
Introduction

The French Nutrition & Health Survey was carried out by the French
Institute for Public Health surveillance in 2006-2007. ENNS was
launched in the framework of the National Program on Nutrition &
Health implemented in France in 2001.

The main objectives of ENNS are:
• to describe food consumption, nutritional status and physical activity

in the general French population (adults and children)
• to study nutritional biomarkers 
• to study pollutant biomarkers (heavy metals: lead, cadmium,

mercury, arsenic and other metals in urine, blood or hair, and
pesticides: organophosphates, organochlorines and pyrethrinoids in
urine or blood).

This poster presents the results on lead level distribution in blood and
reference values estimation for the French adult population.

Methods

Population

Inclusion criteria to ENNS lead survey:
• adults 18 to 74 years old,
• living in an ordinary dwelling at least five days per week,
• able to understand the stakes of the study, not suffering from a

pathology requiring an artificial feeding,
• agreeing to participate,
• without known occupational exposure to lead.

Sampling

Participants were sampled using a three-stage probability design 
(1st: aggregated municipalities; 2nd: households; 3rd: household’s
members) stratified by geographical areas (8 regions) and degree of
urbanization (rural; < 20 000 inh.; 20 000 - 100 000 inh.; > 100 000
inh.).

Questionnaires

Subject characteristics
The physiological and socio-demographic factors included age, sex,
body mass index, educational level, socio-professional category,
marital status, tobacco status (smokers, ex-smokers, non smokers),
grams of tobacco smoked

Environmental factors
The environmental factors studied included degree of urbanization,
building date of the house, type of drinking water consumption, eating
habits, occupational exposure, leisure activities exposed to lead.

Clinical and biological data

Anthropometric measurements (weight, height, waist and hip
circumferences) and biological samples (blood, urine, hair) were
collected using a unique standardized procedures at a health centre or
at home by a nurse. After collection, blood samples were stored at -
20°C.

Blood lead analyses were carried out in a central laboratory by atomic
absorption spectrometry. Acceptable levels of detection, reproducibi-
lity, repeatability and uncertainty were obtained. The limit of
quantification (LOQ) was equal to 10 µg/L.

Statistical analysis

All results were adjusted for survey sampling weights. The CALMAR
(CALibration on MARgins) software was used to perform calibration
adjustment using a truncated logit method. The French census
population was used for the calibration. Calibration variables were
sex, age (18-39, 40-59, 60-74 yrs) and educational level (no certificate,
secondary high school, high-school diploma - two-year university
degree, bachelor degree or more). The finite population correction
(FPC), which can be used in case of sampling without replacement and
sampling rate ≥ 0.15, was taken into consideration for the first-stage
sampling units.

Descriptive statistical analyse (median, percentiles, geometric mean)
are presented unadjusted on variation factors (subject characteristics
and Environmental factors).

Reference values are derived in analogy to the IUPAC guideline
(around upper bound of the 95% CI of the 95th percentile). An estimate
of the 95th population percentile with its 95% confidence interval was
computed and used for reference value proposal. SAS and R software
were used for statistical analyses.
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Results

Description of the population

2,029 individual blood levels were available for the statistical analysis.
Among them, 68 participants had occupational exposure and were
removed. The final study sample included 1961 non-occupationally
exposed participants. Women and men represented each around half of
the study population. The weighted mean age was 45 years. 57% of the
population was smoker or ex-smoker, 43% had never smoked. 25% of the
population was living in houses built before 1948, when lead-based paint
was still legally used inside. 25% of the participants took part in
renovation works with dust emission in houses built before 1948.

Distribution of blood lead levels

Blood lead levels were consistent with a log normal distribution (figure 1).
Sixty eight values (3.3%) were under the limit of quantification and thirty
four values (1.8%) were above 100 µg/L.

Table 1 describes the distribution of the blood lead levels in the French
population. Estimates in subpopulations are also presented for sex,
educational levels, smoking status, residence in old dwelling, renovation
works in an old dwelling. The median is 25 µg/L and the 95th percentile is
73 µg/L (95% CI [68-81]). The 95th percentile is higher for men (87 µg/L,
95% CI [75 - 99]) than for women (58 µg/L 95% CI [54-60]); it is also true
for the median (respectively, 29 µg/L and 23 µg/L).

Reference values

Based on the preliminary results of this study, it is possible to propose a
reference value equal to 80 µg/L for the French population. For men, the
reference value is higher than for women (100 µg/L against 60 µg/L). We
observed that the higher level in men is partly due to the residence in an
old dwelling (lead paint or/and lead pipe) or renovation of an old dwelling.
This observation deserves further studies.

The distribution of lead for the French population (Median, GM, P25, P75,
P95) were the same whether or nor people with occupational exposure
were included.

Comparison with other countries

Distribution of blood lead levels from the population of Germany (18-
69 yrs), the Czech Republic (18-58 yrs), the United States (≥ 20 yrs) are
compared to the French levels in table 2. The median in France (25 µg/L) is
lower than in Germany (31 µg/L) and Czech Republic (33 µg/L). The 95th

percentiles are quite similar in France, Germany and the Czech Republic
(respectively 73 µg/L, 71 µg/L and 72 µg/L). Parameters of the distribution
from the United States are systematically lower.

Conclusion

Method of the French Nutrition & Health Survey part “Exposure of the French
population to lead” and first results have been presented.

The distribution of blood lead levels in France is quite similar to those
observed in other European countries.

Proposed blood lead reference value for French population is 80 µg/L,
100 µg/L for men and 60 µg/L for women. According to our results, the
higher levels observed in men are probably mainly due to living in an old
dwelling.
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Distribution of blood lead level 
in the French populationFIGURE 1

Weighted 
Proposed 

Groups N
percentage

P25 P50 GM P75 P95
95% CI

Reference
of P95

value

Total 1961 100% 17 25 26 39 73 68 - 81 80

Women 1251 50.8% 15 23 22 33 58 54 - 60 60

Men 710 49.2% 19 29 30 48 87 75 - 99 100

18 - 39 years old 587 41.8% 12 19 19 27 50 46 - 62
40 - 59 years old 949 39.6% 19 29 29 44 73 66 - 87
60 - 74 years old 425 18.6% 27 39 39 56 99 86 - 115

Smokers Yes 1049 56.9% 17 27 28 44 81 73 - 93
or ex-smokers no 911 43.1% 15 25 24 37 62 58 - 67

Leaving in old yes 493 25.2% 19 29 30 50 91 76 - 104
house (<1948) no 1356 75.8% 17 25 25 39 73 66 - 77

Renovation work in yes 448 23.8% 21 29 31 48 84 72 - 93
old house (<1948) no 1513 76.2% 17 23 24 37 69 64 - 78

Description of blood lead levels 

and proposed reference value 

(design-based results)

TABLE 1

Groups Country
Year(s)

N P50 GM P95
95% CI

of data collection of P95

Adults France 2006 - 2007 1961 25 26 73 68 - 87
Germany 1998 4646 31 - 71 -
Czech republic 2001 - 2003 1188 33 33 72 69 - 80
US 2001 - 2002 4772 16 16 46 42 - 49

Women France 2006 - 2007 1251 23 21 58 54 - 60
Germany 1998 2303 27 - 62 63 - 67
Czech republic 2001 - 2003 325 25 26 64 50 - 74
US 2001 - 2002 4606 11 12 36 30 - 38

Men France 2006 - 2007 710 29 30 87 75 - 99
Germany 1998 2342 36 - 79 78 - 83
Czech republic 2001 - 2003 863 37 37 76 70 - 85
US 2001 - 2002 4339 17 20 53 50 - 55

Comparison of blood lead levels 

in France with Germany,  the Czech

Republic and the United States

TABLE 2



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


