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Executive Summary  
 
According to a report from the Chinese Ministry of Health, 294 000 infants had been affected by 
melamine-contaminated infant formula by the end of November 2008. More than 50 000 infants 
have been hospitalized, and six deaths have been confirmed. Because of the large potential 
health impact, the World Health Organization (WHO) and the Food and Agriculture 
Organization of the United Nations (FAO) convened an Expert Meeting. 
 
Melamine produces crystals in urine when its concentration exceeds a threshold. Exposure 
below this threshold will generally not result in adverse health effects. Many of the affected 
infants in the Chinese incident had stones, or calculi, in the kidney, ureter or bladder. These 
calculi were composed of uric acid (a normal waste product in human urine) and melamine. 
 
Melamine is an industrially synthesized chemical used for a wide variety of applications, such as 
laminates, coatings and plastics. Commercially produced melamine may contain structural 
analogues, such as cyanuric acid, ammelide and ammeline.  
 
Humans are exposed to melamine and its analogues from a number of different sources, 
including food and environmental sources. Sources range from breakdown of the pesticide 
cyromazine, which is approved for use in many countries, to migration from approved food 
packaging material to the adulteration of specific foods. A specific source of exposure for which 
very few data exist is carry-over from the (mostly non-approved) presence of melamine in 
animal feed or feed ingredients. Data have shown carry-over from feed to products of animal 
origin (e.g. milk, eggs, meat), including fish. 
 
Methods are available for the screening and quantification of melamine in food and feed. 
Selective methods are able to detect very low concentrations of melamine and its analogues in 
such products.  
 
For this report, the sources of melamine have been divided into “baseline” levels, which refer to 
levels in food that do not result from adulteration or misuse, and “adulteration” levels, which 
refer to levels in food that result from the intentional addition of melamine to food or the 
unapproved use or misuse of melamine or substances that can degrade to form melamine. 
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Adulteration occurs, in part, because commonly used methods for protein analysis cannot 
distinguish between nitrogen from protein and non-protein sources. This results in incorrectly 
high protein measurements for products containing non-protein nitrogen sources like melamine 
and provides an economic incentive for their (illegal) addition. New, simple, specific, rapid and 
cost-effective methods for protein quantification should be developed to discourage adulteration. 
 
The baseline exposure has been estimated from (limited) data on concentration levels in different 
food groups and food consumption data based on the WHO regional diets and other national 
data. However, industry data on baseline occurrence have generally not been published and have 
not been made available to FAO and WHO, although such data exist for a number of industrial 
food products. The very limited availability of data seriously hampered the ability of the Expert 
Meeting to estimate exposure. The food and feed industries should be encouraged to share data, 
and FAO and WHO should set up better systems for confidential data sharing. 
 
Because of insufficient human data, it was necessary to rely on toxicological studies in 
laboratory animals to characterize the human health risk related to melamine in food. 
 
Based on dose–response assessment of subchronic rat studies, modelling of the incidence of 
bladder stones and application of a safety factor of 200 to account for extrapolation from rats to 
humans, variation within humans and uncertainties associated with the data, a tolerable daily 
intake (TDI) of 0.2 mg/kg body weight for melamine was established. The TDI is applicable to 
the whole population including infants. 
 
This TDI is applicable to exposure to melamine alone. Although data were inadequate to 
develop TDIs for compounds that are structurally related to melamine, such as ammeline and 
ammelide, a TDI of 1.5 mg/kg body weight for cyanuric acid has previously been derived by 
WHO, suggesting that these analogues would be no more toxic than melamine. Available data 
indicate that simultaneous exposure to melamine and cyanuric acid is more toxic than exposures 
to each compound individually. Data are not adequate to allow the calculation of a health-based 
guidance value for this co-exposure. 
 
The dietary exposure based on the consumption of melamine-adulterated infant formula in China 
at the median levels of melamine reported in the most contaminated brand was estimated to 
range from 8.6 to 23.4 mg/kg body weight per day, based on data provided by the Chinese 
Center for Disease Control and Prevention. This is about 40–120 times the TDI of 0.2 mg/kg 
body weight, explaining the dramatic health outcome in Chinese infants. Conservative estimates 
of potential exposure of adults to melamine from foods containing adulterated milk products 
were 0.8–3.5 times the TDI. Estimates of exposure to baseline levels of melamine from all 
sources (up to 13 µg/kg body weight per day) were well below the TDI.  
 
Many countries have introduced limits for melamine in infant formula and other foods. Limits 
for melamine in powdered infant formula (1 mg/kg) and in other foods (2.5 mg/kg) would 
provide a sufficient margin of safety for dietary exposure relative to the TDI. 
 
The Expert Meeting provided a range of recommendations for further information and new 
studies to better understand the risk to human health posed by melamine and its analogues.  

8 December 2008 



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


