bias: the importance of considering 
588 confounding. Evid. Based Spine Care J. 3(1), 9-12. doi: 10.1055/s-0031-1298595
589
590 Seltenrich, N., 2016. Emerging Waste-to-Energy Technologies: Solid Waste Solution or Dead 
591 End? Env. Health Perspec. 124(6), A106–A111. doi:10.1289/ehp.124-A106
592

https://doi.org/10.1016/j.trac.2016.03.023


ACCEPTED MANUSCRIPT

18

593 Stohs, S.J., Bagch,i D., Bagchi, M., 1997. Toxicity of trace elements in tobacco smoke. Inhal. 
594 Toxicol. 9, 867–890.
595
596 Tseng, C.H., Huang, Y.K., Huang, Y.L., Chung, C.J., Yang, M.H., Chen, C.J., Hsueh, Y.M., 2005. 
597 Arsenic exposure, urinary arsenic speciation, and peripheral vascular disease in black foot disease-
598 hyperendemic villages in Taiwan. Toxicol. Appl. Pharmacol. 206(3):299-308.
599
600 Tian, H. Z., Gao, J. J., Lu, L., Zhao, D., Cheng, K., and Qiu, P.P., 2012. Temporal trends and 
601 spatial variation characteristics of hazardous air pollutant emission inventory from municipal solid 
602 waste incineration in China. Environ. Sci. Technol. 46, 10364– 10371. doi: 10.1021/es302343s, 
603 2012d.
604
605 Valenzuela, O.L., Borja-Aburto, V.H., Garcia-Vargas, G.G., Cruz-Gonzalez, M.B., Garcia-
606 Montalvo, E.A., Calderon-Aranda, E.S., Del Luz, M.R., 2005. Urinary trivalent methylated arsenic 
607 species in a population chronically exposed to inorganic arsenic. Environ. Health Perspect. 
608 113250–254. doi:10.1289/ehp.7519.
609
610 Wilts, H., Galinski L., W.I., 2017. Assessment of waste incineration capacity and waste shipments 
611 in Europe. European Topic Centre on Waste and Materials in a Green Economy (ETC/WMGE), 
612 European Environment Agency, EEA. https://forum.eionet.europa.eu/nrc-scp-
613 waste/library/waste-incineration/etc-wmge-paper-waste-incineration-capacity-and-waste-
614 shipments/download/en/1/ETC%20WMGE%20paper%20on%20waste%20incineration%20capa
615 city%20and%20waste%20shipments_10JAN2017.pdf?action=view (Access 27.11.2018)
616
617 Zubero, M.B., Aurrekoetxea, J.J., Ibarluzea, J.M., Arenaza, M.J., Rodríguez, C., Sáenz, J. R., 2010. 
618 Heavy metal levels (Pb, Cd, Cr and Hg) in the adult general population near an urban solid waste 
619 incinerator. Sci. Total Environ. 408, 4468–4474. doi: 10.1016/j.scitotenv.2010.07.003.
620

https://forum.eionet.europa.eu/nrc-scp-waste/library/waste-incineration/etc-wmge-paper-waste-incineration-capacity-and-waste-shipments/download/en/1/ETC%20WMGE%20paper%20on%20waste%20incineration%20capacity%20and%20waste%20shipments_10JAN2017.pdf?action=view
https://forum.eionet.europa.eu/nrc-scp-waste/library/waste-incineration/etc-wmge-paper-waste-incineration-capacity-and-waste-shipments/download/en/1/ETC%20WMGE%20paper%20on%20waste%20incineration%20capacity%20and%20waste%20shipments_10JAN2017.pdf?action=view
https://forum.eionet.europa.eu/nrc-scp-waste/library/waste-incineration/etc-wmge-paper-waste-incineration-capacity-and-waste-shipments/download/en/1/ETC%20WMGE%20paper%20on%20waste%20incineration%20capacity%20and%20waste%20shipments_10JAN2017.pdf?action=view
https://forum.eionet.europa.eu/nrc-scp-waste/library/waste-incineration/etc-wmge-paper-waste-incineration-capacity-and-waste-shipments/download/en/1/ETC%20WMGE%20paper%20on%20waste%20incineration%20capacity%20and%20waste%20shipments_10JAN2017.pdf?action=view


ACCEPTED MANUSCRIPT

1

Figure 1. Flow-chart of the SpoTT follow-up study
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Figure 2. Percentage variation (Var%) of median values from T0 to T1 by exposure area
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Figure 3. Comparison of percentage variation ) of As, Cd, Co, Cr, Cu, Ni, and Zn in ( 𝐕𝐚𝐫%
urine and in PM10 (ref. ARPA, 2013 and 2014) from T0 to T1 by exposure area.
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Figure 4. Urinary levels of As (μg/L) at T1 by fish consumption of the day (a) and week (b); 
p-value by Mann-Whitney test.
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Figure 5. Urinary levels of Cd (μg/L) at T1 by smoking habit; p-value by Mann-Whitney 
test.
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Figure 6. Urinary levels of As (μg/L) in not-fish consumers benchmarked against the 
Health-Based Guidance Values (HBGVs) by exposure area and monitoring period

Cut off value established by Valenzuela et al., 2005; Tseng et al., 2005; Caldwell et al., 2009: 50 µg/L for total As
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Figure 7. Urinary levels of Cd (μg/L) benchmarked against the Health-Based Guidance 
Values (HBGVs) by exposure area and monitoring period.
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HBM-I and HBM-II: Human Biomonitoring values set by the German Commission: HBM-I: 1 µg/L; HBM-II: 4 µg/L
BEa: Biomonitoring Equivalent calculated using the ATSDR Minimal Risk Level (MRL): 1.2 µg/L
BEb: biomonitoring equivalent calculated using the US EPA Reference Dose (RfD): 1.5 µg/L
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Figure 8. Urinary levels of Hg (μg/L) benchmarked against the Health-Based Guidance 
Values (HBGVs) by exposure area and monitoring period.
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HBM-I and HBM-II: Human Biomonitoring values set by the German Commission: HBM-I: 7 µg/L; HBM-II: 25 
µg/L
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Figure 9. Urinary levels of Tl (μg/L) benchmarked against the Health-Based Guidance 
Values (HBGVs) by exposure area and monitoring period.
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HBM-I: Human Biomonitoring values set by the German Commission: HBM-I: 5 µg/L
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Highlights

 Human biomonitoring can be used to monitor the impact of a Waste-to-Energy (WTE) 
incinerator

 After 1-year of the WTE plant activity, internal dose of metals in the local community was 
very low

 Currently, metals’ exposure from the WTE plant was not associated with health risk in local 
subjects
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Table 1. Population characteristics by exposure area and monitoring period and percentage 
variation from T0 to T1

Variable Total Area 1 Area 2
Monitoring period
T0 394 196 198
T1 380 186 194
Not-attending at T1 survey, % 3.55 5.10 2.02
Sex    
T0 ♀ 199 98 101
     ♂ 195 98 97
T1 ♀ 191 91 100
     ♂ 189 95 94
Not-attending at T1 survey, % ♀ 4.02 7.14 0.99
Not-attending at T1 survey, %  ♂ 3.08 3.06 3.09
Age    
T0 36-50 ys 176 87 89
     51-69 ys 218 109 109
T1 36-50 ys 171 84 87
     51-69 ys 209 102 107
Not-attending at T1 survey, % 36-50 ys 2.84 3.45 2.25
Not-attending at T1 survey, % 51-69 ys 4.13 6.42 1.83
Smoking habit    
T0 Non-smokers 275 126 149
     smokers 119 69 50
T1 Non-smokers 309 151 158
     smokers 71 35 36
Decrement of smokers at T1 survey, % 40.3 49.3 28.0
Fish consumption 1-day before sampling    
T0 yes 211 98 113
      no 169 88 81
T1 yes 41 17 24
      no 339 169 170
Decrement of consumers at T1 survey, % 80.1 82.7 78.8
Fish consumption 1-week before sampling    
T0 yes 343 169 174
      no 51 27 24
T1 yes 257 135 122
      no 123 51 72
Decrement of consumers at T1 survey, % 25.1 20.1 29.9
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Table 2. Median and 95th percentile of urinary metals (µg/L) by exposure area and monitoring 
period

Site N. T0 (% <LoD) T0 Median (95th percentile) T1b Median (95th percentile) N. T1 (% <LoD)
Total 0 (0) 18.2 (88.9) 8.34 (40.6) 3 (0.8)

Area 1 17.5 (93.1) 9.58 (45.4)As

Area 2 20.3 (87.5) 7.30 (34.5)
Total 7 (1.8) 0.16 (0.34) 0.10 (0.22) 8 (2.1)

Area 1 0.17 (0.34) 0.10 (0.23)Be

Area 2 0.15 (0.35) 0.09 (0.20)
Total 0 (0) 0.71 (1.93) 0.40 (1.13) 0 (0)

Area 1 0.65 (1.91) 0.45 (1.13)Cd

Area 2 0.78 (1.98) 0.36 (1.12)
Total 0 (0) 0.16 (0.56) 0.14 (0.53) c 0 (0)

Area 1 0.15 (0.46) 0.15 (0.61) cCo

Area 2 0.18 (0.59) 0.13 (0.40)
Total 0 (0) 0.16 (0.44) 0.20 (0.86) 0 (0)

Area 1 0.14 (0.43) 0.16 (0.81)Cr

Area 2 a 0.19 (0.46) 0.24 (0.88)
Total 1 (0.2) 10.8 (26.6) 7.39 (16.6) 0 (0)

Area 1 10.8 (27.7) 7.40 (16.4)Cu

Area 2 10.8 (24.1) 7.35 (16.9)
Total 3 (0.8) 1.35 (5.16) 0.89 (2.66) 0 (0)

Area 1 1.36 (4.94) 0.90 (2.44)Hg

Area 2 1.32 (5.67) 0.86 (2.81)
Total 3 (0.8) 1.70 (3.80) 1.06 (2.47) 35 (9.2)

Area 1 1.98 (4.37) 1.04 (2.45)Ir*

Area 2 1.42 (3.39) 1.11 (2.48)
Total 0 (0) 0.12 (0.25) 0.10 (0.28) 0 (0)

Area 1 a 0.14 (0.25) 0.10 (0.30)Mn

Area 2 0.11 (0.29) 0.08 (0.26)
Total 0 (0) 0.89 (3.04) 0.86 (2.48) c 0 (0)

Area 1 0.85 (3.04) 0.90 (2.48) cNi

Area 2 0.99 (3.23) 0.80 (2.48) c

Total 10 (2.5) 23.5 (63.2) 13.9 (40.4) 19 (5.0)

Area 1 23.4 (63.7) 14.1 (55.8)Pd*

Area 2 23.6 (60.5) 13.5 (39.4)
Total 21 (5.3) 2.97 (9.98) 3.03 (6.90) c 5 (1.3)

Area 1 2.29 (8.15) 2.90 (7.76)Pt*

Area 2 3.93 (11.1) 3.22 (6.68) c

Total 7 (1.8) 17.8 (51.3) 12.6 (36.9) 24 (6.3)

Area 1 18.2 (57.5) 13.9 (39.9)Rh*

Area 2 17.3 (34.3) 11.9 (27.5)
Total 9 (2.3) 0.06 (0.18) 0.04 (0.13) 6 (1.6)

Area 1 0.07 (0.20) 0.04 (0.14)Sb

Area 2 0.06 (0.15) 0.05 (0.13)
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Total 1 (0.2) 0.62 (1.99) 0.30 (1.10) 0 (0)

Area 1 0.56 (1.86) 0.33 (1.15)Sn

Area 2 0.69 (2.32) 0.28 (1.01)
Total 1 (0.2) 0.27 (0.68) 0.16 (0.40) 7 (1.8)

Area 1 0.24 (0.66) 0.16 (0.41)Tl

Area 2 0.31 (0.70) 0.16 (0.39)
Total 1 (0.2) 0.03 (0.11) 0.02 (0.06) 9 (2.4)

Area 1 0.03 (0.11) 0.02 (0.07)V

Area 2 0.03 (0.11) 0.02 (0.06)
Total 0 (0) 389 (1146) 265 (771) 0 (0)

Area 1 368 (1023) 271 (806)
Zn

Area 2 402 (1298) 246 (729)
* ng/L; 
a Area 1 vs. Area 2 at T1 (Mann-Whitney U test): Cr higher in Area 2 (p<0.0001); Mn higher in Area 1 (p=0.0017)
b T1 vs. T0 (Wilcoxon signed-rank test): metals significantly different (p-values <0.0001-0.020)
c T1 vs. T0 (Wilcoxon signed-rank test): metals not significantly different (p>0.05).


