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Paper CHILDHOOD LEUKEMIA INCIDENCE AND EXPOSURE TO INDOOR RADON, TERRESTRIAL AND COSMIC GAMMA RADIATION Anne-Sophie Evrard,*† Denis He´mon,*† Solenne Billon,‡ Dominique Laurier,‡ Eric Jougla,§ Margot Tirmarche,‡ and Jacqueline Clavel*† INTRODUCTION Abstract—This study was undertaken to evaluate the ecological association between terrestrial and cosmic gamma radiation, indoor radon, and acute leukemia incidence among children under 15 y of age. From 1990 to 2001, 5,330 cases of acute leukemia were registered by the French National Registry of Childhood Leukemia and Lymphoma. Exposure to terrestrial gamma radiation was based on measurements, using thermoluminescent dosimeters, at about 1,000 sites covering all the “De´partements.” In addition, 8,737 indoor terrestrial gamma dose rate measurements covering 62% of the “De´partements” and 13,240 indoor radon concentration measurements covering all the “De´partements” were made during a national campaign. Cosmic ray doses were estimated in each of the 36,363 “Communes” of France. There was no evidence of an ecological association between terrestrial gamma dose (range: 0.22– 0.90 mSv yⴚ1) or total gamma dose (range: 0.49 –1.28 mSv yⴚ1) and childhood acute leukemia incidence, for acute myeloid leukemia (AML) or for acute lymphoblastic leukemia (ALL), in univariate or multivariate regression analyses including indoor radon. A significant positive association between indoor radon (range: 22–262 Bq mⴚ3) and AML incidence among children was observed and remained significant in multivariate regression analyses including either terrestrial gamma dose [SIR per 100 Bq mⴚ3 ⴝ 1.29 (1.09 –1.53)] or total gamma dose [SIR per 100 Bq mⴚ3 ⴝ 1.29 (1.09 –1.53)]. The study showed no ecological association between terrestrial gamma radiation and childhood leukemia for the range of variation in gamma dose rates observed in France. The moderate ecological association between childhood AML incidence and indoor radon does not appear to be confounded by terrestrial gamma dose. Health Phys. 90(6):569 –579; 2006



THE LEUKEMIA-INDUCING effect of ionizing radiation has been clearly established with respect to intra-uterine exposure (Doll and Wakeford 1997), patients treated for malignant or non-malignant diseases, and Japanese atomic-bomb survivors (UNSCEAR 1994, 2000). These reports concern acute or repeated exposure to moderateto-high dose. The risks of developing cancer following protracted exposure to very low levels of radiation, such as those due to background radiation, still need to be documented. For the population of France, the two main sources of exposure to ionizing radiation are medical (41%) and natural (58%) radiation. Fifty-nine percent of natural irradiation is due to exposure through inhalation of radon and its decay products, 19% to exposure to terrestrial gamma rays (TGR), 12% to exposure to cosmic rays, and 10% to ingestion of water and food (Billon et al. 2005). The effective annual dose to which the population of France is exposed due to natural radiation, excluding ingestion of water and food, was recently estimated to be 2.2 mSv (Billon et al. 2005). Most of the dose of radon and its decay products is delivered mainly to the airways in the lungs, but a fraction of the dose may be delivered to other organs, especially bone marrow (Richardson et al. 1991; Kendall and Smith 2002). The United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) recently issued a review of the international data on external exposure rates due to TGR (UNSCEAR 2000). The population-weighted average of the dose rates in air inside dwellings was 84 nGy h⫺1, with national averages ranging from 20 to 200 nGy h⫺1. The lowest values were observed in New Zealand, Iceland, and the United States, all below 40 nGy h⫺1. The highest values were observed in Italy (105 nGy h⫺1) and Sweden (110 nGy h⫺1). In France, TGR levels had intermediate values (75 nGy h⫺1).



Key words: leukemia; gamma radiation; epidemiology; children



* INSERM, U754, Villejuif, France; † Universite´ Paris Sud, IFR69, Villejuif, France; ‡ Institut de Radioprotection et de Suˆrete´ Nucle´aire, IRSN/DRPH/SRBE/LEPID, Fontenay-aux-Roses, France; § INSERM, Centre Epide´miologique sur les Causes Me´dicales de De´ce`s, Ce´piDc, Le Ve´sinet, France. For correspondence or reprints contact: Anne-Sophie Evrard, INSERM-U754, 16, Avenue Paul Vaillant-Couturier, F-94807 Villejuif Cedex, France, or email at [email protected]. (Manuscript received 2 September 2005; revised manuscript received 14 October 2005, accepted 2 February 2006) 0017-9078/06/0 Copyright © 2006 Health Physics Society 569



570



Health Physics



Ecological studies have suggested a positive association between indoor radon concentration and childhood leukemia (Lucie 1990; Alexander et al. 1990; Henshaw et al. 1990; Muirhead et al. 1991, 1992; Richardson et al. 1995; Thorne et al. 1996a and b; Evrard et al. 2005), whereas most of the casecontrol studies have not (Lubin et al. 1998; Kaletsch et al. 1999; Steinbuch et al. 1999; UK Childhood Cancer Study 2002a). Refereed publications on the association between indoor radon concentration and childhood leukemia are summarized elsewhere (Laurier et al. 2001; Evrard et al. 2005). Among these studies, only a few investigated the relationship between background gamma dose rates and childhood leukemia, and they have yielded discordant results: sometimes positive, sometimes negative, some were significant, others were not. The international study by Henshaw et al. (1990) pooled the data from 13 countries and detected a significant positive linear correlation of 0.58 (p ⬍ 0.05) between background indoor gamma dose rates and childhood leukemia incidence. The gamma radiation level in the country with the highest mean indoor gamma dose rate (Switzerland) was threefold higher than in the country with the lowest mean rate (Canada). Alexander et al. (1990), Lucie (1990), Muirhead et al. (1991, 1992), and Richardson et al. (1995) observed a negative but non-significant ecological association between childhood leukemia incidence and gamma radiation in the 22 counties of the UK, in which average national exposure (60 nGy h⫺1; UNSCEAR 2000) was lower than the worldwide average. Hatch and Susser (1990) investigated the incidence of childhood cancer in relation to background gamma radiation within ten miles of the Three Mile Island nuclear plant in the United States. Although the variations in gamma radiation levels were quite modest, from 57 nGy h⫺1 to 105 nGy h⫺1, those authors found a positive but non-significant association between childhood leukemia incidence and gamma dose rates. The only two case-control studies with individual measurements yielded discordant results. In Sweden (average level of 110 nGy h⫺1), Axelson et al. (2002) suggested a significant positive association between acute lymphoblastic leukemia (ALL) incidence (312 cases of ALL and 1,418 controls) and annual average exposure to gamma rays. In contrast, in the UK (average level of 60 nGy h⫺1), the UK Childhood Cancer Study (2002b) did not show any evidence of an association with gamma rays, for ALL (805 cases and 1,306 controls) or for other leukemias (146 cases and 232 controls).
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In France, Tirmarche et al. (1988) investigated the ecological association between childhood leukemia mortality between 1971 and 1978 and TGR in 53 administrative areas (“De´partements”) and found no statisticallysignificant association. Viel (1993) showed a significant negative association between acute myeloid leukemia (AML) mortality in adults and gamma rays in 41 of the 95 French “De´partements.” No association was found for ALL mortality. The purpose of the present study is to examine whether or not an ecological association exists between terrestrial and cosmic gamma radiation, and acute leukemia incidence among children under 15 y of age in France, and to evaluate whether this association could explain the ecological relationship observed in a previous paper (Evrard et al. 2005) between childhood AML incidence and indoor radon concentration in France. The present study focuses on the incidence of childhood leukemia instead of mortality because the survival period following onset for some of the leukemia subtypes vary substantially. SUBJECTS AND METHODS Observed numbers of cases The study included all cases (5,330) of acute leukemia (AL) diagnosed between 1 January 1990, and 31 December 2001, in children aged less than 15 y and living in mainland France at the time of diagnosis. The cases were provided by the French National Registry of Childhood Leukemia and Lymphoma (Clavel et al. 2004). The age- and sex-standardized incidence rates per million and per year were 39.7 for all AL (32.3 for ALL and 6.8 for AML). ALL, AML, and unspecified leukemias accounted for 4,346 (81%), 912 (17%), and 72 (2%) of all AL cases, respectively. There were more cases among boys than girls (56% vs. 44%), with the difference mainly being due to ALL. Expected numbers of cases No temporal trend of the annual incidence rates was evidenced for all AL, for ALL, or for AML. The national age- and sex-specific incidence rates for childhood leukemia, based on the National Registry of Childhood Leukemia and Lymphoma (Clavel et al. 2004), and the number of person-years from 1990 to 2001, were used to derive annual expected numbers of cases for each age group, sex group, and geographic unit under study. The number of person-years was calculated using age- and sex-specific population estimates for years 1990 through 2001 for each “De´partement” (administrative geographic unit) provided by the French National Institute for Statistics and Economic Studies (INSEE). The annual
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expected numbers of cases were used to estimate standardized incidence ratios (SIR). Geographic units Statistical analyses were carried out using the “De´partement” as the geographic unit. Mainland France (population: 60 million approx.) is administratively divided into 36,363 “Communes,” and 95 “De´partements” (when the 2 subdivisions of Corsica are considered together). The statistical distribution of “De´partement” populations is skewed with a mean of 606,000 people, a first quartile of 292,000, a median of 493,000 and a third quartile of 831,000. The statistical distribution of the expected number of cases aged less than 15 years in each “De´partement” is also skewed, with a first quartile of 24.9 cases, a median of 45.3 and a third quartile of 73.2. Exposure assessment Two data sets of TGR measurements were available, both provided by the Institute for Radiation Protection and Nuclear Safety (IRSN): surveillance measurements by thermoluminescent dosimeters (TLDs) and measurements from a national campaign. The TLDs measure gamma dose rates continuously in order to monitor the level of environmental radioactivity in France. Measurements are made at about 1,000 sites covering all 95 “De´partements,” such as city halls, departmental administrative offices, police headquarters, and fire stations. The data used in this study were collected between 1996 and 2003. From 1977 to 1990 and from 1996 to 2002, a French national campaign of gamma dose-rate measurement was conducted by the IRSN, in cooperation with the Ministry of Health, in order to determine the distribution of indoor and outdoor gamma dose rates and estimate the external dose to which the population was exposed (Rannou et al. 1992). Since 1982, indoor radon concentrations have also been determined. During the first phase of the gamma dose-rate measurement campaign, from 1977 to 1990, three types of dosimeters were used to determine indoor (in the living room) and outdoor gamma dose rates over six months: calcium sulfate tube dosimeters (IRSN), PGP1 dosimeters (IRSN), and Panasonic dosimeters (IRSN). During the second phase, beginning in 1996, the measurements were made indoors (in the living room), over 45 min, using Saphymo Radiameters only (Saphymo, 5 rue du The´aˆtre, 91581Massy Cedex France). A questionnaire designed to identify housing and lifestyle characteristics that may have influenced gamma dose rates was completed for each measurement. Housing characteristics and lifestyle factors were assumed to have been stable over the previous three decades, so that the gamma dose rate
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measurements constituted the average exposure for the French population. The data used in the present study had been collected up to 2002 and have been published elsewhere (Billon et al. 2005). They consisted in 8,737 gamma dose-rate measurements covering 59 “De´partements” out of 95, with an average of 148 measurements per “De´partement.” In order to obtain the TGR dose from gamma dose rates measured by TLD or during the national campaign, cosmic rays were subtracted. Using UNSCEAR’s formula (UNSCEAR 2000), the mean annual effective doses from cosmic rays were calculated from location and altitude data provided by the National Geographic Institute (IGN) for all the French “Communes,” and weighted by population size in order to obtain one value for each “De´partement.” In addition, 13,240 measurements of indoor radon concentration covering all 95 “De´partements” were performed by the IRSN during the national campaign, with an average of 138 measurements per “De´partement.” Indoor radon activity per cubic meter was determined in the main room (living room and/or bedroom), over two months, using an open Kodalpha LR115 passive tracketch detector (Billon et al. 2005). This detector has participated regularly in inter-comparison tests, done in a specific laboratory (NRPB 2003) and was always agreed upon for this international exercise. This detector was also used during an epidemiological case-control study launched in France and in several other European countries. During this international epidemiological collaboration, several open and closed detectors were compared by being exposed under the same dwelling conditions, in several houses and during 3 or 6 months of exposure. Major results of these field tests were published by Kreienbrock et al. (1999): the authors considered that the maximum of 20% of variation, detected between open and closed detectors, is largely in the range of acceptance of these types of devices. The annual dose to red bone marrow (RBM) due to background exposure to radon was estimated using the conversion rate proposed by Richardson et al. (1991): 0.55 mSv per year for 100 Bq m⫺3. In line with Rommens et al. (2001), the annual RBM dose from TGR and cosmic rays was assumed to be equal to the annual effective dose. Then, assuming an indoor occupancy factor (i.e., time spent indoors at home and inside any building) of 90% (Billon et al. 2005), the mean annual RBM dose due to background ionizing radiation was estimated by summing the estimated RBM dose from radon, TGR and cosmic rays. Additional dietary exposure due to food and water was not taken into account.
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Statistical analysis For the three types of ionizing radiation (TGR, cosmic rays, and indoor radon), the number of measurements per “De´partement,” their arithmetic mean and standard deviation, and their geometric mean and standard deviation were available. All the statistical analyses are based on the TGR measured by TLD. In addition, analyses were conducted using TGR measurements derived from the national campaign covering 62% of mainland France. The “De´partements” were divided into five categories on the basis of mean TGR dose. Each category included approximately a quintile of the expected number of cases. The corresponding arithmetic means were 0.303, 0.364, 0.406, 0.508, and 0.704 mSv per year, respectively. Similarly, the “De´partements” were divided into five categories on the basis of mean radon concentration, with corresponding arithmetic means of 31.2, 41.8, 54.6, 77.3, and 142.9 Bq m⫺3, respectively. The “De´partements” were also divided into three categories on the basis of mean radon concentration, and the association between TGR and childhood leukemia was also investigated in these three categories of mean radon concentration; each category included approximately a tertile of the expected number of cases. Similarly, the “De´partements” were divided into three categories on the basis of mean TGR dose, and the association between indoor radon and childhood leukemia was also studied in these three categories of mean TGR dose. Potential interactions between radon and TGR were evaluated. The arithmetic means of the TGR doses and indoor radon concentrations per “De´partement” were also considered as quantitative variables in Poisson regression models. The ecological analyses were performed for all cases (0 –14 y) and for the complete period (1990 – 2001), and then separately, by age group (0 – 4 y, 5–9 y, and 10 –14 y), sex, period (1990 –1995, 1996 – 2001), leukemia type (ALL, AML), and after having excluded the cases with Down’s syndrome since children with Down’s syndrome have a much greater risk of leukemia than the general population (Hasle et al. 2000). The analyses were also conducted after excluding the “De´partements” in which the exposure was less precise (standard error of the mean greater than 10% of the mean) or the population less stable (population in 2002 divided by population in 1990 greater than 1.10 or less than 0.90), in order to evaluate the stability of the results. The potential for confounding by socioeconomic status was taken into account by introducing socioeconomic covariates in the Poisson regression models.
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These “De´partement” sociodemographic and socioeconomic characteristics consisted of average net income, distribution of socioeconomic status, proportion of university graduates, and proportion of the population living in rural areas. These characteristics were obtained from the 1990 and 1999 French census data (INSEE). The relationships between AL and cosmic rays alone, between AL and cosmic rays combined with TGR, and between AL and total exposure to background ionizing radiation in terms of estimated RBM dose were also investigated. All the analyses were conducted using Poisson regression and the SAS GENMOD procedure (SAS Institute Inc., Cary, North Carolina, USA). In all analyses, goodness of fit was evaluated. No overdispersion between “De´partements” was evidenced using deviance tests and Pearson’s chi-square tests, or using Potthoff-Whittinghill and Fisher’s chi-square tests. No spatial autocorrelation of the SIRs over the “De´partements” was observed using Moran’s test. Using a model including spatial heterogeneity and clustering components to model extra-Poisson variability (BYM model, Besag et al. 1991) and using a Bayesian approach did not alter the results: the values of the estimated regression coefficients and 95% credibility intervals remained similar. To simplify, only the results with Poisson regression are shown.



RESULTS Exposure measurements Table 1 shows the statistical distribution of TGR RBM dose, cosmic ray RBM dose, indoor radon concentrations, and total estimated annual RBM dose over the 95 “De´partements.” The arithmetic mean of TGR RBM dose was 0.49 mSv per year and ranged from 0.22 to 0.90 mSv per year. The arithmetic mean of cosmic ray RBM dose was lower (0.28 mSv per year) than the arithmetic mean of TGR RBM dose and varied less—from 0.27 to 0.38 mSv per year. The arithmetic mean of indoor radon concentration was 88 Bq m⫺3 (i.e., a RBM dose of 0.48 mSv per year), and ranged from 22 to 262 Bq m⫺3 (i.e., RBM dose from 0.12 to 1.44 mSv per year). Overall, the mean RBM dose was 1.25 mSv per year (range: 0.71–2.43 mSv per year). The RBM dose due to TGR varied half as much as that due to indoor radon (range: 0.68 vs. 1.32 mSv per year). Fig. 1 shows the joint-distribution of average dose due to TGR and average indoor radon concentration over the 95 “De´partements.” Indoor radon concentrations
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Table 1. Distribution of terrestrial, cosmic and radon doses, and contribution to the total estimated RBM dose over the 95 French “De´partements.”



Arithmetic mean Standard deviation Minimum Maximum Range Contribution to estimated RBM dose



Terrestrial gamma rays RBM dose mSv y⫺1



Cosmic rays RBM dose mSv y⫺1



0.49 0.158 0.22 0.90 0.68 39.2%



0.28 0.019 0.27 0.38 0.11 22.4%



Radon Bq m⫺3 88 52 22 262 240



RBM dose a mSv y⫺1 0.48 0.285 0.12 1.44 1.32 38.4%



Total estimated RBM dosea mSv y⫺1 1.25 0.407 0.71 2.43 1.72 100%



a



The dose to red bone marrow (RBM) was estimated using the conversion coefficient proposed by Richardson et al. (1991): 0.55 mSv y⫺1 per 100 Bq m⫺3.



Fig. 1. Distribution of the 95 “De´partements” by average dose of terrestrial gamma rays and indoor radon.



were significantly correlated with TGR dose (Spearman’s rank correlation coefficient  ⫽ 0.54, p ⬍ 10⫺4), and cosmic ray dose ( ⫽ 0.63, p ⬍ 10⫺4). TGR and radon contributed approximately equally to the estimated RBM dose (39.2% and 38.4%, respectively), while the cosmic ray contribution was smaller (22.4%). The spatial variability of the average estimated RBM dose was mainly due to that of radon (SD ⫽ 0.285 mSv y⫺1), to a lesser extent to that of TGR (SD ⫽ 0.158 mSv y⫺1), and to a markedly lesser extent to that of cosmic rays (SD ⫽ 0.019 mSv y⫺1). Indoor radon concentration and childhood leukemia Table 2 shows the SIRs for all AL, ALL, and AML as a function of the five classes of radon exposure. A significant positive ecological association was observed between indoor radon concentration and childhood AML incidence. The SIR per 100 Bq m⫺3 of radon exposure was 1.19 [95% confidence interval (CI) ⫽ (1.03–1.38)]. This association confirms the previous one observed at the scale of the 348 “Zones d’emploi” (geographic units defined in terms of employment criteria) for the period 1990 –1998 (Evrard et al. 2005).



Terrestrial gamma radiation and childhood leukemia Table 3 shows the SIRs for all AL, ALL, and AML as a function of TGR dose. There was no evidence of an ecological association between TGR and childhood leukemia incidence for ALL or AML. The results were stable over age, sex, and period for all AL, ALL, and AML. Neither exclusion of the cases with Down’s syndrome (100 cases) nor exclusion of the outlying “De´partements” altered the results. Average net income, proportion of managers, and proportion of university graduates were significantly negatively correlated with TGR dose. The proportion of people living in rural areas was positively, but not significantly, correlated with TGR dose. None of the covariates was significantly associated with childhood acute leukemia, ALL, or AML, and their inclusion in the regression models did not alter the results. Association between indoor radon and childhood leukemia in multivariate regression analyses including TGR exposure Table 4 displays the association with indoor radon for all AL, ALL, and AML within each tertile of TGR
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Table 2. Ecological association between indoor radon concentration and the incidence of all acute leukemia (5,330), ALL (4,346), and AML (912) in children aged 0 –14 y (France, 95 “De´partements;” 1990 –2001). Total radon range exp ␤ˆ c for 100 Bq m⫺3—95% CI



Quintiles of radon exposure (Bq m⫺3) “De´partement” category by Category ⬍34.7 35.0−46.1 radon concentration Mean ⫾ sema 31.2 ⫾ 0.994 41.8 ⫾ 0.922 b All acute leukemia O/E 1055/1100.9 1042/1080.8 SIR/SIR (Ref.) 1.00 (Ref.) 1.01 [0.92−1.10] b 860/896.8 848/881.7 ALL O/E SIR/SIR (Ref.) 1.00 (Ref.) 1.00 [0.91−1.10] b 183/189.1 181/184.6 AML O/E SIR/SIR (Ref.) 1.00 (Ref.) 1.01 [0.82−1.24]



48.1−60.8 54.6 ⫾ 1.29 1084/1079.3 1.05 [0.96−1.14] 906/880.6 1.07 [0.98−1.18] 161/184.1 0.90 [0.73−1.12]



61.5−92.0 77.3 ⫾ 1.51 1086/1022.2 1.11 [1.02−1.21] 895/833.6 1.12 [1.02−1.23] 179/174.8 1.06 [0.86−1.30]



⬎93.9 142.9 ⫾ 3.33 1063/1046.7 1.06 [0.97−1.15] 837/853.2 1.02 [0.93−1.12] 208/179.4 1.20 [0.98−1.46]



1.04 [0.98−1.11]—p ⫽ 0.20 1.01 [0.94−1.08]—p ⫽ 0.88 1.19 [1.03−1.38]—p ⫽ 0.02



a



sem: standard error of the mean. O: observed cases; E: expected number of cases of leukemia—Reference: age- and sex-specific incidence ratios for the whole of France—SIR: Standardized Incidence Ratio ⫽ O/E. c ˆ ␤: Poisson regression coefficient of the logarithm of the SIR of leukemia over the arithmetic mean of the radon measurements as a quantitative variable; exp ␤ˆ : multiplying factor for the increase in the SIR when radon exposure increases by 100 Bq m⫺3. b



Table 3. Ecological association between terrestrial gamma rays (TGR) and the incidence of childhood leukemia over the 95 French “De´partements.” ⫺1



Quintiles of terrestrial gamma rays exposure (mSv y ) “De´partement” category by TGR dose All acute leukemia ALL AML



Category ⬍0.349 0.350−0.384 Mean ⫾ sema 0.303 ⫾ 0.010 0.364 ⫾ 0.003 b 1068/1073.3 1038/1053.4 O/E SIR/SIR (Ref.) 1.00 (Ref.) 0.99 [0.91−1.08] b 865/875.7 847/858.4 O/E SIR/SIR (Ref.) 1.00 (Ref.) 1.00 [0.91−1.10] b 191/183.1 176/180.7 O/E SIR/SIR (Ref.) 1.00 (Ref.) 0.93 [0.76−1.15]



0.385−0.448 0.406 ⫾ 0.004 1067/1096.9 0.98 [0.90−1.06] 877/894.5 0.99 [0.90−1.09] 178/187.6 0.91 [0.74−1.12]



0.449−0.560 0.508 ⫾ 0.007 1083/1028.4 1.06 [0.97−1.15] 884/838.4 1.07 [0.97−1.17] 183/176.1 1.00 [0.81−1.22]



⬎0.560 0.704 ⫾ 0.020 1074/1078.0 1.00 [0.92−1.09] 873/879.0 1.01 [0.91−1.10] 184/184.4 0.96 [0.78−1.17]



Total TGR range exp ␤ˆ c for 1 mSv y⫺1—95% CI



1.00 [0.84−1.19]—p ⫽ 0.98 1.01 [0.83−1.22]—p ⫽ 0.94 0.95 [0.62−1.44]—p ⫽ 0.81



a



sem: standard error of the mean. b O: observed cases; E: expected number of cases of leukemia—Reference: age- and sex-specific incidence ratios for the whole of France—SIR: Standardized Incidence Ratio ⫽ O/E. c ˆ ␤: Poisson regression coefficient of the logarithm of the SIR of leukemia over the arithmetic mean of the TGR measurements as a quantitative variable; exp ␤ˆ : multiplying factor for the increase in the SIR when TGR exposure increases by 1 mSv y⫺1.



exposure. There was no evidence of an association with indoor radon for all AL or for ALL in any of the tertiles of TGR exposure. The intensity of the positive association observed between indoor radon and AML incidence was approximately the same in each tertile of TGR. This association was significant only in the last tertile of TGR. The SIR associated with a 100 Bq m⫺3 increase in average radon exposure was 1.29 [CI ⫽ (1.09 –1.53)] in multivariate regression analyses including TGR exposure considered as a qualitative variable. Association between TGR and childhood leukemia in multivariate regression analyses including indoor radon Table 5 displays the association with TGR for all AL, ALL, and AML within each tertile of indoor radon concentration. There was no evidence of an association with TGR for all AL, for ALL or for AML in any of the tertiles of indoor radon concentration. No significant interaction was observed between indoor radon and TGR for all AL, for ALL or for AML.



Total background exposure to ionizing radiation and childhood leukemia A positive, but not significant, ecological association (p ⫽ 0.41) between cosmic rays and childhood AML incidence was observed. The association disappeared in multivariate regression analyses including indoor radon. Conversely, the association between indoor radon and AML incidence remained unchanged in multivariate regression analyses including cosmic rays. Considering the joint exposure to TGR and cosmic rays, no association was observed with any type of AL. Using multivariate regression analyses including indoor radon did not generate any evidence of an association. With regard to the study of an association between indoor radon and all AL, ALL, or AML: using multivariate regression analyses including total gamma rays, the results remained the same as those obtained when using multivariate regression analyses including TGR alone. A positive association, at the borderline of statistical significance, between AML and estimated RBM dose [SIR ⫽ 1.14 per 1 mSv y⫺1,
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Table 4. Ecological association between indoor radon concentration and the incidence of childhood leukemia by category of terrestrial gamma rays (TGR) exposure: No interaction between radon and TGR for all acute leukemia or for ALL or for AML. Tertiles of TGR exposure (mSv y⫺1) “De´partement” category by TGR dose Radon in each TGR category



Radon—TGR correlation (Spearman)—p-value Number of “De´partements” O/Eb All acute leukemia ALL AML



Category Mean ⫾ sema Mean (Bq m⫺3) Standard deviation (Bq m⫺3) Minimum−Maximum (Bq m⫺3)



exp ␤ˆ c for 100 Bq m⫺3—95% CI exp ␤ˆ c for 100 Bq m⫺3—95% CI exp ␤ˆ c for 100 Bq m⫺3—95% CI



⬍0.375 0.336 ⫾ 0.003 61.4 94.6 21.9−143.5 0.05 (p ⫽ 0.80) 25 1826/1827.5 1.12 [0.87−1.43] 1.10 [0.83−1.44] 1.18 [0.66−2.12]



0.375−0.495 0.414 ⫾ 0.003 71.5 107.3 26.4−128.9 0.54 (p ⫽ 0.002) 30 1723/1736.1 1.19 [1.01−1.40] 1.13 [0.94−1.36] 1.35 [0.90−2.01]



exp ␤ˆ d for 100 Bq m⫺3—95% CI



⬎0.496 0.608 ⫾ 0.004 121.5 210.1 37.8−262.1 0.33 (p ⫽ 0.04) 40 1781/1766.4 1.01 [0.92−1.10] 1.05 [0.97−1.13]—p ⫽ 0.20 0.95 [0.86−1.05] 1.00 [0.92−1.08]—p ⫽ 0.94 1.29 [1.05−1.58] 1.29 [1.09−1.53]—p ⫽ 0.004



a



sem: standard error of the mean. O: observed cases of all acute leukemia; E: expected number of cases of leukemia—Reference: age- and sex-specific incidence ratios for the whole of France. c ˆ ␤: Poisson regression coefficient of the logarithm of the SIR of leukemia over the arithmetic mean of the radon measurements by category of TGR exposure; exp ␤ˆ : multiplying factor for the increase in the SIR when radon exposure increases by 100 Bq m⫺3, by category of TGR exposure. d ˆ ␤: Poisson regression coefficient of the logarithm of the SIR of leukemia over the arithmetic mean of the radon measurements, when adjusted on TGR dose as a qualitative variable; exp ␤ˆ : multiplying factor for the increase in the SIR when radon exposure increases by 100 Bq m⫺3, when adjusted on TGR dose as a qualitative variable. b



CI ⫽ (0.96 –1.37), p ⫽ 0.14] was observed for all background radiation exposure. The association disappeared when using multivariate regression analyses including indoor radon. All the statistical analyses were also carried out using the IRSN TGR data (Billon et al. 2005) obtained during the national campaign, instead of the TLD data (OPRI 2000). These two sets of data were significantly correlated in the 59 “De´partements” covered by the national campaign (Spearman’s rank correlation coefficient  ⫽ 0.58, p ⬍ 10⫺4). The results of all the statistical analyses conducted on the national campaign data set were similar to those of the TLD data set analysis. DISCUSSION This ecological study is the first to investigate for a relationship between childhood leukemia incidence and background TGR exposure in France. There was no evidence of an ecological association between TGR and childhood leukemia incidence, for either AML or ALL, irrespective of age (0 – 4 y, 5–9 y or 10 –14 y), sex, or period (1990 –1995 or 1996 –2001), even when ecological, sociodemographic, and socioeconomic covariates were included in the models. The positive, but non-significant, association between cosmic rays and childhood AML incidence disappeared in multivariate regression analyses including indoor radon. The highest radon concentrations were observed in mountainous areas, where cosmic ray exposure is the highest. The significant positive association between indoor radon and AML incidence in children previously



reported (Evrard et al. 2005) remained similar in multivariate regression analyses including TGR. Conversely, there was no association between TGR and childhood leukemia incidence when radon was taken into account. Similar results were obtained when the measurement campaign data for TGR were analyzed. To estimate the mean annual RBM dose due to background ionizing radiation, an indoor occupancy factor (i.e., time spent indoors at home and inside any building) of 90% was assumed (Billon et al. 2005). This indoor occupancy factor was estimated in a French study, CIBLEX, providing behavioral characteristics for the French population (Cessac et al. 2002). It has been found to be 10% higher than the UNSCEAR worldwide estimate (UNSCEAR 2000). As this indoor occupancy factor may vary between French “De´partements,” main analyses were also carried out using an indoor occupancy factor of 75% or of 80%, and the results remained similar. The three main sources of exposure to background ionizing radiation, radon (59%), TGR (19%) and cosmic rays (12%) (Billon et al. 2005), were taken into account in the present study, since exposure data due to ingestion of water and food were not available. Although exposure due to ingestion of water and food may be marked in certain particular circumstances (Hoffmann et al. 1993), in France, overall, it only accounts for 10% of the total exposure to background ionizing radiation (Billon et al. 2005). With an arithmetic mean of 0.49 mSv per year, the average terrestrial gamma dose in France is of intermediate magnitude, similar to that in the United Kingdom (0.37 mSv y⫺1), higher than that in the United States,
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Table 5. Ecological association between terrestrial gamma rays (TGR) and the incidence of childhood leukemia by category of indoor radon concentration: No interaction between radon and TGR for all acute leukemia or for ALL or for AML. Tertiles of radon exposure (Bq m⫺3) “De´partement” category by radon concentration Category Mean ⫾ sema TGR in each radon category Mean (mSv y⫺1) Standard deviation (mSv y⫺1) Minimum−Maximum (mSv y⫺1) Radon—TGR correlation (Spearman) (p-value) Number of “De´partements” O/Eb All acute leukemia exp ␤ˆ c for 1 mSv y⫺1—95% CI ALL exp ␤ˆ c for 1 mSv y⫺1—95% CI AML exp ␤ˆ c for 1 mSv y⫺1—95% CI



⬍44.5 37.4 ⫾ 0.757 0.396 0.158 0.221−0.586 0.29 (p ⫽ 0.25) 17 1762/1848.0 0.72 [0.41−1.28] 0.85 [0.46−1.60] 0.43 [0.11−1.66]



44.5−72.2 57.4 ⫾ 0.983 0.471 0.199 0.282−0.904 0.41 (p ⫽ 0.02) 30 1740/1731.6 0.97 [0.73−1.27] 1.00 [0.74−1.35] 0.78 [0.38−1.62]



exp ␤ˆ d for 1 mSv y⫺1—95% CI



⬎72.2 124.4 ⫾ 2.41 0.502 0.211 0.243−0.875 0.62 (p ⬍ 10⫺4) 48 1828/1750.4 0.81 [0.60−1.11] 0.87 [0.72−1.06]—p ⫽ 0.17 0.78 [0.55−1.11] 0.89 [0.72−1.11]—p ⫽ 0.30 1.00 [0.49−2.04] 0.81 [0.50−1.30]—p ⫽ 0.38



a



sem: standard error of the mean. O: observed cases of all acute leukemia; E: expected number of cases of leukemia—Reference: age- and sex-specific incidence ratios for the whole of France. c ˆ ␤: Poisson regression coefficient of the logarithm of the SIR of leukemia over the arithmetic mean of the TGR measurements by category of radon exposure; exp ␤ˆ : multiplying factor for the increase in the SIR when TGR exposure increases by 1 mSv y⫺1, by category of radon exposure. d ˆ ␤: Poisson regression coefficient of the logarithm of the SIR of leukemia over the arithmetic mean of the TGR measurements, when adjusted on radon as a qualitative variable; exp ␤ˆ : multiplying factor for the increase in the SIR when TGR exposure increases by 1 mSv y⫺1, when adjusted on radon as a qualitative variable. b



where the lowest TGR dose has been reported (less than 0.24 mSv y⫺1), and lower than in Sweden where the highest TGR dose has been reported (0.67 mSv y⫺1) (UNSCEAR 2000). Ecological studies, which aim at examining geographic variations between population groups in exposure to environmental factors in relation to health outcomes measured at a geographic level, have some limitations. They are notably affected by the existence of geographic correlates of the studied exposures (Elliott and Wartenberg 2004). This has been particularly discussed in settings where there is a powerful risk factor for a disease, such as smoking for lung cancer (Darby et al. 2001), which is not the case for childhood leukemia. Although ecological studies need validation and replication at the individual level to go further to the assessment of causality, they have been allowed to formulate and to explore major hypotheses of public health importance. In those studies, averaging exposure by geographic unit reduces the effect of exposure measurement error, and the ecologic approach takes advantage of large contrasts in exposure and health outcomes between geographic units. An important issue in such ecological studies is properly accounting for the quality of the data, potential biases and confounding (Elliott and Wartenberg 2004). In the study reported herein, the authors have attempted to address those questions. The large size of the data set on which this study was based is one of its major advantages: TGR measurements by TLD at about 1,000 sites throughout France, 8,737 indoor terrestrial gamma



dose rate measurements covering 62% of the “De´partements;” 13,240 indoor radon concentration measurements covering all the “De´partements” reported in the context of the national campaign, and cosmic ray doses calculated in each of the 36,363 “Communes” that comprise the country. These large datasets allow the ecological analysis, providing an estimation of both between and within-“De´partement” variability of the French population’s exposure to TGR, cosmic rays, and indoor radon. The second major advantage of the present study is the large number of childhood leukemia cases (5,330) provided by the French National Registry of Childhood Leukemia and Lymphoma. The cases cover the whole France for a 12-y period (1990 –2001). The exhaustiveness is very marked (99.2%) and the number of sources by case is high (2.5) (Clavel et al. 2004). Acute exposure to moderate-to-high doses of ionizing radiation, certain oncological therapies, Down’s syndrome, and some genetic syndromes have been identified as risk factors for leukemia. Research hypotheses with respect to infectious, environmental, and genetic factors are becoming increasingly well documented. Such risk factors were not investigated in this study, but their spatial distribution may parallel that of TGR doses. However, the inclusion of sociodemographic and socioeconomic factors in the analyses did not alter the results. Nevertheless, it is still possible that some unknown confounding factors with similar geographic distributions to those of TGR and radon might mask a potential association between TGR and childhood leukemia and/or
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explain the association observed between indoor radon and AML incidence. Indoor radon concentration, which is different from natural gamma radiation, varies widely within the same territory as the consequence of floor level, housing type, and building materials. Also, the average indoor radon concentration in each “De´partement” may depend on the season of measurement and vary with the selection of the housing units measured, which may not be representative of the “De´partement” building stock. Average radon concentration over a 12-mo period is generally considered as the best estimate of the long-term average radon concentration. However, due to practical constraints, radon detectors were in place for 2 mo. Procedures to correct for seasonal variation have been developed by the IRSN in order to get an unbiased estimate of the annual average indoor radon concentration from data based on shortperiod radon measurements (Baysson et al. 2003). Therefore, all the analyses of the present study were also carried out using a mean of indoor radon corrected for seasonal variation and accounting for housing characteristics (Billon et al. 2005). The results were unchanged. Geographic variation in TGR doses and indoor radon concentrations was not only observed between “De´partements” but also within “De´partements.” Individual variability of exposure within an area might distort the ecological association with regard to the underlying possible individual relationship (Elliott et al. 2000). However, assuming that a relationship between average exposure and the average incidence of childhood leukemia is linear, at the low levels of exposure described in the present study, such a discrepancy is not expected to have a major effect. A model introducing the variability of indoor radon concentration within a “De´partement” and using the Bayesian approach was also adjusted and did not alter the results (Fortunato et al. 2005).** Indoor radon concentrations are spatially correlated, and radon was found to be positively associated with childhood leukemia. However, no spatial autocorrelation of the SIRs over the “De´partements” was evidenced using Moran’s test, probably because of the large Poisson variability of observed counts and of the moderate intensity of the relationship observed between radon and childhood leukemia, which limits the power of Moran’s test. As the use of Moran’s test is optimal for Gaussian variables, the statistical distribution of Moran’s statistic ** Fortunato L, Guihenneuc-Jouyaux C, Laurier D, Tirmarche M, Clavel J, He´mon D. Introduction of within-area risk factor distribution in ecological Poisson regression models. Stat Methods Med Res; submitted for publication; 2005.
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was also simulated using Splus software (Mathsoft, Inc., Cambridge, MA, USA) under the null hypothesis of non-heterogeneity of the SIRs, and a model including spatial heterogeneity and clustering components to model extra-Poisson variability (BYM model, Besag et al. 1991) was also used and did not alter the results. The absence of evidence of an association between TGR and leukemia and the association observed between radon and AML may be related to the fact that the geographic variability of TGR was smaller than that of radon. Using the conversion proposed by Richardson et al. (1991), the average RBM dose due to radon was estimated to range from 0.12 to 1.44 mSv y⫺1 (range: 1.32 mSv y⫺1) while the average RBM dose due to TGR varied from 0.22 to 0.90 mSv y⫺1 (range: 0.68 mSv y⫺1). The range for TGR was thus half that for radon. The statistical power of the test for the existence of an ecological association between TGR and AML incidence was investigated using simulations and assuming that the underlying ecological association between TGR and AML incidence had the same slope as (or a slope 1.5 times higher or 0.5 times lower than) the ecological association observed between indoor radon and AML incidence, and using the conversion proposed by Richardson et al. (1991). With that hypothesis, on the basis of 10,000 simulated data sets, the statistical power of the analysis to detect the effect would be 39% (respectively, 73% and 12%). This might contribute to explaining why no significant ecological association between childhood leukemia incidence and TGR in France was observed. CONCLUSION The studies investigating the relationship between background gamma radiation and childhood leukemia have yielded discordant results, but, consistent with the UK Childhood Cancer Study (2002b), the present study, based on aggregated data, did not evidence any ecological association between childhood leukemia incidence and terrestrial gamma radiation within the range of gamma dose-rate variation (from 0.22 to 0.90 mSv per year). The study showed a moderate ecological association between childhood AML incidence and indoor radon in France (range: 22–262 Bq m⫺3, equivalent to an estimated RBM dose of between 0.12 and 1.44 mSv y⫺1), which was not confounded by background gamma exposure. The present study strengthens the hypothesis of a moderate and positive ecological association between indoor radon and childhood leukemia, which was observed by most of the ecological studies on the subject. To go further into the analysis of an association between indoor radon and childhood leukemia, a well-designed case-control study of residentially-exposed children will
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have to include a large number of cases and controls, with individual radon measurements, and substantial contrasts in exposure.



Acknowledgments—The authors are grateful to C. Debayle and V. Me´chenet (IRSN) for data on terrestrial gamma rays, A. Morin (IRSN) for data on cosmic gamma rays, A. Goubin, C. Guihenneuc-Jouyaux, and L. Fortunato (INSERM) for technical assistance, G. Desplanques (INSEE) for population data, and A. Mullarky for his skillful revision of the manuscript. This work was supported by grants from the Ministe`re de l’Environnement et de l’Ame´nagement du Territoire, INSERM, the Direction Ge´ne´rale de la Sante´, the Fondation pour la Recherche Me´dicale, and the Fondation de France.



REFERENCES Alexander FE, McKinney PA, Cartwright RA. Radon and leukemia. Lancet 335:1336 –1337; 1990. Axelson O, Fredrikson M, Akerblom G, Hardell L. Leukemia in childhood and adolescence and exposure to ionizing radiation in homes built from uranium-containing alum shale concrete. Epidemiol 13:146 –150; 2002. Baysson H, Billon S, Laurier D, Rogel A, Tirmarche M. Seasonal correction factors for estimating radon exposure in dwellings in France. Radiat Prot Dosim 104:245–252; 2003. Besag J, York J, Mollie´ A. Bayesian image restoration, with two applications in spatial statistics. Ann Inst Statist Math 43:1–59; 1991. Billon S, Morin A, Cae¨r S, Baysson H, Gambard JP, Backe JC, Rannou A, Tirmarche M, Laurier D. French population exposure to radon, terrestrial gamma and cosmic rays. Radiat Prot Dosim 113:314 –320; 2005. Cessac B, Beaugelin-Seiler K, Me´tivier JM, Morin A, Mourlon C, Vincent G. Ciblex: Banque de donne´es de parame`tres descriptifs de la population franc¸aise au voisinage d’un site pollue´. Fontenay-aux-Roses: Institut de Radioprotection et de Suˆrete´ Nucle´aire; Note technique DPRE/02-03 DPHD/ 02-02; 2002 (in French). Clavel J, Goubin A, Auclerc MF, Auvrignon A, Waterkeyn C, Patte C, Baruchel A, Leverger G, Nelken B, Philippe N, Sommelet D, Vilmer E, Bellec S, Perrillat-Menegaux F, He´mon D. Incidence of childhood leukemia and nonHodgkin’s lymphoma in France—National Registry of Childhood Leukemia and Lymphoma, 1990 –1999. Eur J Cancer Prev 13:97–103; 2004. Darby S, Harz D, Doll R. A parallel analysis of individual and ecological data on residential radon and lung cancer in south-west England. J R Statist Soc A 164:193–203; 2001. Doll R, Wakeford R. Risk of childhood cancer from fetal irradiation. Br J Radiol 70:130 –139; 1997. Elliott P, Wartenberg D. Spatial epidemiology: current approaches and future challenges. Environ Health Perspect 112:998 –1006; 2004. Elliott P, Wakefield J, Best N, Briggs DJ. Spatial epidemiology: methods and applications. New York: Oxford University Press; 2000. Evrard AS, He´mon D, Billon S, Laurier D, Jougla E, Tirmarche M, Clavel J. Ecological association between indoor radon concentration and childhood leukemia incidence in France, 1990 –1998. Eur J Cancer Prev 14:147–157; 2005. Hasle H, Clemmensen IH, Mikkelsen M. Risks of leukemia and solid tumours in individuals with Down’s syndrome. Lancet 355:165–169; 2000.



June 2006, Volume 90, Number 6



Hatch M, Susser M. Background gamma radiation and childhood cancers within ten miles of a US nuclear plant. Int J Epidemiol 19:546 –552; 1990. Henshaw DL, Eatough JP, Richardson RB. Radon as a causative factor in induction of myeloid leukemia and other cancers. Lancet 335:1008 –1012; 1990. Hoffmann W, Kranefeld A, Schmitz-Feuerhake I. Radium226-contaminated drinking water: hypothesis on an exposure pathway in a population with elevated childhood leukemia. Environ Health Perspect 101:113–115; 1993. Kaletsch U, Kaatsch P, Meinert R, Schu¨z J, Czarwinski R, Michaelis J. Childhood cancer and residential radon exposure—results of a population-based case-control study in Lower Saxony (Germany). Radiat Environ Biophys 38:211–215; 1999. Kendall GM, Smith TJ. Doses to organs and tissues from radon and its decay products. J Radiol Prot 22:389 – 406; 2002. Kreienbrock L, Poffijn A, Tirmarche M, Feider M, Kies A, Darby SC. Intercomparison of passive radon-detectors under field conditions in epidemiological studies. Health Phys 76:558 –563; 1999. Laurier D, Valenty M, Tirmarche M. Radon exposure and the risk of leukemia: a review of epidemiological studies. Health Phys 81:272–288; 2001. Lubin JH, Linet MS, Boice JD, Buckley J, Conrath SM, Hatch EE, Kleinerman RA, Tarone RE, Wacholder S, Robison LL. Case-control study of childhood acute lymphoblastic leukemia and residential radon exposure. J Natl Cancer Inst 90:294 –300; 1998. Lucie NP. Radon and acute lymphoblastic leukemia. Leukemia Lymphoma 1:213–216; 1990. Muirhead CR, Butland BK, Green BM, Draper GJ. Childhood leukemia and natural radiation. Lancet 337:503–504; 1991. Muirhead CR, Butland BK, Green BM, Draper GJ. An analysis of childhood leukemia and natural radiation in Britain. Radiat Prot Dosim 45:657– 660; 1992. National Radiological Protection Board. Results of the 2002 NRPB Intercomparison of Passive Radon Detectors, NRPB W Series Reports, W44. Chilton: National Radiological Protection Board; 2003. Office de Protection contre les Rayonnements Ionisants. Rapport d’activite´ 2000. Fontenay-aux-Roses: Institut de Radioprotection et de Suˆrete´ Nucle´aire, OPRI; 2000: 64 – 65 (in French). Rannou A, Gambard JP, Brenot J. Campagnes de mesure de l’irradiation naturelle gamma et radon en France—Bilan de 1977 a` 1990. Fontenay-aux-Roses: Institut de Radioprotection et de Suˆrete´ Nucle´aire SEGR/LEADS; Note Technique 92–10; 1992 (in French). Richardson RB, Eatough JP, Henshaw DL. Dose to red bone marrow from natural radon and thoron exposure. Br J Radiol 64:608 – 624; 1991. Richardson S, Monfort C, Green M, Draper G, Muirhead C. Spatial variation of natural radiation and childhood leukemia incidence in Great Britain. Stat Med 14:2487–2501; 1995. Rommens C, Ringeard C, Hubert P. Exposure of red bone marrow to ionizing radiation from natural and medical sources in France. J Radiol Prot 21:209 –219; 2001. Steinbuch M, Weinberg CR, Buckley JD, Robison LL, Sandler DP. Indoor residential radon exposure and risk of childhood acute myeloid leukemia. Br J Cancer 81:900 –906; 1999. Thorne R, Foreman NK, Mott MG. Radon in Devon and Cornwall and paediatric malignancies. Eur J Cancer 32A:282–285; 1996a.



Childhood leukemia incidence ● A.-S. EVRARD



Thorne R, Foreman NK, Mott MG. Radon exposure and incidence of paediatric malignancies. Eur J Cancer 32A:2371–2372; 1996b. Tirmarche M, Rannou A, Mollie´ A, Sauve A. Epidemiological study of regional cancer mortality in France and natural radiation. Radiat Prot Dosim 24:479 – 482; 1988. UK Childhood Cancer Study Investigators. The United Kingdom Childhood Cancer Study of exposure to domestic sources of ionizing radiation: 1: radon gas. Br J Cancer 86:1721–1726; 2002a. UK Childhood Cancer Study Investigators. The United Kingdom Childhood Cancer Study of exposure to domestic sources of ionizing radiation: 2: gamma radiation. Br J Cancer 86:1727–1731; 2002b. United Nations Scientific Committee on the Effects of Atomic



ET AL.



579



Radiation. Epidemiological studies of radiation carcinogenesis. In: UNSCEAR: Sources and effects of ionizing radiation, 1994 Report to the General Assembly, with scientific annexes. Annex A. New York: United Nations; 1994: 11–183. United Nations Scientific Committee on the Effects of Atomic Radiation. Exposure from natural radiation sources. In: UNSCEAR: Sources and effects of ionizing radiation, 2000 report to the General Assembly, with scientific annexes. Volume I: Sources, Annex B. New York: United Nations; 2000: 84 –156. Viel JF. Radon exposure and leukemia in adulthood. Int J Epidemiol 22:627– 630; 1993. f f



























des documents recommandant







[image: alt]





Childhood leukaemia incidence around French nuclear ... - Nature 

Apr 18, 2006 - The present study investigated for the first time the incidence of childhood .... to test the feasibility of the approach and its consistency with the.










 


[image: alt]





Barriers to Capital Accumulation and the Incidence of Child Laborâˆ— 

Oct 26, 2005 - effective return on capital and reduces the present value of the child's ..... Equation (8) can be compared with the marginal condition for child schooling in ..... Î³ > 0, the numerator of (A-6) is greater in absolute value than its .










 


[image: alt]





Exposure to electromagnetic fields and suicide among electric 

Methods. DESIGN AND STUDY POPULATION. Details of the cohort identification have been published in ... Women were excluded because they rarely ... increase statistical precision. .... exposure windows generally yielded ORs close ... of these two initi










 


[image: alt]





Tail Incidence 

If you set the incidence too high, you will ... it can be changed in flight test. ... much lift the tail needs to produce to balance ...... â€¢b"y*i.46.7/j(p78p'p7p/2^. _.










 


[image: alt]





Fetal and neonatal responses following maternal exposure to mobile 

mainly in the spectrum regions of 800-900 megahertz. (MHZ).2 There are several ... subjected to the following: a) clinical history, including age, parity, date of last ... mode was recorded while the cardiac anatomy was being visualized by ...










 


[image: alt]





Between Childhood and Mathematics - Michel Delord 

AndrÃ© Toom. University of SËœao Paulo. E-mail [email protected], [email protected]. How should we educate our children to help them develop into ...










 


[image: alt]





Childhood Trajectories of Inattention and ... - Christophe Genolini 

the association between mental health ... The screening process for at-risk children would ... Questionnaire (24) and the Preschool Behavior Questionnaire.










 


[image: alt]





Magnetic Field Exposure and Cardiovascular ... - NOMANA index 

when reports from the Soviet Union attributed a range of symptoms to high ... magnetic fields may influence specific subtypes of car- ...... Howard, Eileen Gregory, and Joy Wood; EPRI project offi- .... US Health Care Financing Administration.










 


[image: alt]





The TP53 Gene, Tobacco Exposure, and Lung 

between male and female never-smokers. We concluded that the previously noted G:C to T:A transversions were mainly due to female smokers having a high ...










 


[image: alt]





Wing Incidence & Tail Size 

lift equal to the weight of our plane. ... the wing angle of attack by three de- ..... airplane's response to various kinds of ..... are using Lotus 1-2-3 on a DOS com-.










 


[image: alt]





Tail Incidence, Part 2 

mal" to mean at right angles to some- thing; in this ... solve this equation, first you make a list of the things .... wind triangle, we find that the angle of the relative ...










 


[image: alt]





Incidence Is NOT Incidental 

10 MARCH 1964 airplane at its cruising speed. This can be solved by applying the basic lift equation: CL = 391/(V)2 x W/S. Where: CL = Lift coefficient as given ...










 


[image: alt]





1 Paper Presented and accepted to the Enactive05 Conference 

Another form of realism is named 'action fidelity' and consists in ... indications is constituted by the review of some studies dedicated to the notion of 'object'.










 


[image: alt]





Movement Orientation is Related to Mental Rotation in Childhood 

rotation of equivalent real stimuli both in ten to eleven year old children ... Nineteen children aged 7 to 10 years participated in the study. ..... Funk M, Brugger P, Wilkening F (2005) Motor processes in children's imagery: the case of mental ...










 


[image: alt]





Classifying Leukemia and Gout Patients with Neural ... - Dr. Lena Wiese 

machine learning is used to study the patients suffering from either gout or leukemia ... study of the uric acid signatures involves the application of supervised.










 


[image: alt]





Movement Orientation is Related to Mental Rotation in Childhood 

Page 3. 3. INTRODUCTION. Though the development of motor control has been studied ..... Contreras-Vidal JL (2006) Development of forward models for hand ...










 


[image: alt]





Scenes from Childhood (Kinderszenen) 

of this document. Use of this document whether all or a portion of this music ... Virtual Sheet Music grants you, the purchaser, a non-exclusive license to use this.










 


[image: alt]





Joint Pain in Childhood 

Amy Gaultney MD, and Carl L. von Baeyer, PhD. La douleur articulaire est frÃ©quente dans l'enfance. Des pathologies soit inflammatoires soit non- inflammatoires sont associÃ©es aux douleurs articulaires. La douleur musculosquelettique la plus rÃ©pand










 


[image: alt]





New chimeric RNAs in acute myeloid leukemia 

Aug 2, 2017 - differential gene expression and fusion-transcripts or chimeric RNA (chRNA). Methods: We ..... 95Â°C to 60Â°C was performed to control primer specificity. For ..... and 17; qPCR, quantitative polymerase chain reaction; NONE,.










 


[image: alt]





Liasse fiscale INCIDENCE GROUP 

sont erronÃ©es, nous vous recommandons de consulter cette page pour savoir comment les corriger. Plus gÃ©nÃ©ralement ... 92340 BOURG LA REINE. 1 2. 0 0.










 


[image: alt]





Tail Incidence - Size 

uct of each person's weight times their dis- tance to the pivot must be the same. In en- gineering parlance, the sum of the moments about the pivot must be zero.










 


[image: alt]





Wing Incidence & Tail Size 

lift equal to the weight of our plane. ... the wing angle of attack by three de- ..... airplane's response to various kinds of ..... are using Lotus 1-2-3 on a DOS com-.










 


[image: alt]





Incidence and prevalence of Lyme-Disease in Germany Vectors 

Consider using therapy-principles of other slow-growing- bacteria; e.g. : M. .... Current study of UniversitÃ¤t Konstanz about antibiotics plus. Neutropen for the ...










 


[image: alt]





Experimental exposure to trace metals affects ... - Wiley Online Library 

Nov 27, 2015 - polymer and the manufacturer's default electrophoresis run settings. ..... its potential association with health and disease. â€“ Infect. Genet. Evol.










 














×
Report Paper CHILDHOOD LEUKEMIA INCIDENCE AND EXPOSURE TO





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



