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Supplementary Material 
 
Many factors influence the relative bioavailability (R) of elements present in feed including the level, chemical 

form, particle size, interactions with other feed components, chelators, inhibitors, the physiological status of 

the animal, age and species of animal as well as the processing conditions the feed or feed ingredient has been 

exposed to (Miles and Henry 2000). The table below lists indicative values for relative bioavailability of 

various feed additives and contamination sources relative to the soluble forms used in studies on the transfer of 

chemical elements to tissues, milk and eggs.  

 

Table of indicative values for relative bioavailability (R), expressed as percentages 
Element Source Poultry Swine Cattle Sheep Reference 
Antimony (Sb) Potassium antimonite*  100   Denys 2011 
 Mining soils  1-11   Denys 2011 
 Soil from steel foundries  5-11   Denys 2011 
Arsenic (As) As2O3,  

Arsenic sulfosalts 
 ≤25   USEPA 2011 

 Arsenic phosphate,  
As(M)oxide where M=Fe, Pb, Mn, 
Fe, Zn sulphates 

 25-75   USEPA 2011 

 FeAsO  >75   USEPA 2011 
 Sodium arsenate (NaAsO3)*  100   USEPA 2011 
 Calcine soil  4-23   Wragg et al. 2011 
 Iron slag soil  22-43   Wragg et al. 2011
 Aberjona river sediment  37-51   Wragg et al. 2011
 Grossan soils  12-16   Juhasz et al. 2007 
 Arsenic herbicide contaminated soil  10-80   Juhasz et al. 2007
 Arsenic pesticide contaminated soil  29-44   Juhasz et al. 2007
 Mine site soil  7-42   Juhasz et al. 2007
 Red ferrosol soil (spiked/aged)  24   Juhasz et al. 2008 
 Brown chromosol (spiked/aged)  11-69   Juhasz et al. 2008 
 Soil  78   USEPA 1996 
 Slag  42   USEPA 1996 
 Mining soils  3-15   Denys 2011 
 Soil from steel founderies  35-72   Denys 2011 
Cadmium (Cd) Cadmium acetate*,  

Cadmium chloride* 
 100    

 Mining soils  12-51   Denys 2011 
 Soil from steel founderies  75   Denys 2011 
 Soils  10-79   Wragg et al. 2011 
Chromium (Cr) Chromium tripicolinate  100   Lindemann et al 2008 
 Chromium propionate  13   Lindemann et al 2008
 Chromium methionine  51   Lindemann et al 2008
 Chromium yeast  23   Lindemann et al 2008
Copper (Cu) CuSO4•5(H2O)*  

Cuprous oxide (Cu2O) 
100 100 100 100 Ammerman et al. 1998 

 Copper EDTA - - 95 120 Ammerman et al. 1998
 Copper lysine 105 - 100 - Ammerman et al. 1998
 Copper methionine 90 110 - - Ammerman et al. 1998
 Copper proteinate  - - 130 Ammerman et al. 1998
 Cupric acetate* 100 - - - Ammerman et al. 1998
 Cupric basic carbonate 115 - - - Ammerman et al. 1998
 Cupric carbonate 65 85 - - Ammerman et al. 1998
 Cupric chloride 110 - 115 115 Ammerman et al. 1998
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 Cupric chloride, tribasic 105 - - - Ammerman et al. 1998
 Cupric oxide (CuO)B 0 30 15 - Ammerman et al. 1998
 Cuprous oxide (Cu2O) 0 30 15 - Ammerman et al. 1998
 Copper sulphide   25  Ammerman et al. 1998
Fluoride NaF* 100 100 100 100 Clay and Suttie 1985 
 Raw rock phosphate    69 Clay and Suttie 1985
 Dicalcium phosphate    52 Clay and Suttie 1985
 Defluorinated phosphate    20 Clay and Suttie 1985
 Soils   30-41 4.5-23 Wöhlbier et al 1968 (c) 

Milhaud et al. 1990 (sh) 
Lead Lead acetate* 100 100 100 100  
 Mn(Pb) oxide  >75   Casteel et al 2006 
 Cerussite (lead carbonate)  >75   Casteel et al 2006
 Lead phosphate  25-75   Casteel et al 2006
 Lead oxide  25-75   Casteel et al 2006
 Fe/Pb oxide  <25   Casteel et al 2006
 Anglesite  <25   Casteel et al 2006
 Galena  <25   Casteel et al 2006
 Fe/Pb sulphates  <25   Casteel et al 2006
 Pb (M) oxide  <25   Casteel et al 2006
 Australian soils  <25   Juhasz et al. 2009 
 Soils  1-87   Marschner et al. 2006, 

Schroder et al. 2004 
 Mining soils  8-59   Denys 2011 
 Soil from steel founderies  28-56   Denys 2011 
Mercury Mercuric chloride*  100    
 Cinnabar (HgS)  1.5-3   Schoof and Nielsen 

1997 
Selenium Sodium selenite* (Na2SeO3),  

Cobalt selenite* (CoSeO3) 
100 100 100 100 Ammerman et al. 1998

 Selenocystine 110 - - - Ammerman et al. 1998
 Selenomethionine 80-115 120-150 245 - Ammerman et al. 1998
 Selenoyeast - - 290 100 Ammerman et al. 1998
 Selenium, elemental 5 - - 0 Ammerman et al. 1998
Zinc Zinc sulphate*, 

zinc chloride*,  
zinc acetate* 

100 100 100 100 Ammerman et al. 1998

 Zinc, chelated - - - 110 Ammerman et al. 1998
 Zinc lysine - 100 - - Ammerman et al. 1998
 Zinc methionine 125 100 - - Ammerman et al. 1998
 Zinc proteinate 100    Ammerman et al. 1998
 Zinc sequestered    105 Ammerman et al. 1998
 Zn carbonate 105 - 60  Ammerman et al. 1998
 Zinc oxide 55-100 50 100 70 Ammerman et al. 1998
 Zinc, elemental 100 130 - - Ammerman et al. 1998
A relative bioavailabilities greater than 100 indicate greater bioavialability than the reference salts, indicated above with an asterix (*) 
B Cupric oxide needles which are retained for extended periods within the intestinal tract of ruminants have been shown to be an 
effective source of copper. 
 
Ammerman CB, Henry PR, Miles RD (1998) Bioavailability of organic forms of microminerals. Proceedings of the 9th Florida 
Ruminant Nutrition Symposium, Gainesville, pp 33-49. 
 
Casteel SW, Weis CP, Henningsen GM, Brattin WJ (2006) Estimation of relative bioavailability of lead in soil and soil-like materials 
using young swine. Environmental Health Perspectives 114, 1162-1171. http://dx.doi.org/10.1289/ehp.8852 
 
Clay AB, Suttie JW (1985) The availability of fluoride from NaF and phosphorus supplements. Veterinary and Human Toxicology 27, 
3–6. 
 
Denys S (2011) A swine model to assess the relative oral bioavailability of As, Cd, Pb and Sb at contaminated sites. BARC Workshop 
Proceedings. Bioavailability and Bioaccessibility of Inorganic Contaminants in Soil: Answering Key Questions. The Westin Harbour 
Castle Hotel, 1 Harbour Square, Toronto, Ontario, Canada, February 23, 24 and 25, 2011. 
http://www.bioavailabilityresearch.ca/BARC%20Workshop%20Proceedings%20Feb%202011.pdf 
 
Juhasz AL, Smith E, Weber J, Rees M, Rofe A, Kuchel T, Sansom L, Naidu R (2007) Comparison of in vivo and in vitro 
methodologies for the assessment of arsenic bioavailability in contaminated soils. Chemosphere 69, 961-966. 
 
Juhasz AL, Smith E, Weber J, Naidu R, Rees M, Rofe A, Kuchel T and Sansom L (2008) Effect of soil ageing on in vivo arsenic 
bioavailability in two dissimilar soils. Chemosphere 71, 2180-2186. 
 



3 of 3 

Juhasz, AL, Smith E, Weber J, Naidu R, Rees N, Rofe A, Kuchel T and Sansom L (2009) Evaluation of SBRC-gastric and SBRC-
intestinal methods for the prediction of in vivo relative lead bioavailability in contaminated soils. Environmental Science and 
Technology 43, 4503-4509. 
 
Lindemann MD, Cromwell GL, Monegue HJ, Purser KW (2008) Effect of chromium source on tissue concentration of chromium in 
pigs. Journal of Animal Science 86, 2971–2978. doi:10.2527/jas.2008-0888 Note concentration dependent absorption for chromium 
 
Marschner B, Welge P, Hack A, Wittsiepe J, Wilhelm M (2006) Comparison of soil Pb in vitro bioaccessibility and in vivo 
bioavailability with Pb pools from a sequential soil extraction. Environmental Science and Technology 40, 2812-2818. 
 
Miles RD, Henry PR (2000) Relative trace mineral bioavailability. Ciência Animal Brasileira 1, 73-93. 
 
Milhaud GE, Clauw M, Joseph-Enriquez B (1989) Bioavailability in soil of fluoride in sheep. Fluoride 22, 188-194. 
 
Schoof RA, Nielsen JB (1997) Evaluation of methods for assessing the oral bioavailability of inorganic mercury in soil. Risk Analysis 
17, 545-555. 
 
Schroder JL, Basta NT, Casteel SW, Evans TJ, Payton ME, Si J (2004) Validation of the in vitro gastrointestinal (IVG) method to 
estimate relative bioavailable lead in contaminated soils. Journal of Environmental Quality 33, 513-521. 
 
USEPA (1996) Bioavailability of arsenic and lead in environmental substrates. 1. Results of an oral dosing study of immature swine. 
Superfund/Office of Environmental Assessment, Region 10, EPA 910/R-96-002, 1996. 
 
USEPA (2011) Relative bioavailability of arsenic in soils at 11 hazardous waste sites using an in vivo juvenile swine method, 
Bioavailability Subcommittee of the Technical Review Workgroup Office of Solid Waste and Emergency Response, U.S. 
Environmental Protection Agency, Washington, DC 20408. 
 
Wöhlbier W, Oelschlager W, Gronbach G, Giessler H (1968) Die Resorption von Fluor durch Ochsen aus Erde und Flugstaub einer 
Aluminiumhütte Forschungsberung 14 der DFG Fluor-Wirkung, Fr Steiner, Wiesbaden. 

 
Wragg J, Cave M, Basta N, Brandon E, Casteel S, Denys S, Gron C, Oomen A, Reimer K, Tack K, Van de Wiele T (2011) An inter-
laboratory trial of the unified BARGE bioaccessibility method for arsenic, cadmium and lead in soil. Science of the Total Environment 
409, 4016-4030. 

 
 


