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Baker 1999a (2) Subacute Toxicity Human NA Copper sulfate Capsule Adult M 1 1 0 mg/d 42 0 

        1 2 3 mg/d 42 0 

        1 3 6 mg/d 42 0 

       F 2 1 0 mg/d 42 0 

        2 2 3 mg/d 42 0 

        2 3 6 mg/d 42 0 

Pratt 1985 (6) Subchronic Toxicity Human NA Copper gluconate Capsule Adult B 1 1 0 mg/d 84 0 

        1 2 10 mg/d 84 2 

Murthy 1981 (10) Subacute Toxicity Rats NS Copper sulfate pentahydrate Feed Adult M 1 1 0 mg/d 30 0 

        1 2 5 mg/d 30 3 

Jones 1997 (14) Subacute Human NA Copper as glycine-chelate Capsule NS M 1 1 0 mg/d 28 0 

        1 2 2 mg/d 28 0 

Haywood 1985 (20) Subacute Toxicity Rats Wistar NS  Feed Weanling M 1 1 10 mg/kg 7 0 

        1 2 3000  mg/kg 7 1 

        1 3 4000  mg/kg 7 1 

        1 4 5000  mg/kg 7 1 

        1 5 6000  mg/kg 7 4 

        2 1 10  mg/kg 14 0 

        2 2 3000  mg/kg 14 4 

        2 3 4000   mg/kg 14 4 

        2 4 5000   mg/kg 14 4 

        2 5 6000   mg/kg 14 4 

        3 1 10   mg/kg 21 0 

        3 2 3000   mg/kg 21 4 

        3 3 4000   mg/kg 21 4 

        3 4 5000   mg/kg 21 4 

        3 5 6000   mg/kg 21 4 

        4 1 10   mg/kg 28 0 

        4 2 3000   mg/kg 28 4 
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        4 3 4000   mg/kg 28 4 

        4 4 5000   mg/kg 28 4 

        4 5 6000   mg/kg 28 4 

 Subchronic Toxicity       5 1 10   mg/kg 35 0 

        5 2 3000   mg/kg 35 4 

        5 3 4000   mg/kg 35 4 

        5 4 5000   mg/kg 35 4 

        5 5 6000   mg/kg 35 5 

        6 1 10   mg/kg 42 0 

        6 2 3000   mg/kg 42 4 

        6 3 4000   mg/kg 42 4 

        6 4 5000   mg/kg 42 4 

        6 5 6000   mg/kg 42 5 

 Chronic Toxicity       7 1 10 mg/kg 105 0 

        7 2 3000   mg/kg 105 4 

        7 3 4000   mg/kg 105 4 

        7 4 5000   mg/kg 105 4 

        7 5 6000   mg/kg 105 5 

Haywood 1980 (22) Subacute Toxicity Rats NS Copper sulfate Feed Weanling M 1 1 0 ppm 7 0 

        1 2 2000 ppm 7 1 

 Subacute Toxicity       2 1 0 ppm 14 0 

        2 2 2000 ppm 14 4 

 Subacute Toxicity       3 1 0 ppm 21 0 

        3 2 2000 ppm 21 4 

 Subchronic Toxicity       4 1 0 ppm 42 0 

        4 2 2000 ppm 42 4 

 Subchronic       5 1 0 ppm 63 0 

        5 2 2000 ppm 63 4 

 Chronic       6 1 0 ppm 105 0 

        6 2 2000 ppm 105 4 

Fuentealba 2000  (25) Chronic Rats Fischer 344 Copper sulfate Feed Adult M 1 1 0 ppm 126 0 

        1 2 1500 ppm 126 3 

       F 2 1 0 ppm 126 0 



 

 

        2 2 1500 ppm 126 3 

Hebert 1993  (26) Subacute Toxicity Rats Fischer 344 Copper sulfate pentahydrate Water Adult M 1 1 0 ppm 15 0 

        1 2 300 ppm 15 0 

        1 3 1000 ppm 15 0 

        1 4 3000 ppm 15 3 

        1 5 10000 ppm 15 6 

        1 6 30000 ppm 15 6 

 Subacute Toxicity Mice B6C3F1 Copper sulfate pentahydrate Water Adult M 2 1 0 ppm 15 0 

        2 2 300 ppm 15 0 

        2 3 1000 ppm 15 0 

        2 4 3000 ppm 15 4 

        2 5 10000 ppm 15 6 

        2 6 30000 ppm 15 6 

 Subacute Toxicity Rats Fischer 344 Copper sulfate pentahydrate Water Adult F 3 1 0 ppm 15 0 

        3 2 300 ppm 15 0 

        3 3 1000 ppm 15 0 

        3 4 3000 ppm 15 3 

        3 5 10000 ppm 15 6 

        3 6 30000 ppm 15 6 

 Subacute Toxicity Mice B6C3F1 Copper sulfate pentahydrate Water  Adult F 4 1 0 ppm 15 0 

        4 2 300 ppm 15 0 

        4 3 1000 ppm 15 3 

        4 4 3000 ppm 15 4 

        4 5 10000 ppm 15 6 

        4 6 30000 ppm 15 6 

 Subacute Toxicity Rats Fischer 344 Copper sulfate pentahydrate Feed Adult M 5 1 0 ppm 15 0 

        5 2 1000 ppm 15 0 

        5 3 2000 ppm 15 0 

        5 4 4000 ppm 15 0 

        5 5 8000 ppm 15 4 

        5 6 16000 ppm 15 4 

 Subacute Toxicity Rats Fischer 344 Copper sulfate pentahydrate Feed Adult F 6 1 0 ppm 15 0 

        6 2 1000 ppm 15 0 



 

 

        6 3 2000 ppm 15 0 

        6 4 4000 ppm 15 3 

        6 5 8000 ppm 15 4 

        6 6 16000 ppm 15 4 

 Subacute Toxicity Mice B6C3F1 Copper sulfate pentahydrate Feed  Adult M 7 1 0 ppm 15 0 

        7 2 1000 ppm 15 0 

        7 3 2000 ppm 15 0 

        7 4 4000 ppm 15 4 

        7 5 8000 ppm 15 4 

        7 6 16000 ppm 15 4 

 Subacute Toxicity Mice B6C3F1 Copper sulfate pentahydrate Feed Adult F 8 1 0 ppm 15 0 

        8 2 1000 ppm 15 0 

        8 3 2000 ppm 15 0 

        8 4 4000 ppm 15 4 

        8 5 8000 ppm 15 4 

        8 6 16000 ppm 15 4 

 Subchronic Toxicity Rats Fischer 344 Copper sulfate pentahydrate Feed Adult M 9 1 0 ppm 92 0 

        9 2 500 ppm 92 1 

        9 3 1000 ppm 92 3 

        9 4 2000 ppm 92 4 

        9 5 4000 ppm 92 4 

        9 6 8000 ppm 92 4 

 Subchronic Toxicity Rats Fischer 344 Copper sulfate pentahydrate Feed Adult F 10 1 0 ppm 92 0 

        10 2 500 ppm 92 1 

        10 3 1000 ppm 92 3 

        10 4 2000 ppm 92 4 

        10 5 4000 ppm 92 4 

        10 6 8000 ppm 92 4 

 Chronic Toxicity Mice B6C3F1 Copper sulfate pentahydrate Feed Adult M 11 1 0 ppm 92 0 

        11 2 1000 ppm 92 0 

        11 3 2000 ppm 92 0 

        11 4 4000 ppm 92 4 

        11 5 8000 ppm 92 4 



 

 

        11 6 16000 ppm 92 4 

 Chronic Toxicity Mice B6C3F1 Copper sulfate pentahydrate Feed Adult F 12 1 0 ppm 92 0 

        12 2 1000 ppm 92 0 

        12 3 2000 ppm 92 0 

        12 4 4000 ppm 92 4 

        12 5 8000 ppm 92 4 

        12 6 16000 ppm 92 4 

Araya 2001 (35) Acute Toxicity Human NA Copper sulfate pentahydrate Water  Adult B 1 1 0 mg/L 1 0 

        1 2 2 mg/L 1 0 

        1 3 4 mg/L 1 0 

        1 4 6 mg/L 1 4 

        1 5 8 mg/L 1 4 

Baker 1999b (37) Subacute Toxicity Humans NA Copper sulfate pentahydrate Diet Adult M 1 1 1.6 mg/day  42 0 

          6.0 mg/day 42 0 

Cristofori 1992 (42) Chronic Toxicity Rats Spraque-Dawley NS Diet Adult F 1 1 5 ppm 210 0 

        1 2 200 ppm 210 2 

 Chronic Toxicity Rats Spraque-Dawley NS Diet Adult F 2 1 5 ppm 350 0 

        2 2 200 ppm 350 2 

Cromwell 1989 (43) Subacute Toxicity Pig Hamshire-
Yorkshire 

Copper sulfate pentahydrate Diet Weanling B 1 1 0 ppm 28 0 

        1 2 125 ppm 28 3 

        1 3 250 ppm 28 3 

    Copper Oxide    2 1 0 ppm 28 0 

        2 2 125 ppm 28 0 

        2 3 250 ppm 28 0 

Cunnane 1985 (44) Subchronic Toxicity Rats Sprague-Dawley NS Diet Weaning M 1 1 6 mg/kg/d 84 0 

        1 2 250 mg/kg/d 84 3 

Fuentealba 1989 (48) Subacute Toxicity Rats Wistar NS Diet Weaning M 1 1 20 ppm 7 0 

        1 2 1500 ppm 7 4 

        2 1 20 ppm 28 0 

        2 2 1500 ppm 28 4 

 Subchronic Toxicity        3 1 20 ppm 56 0 

        3 2 1500 ppm 56 4 

        4 1 20 ppm 84 0 



 

 

        4 2 1500 ppm 84 4 

 Chronic  Toxicity       5 1 20 ppm 112 0 

        5 2 1500 ppm 112 4 

Giovanetti 1998 (50) Subacute Toxicity Mice B6C3F1 Copper sulfate pentahydrate Diet Weaning M 1 1 4.98 ppm 28 0 

        1 2 200 ppm 28 3 

Gotteland 2001 (54) Acute Toxicity Humans NS Copper sulfate pentahydrate Water Adults B 1 1 10 mg/L 1 4 

Greene 1987 (55) Chronic Toxicity Rats Sprague-Dawley NS Diet Weaning M 1 1 25 ppm 112 0 

          100 ppm 112 0 

Gross 1989 (56) Chronic Toxicity Rats Sprague-Dawley Copper acetate Water  Adult M 1 1 0 % 252 0 

        1 2 0.0125 % 252 3 

Jantsch 1985(63) Acute Toxicity Human NA Copper sulfate pentahydrate Diet Adult M 1 1 250 g/day 1 4 

Liu 1986 (75) Chronic Toxicity Rats Wistar Copper carbonate Diet Weaning M 1 1 18 mg/kg/d 105 0 

        1 2 100 mg/kg/d 105 3 

Mullins 1998 (80) Subchronic Toxicity Rats Wistar Copper sulfate pentahydrate Diet Adults M 1 1 10 mg/kg 42 0 

        1 2 1500 mg/kg 42 2 

OõDonohue 1999 (82) Chronic Toxicity Humans NS NS Capsule Adults M 1 1 45 mg/day 1095 4 

Zhang 2000 (98) Subchronic Toxicity Rats Wistar Copper sulfate pentahydrate Capsule Adult B 1 1 0 mg/kg/d 40 0 

        1 2 500 mg/kg/d 40 3 

Rana 1980 (99) Subacute Rats  NS Copper sulfate pentahydrate Diet Adult M 1 1 0 mg/kg/day 20 0 

        1 2 100  mg/kg/day   20 4 

Massie 1984  (103) Chronic Toxicity Mice C57B1/6J Cu gluconate Water  Adult  M 1 1 0 ppm NAa 0 

        1 2 317 ppm NAa 6 

Pizarro 1999b (104) Subchronic Toxicity Human NA Copper sulfate pentahydrate Water  Adult F 1 1 0 mg/L 77 0 

        1 2 1 mg/L 77 0 

        1 3 3 mg/L 77 4 

        1 4 5 mg/L 77 4 

Araya 2003a (109) Acute Toxicity Humans NA Copper sulfate pentahydrate Water Adult B 1 1 0 mg/l 1 0 

        1 2 10 mg/l 1 4 

Araya 2003b (110) Acute Toxicity Humans NA Copper sulfate pentahydrate Water Adult F 1 1 0 mg/l 1 0 

        1 2 2 mg/l 1 0 

        1 3 4 mg/l 1 0 

        1 4 6 mg/l 1 4 

        1 5 8 mg/l 1 4 



 

 

Araya 2003c (111) Subchronic Toxicity Humans NA Copper sulfate pentahydrate Water Adult B 1 1 0.01 mg/l 60 0 

        1 2 2 mg/l 60 0 

        1 3 4 mg/l 60 0 

        1 4 6 mg/l 60 4 

Araya 2004 (112) Subchronic Toxicity Humans NA Copper sulfate pentahydrate Water Adult B 1 1 0 mg/l 60 0 

        1 2 2 mg/l 60 0 

        1 3 4 mg/l 60 4 

        1 4 5 mg/l 60 4 

Armstrong 2004 (114) Subchronic Pigs NS Copper sulfate pentahydrate   Feed Weanling B 1 1 10 ppm 40 0 

        1 2 135 ppm 40 3 

        1 3 260 ppm 40 3 

    Copper citrate    2 1 15 ppm 40 0 

        2 2 46 ppm 40 0 

        2 3 77 ppm 40 0 

        2 4 140 ppm 40 3 

Cisternas 2005 (117) Chronic Rats Sprague-Dawley Copper sulfate pentahydrate Feed Weanling B 1 1 10 ppm 120 0 

        1 2 1200ppm 120 4 

 Feng 2007 (126) Subacute Pigs NS Copper sulfate pentahydrate Feed NS B 1 1 12.4 mg/kg 30 0 

        1 2 250 mg/kg 30 2 

        2 1 12.4 mg/kg 30 0 

    Copper Proteinate    2 2 50 mg/kg 30 0 

        2 3 100 mg/kg 30 2 

 Kvietkauskaite 2004 
(136) 

Subchronic Mice BALB/c Copper sulfate pentahydrate Water Adults M 1 1 0 mg/kg bw/d 133 0 

        1 2 22 mg/kg bw/d 133 3 

        1 3 42 mg/kg bw/d 133 3 

OõConnor 2003 (138) Subacute Humans NA Copper sulfate pentahydrate Capsule Adult B 1 1 1.23 mg/d 42 0 

        1 2 4.23 mg/d 42 1 

    Copper glycine chelates    2 1 1.23 mg/d 42 0 

        2 2 4.23 mg/d 42 1 

        3 1 1.23 mg/d 42 0 

        3 2 7.23 mg/d 42 1 

Ozcelik 2002 (140) Subchronic Rats Wistar albino Copper sulfate pentahydrate Water Adult B 1 1 0 µg/mL 54 0 

        1 2 250 µg/mL 54 3 



 

 

aExposure duration = lifespan of each subject 500-975.  
Note. Ref. (ID#), reference and identification number; M, male; F, female; B, male and female; Exp., experiment number within the publication;  Grp., group number within the experiment; Conc., 
concentration reported in the study; Sev., severity score assigned. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Turnlund 2004 (146) Subacute Humans NA NS Supplement Adult M 1 1 7.8 mg/d 18 2 

Alissa 2004 (152)  Subchronic Rabbits New Zealand 
White 

NS Feed Adult M 1 1 3.7 mg/d 84 0 

        1 2 350 mg/d 84 3 

Becaria 2006 (158) Subchronic Mice B6C3F1 Copper sulfate pentahydrate Water Adult M 1 1 0 ppm 84 0 

        1 2 2 ppm 84 3 

Davis 2002 (172) Subacute Pigs NS NS Feed Weanling B 1 1 20 ppm 10 0 

        1 2 195 ppm 10 3 

Goldschmith 2005  
(178) 

Subacute Rats NS Copper sulfate pentahydrate Water Adult B 1 1 0.12 mg/d 20 0 

        1 2 12.12 mg/d 20 4 

Gurel 2007 (180) Subchronic Rats Sprague-Dawley NS Water Adult F 1 1 0 mg/l 60 0 

        1 2 100 mg/l 60 4 

        1 3 400 mg/l 60 4 

Lai 2005 (187) Subacute Rats Wistar Copper sulfate pentahydrate Water Weanling M 1 1 0 µg/mL 7 0 

        1 2 50 µg/mL 7 0 

        1 3 100 µg/mL 7 0 

        1 4 200 µg/mL 7 3 
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Arce 1992 (1) Subchronic  Mice Swiss Webster Copper Sulfate Feed Adult F 1 1 1 ppm 39 2 

        1 2 10 ppm 39 0 

DiSilvestro 1992 (4)  Subchronic  Rats Sprague-Dawley Copper Sulfate Feed Postweanling M 1 1 8 ppm 42 0 

        1 2 2.5 ppm 42 2 

        1 3 0.2 ppm 42 3 

Klevay 1985 (8) Chronic  Mice Swiss Webster Copper sulfate pentahydrate Water Adult F 1 1 0 µg/ml NAa 3 

        1 2 10 µg/ml NAa 0 

Schuschke 1999 (16) Subacute  Rats Sprague-Dawley Copper sulfate pentahydrate Feed Weaning M 1 1 0 ppm 28 3 

        1 2 1.5 ppm 28 3 

        1 3 3 ppm 28 3 

        1 4 6 ppm 28 0 

Schuschke 1995 (17) Subacute  Rats Sprague-Dawley NS Feed Weaning M 1 1 6 ppm 7 0 

        1 2 3 ppm 7 1 

        1 3 1.5 ppm 7 3 

        2 1 1.5 ppm 21 3 

        2 2 3 ppm 21 1 

        2 3 6 ppm 21 0 

        3 1 1.5 ppm 35 3 

        3 2 3 ppm 35 3 

        3 3 6 ppm 35 0 

Kelley 1995 (18) Subacute  Human NA NS Diet Young adults M 1 1 0.66 mg/d 24 2 

Prohaska 1995 (19) Subchronic  Rats Sprague-Dawley Copper sulfate Water Weanling M 1 1 0 mg/L 38.5 3 

        1 2 20 mg/L 38.5 0 

Saari 1999 (24) Subchronic  Rats Sprague-Dawley NS Feed Weanling M 1 1 6 ppm 35 0 

        1 2 0.8 ppm 35 3 

        1 3 0.4 ppm 35 3 

        1 4 0 ppm 35 3 

Menino 1986 (27) Subchronic  Mice Swiss-Webster Copper carbonate Feed Adult F 1 1 11 ppm 60 0 

        1 2 6 ppm 60 0 



 

 

        1 3 5 ppm 60 0 

        1 4 4 ppm 60 0 

        1 5 3 ppm 60 3 

        1 6 2 ppm 60 4 

        1 7 1 ppm 60 4 

Turnlund 1990 (31)  Subchronic  Humans NA Copper sulfate pentahydrate Diet Adult M 1 1 0.785 mg/d 90 1 

        1 2 1.68 mg/d 90 0 

Allen 1996 (32) Chronic  Rats Sprague-Dawley Copper carbonate Diet Weaning  M 1 1 5.79 mg/kg 140 0 

        1 2 0.46 mg/kg 140 3 

Allen 1978 (33) Subchronic  Rats Sprague-Dawley Copper sulfate pentahydrate Diet Weaning M 1 1 0.57 µg 63 3 

        1 2 5 µg 63 0 

Allen 1988 (34) Subchronic  Rats Rowett  NS Diet Weaning M 1 1 0.2 µg 49 2 

        1 2 10 µg 49 0 

Baker 1999b (37) Subchronic  Human NA Copper sulfate pentahydrate Diet Adult  M 1 1 1.6 mg/d 42 0 

        1 2 0.7 mg/d 42 2 

Bala 1990 (38) Subchronic  Rats Lewis Copper carbonate Diet Weaned M 1 1 0.6 µg/g 35 3 

        1 2 6 µg/g 35 0 

      Birth-5weeks 
post weanling 

M 2 1 0.6 µg/g 56 2 

        2 2 6 µg/g 56 0 

Bala 1992 (39) Subchronic  Pig NS NS Diet Weanling B 1 1 0.8 mg/kg/d 77 3 

        1 2 6.4 mg/kg/d 77 0 

Bode 1992 (40) Subacute  Rats Sprague-Dawley Copper sulfate pentahydrate Diet Weanling M 1 1 0.4 g/kg 28 3 

        1 2 5.2 g/kg 28 0 

Bremner 1987 (41) Subchronic  Rats Hooded Lister Copper sulfate pentahydrate Diet Post-weanling M 1 1 0.15 mg/kg/d 42 3 

        1 2 10 mg/kg/d 42 0 

Cunnane 1985 (44) Subchronic  Rats Sprague-Dawley NS Diet Weaning M 1 1 1 mg/kg/d 84 3 

        1 2 6 mg/kg/d 84 0 

Davidson 1992 (45) Subchronic  Rats Sprague-Dawley Copper carbonate Diet Weanling M 1 1 6.2 µmol/kg  35 3 

        1 2 92.4 µmol/kg 35 0 

Fields 1997 (47) Subacute  Rats Sprague-Dawley NS Diet Weanling B 1 1 0.6 µg/g 28 3 

        1 2 6 µg/g 28 0 

Giovanetti 1998 (50)  Subacute   Mice B6C3F1 Copper sulfate pentahydrate Diet Weanling M 1 1 0.44 ppm 28 3 

        1 2 4.98 ppm 28 0 



 

 

Gitlin 1992 (51) Subacute  Rats Sprague-Dawley NS Diet Adult B 1 1 0.6 mg/kg/d 28 2 

        1 2 6 mg/kg/d 28 0 

Gomi 1995 (52) Subchronic  Rats Fischer 344 Copper oxide Diet Adult F 1 1 0.4 mg/kg/d 70 2 

        1 2 5.7 mg/kg/d 70 0 

      Adult  2 1 0.4 mg/kg/d 70 3 

        2 2 5.7 mg/kg/d 70 0 

Goodman 1970 (53)  Subchronic  Rats Wistar Copper sulfate pentahydrate Water  Weanling M 1 1 0 mg/L 60 3 

        1 2 40 mg/L 60 0 

Greene 1987 (55) Chronic  Rats Sprague-Dawley NS Diet Weanling M 1 1 0.6 ppm 112 4 

        1 2 25 ppm 112 0 

Hamilton 2000 (58) Subchronic  Mice C57846 NS Diet Weaning M 1 1 0.6 mg/kg/d 98 4 

        1 2 2 mg/kg/d 98 4 

        1 3 6 mg/kg/d 98 0 

Hopkins 1995 (62) Chronic  Rats Sprague-Dawley Copper carbonate Diet Weanling B 1 1 2.8 mg/kg/d 161 3 

        1 2 6.6 mg/kg/d 161 0 

Johnson 1993 (66) Subchronic  Rats Sprague-Dawley NS Diet Weanling M 1 1 0.2 µg/g 35 3 

        1 2 1 µg/g 35 3 

        1 3 2 µg/g 35 2 

        1 4 3 µg/g 35 2 

        1 5 4 µg/g 35 0 

Kang 2000 (67) Subchronic  Mice FVB NS Diet Weanling B 1  1 0.35 mg/kg/d 35 3 

        1 2 6 mg/kg/d 35 0 

Karimbakas 1998 (68) Subacute  Mice ICR NS Diet  Weanling M 1 1 1.05 µg/g 21 3 

        1 2 6.4 µg/g 21 0 

Klevay 1981 (70) Subchronic  Rats Sprague-Dawley Copper sulfate pentahydrate Diet Weanling M 1 1 0.79 µg/g 35 6 

        1 2 3.79 µg/g 35 0 

Klevay 1986 (71) Subchronic  Humans NA NS Diet Adults M 1 1 0.78 mg/d 150 3 

Lai 1995 (72) Subacute  Rats Sprague-Dawley Copper sulfate pentahydrate Water Weanling M 1 1 0 µg/ml 28 3 

        1 2 3 µg/ml 28 0 

Lai 1994 (73) Subacute  Rats Sprague-Dawley Copper sulfate pentahydrate Water Weanling M 1 1 0 µg/ml 28 2 

        1 2 3 µg/ml 28 0 

 Lai 1996 (74) Subacute  Rats Sprague-Dawley Copper sulfate pentahydrate Water Weanling M 1 1 0 µg/ml 28 3 

        1 2 3 µg/ml 28 0 



 

 

Lynch 1994 (76) Subchronic  Mice  Swiss-Webster NS Diet Adults B 1 1 0.3 mg/kg/d 49 3 

        1 2 8.4 mg/kg/d 49 0 

Mao 1998 (77) Subchronic  Rats Sprague-Dawley NS Diet  Weanling M 1 1 1 mg/kg/d 77 3 

        1 2 7 mg/kg/d 77 0 

Mao 1999 (78) Subchronic  Rats Long-Evans Copper carbonate  Diet  Weanling M 1 1 2.7 mg/kg/d 84 3 

        1 2 6.2 mg/kg/d 84 0 

Nelson 1992 (81) Subacute   Rats Sprague-Dawley NS Feed Weanling M 1 1 0.8 mg/kg/d 42 3 

        1 2 1.7 mg/kg/d 42 3 

        1 3 6.7 mg/kg/d 42 0 

Olin 1994 (83) Subacute  Rats Sprague-Dawley NS Diet Weanling B 1 1 7.9 nmol/g 21 3 

        1 2 125.9 nmol/g 21 0 

Prohaska 2001 (84)  Subacute  Rats Sprague-Dawley Copper sulfate pentahydrate Water Weaning  F 1 1 20 mg/L/d 30 0 

        1 2 0 mg/L/d  30 3 

Prohaska 1982 (85) Subchronic   Rats Sprague-Dawley Copper sulfate pentahydrate Water Weanling M 1 1 0 ppm 35 3 

        1 2 20 ppm 35 0 

Prohaska 1994 (86) Subacute  Rats Sprague-Dawley Copper sulfate pentahydrate Diet Infant B 1 1 0.4 mg/kg/day 28 3 

        1 2 4 mg/kg/day 28 0 

Rock 1995 (89) Subchronic   Rats  Wistar Copper carbonate  Diet Weanling M 1 1 0.6 mg/kg/d 42 3 

        1 2 7.5 mg/kg/d 42 0 

Saari 2002a (90) Subchronic  Rats Sprague-Dawley Copper sulfate pentahydrate Diet Weanling M 1 1 0.27 mg/kg/d 35 3 

        1 2 1.43 mg/kg/d 35 2 

        1 3 2.92 mg/kg/d 35 2 

        1 4 4.27 mg/kg/d 35 0 

        1 5 6.15 mg/kg/d 35 0 

Saari 2002b (91) Subchronic  Rats Sprague-Dawley Copper sulfate pentahydrate Diet Weanling M 1 1 0 mg/kg/d 35 3 

        1 2 1.6 mg/kg/d 35 1 

        1 3 3.2 mg/kg/d 35 1 

        1 4 24 mg/kg/d 35 0 

Sugawara 1999 (92) Subchronic  Rats Long-Evans Copper chloride  Diet Adults B 1 1 0.5 mg/kg/d 35 2 

        1 2 10 mg/kg/d 35 0 

Wang 1996 (95) Subchronic  Rats Sprague-Dawley Copper carbonate Diet Weaning M 1 1 9.4 µmol/kg 42 3 

        1 2 103.9 µmol/kg 42 0 

Wildman 1995 (96)  Chronic Rats Sprague-Dawley NS Diet Weaning M 1 1 1.3 mg/kg/d 154 3 



 

 

        1 2 2.8 mg/kg/d 154 3 

        1 3 6.7 mg/kg/d 154 0 

Rayssiguier 1993 (100) Subchronic  Rats Wistar Copper carbonate Diet Weaning M 1 1 0.6 mg/kg/d 42 3 

        1 2 7.5 mg/kg/d 42 0 

Reiser 1987 (102) Subchronic  Humans NA NS Diet  Adult M 1 1 0.36mg/1000kca
l 

98 2 

        1 2 0.57mg/1000 
kcal 

98 0 

Allen 1978 (106) Chronic  Rats Sprague-Dawley Copper sulfate pentahydrate Diet Weanling M 1 1 0.57 µg/g 168 2 

        1 2 5 µg/g 168 0 

Ajayi 2005 (107) Subchronic Rats White Albino Copper carbonate Diet Weanling M 1 1 0.06 mg/kg 42 3 

        1 2 20.03 mg/kg 42 0 

Andersen 2007 (108) Subchronic Rats Rowett Lister Copper sulfate pentahydrate Diet Weanling F 1 1 5 mg/kg 49 0 

        1 2 2.5 mg/kg 49 3 

        1 3 0.75 mg/kg 49 3 

Auclair 2006 (115) Subchronic Toxicity  Mice C57BL6 Cupric carbonate Feed Adults M 1 1 6 ppm 84 0 

        1 2 0.5 ppm 84 3 

Cockell 2002 (118) Subacute Toxicity Rats Long Evans NS Feed Weanling M 1 1 6.19 mg/kg 28 0 

        1 2 0.43 mg/kg 28 3 

Cockell 2005 (119) Subacute Toxicity Rats Long Evans NS Feed Weanling M 1 1 6 mg/kg 30 0 

        1 2 0.5 mg/kg 30 3 

Lucca 2002 (120) Subacute Toxicity Rats Sprague-Dawley Copper sulfate pentahydrate Feed Weanling M 1 1 5.6 mg/kg 30 0 

        1 2 0.66 mg/kg 30 4 

Davis 2002 (121) Subacute Toxicity Rats Fisher 344 NS Feed Weanling M 1 1 5.3 µg/g 28 0 

        1 2 0.8 µg/g 28 2 

Davis 2003 (122) Subacute Toxicity Humans NS Copper sulfate pentahydrate Diet Adults M 1 1 2.59 mg/d 42 0 

        1 2 0.59 mg/d 42 3 

Dong 2005 (123) Subchronic toxicity Rats Sprague-Dawley Copper sulfate pentahydrate Feed Weanling M 1 1 6 mg/kg 35 0 

        1 2 0.5 mg/kg 35 4 

Falcone 2005 (125) Chronic Toxicity Rats Sprague-Dawley Copper sulfate pentahydrate Feed Adult M 1 1 5.88 mg/kg 180 0 

        1 2 2.94 mg/kg 180 0 

        1 3 1.62 mg/kg 180 1 

Harvey 2003 (129) Subacute Toxicity Humans NA Copper chloride Diet Adult M 1 1 6.0 mg/d 56 0 

        1 2 1.6 mg/d 56 1 

        1 3 0.7 mg/d 56 1 



 

 

Johnson 2005 (133) Subchronic Toxicity Rats Sprague-Dawley Copper sulfate pentahydrate Feed Weanling M 1 1 6 mg/kg 42 0 

        1 2 3 mg/kg 42 1 

        1 3 2.5 mg/kg 42 1 

        1 4 2 mg/kg 42 1 

        1 5 1.5 mg/kg 42 2 

        1 6 1 mg/kg 42 2 

        1 7 0.63 mg/kg 42 3 

       F 2 1 6 mg/kg 42 0 

        2 2 3 mg/kg 42 0 

        2 3 2.5 mg/kg 42 1 

        2 4 2 mg/kg 42 1 

        2 5 1.5 mg/kg 42 2 

        2 6 1 mg/kg 42 2 

        2 7 0.63 mg/kg 42 3 

Li 2005 (137)   Chronic Rats Sprague-Dawley NS Feed Adults M 1 1 5.7 mg/kg 470 0 

        1 2 3.1 mg/kg 470 4 

        1 3 1.65 mg/kg 470 4 

 Prohaska 2003 (141) Subchronic Mice Swiss Webster Copper sulfate pentahydrate Feed Adult F 1 1 20 mg/L 35 0 

        1 2 0 mg/L 35 3 

  Rats Holtzman   Adult F 2 1 20 mg/L 35 0 

        2 2 0 mg/L 35 2 

Saari 2002 (142) Subacute Rats Sprague-Dawley Copper sulfate pentahydrate Feed Weanling M 1 1 7.28 mg/kg 35 0 

        1 2 2.45 mg/kg 35 3 

        1 3 0.79 mg/kg 35 3 

        1 4 0.37 mg/kg 35 3 

Saari 2007 (143) Subchronic Rats Sprague-Dawley Copper sulfate pentahydrate Feed Weanling M 1 1 6 mg/kg 35 0 

        1 2 0.3 mg/kg 35 3 

Schuschke 2002 (144) Subacute Rats Sprague-Dawley Copper sulfate pentahydrate Feed Weanling M 1 1 6.18 mg/kg 28 0 

        1 2 0.29 mg/kg 28 3 

Welch 2007 (148) Subchronic Rats Sprague-Dawley NS Feed Weanling M 1 1 10.5 mg/kg 60 0 

        1 2 0.43 mg/kg 60 3 

Zeng 2007 (149) Subchronic Rats Sprague-Dawley Copper sulfate pentahydrate Feed Weanling M 1 1 6.26 mg/kg 35 0 

        1 2 0.16 mg/kg 35 3 



 

 

Chen 2002 (167) Subchronic Rats Long Evans NS Feed Weanling M 1 1 7.19 mg/kg 35 0 

        1 2 0.78 mg/kg 35 3 

Gobejishvili 2002 
(177) 

Subacute Rats Sprague-Dawley Copper sulfate pentahydrate Feed Weanling M 1 1 5.6 mg/kg 28 0 

        1 2 0.33 mg/kg 28 4 

Gordon 2005 (179) Subacute Rats Sprague-Dawley Copper sulfate pentahydrate Feed Weanling M 1 1 6.18 mg/kg 28 0 

        1 2 0.29 mg/kg 28 3 

Johnson 2004 (183) Subchronic Rats Sprague-Dawley Copper sulfate pentahydrate Feed Weanling  M 1 1 5.4 mg/kg 35 0 

        1 2 0.3 mg/kg 35 3 

Klaahsen 2007 (185) Subacute Rats Long Evans Cupric carbonate Feed Weanling M 1 1 6 mg/kg 35 0 

        1 2 0 mg/kg 35 3 

Reeves 2005 (202) Subacute Rats Sprague-Dawley NS Feed Weanling M 1 1 5.0 mg/kg 19 0 

        1 2 0.25 mg/kg 19 3 

       F 2 1 5.0 mg/kg 19 0 

        2 2 0.25 mg/kg 19 3 

Smith 2002 (211) Subchronic Rats Sprague-Dawley NS Feed Adult M 1 1 5.7 mg/kg 49 0 

        1 2 1.1 mg/kg 49 3 

aExposure duration = lifespan of each subject 500-975.  
Note. Ref. (ID#), reference and identification number; M, male; F, female; B, male and female; Exp., experiment number within the publication;  Grp., group number within the experiment; Conc., 
concentration reported in the study; Sev., severity score assigned. 



 

 

APPENDIX E: ESTIMATES & ASSUMPTIONS TO DEFINE COPPER INTAKE & BODYWEIGHT  
 
Table E1: Estimates and Assumptions for Copper Intake and Bodyweight ð Copper Excess 

ID#  
 

 

Weight at 
T1 (kg) 

 

Age at T1 
(days) 

 

Exposure T 
(days) 

 

Weight at 
T2 

 

Age at T2 
 
 

Age at Midpoint 
(days) 

 

Weight at 
Midpoint (kg)  

 

Consumption 
Feed (g) 

 

 
Consumption 

water (ml) 
 

2 82.2 NA 42 NA NS NA 82.2 NA NA 

2 61.3 NA 42 NA NS NA 61.3 NA NA 

No need to estimate amount of copper in feed consumed ð exposure was given via a capsule with copper content reported in milligrams per day.  Weight and age is assumed to be 
constant from the beginning to the end of the study. 

6 70 NA 84 NA NS NA 70 NA NA 

Weight not given but assumed to be 70 kg.  No need to estimate amount of copper in feed consumed ð exposure was given via a capsule with copper content reported in milligrams. 

10 0.06 27 30 NS 57 42 0.165 18 NA 

Weight reported at onset. Age and weight at mid-point estimated from Poiley (1972) based on specie, strain and weight. Consumption of feed derived from the NAS (1972) estimates 
by species, sex and weight. 

14 70 NS 28 NA NA NS 70 NA NA 

Weight at onset assumed to be 70kg for adult male.  Weight and age is assumed to be constant from the beginning to the end of the study. Amount of copper consumed provided in 
the article. 

20 NS 21 7 NS 28 24.5 0.069 9 NA 

20 NS 21 14 NS 35 28 0.080 12 NA 

20 NS 21 21 NS 42 31.5 0.100 15 NA 

20 NS 21 28 NS 49 35 0.120 16 NA 

20 NS 21 35 NS 56 38.5 0.139 17 NA 

20 NS 21 42 NS 63 42 0.159 18 NA 

20 NS 21 105 NS 126 73.5 0.326 20 NA 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984). Weight at midpoint estimated from Poiley (1972) 
based on specie, strain and age.  Consumption of feed based on NAS (1972). 

22 NS 21 7 NS 28 24.5 0.069 9 NA 

22 NS 21 14 NS 35 28 0.080 12 NA 

22 NS 21 21 NS 42 31.5 0.997 15 NA 

22 NS 21 42 NS 63 42 0.120 18 NA 



 

 

22 NS 21 63 NS 84 52.5 0.213 19 NA 

22 NS 21 105 NS 126 73.5 0.326 20 NA 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984). Weight at midpoint estimated from Poiley (1972) 
based on specie, strain and age.  Consumption of feed derived from the NAS (1972). 

25 NS 72 126 NS 198 135 0.312 20 43.68 

25 NS 72 126 NS 198 135 0.211 16 29.54 

Animals reported as being ôadultsõ.  Estimate of 72 days for the age of adult rats derived from the CCAC (1984). Weight at midpoint estimated from Poiley (1972) based on specie, 
strain and age.  Consumption of feed based on NAS (1972) and consumption of water derived from the CCAC (1984). 

26 0.083 36 15 NA 51 43.5 0.105 NA NA 

26 0.025 42 15 NA 57 49.5 0.024 NA NA 

26 0.088 42 15 NA 57 49.5 0.111 NA NA 

26 0.02 35 15 NA 50 42.5 0.023 NA NA 

26 0.107 42 15 NA 57 49.5 0.154 NA NA 

26 0.098 46 15 NA 61 53.5 0.120 NA NA 

26 0.022 36 15 NA 51 43.5 0.023 NA NA 

26 0.018 32 15 NA 47 39.5 0.022 NA NA 

26 0.119 32 91 NA 123 77.5 0.335 NA NA 

26 0.106 31 91 NA 122 76.5 0.240 NA NA 

26 0.021 54 91 NA 145 99.5 0.030 NA NA 

26 0.017 49 91 NA 140 94.5 0.026 NA NA 

Age estimated from Poiley (1972) based on specie, strain and body weight.  Weight at midpoint estimated from Poiley (1972) based on specie, strain and age.  Estimates of feed and 
water intake not needed as study provides detailed information on amount of copper consumed.   

35 70 NA 35 NA NS NA 70 NA NA 

Weight not given but assumed to be 70Kg.  No need to estimate the amount of copper in water consumed as exposure estimates are provided in the article. 

37 79 30.9 42 NS NS NS 79 NA NA 

No need to estimate the amount of copper in water consumed as the exposure estimates are provided in article. 

42 0.1 47 210 NS 257 152 0.222 15 31.08 

42 0.1 47 350 NS 397 222 0.292 16 40.88 

 Age estimated from Poiley (1972) based on specie, strain and body weight.  Weight at midpoint estimated from Poiley (1972) based on specie, strain and age.  Consumption of feed 
derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

43 7.4 28 28 16.7 56 42 12.05 70.91 NA 



 

 

Weight at midpoint estimated from the reported weight at onset and termination.  Average consumption reported in the study. 

44 0.0374 21 84 NS 105 63 0.179 19 25.06 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the Canadian Council on Animal 
Care (CCAC) (1984). 

48 NS 21 7 NS 28 24.5 0.069 9 NA 

48 NS 21 28 NS 49 35 0.120 16 NA 

48 NS 21 56 NS 68 44.5 0.191 19 NA 

48 NS 21 84 NS 105 63 0.288 20 NA 

48 NS 21 112 NS 133 66.5 0.304 20 NA 

Age at onset and mid-point estimated from Poiley (1972) based on specie, strain, sex and body weight.  Consumption of feed derived from the NAS (1972). 

50 0.0107 21 28 NS 49 35 0.022 3.3 3.3 

Body weight at midpoint estimated from Poiley (1972) based on specie, strain, sex and body weight. Feed consumption estimates derived from the Louisiana Veterinary Medical 
Association (LVMA) (2007).   

54 70 32 1 NA 35 35 70 NA 200 

Body weight assumed to be 70kg. 

55 0.16 28 112 NS 140 56 0.233 20 NA 

 Body weight at onset and mid-point estimated from Poiley (1972) based on specie, strain, sex and body weight.  Consumption of feed derived from the NAS (1972). 

56 0.125 34 252 0.372 NA NA 0.249 21 34.86 

Age at onset and mid-point estimated from Poiley (1972) based on specie, strain, sex and body weight.    Consumption of feed derived from the NAS (1972) and consumption of 
water derived from the CCAC (1984). 

63 NS 21 NS NS NS 70 70 NA NA 

Weight assumed to be 70kg 

75 0.139 35 105 0.322 140 87.5 0.231 29.5 86 

 Body weight at onset and mid-point derived from Poiley (1972) based on specie, strain, sex and body weight.  Consumption of feed derived from the NAS (1972) and consumption 
of water derived from the CCAC (1984). 

80 NS 70 42 NA 112 91 0.250 20 NA 

 Body weight estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972). 



 

 

82 NS NS 1095 NA NS/NA NS/NA 70 NA NA 

Body weight assumed to be 70 kg 

98 0.256 56 56 NS 112 84 0.342 20 47.88 

 Body weight estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the 
CCAC (1984). 

99 0.1 90 20 NS 110 100 0.3 18 42 

Body weight estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the 
CCAC (1984). 

103 0.0154 30 906 NS 936 483 0.035 5.25 5.25 

103 0.0154 30 776 NS 806 418 0.034 5.1 5.1 

 Body weight estimated from Poiley (1972) based on specie, strain, sex and age. Feed and water consumption estimates derived from the LVMA (2007).     

104 64 NA 77 NS 34 NA 64 NA NA 

Weight and age assumed to be constant from the beginning to the end of the study. Amount of copper consumed provided in the article. 

109 NS NA 1 NA NA NA 70 NA 200 

Weight assumed to be 70kg. 

110 NS NA 1 NA NA NA 70 NA 200 

Weight assumed to be 70kg. 

111 NS NA 60 NA NA NA 70 NA 1500 

Weight assumed to be 70kg. 

112 NA 37 60 NA NA NA 70 NA 1500 

Weight assumed to be 70kg. 

114 4.99 17 70 NA 62 48 11.6 538.1 NA 

          

117 0.09 25 120 NA 145 85 0.300 20 NA 

Age at onset was estimated based on body weight from Poiley (1972), weight at midpoint estimated from Poiley (1972) and consumption of feed derived from the NAS (1972). 

126 21.25 NS 30 NS NS NS 29.74 610 NA 

 

136 NS 70 133 NA 203 98 26 3.9 NA 

Weight at midpoint estimated from Poiley (1972) and feed consumption estimated from the LVMA (2007). 

138 NS 32 42 NS NA NA 71 NA NA 

 



 

 

140 NS NS 41 NS NA NA 0.256 20 2.8 

Adult weight assumed to be 256g, feed consumption estimated from the NAS (1972) and water consumption estimated from the CCAC (1984). 

146 NS 38 18 NA NA NA 75 NA NA 

 

152 NA 56 84 NS 140 98 3 110 NA 

Weight and feed consumption derived from the National Laboratory Animal Centre (NLAC) (2001) 

158 NS 60 84 NS 144 102 25 3.75 NA 

Body weight estimated from Poiley (1972) and feed consumption estimated from LVMA (2007). 

172 6 18 10 NS 28 23 6 270 NA 

Weight at midpoint assumed to be 6kg based on weight at onset and termination.  

178 0.18-0.25 50 20 NS 75 62.5 0.285 20 NA 

Weight at midpoint estimated from Poiley (1972) and feed consumption derived from the NAS (1972). 

180 NS 120 60 NS 180 150 0.44 20 61.6 

Weight at midpoint estimated from Poiley (1972).  Feed consumption estimated from the NAS (1972).  Water consumption estimated from the CCAC (1984). 

187 NS 28 7 NS 35 32 0.075 NA 2.55 

Weight at midpoint estimated from Poiley (1972) and water consumption estimated from the CCAC (1984). 

Note.  ID# , identification number corresponds with ref(ID#) in table A1; Exp, experiment number; Weight at T1, body weight at the beginning of the study; Age at T1, age at the  
Beginning of the study; Exposure T, exposure duration; Weight at T2, weight at the end of the study; Age at T2, age at the end of the study.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Table E2: Estimates and Assumptions for Copper Intake and Bodyweight ð Copper Deficiency 
 
ID  # 
 
 

 
Weight at 
T1 (kg) 

 

 
Age at T1 

(days) 
 

 
Exposure T 

(days) 
 

 
Weight at 

T2 
 

 
Age at T2 

 
 

 
Age at Midpoint 

 
 

 
Weight at 

Midpoint (kg)  
 

 
Consumption 

Feed (g) 
 

 
Consumption 

water (ml) 
 

1 NS 0 18 NS 18 9 0.005 2.85 2.85 

Body weight estimated from Poiley (1972) based on specie, strain, sex and age. Feed and water consumption estimates derived  from the LVMA (2007)  

4 0.0374 21 42 NS 63 42 0.098 18 13.65 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of a weaning rat derived from the CCAC (1984). Weight at midpoint estimated from Poiley (1972) 
based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

8 0.034 168 100 NS 268 218 0.036 5.4 5.4 

Age at onset estimated from Poiley (1972) based on specie, strain, sex and body weight.  Weight at mid-point estimated from Poliey (1972) based on specie, strain, sex and age. 

16 0.0594 21 28 NS 49 35 0.13 17 18.2 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the NAS (1984).  Weight at onset and midpoint estimated from Poiley 
(1972) based on specie, strain, sex and age.  Consumption of feed based on NAS (1972) and consumption of water based on the CCAC (1984). 

17 0.0594 21 7 NS 28 24.5 0.079 12 11.088 

17 0.0594 21 21 NS 42 31.5 0.115 16 16.1 

17 0.0594 21 35 NS 56 38.5 0.147 17 20.58 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

18 74 26 24 NS NA 26 74 NA NA 

Weight and age is assumed to be constant from the beginning to the end of the experiment. Amount of copper consumed provided in the article. 

19 0.099 17.5 38.5 NS 56 36.75 0.14 17 19.6 

Weight at mid-point estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from 
the CCAC (1984). 

24 0.0594 21 35 NS 56 38.5 0.147 17 20.58 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

27 0.0436 49 60 NS 109 79 0.025 3.69 3.69 

Weight at onset and midpoint estimated from Poiley (1972) based on specie, strain, sex and age. Feed and water consumption estimates derived from the LVMA (2007).  

31 70 22-35 90 NS 22-35 22-35 70 NA NA 



 

 

Weight at onset assumed to be 70kg for adult male.  Weight and age is assumed to be constant from the beginning to the end of the study. Amount of copper consumed provided in 
the article. 

32 0.018 21 140 NS 161 91 0.373 20 52.178 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

33 0.046 21 63 NS 84 52.5 0.216 21 30.24 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at midpoint estimated from Poiley (1972) 
based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the Canadian Council on Animal Care (CCAC) 
(1984). 

34 0.057 21 49 NS 70 45.5 0.167 18 23.352 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

37 79 20-59 42 NS NA NA 79 NA NA 

Weight and age is assumed to be constant from the beginning to the end of the study. Amount of copper consumed provided in the article. 

38 0.0533 21 35 NS 56 38.5 0.161 17 22.54 

38 NA 0 56 NS 56 28 0.096 13.5 13.454 

Weight at onset and midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water 
derived from the CCAC (1984). 

39 6 21 77 46 98 59.5 20 554 NA 

Weight at onset and termination given.  Weight at midpoint estimated from Queensland Government 2005.  Consumption of feed derived from Cromwell (1989). 

40 0.057 21 28 NS 49 35 0.1326 16 18.564 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at midpoint estimated from Poiley (1972) 
based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

41 0.11 35 84 NS 119 77 0.223 21 31.22 

Weight at midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from 
the CCAC (1984). 

44 0.0374 21 84 NS 105 63 0.179 19 25.06 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

45 0.0374 21 35 NS 56 38.5 0.161 17 22.54 



 

 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984).   

47 0.0425 21 28 NS 49 35 0.127 15 17.71 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

50 0.01065 21 28 NS 49 35 0.027 4.065 4.065 

Weight at midpoint estimated from Poiley (1872) based on specie, strain, sex and age. Feed and water consumption estimates derived from the LVMA (2007).  

51 0.27 72 28 NS 100 86 0.304 18 42.56 

Animals reported as being adults. Estimate of 72 days for adult rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from Poiley (1972) based on specie, 
strain, sex and age. 

52 0.238 180 70 NS 250 215 0.271 10.1 NA 

52 0.325 720 70 NS 790 755 0.325 13.7 NA 

Weight at onset and midpoint estimated from Poiley (1972) based on specie, strain, sex and age. Amount of copper consumed provided in the article. 

53 0.023 10 60 NS 70 40 0.108 15 15.12 

Weight at onset and midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water 
derived from the CCAC (1984). 

55 0.0989 28 112 NS 140 84 0.358 20 50.12 

Weight at onset and midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the  NAS (1972) and consumption of water 
derived from the CCAC (1984). 

58 0.0941 21 98 NS 119 70 0.02276 3.41 3.41 

Weight at onset and midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Feed and water consumption derived from the LVMA (2007). 

62 0.0575 21 161 NS 182 101.5 0.315 18 44.1 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

66 0.0594 21 35 NS 56 38.5 0.161 18 22.54 

Weight at onset and midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water 
derived from the CCAC (1984). 

67 0.011 21 35 NS 56 38.5 0.02 3 3 



 

 

Weight at midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Feed and water consumption estimates derived from the LVMA (2007).  

68 0.011 21 21 NS 42 31.5 0.01675 2.5 2.5 

Weight at onset and midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Feed and water consumption estimates derived from the LVMA (2007). 

70 0.01803 21 35 NS 56 38.5 0.161 17 22.54 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

71 70 NS 150 NS NS NS 70 NA NA 

Age assumed to be 70kg. Weight and age is assumed to be constant from the beginning to the end of the study. Amount of copper consumed provided in the article. 

72 0.05 21 28 NS 49 35 0.133 16 18.62 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

73 0.057 21 28 NS 49 35 0.133 16 18.62 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

74 0.057 21 28 NS 49 35 0.133 16 18.62 

Weanling rats assumed to be 21 days of age (NAS 1969).  Weight at onset and midpoint estimated from Poiley 1972.  Feed consumption estimated from the NAS (1972) and water 
consumption estimated from CCAC (1984). 

76 0.0178 42 49 NS 91 66.5 0.0221 3.32 3.32 

Weight at onset and midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Feed and water consumption estimates derived from the LVMA (2007). 

77 0.057 21 77 NS 98 59.5 0.249 19 34.86 

Weight at onset and midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water 
derived from the CCAC (1984). 

78 0.04 21 84 NS 105 63 0.258 20 36.12 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

81 0.042 21 14 NS 35 28 0.0985 14 13.79 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 



 

 

83 0.057 21 21 NS 42 31.5 0.116 15 16.24 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

84 0.057 21 30 NS 51 36 0.137 18 19.18 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the  NAS (1972) and consumption of water derived from the CCAC (1984). 

85 0.057 21 35 NS 56 56 0.233 20 32.62 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

86 0.017 7 28 NS 35 21 0.058 9 NA 

Weight at onset and midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) 

89 0.06 21 42 NS 63 42 0.181 19 25.34 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

90 0.057 21 35 NS 106 63.5 0.268 20 37.52 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

91 NS 21 35 NS 56 45.5 0.1807 19 NA 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the  NAS (1972). 

92 0.129 40 35 NS 75 57.5 0.199 18 27.86 

Weight at onset and midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water 
derived from the CCAC (1984). 

95 0.057 21 24 NS 45 33 0.1 15 14 

Weight at onset and midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water 
derived from the CCAC (1984). 

96 0.057 21 154 NS 175 98 0.377 20 52.78 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

100 0.0533 21 42 NS 63 42 0.181 19 25.34 



 

 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at onset and midpoint estimated from 
Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water derived from the CCAC (1984). 

102 70 21-57 77 NA NA NA 70 NA NA 

Age assumed to be 70kg. Weight and age is assumed to be constant from the beginning to the end of the study. Amount of copper consumed provided in the article. 

106 0.043 21 168 NS 189 105 0.381 20 53.34 

Weight at onset and midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) and consumption of water 
derived from the CCAC (1984). 

107 0.054 28 42 NS 70 49 0.175 19 NA 

Weight at midpoint estimated from Poiley (1972) and consumption estimated from NAS 1972. 

108 NS 49 49 NS 98 74 0.250 20 NA 

Body weight estimated from Poiley (1972) and feed consumption estimated from the NAS 1972. 

115 NS 56 84 NS 140 126 0.027 4.05 NA 

Weight at midpoint estimated from Poiley (1972) and feed consumption estimated from the LVMA (2007). 

118 NS 21 28 NS 51 36 0.12 17 NA 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at midpoint estimated from Poiley (1972) 
based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972). 

119 NS 21 30 NS 51 36 0.120 17.8 NA 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at midpoint estimated from Poiley (1972) 
based on specie, strain, sex and age.   

120 NS 21 30 NS 51 36 0.125 17 NA 

Weight at midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) estimates. 

121 NS 21 28 NS 52 37 0.085 13 NA 

Weight at midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) estimates. 

122 NS NA 42 NS NA NA 0.087 NA NA 

Information on copper intake and body weight provided in the article.   

123 NS 21 35 NS 56 38.5 0.130 17 NA 

Weight at midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) estimates. 

125 0.25 56 180 NS 236 146 0.440 20 NA 

Weight at midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the  NAS (1972). 



 

 

129 NS NA 56 NA NA NA 78.4 NA NA 

Information on copper intake and body weight provided in the article.   

133 NS 21 42 NS 63 42 0.167 18 NA 
133 NS 21 42 NS 63 42 0.155 15 NA 

Weight at midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972). 

137 NS 70 470 NS 540 305 0.5 22 NA 

Weight at midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed based on NAS (1972) estimates. 

141 NS 72 35 NS 113 93 0.250 20 37.5 
141 NS 42 35 NS 87 65 0.200 3 3 

Weight at midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed for rats derived from the NAS (1972) estimates and water consumption 
based from CCAC 1984.  Consumption of feed and water derived from the LVMA (2007). 

142 NS 21 35 NS 56 39 0.125 16 NA 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the NAS (1969).  Weight at midpoint estimated from Poiley (1972) 
based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972) estimates. 

143 NS 21 35 NS 56 39 0.125 16 NA 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at midpoint estimated from Poiley (1972) 
based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972). 

144 NS 21 28 NS 49 35 0.125 17 NA 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at midpoint estimated from Poiley (1972) 
based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972). 

148 NS 28 60 NS 88 58 0.232 21 NA 

Weight at midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed based on NAS (1972) estimates. 

149 NS 21 35 NS 56 39 0.155 17 NA 

Weight at midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the  NAS (1972) estimates. 

167 NS 21 35 NS 56 38.5 0.1 15 NA 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at midpoint estimated from Poiley (1972) 
based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972). 

177 NS 21 28 NS 49 35 0.125 17 NA 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at midpoint estimated from Poiley (1972) 
based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972). 

179 NS 21 28 NS 49 35 0.125 16 NA 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats derived from the CCAC (1984).  Weight at midpoint estimated from Poiley (1972) 



 

 

based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972). 

183 NS 21 35 NS 56 38.5 0.125 16 NA 

Animals reported as being in the weaning stage.  Estimate of 21 days for the age of weaning rats taken from NAS (1969).  Weight at midpoint estimated from Poiley (1972) based on 
specie, strain, sex and age.  Consumption of feed based on NAS (1972) estimates. 

185 NS 24 35 NS 59 42 0.152 17 NA 

Weight at midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972). 

202 NS 21 19 NS 40 31 0.125 17 NA 
202 NS 21 19 NS 40 31 0.115 16 NA 

Weight at midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed derived from the NAS (1972). 

211 NS 165 49 NS 214 190 0.5 21 NA 

Weight at midpoint estimated from Poiley (1972) based on specie, strain, sex and age.  Consumption of feed based on NAS (1972) estimates. 

Note.  ID# , identification number corresponds with ref(ID#) in table  A2; Exp, experiment number; Weight at T1, body weight at the beginning of the study; Age at T1, age at the  
beginning of the study; Exposure T, exposure duration; Weight at T2, weight at the end of the study; Age at T2, age at the end of the study.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

TABLE E3: Final Estimates for 5 Dose Metrics ð Copper Excess  
 

ID#  
 

Exp 
 

Grp 
 

Base 
 

Metric 
 

Feed 
Consump.  

(kg) 
 

 
Water 

Consump. 
(mL)  

 
Mg/d  

 
bw 

 
bw 1/4 

 
bw 2/3 

 
bw 3/4 

 
mg/bw  

 
mg/bw 1/4 

 
mg/bw 2/3 

 
mg/ bw 3/4 

2 1 1 1.4 mg/d NA NA 1.4 82.2 0.4650 18.9052 27.2994 0.0170 0.4650 0.0741 0.0513 

2 1 2 4.4 mg/d NA NA 4.4 82.2 1.4613 18.9052 27.2994 0.0535 1.4613 0.2327 0.1612 

2 1 3 7.4 mg/d NA NA 7.4 82.2 2.4576 18.9052 27.2994 0.0900 2.4576 0.3914 0.2711 

2 2 1 1.1 mg/d NA NA 1.1 61.3 0.3931 15.5468 21.9076 0.0179 0.3931 0.0708 0.0502 

2 2 2 4.1 mg/d NA NA 4.1 61.3 1.4653 15.5468 21.9076 0.0669 1.4653 0.2637 0.1871 

2 2 3 7.1 mg/d NA NA 7.1 61.3 2.5374 15.5468 21.9076 0.1158 2.5374 0.4567 0.3241 

Habitual dietary Cu  intake for males and females provided  in the article (males =1.4 mg/day, females =  1.1 mg/day) 

6 1 1 1.25 mg/d NA NA 1.25 70 2.8925 16.9850 24.2005 0.0179 0.4322 0.0736 0.0517 

6 1 2 6.25 mg/d NA NA 6.25 70 2.8925 16.9850 24.2005 0.1607 3.8894 0.6623 0.4649 

Habitual dietary Cu estimated to be 1.25 mg/day (Baker 1999a) 

10 1 1 5.6 mg/kg f 0.018 NA 0.1008 0.165 0.6373 0.3008 0.2589 0.6109 0.1582 0.3351 0.3894 

10 1 2 250 mg/kg f 0.018 NA 4.5 0.165 0.6373 0.3008 0.2589 27.2727 7.0606 14.9586 17.3820 

Average levels of copper in feed  assumed to be 5.6 mg/kg feed/day (NAS 1972) 

14 1 1 0 mg/d NA NA 1.4 70 2.8925 16.9850 24.2005 0.0200 0.4840 0.0824 0.0579 

14 1 2 2 mg/d NA NA 3.4 70 2.8925 16.9850 24.2005 0.0486 1.1755 0.2002 0.1405 

Habitual dietary Cu estimated to be 1.4mg/day (Baker 1999a) 

20 1 1 10 mg/kg 0.009 NA 0.09 0.0692 0.5129 0.1686 0.1350 1.3000 0.1755 0.5338 0.6668 

20 1 2 3000 mg/kg 0.009 NA 27 0.0692 0.5129 0.1686 0.1350 390.0043 52.6369 160.1404 200.0521 

20 1 3 4000 mg/kg 0.009 NA 36 0.0692 0.5129 0.1686 0.1350 520.0058 70.1825 213.5205 266.7361 

20 1 4 5000 mg/kg 0.009 NA 45 0.0692 0.5129 0.1686 0.1350 650.0072 87.7281 266.9006 333.4201 

20 1 5 6000 mg/kg 0.009 NA 54 0.0692 0.5129 0.1686 0.1350 780.0087 105.2738 320.2808 400.1041 

20 2 1 10 mg/kg 0.012 NA 0.12 0.0799 0.5316 0.1854 0.1502 1.5026 0.2257 0.6471 0.7988 

20 2 2 3000 mg/kg 0.012 NA 36 0.0799 0.5316 0.1854 0.1502 450.7889 67.7205 194.1257 239.6379 

20 2 3 4000 mg/kg 0.012 NA 48 0.0799 0.5316 0.1854 0.1502 601.0518 90.2940 258.8342 319.5172 

20 2 4 5000 mg/kg 0.012 NA 60 0.0799 0.5316 0.1854 0.1502 751.3148 112.8675 323.5428 399.3965 

20 2 5 6000 mg/kg 0.012 NA 72 0.0799 0.5316 0.1854 0.1502 901.5778 135.4410 388.2513 479.2758 



 

 

20 3 1 10 mg/kg 0.015 NA 0.15 0.0997 0.5619 0.2150 0.1774 1.5048 0.2670 0.6977 0.8455 

20 3 2 3000 mg/kg 0.015 NA 45 0.0997 0.5619 0.2150 0.1774 451.4446 80.0867 209.3183 253.6626 

20 3 3 4000 mg/kg 0.015 NA 60 0.0997 0.5619 0.2150 0.1774 601.9262 106.7823 279.0910 338.2168 

20 3 4 5000 mg/kg 0.015 NA 75 0.0997 0.5619 0.2150 0.1774 752.4077 133.4779 348.8638 422.7711 

20 3 5 6000 mg/kg 0.015 NA 90 0.0997 0.5619 0.2150 0.1774 902.8892 160.1734 418.6366 507.3253 

20 4 1 10 mg/kg 0.016 NA 0.16 0.1195 0.5880 0.2426 0.2032 1.3389 0.2721 0.6595 0.7872 

20 4 2 3000 mg/kg 0.016 NA 48 0.1195 0.5880 0.2426 0.2032 401.6736 81.6393 197.8469 236.1649 

20 4 3 4000 mg/kg 0.016 NA 64 0.1195 0.5880 0.2426 0.2032 535.5649 108.8524 263.7959 314.8865 

20 4 4 5000 mg/kg 0.016 NA 80 0.1195 0.5880 0.2426 0.2032 669.4561 136.0655 329.7449 393.6081 

20 4 5 6000 mg/kg 0.016 NA 96 0.1195 0.5880 0.2426 0.2032 803.3473 163.2786 395.6938 472.3298 

20 5 1 10 mg/kg 0.017 NA 0.17 0.1393 0.6109 0.2687 0.2280 1.2204 0.2783 0.6326 0.7456 

20 5 2 3000 mg/kg 0.017 NA 51 0.1393 0.6109 0.2687 0.2280 366.1163 83.4800 189.7883 223.6695 

20 5 3 4000 mg/kg 0.017 NA 68 0.1393 0.6109 0.2687 0.2280 488.1551 111.3067 253.0511 298.2260 

20 5 4 5000 mg/kg 0.017 NA 85 0.1393 0.6109 0.2687 0.2280 610.1938 139.1333 316.3138 372.7826 

20 5 5 6000 mg/kg 0.017 NA 102 0.1393 0.6109 0.2687 0.2280 732.2326 166.9600 379.5766 447.3391 

20 6 1 10 mg/kg 0.018 NA 0.18 0.1592 0.6317 0.2937 0.2520 1.1307 0.2850 0.6128 0.7142 

20 6 2 3000 mg/kg 0.018 NA 54 0.1592 0.6317 0.2937 0.2520 339.1960 85.4886 183.8365 214.2577 

20 6 3 4000 mg/kg 0.018 NA 72 0.1592 0.6317 0.2937 0.2520 452.2613 113.9847 245.1153 285.6769 

20 6 4 5000 mg/kg 0.018 NA 90 0.1592 0.6317 0.2937 0.2520 565.3266 142.4809 306.3941 357.0962 

20 6 5 6000 mg/kg 0.018 NA 108 0.1592 0.6317 0.2937 0.2520 678.3920 170.9771 367.6730 428.5154 

20 7 1 10 mg/kg 0.02 NA 0.2 0.3258 0.7555 0.4735 0.4312 0.6139 0.2647 0.4224 0.4638 

20 7 2 3000 mg/kg 0.02 NA 60 0.3258 0.7555 0.4735 0.4312 184.1621 79.4170 126.7216 139.1355 

20 7 3 4000 mg/kg 0.02 NA 80 0.3258 0.7555 0.4735 0.4312 245.5494 105.8893 168.9621 185.5140 

20 7 4 5000 mg/kg 0.02 NA 100 0.3258 0.7555 0.4735 0.4312 306.9368 132.3617 211.2026 231.8925 

20 7 5 6000 mg/kg 0.02 NA 120 0.3258 0.7555 0.4735 0.4312 368.3241 158.8340 253.4431 278.2710 

22 1 1 5.6 mg/kg 0.009 NA 0.0504 0.06926 0.5130 0.1687 0.1350 0.7277 0.0982 0.2988 0.3733 

22 1 2 2000 mg/kg 0.009 NA 18 0.06926 0.5130 0.1687 0.1350 259.8903 35.0875 106.7294 133.3247 

22 2 1 5.6 mg/kg 0.012 NA 0.0672 0.07986 0.5316 0.1854 0.1502 0.8415 0.1264 0.3624 0.4473 

22 2 2 2000 mg/kg 0.012 NA 24 0.07986 0.5316 0.1854 0.1502 300.5259 45.1470 129.4171 159.7586 

22 3 1 5.6 mg/kg 0.015 NA 0.084 0.09968 0.5619 0.2150 0.1774 0.8427 0.1495 0.3907 0.4735 

22 3 2 2000 mg/kg 0.015 NA 30 0.09968 0.5619 0.2150 0.1774 300.9631 53.3911 139.5455 169.1084 

22 4 1 5.6 mg/kg 0.018 NA 0.1008 0.1195 0.5880 0.2426 0.2032 0.8435 0.1714 0.4155 0.4959 

22 4 2 2000 mg/kg 0.018 NA 36 0.1195 0.5880 0.2426 0.2032 301.2552 61.2295 148.3852 177.1237 



 

 

22 5 1 5.6 mg/kg 0.019 NA 0.1064 0.2128 0.6792 0.3564 0.3133 0.5000 0.1567 0.2985 0.3396 

22 5 2 2000 mg/kg 0.019 NA 38 0.2128 0.6792 0.3564 0.3133 178.5714 55.9488 106.6111 121.2844 

22 6 1 5.6 mg/kg 0.02 NA 0.112 0.3258 0.7555 0.4735 0.4312 0.3438 0.1482 0.2365 0.2597 

22 6 2 2000 mg/kg 0.02 NA 40 0.3258 0.7555 0.4735 0.4312 122.7747 52.9447 84.4810 92.7570 

Average levels of copper in feed  assumed to be 5.6 mg/kg feed/day (NAS 1972) 

25 1 1 5.6 ppm 0.02 NA 0.112 0.312 0.7474 0.4600 0.4175 0.3590 0.1499 0.2435 0.2683 

25 1 2 1505.6 ppm 0.02 NA 30.112 0.312 0.7474 0.4600 0.4175 96.5128 40.2903 65.4591 72.1313 

25 2 1 5.6 ppm 0.016 NA 0.0896 0.211 0.6778 0.3544 0.3113 0.4246 0.1322 0.2528 0.2878 

25 2 2 1505.6 ppm 0.016 NA 24.0896 0.211 0.6778 0.3544 0.3113 114.1687 35.5434 67.9685 77.3780 

Average levels of copper in feed  assumed to be 5.6 mg/kg feed/day (NAS 1972) 

26 1 1 0 ppm NA 25.3 0.0003 0.181 0.6523 0.3200 0.2775 0.0014 0.0004 0.0008 0.0009 

26 1 2 300 ppm NA 25.3 7.6020 0.181 0.6523 0.3200 0.2775 42.0000 11.6549 23.7579 27.3949 

26 1 3 1000 ppm NA 25.3 25.3400 0.181 0.6523 0.3200 0.2775 140.0000 38.8496 79.1931 91.3162 

26 1 4 3000 ppm NA 25.3 76.0200 0.181 0.6523 0.3200 0.2775 420.0000 116.5489 237.5794 273.9485 

26 1 5 10000 ppm NA 25.3 253.4000 0.181 0.6523 0.3200 0.2775 1400.00 388.4964 791.9314 913.1617 

26 1 6 30000 ppm NA 25.3 760.2000 0.181 0.6523 0.3200 0.2775 4200.0000 1165.4891 2375.7942 2739.4850 

26 2 1 0 ppm NA 3.75 0.0001 0.025 0.3976 0.0855 0.0629 0.0015 0.0001 0.0004 0.0006 

26 2 2 300 ppm NA 3.75 1.125 0.025 0.3976 0.0855 0.0629 45.0000 2.8292 13.1581 17.8936 

26 2 3 1000 ppm NA 3.75 3.75 0.025 0.3976 0.0855 0.0629 150.0000 9.4308 43.8603 59.6453 

26 2 4 3000 ppm NA 3.75 11.25 0.025 0.3976 0.0855 0.0629 450.0000 28.2923 131.5808 178.9359 

26 2 5 10000 ppm NA 3.75 37.5 0.025 0.3976 0.0855 0.0629 1500.0000 94.3075 438.6027 596.4530 

26 2 6 30000 ppm NA 3.75 112.5 0.025 0.3976 0.0855 0.0629 4500.0000 282.9225 1315.8080 1789.3491 

26 3 1 0 ppm NA 17.5 0.0031 0.125 0.5946 0.2500 0.2102 0.0248 0.0052 0.0124 0.0147 

26 3 2 300 ppm NA 17.5 5.25 0.125 0.5946 0.2500 0.2102 42.0000 8.8294 21.0000 24.9733 

26 3 3 1000 ppm NA 17.5 17.5 0.125 0.5946 0.2500 0.2102 140.0000 29.4314 70.0000 83.2445 

26 3 4 3000 ppm NA 17.5 52.5 0.125 0.5946 0.2500 0.2102 420.0000 88.2941 210.0000 249.73335 

26 3 5 10000 ppm NA 17.5 175 0.125 0.5946 0.2500 0.2102 1400.0000 294.3137 700.0000 832.4450 

26 3 6 30000 ppm NA 17.5 525 0.125 0.5946 0.2500 0.2102 4200.0000 882.9412 2100.0000 2497.3349 

26 4 1 0 ppm NA 3.6 0.00004 0.024 0.3936 0.0832 0.0610 0.0015 0.0001 0.0004 0.0006 

26 4 2 300 ppm NA 3.6 1.08 0.024 0.3936 0.0832 0.0610 45.0000 2.7439 12.9802 17.7119 

26 4 3 1000 ppm NA 3.6 3.6 0.024 0.3936 0.0832 0.0610 150.0000 9.1464 43.2675 59.0397 

26 4 4 3000 ppm NA 3.6 10.8 0.024 0.3936 0.0832 0.0610 450.0000 27.4392 129.8025 177.1191 



 

 

26 4 5 10000 ppm NA 3.6 36 0.024 0.3936 0.0832 0.0610 1500.0000 91.4639 432.6749 590.3969 

26 4 6 30000 ppm NA 3.6 108 0.024 0.3936 0.0832 0.0610 4500.0000 274.2917 1298.0246 1771.1907 

26 5 1 0 ppm NA NA 0.2431 0.154 0.6264 0.2873 0.2458 1.5786 0.3881 0.8461 0.9889 

26 5 2 1000 ppm NA NA 13.156 0.154 0.6264 0.2873 0.2458 85.4286 21.0012 45.7906 53.5160 

26 5 3 2000 ppm NA NA 25.74 0.154 0.6264 0.2873 0.2458 167.1429 41.0893 89.5904 104.7051 

26 5 4 4000 ppm NA NA 51.909 0.154 0.6264 0.2873 0.2458 337.0714 82.8633 180.6739 211.1554 

26 5 5 8000 ppm NA NA 111.111 0.154 0.6264 0.2873 0.2458 721.5000 177.3687 386.7318 451.9772 

26 5 6 16000 ppm NA NA 182.325 0.154 0.6264 0.2873 0.2458 1183.9286 291.0490 634.5985 741.6614 

26 6 1 0 ppm NA NA 0.150865 0.12 0.5886 0.2433 0.2039 1.2572 0.2563 0.6201 0.7400 

26 6 2 1000 ppm NA NA 9.706 0.12 0.5886 0.2433 0.2039 80.8833 16.4909 39.8951 47.6052 

26 6 3 2000 ppm NA NA 18.99 0.12 0.5886 0.2433 0.2039 158.2500 32.2649 78.0556 93.1406 

26 6 4 4000 ppm NA NA 38.2965 0.12 0.5886 0.2433 0.2039 319.1375 65.0674 157.4122 187.8335 

26 6 5 8000 ppm NA NA 81.9735 0.12 0.5886 0.2433 0.2039 683.1125 139.2766 336.9401 402.0569 

26 6 6 16000 ppm NA NA 134.5125 0.12 0.5886 0.2433 0.2039 1120.9375 228.5427 552.8939 659.7459 

26 7 1 0 ppm NA NA 0.03588 0.023 0.3894 0.0809 0.0591 1.5600 0.0921 0.4436 0.6075 

26 7 2 1000 ppm NA NA 3.864 0.023 0.3894 0.0809 0.0591 168.0000 9.9221 47.7770 65.4246 

26 7 3 2000 ppm NA NA 8.326 0.023 0.3894 0.0809 0.0591 362.0000 21.3798 102.9480 140.9745 

26 7 4 4000 ppm NA NA 17.779 0.023 0.3894 0.0809 0.0591 773.0000 45.6536 219.8309 301.0312 

26 7 5 8000 ppm NA NA 26.542 0.023 0.3894 0.0809 0.0591 1154.0000 68.1556 328.1822 449.4049 

26 7 6 16000 ppm NA NA 64.791 0.023 0.3894 0.0809 0.0591 2817.0000 166.3730 801.1173 1097.0308 

26 8 1 0 ppm NA NA 0.04416 0.022 0.3851 0.0785 0.0571 2.0073 0.1147 0.5624 0.7731 

26 8 2 1000 ppm NA NA 3.864 0.022 0.3851 0.0785 0.0571 175.6364 10.0330 49.2140 67.6426 

26 8 3 2000 ppm NA NA 8.326 0.022 0.3851 0.0785 0.0571 378.4545 21.6188 106.0445 145.7536 

26 8 4 4000 ppm NA NA 17.779 0.022 0.3851 0.0785 0.0571 808.1364 46.1638 226.4430 311.2364 

26 8 5 8000 ppm NA NA 26.542 0.022 0.3851 0.0785 0.0571 1206.4545 68.9173 338.0533 464.6400 

26 8 6 16000 ppm NA NA 64.791 0.022 0.3851 0.0785 0.0571 2945.0455 168.2322 825.2133 1134.2210 

26 9 1 0 ppm NA NA 0.103 0.335 0.7608 0.4824 0.4403 0.3075 0.1354 0.2135 0.2339 

26 9 2 500 ppm NA NA 10.3 0.335 0.7608 0.4824 0.4403 30.7463 13.5387 21.3537 23.3913 

26 9 3 1000 ppm NA NA 18.952 0.335 0.7608 0.4824 0.4403 56.5731 24.9112 39.2909 43.0399 

26 9 4 2000 ppm NA NA 37.08 0.335 0.7608 0.4824 0.4403 110.6866 48.7392 76.8735 84.2085 

26 9 5 4000 ppm NA NA 74.778 0.335 0.7608 0.4824 0.4403 223.2179 98.2907 155.0282 169.8205 

26 9 6 8000 ppm NA NA 160.062 0.335 0.7608 0.4824 0.4403 477.7970 210.3909 331.8372 363.5002 

26 10 1 0 ppm NA NA 0.11169 0.24 0.6999 0.3862 0.3429 0.4654 0.1596 0.2892 0.3257 



 

 

26 10 2 500 ppm NA NA 7.65 0.24 0.6999 0.3862 0.3429 31.8750 10.9297 19.8086 22.3102 

26 10 3 1000 ppm NA NA 14.076 0.24 0.6999 0.3862 0.3429 58.6500 20.1107 36.4478 41.0507 

26 10 4 2000 ppm NA NA 27.54 0.24 0.6999 0.3862 0.3429 114.7500 39.3470 71.3110 80.3166 

26 10 5 4000 ppm NA NA 55.539 0.24 0.6999 0.3862 0.3429 231.4125 79.3497 143.8105 161.9719 

26 10 6 8000 ppm NA NA 118.881 0.24 0.6999 0.3862 0.3429 495.3375 169.8477 307.8258 346.7001 

26 11 1 0 ppm NA NA 0.0318 0.03 0.4162 0.0965 0.0721 1.0600 0.0764 0.3294 0.4411 

26 11 2 1000 ppm NA NA 5.04 0.03 0.4162 0.0965 0.0721 168.0000 12.1102 52.2015 69.9181 

26 11 3 2000 ppm NA NA 10.86 0.03 0.4162 0.0965 0.0721 362.0000 26.0945 112.4818 150.6569 

26 11 4 4000 ppm NA NA 23.19 0.03 0.4162 0.0965 0.0721 773.0000 55.7212 240.1891 321.7065 

26 11 5 8000 ppm NA NA 34.62 0.03 0.4162 0.0965 0.0721 1154.0000 83.1853 358.5746 480.2707 

26 11 6 16000 ppm NA NA 84.51 0.03 0.4162 0.0965 0.0721 2817.0000 203.0616 875.3074 1172.3767 

26 12 1 0 ppm NA NA 0.03321 0.026 0.4016 0.0878 0.0647 1.2773 0.0827 0.3784 0.5129 

26 12 2 1000 ppm NA NA 4.536 0.026 0.4016 0.0878 0.0647 174.4615 11.2961 51.6842 70.0556 

26 12 3 2000 ppm NA NA 9.774 0.026 0.4016 0.0878 0.0647 375.9231 24.3405 111.3671 150.9532 

26 12 4 4000 ppm NA NA 20.871 0.026 0.4016 0.0878 0.0647 802.7308 51.9756 237.8087 322.3393 

26 12 5 8000 ppm NA NA 31.158 0.026 0.4016 0.0878 0.0647 1198.3846 77.5937 355.0210 481.2154 

26 12 6 16000 ppm NA NA 76.059 0.026 0.4016 0.0878 0.0647 2925.3462 189.4119 866.6326 1174.6828 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

35 1 1 0 mg/L NA 200 0.002 70 2.8925 16.9850 24.2005 0.0001 0.0007 0.0001 0.0001 

35 1 2 2 mg/L NA 200 0.4 70 2.8925 16.9850 24.2005 0.0057 0.1383 0.0236 0.0165 

35 1 3 4 mg/L NA 200 0.8 70 2.8925 16.9850 24.2005 0.0114 0.2766 0.0471 0.0331 

35 1 4 6 mg/L NA 200 1.2 70 2.8925 16.9850 24.2005 0.0171 0.4149 0.0707 0.0496 

35 1 5 8 mg/L NA 200 1.6 70 2.8925 16.9850 24.2005 0.0229 0.5532 0.0942 0.061 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

37 1 1 1.6 mg/day NA NA 1.6 79 2.9813 18.4113 1.4226 0.0203 0.5367 0.0869 1.4226 

37 1 2 6 mg/day NA NA 6 79 2.9813 18.4113 3.8337 0.0759 2.0125 0.3259 3.8337 

 

42 1 1 5 ppm 0.015 NA 0.075 0.222 0.6864 0.3666 0.3234 0.3378 0.1093 0.2046 0.2319 

42 1 2 200 ppm 0.015 NA 3 0.222 0.6864 0.3666 0.3234 13.5135 4.3705 8.1825 9.2759 

42 2 1 5 ppm 0.016 NA 0.08 0.292 0.7351 0.4401 0.3972 0.2740 0.1088 0.1818 0.2014 

42 2 2 200 ppm 0.016 NA 3.2 0.292 0.7351 0.4401 0.3972 10.9589 4.3532 7.2705 8.0559 

 



 

 

43 1 1 30 ppm 0.554 NA 16.62 12.05 1.8631 5.2560 6.4676 1.3793 8.9204 3.1621 2.5697 

43 1 2 155 ppm 0.554 NA 85.87 12.05 1.8631 5.2560 6.4676 7.1261 46.0887 16.3374 13.2770 

43 1 3 280 ppm 0.554 NA 155.12 12.05 1.8631 5.2560 6.4676 12.8730 83.2571 29.5128 23.9843 

43 2 1 30 ppm 0.554 NA 16.62 12.05 1.8631 5.2560 6.4676 1.3793 8.9204 3.1621 2.5697 

43 2 2 155 ppm 0.554 NA 85.87 12.05 1.8631 5.2560 6.4676 7.1261 46.0887 16.3374 13.2770 

43 2 3 280 ppm 0.554 NA 155.12 12.05 1.8631 5.2560 6.4676 12.8730 83.2571 29.5128 23.9843 

 

44 1 1 6 mg/kg f 0.021 NA 0.126 0.264 0.7168 0.4115 0.3683 0.4773 0.1758 0.3062 0.3421 

44 1 2 250 mg/kg f 0.021 NA 5.25 0.264 0.7168 0.4115 0.3683 19.8864 7.3242 12.7572 14.2546 

 

48 1 1 20 ppm 0.009 NA 0.18 0.06926 0.5130 0.1687 0.1350 2.5989 0.3509 1.0673 1.3332 

48 1 2 1500 ppm 0.009 NA 13.5 0.06926 0.5130 0.1687 0.1350 194.9177 26.3156 80.0471 99.9935 

48 2 1 20 ppm 0.016 NA 0.32 0.1195 0.5880 0.2426 0.2032 2.6778 0.5443 1.3190 1.5744 

48 2 2 1500 ppm 0.016 NA 24 0.1195 0.5880 0.2426 0.2032 200.8368 40.8196 98.9235 118.0824 

48 3 1 20 ppm 0.019 NA 0.38 0.191 0.6611 0.3317 0.2889 1.9895 0.5748 1.1458 1.3153 

48 3 2 1500 ppm 0.019 NA 28.5 0.191 0.6611 0.3317 0.2889 149.2147 43.1108 85.9322 98.6438 

48 4 1 20 ppm 0.02 NA 0.4 0.2882 0.7327 0.4363 0.3933 1.3879 0.5459 0.9168 1.0169 

48 4 2 1500 ppm 0.02 NA 30 0.2882 0.7327 0.4363 0.3933 104.0944 40.9447 68.7583 76.2695 

48 5 1 20 ppm 0.02 NA 0.4 0.3044 0.7428 0.4525 0.4098 1.3141 0.5385 0.8840 0.9761 

48 5 2 1500 ppm 0.02 NA 30 0.3044 0.7428 0.4525 0.4098 98.5545 40.3887 66.2966 73.2045 

 

50 1 1 498 ppm 0.0033 NA 1.6434 0.022 0.3851 0.0785 0.0571 74.7000 4.2671 20.9312 28.7691 

50 1 2 200 ppm 0.0033 NA 0.66 0.249 0.7064 0.3958 0.3525 2.6506 0.9343 1.6675 1.8724 

 

54 1 1 10 mg/L NA 200 2 70 2.8925 16.9850 24.2005 0.0286 0.6914 0.2278 0.0826 

 

55 1 1 25 ppm 0.02 NA 0.5 0.2326 0.6945 0.3782 0.3349 2.1496 0.7200 1.3220 1.4928 

55 1 2 100 ppm 0.02 NA 2 0.2326 0.6945 0.3782 0.3349 8.5985 2.8799 5.2880 5.9714 

 

56 1 1 0 mg/L 0.021 52.5 0.0005 0.375 0.7825 0.5200 0.4792 0.0014 0.0007 0.0010 0.0011 

56 1 2 1250 mg/L 0.021 52.5 65.63 0.375 0.7825 0.5200 0.4792 175.0133 83.8677 126.2065 136.9553 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

63 1 1 250 g/day NS NA 250000 70 2.8925 16.9850 24.2005 3571.4286 86430.1962 14718.8761 10330.3843 



 

 

 

75 1 1 18 mg/kg f 0.0281 NA 0.5058 0.231 0.6933 0.3765 0.3332 2.1896 0.7296 1.3435 1.5180 

75 1 2 100 mg/kg f 0.031 NA 3.1 0.231 0.6933 0.3765 0.3332 13.4199 4.4716 8.2342 9.3036 

 

80 1 1 10 mg/kg 0.02 NA 0.2 0.2497 0.7069 0.3965 0.3532 0.8010 0.2829 0.5044 0.5662 

80 1 2 1500 mg/kg 0.02 NA 30 0.2497 0.7069 0.3965 0.3532 120.1442 42.4391 75.6558 84.9293 

 

82 1 1 45 mg/day NA NA 45 70 2.8925 16.9850 24.2005 0.6429 15.5574 2.6494 2.8925 

 

98 1 1 5.6 mg/kg f 0.02 NA 0.112 0.342 0.7647 0.4890 0.4472 0.3275 0.1465 0.2290 0.2504 

98 1 2 500 mg/kg f 0.02 NA 171 0.342 0.7647 0.4890 0.4472 500.00 223.6092 349.6595 382.3636 

Average levels of copper in feed  assumed to be 5.6 mg/kg feed/day (NAS 1972) 

99 1 1 5.6 mg/kg 0.018 NA 0.1008 0.3 0.7401 0.4481 0.4054 0.3360 0.1362 0.2249 0.2487 

99 1 2 100 mg/kg 0.018 NA        31.68 0.3 0.7401 0.4481 0.4054 105.6000 42.8060 70.6921 78.1527 

Average levels of copper in feed  assumed to be 5.6 mg/kg feed/day (NAS 1972) 

103 1 1 0 ppm 0.0052 4 0.0001 0.035 0.4325 0.1070 0.0809 0.0011 0.0001 0.0004 0.0005 

103 1 2 317 ppm 0.0052 4 1.2680 0.035 0.4325 0.1070 0.0809 36.2286 2.9316 11.8506 15.6700 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

104 1 1 0 mg/l NA 1.64 0.0164 64 2.8284 16.0000 22.6274 0.0003 0.0058 0.0010 0.0007 

104 1 2 1 mg/l NA 1.64 1.64 64 2.8284 16.0000 22.6274 0.0256 0.5798 0.1025 0.725 

104 1 3 3 mg/l NA 1.64 4.92 64 2.8284 16.0000 22.6274 0.0769 1.7395 0.3075 0.2174 

104 1 4 5 mg/l NA 1.64 8.2 64 2.8284 16.0000 22.6274 0.1281 2.8991 0.5125 0.3624 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

109 1 1 0 mg/l NA 200 0.002 70 2.8925 16.9850 24.2005 0.0001 0.0007 0.0001 0.0001 

109 1 2 10 mg/l NA 200 2 70 2.8925 16.9850 24.2005 0.0286 0.6914 0.1178 0.0826 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

110 1 1 0 mg/l NA 200 0.002 70 2.8925 16.9850 24.2005 0.0003 0.0007 0.0001 0.0008 

110 1 2 2 mg/l NA 200 0.4 70 2.8925 16.9850 24.2005 0.0057 0.1383 0.0236 0.0165 

110 1 3 4 mg/l NA 200 0.8 70 2.8925 16.9850 24.2005 0.0114 0.2766 0.0471 0.0331 

110 1 4 6 mg/l NA 200 1.2 70 2.8925 16.9850 24.2005 0.0171 0.4149 0.0707 0.0496 



 

 

110 1 5 8 mg/l NA 200 1.6 70 2.8925 16.9850 24.2005 0.0229 0.5532 0.0942 0.0661 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

111 1 1 0.01 mg/l NA 1500 0.015 70 2.8925 16.9850 24.2005 0.0002 0.0052 0.0009 0.0006 

111 1 2 2 mg/l NA 1500 3 70 2.8925 16.9850 24.2005 0.0429 1.0372 0.1766 0.1240 

111 1 3 4 mg/l NA 1500 6 70 2.8925 16.9850 24.2005 0.0857 2.0743 0.3533 0.2479 

111 1 4 6 mg/l NA 1500 9 70 2.8925 16.9850 24.2005 0.1286 3.1115 0.5299 0.3719 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

112 1 1 0 mg/l NA 1500 0.015 70 2.8925 16.9850 24.2005 0.0002 0.0052 0.0009 0.0006 

112 1 2 2 mg/l NA 1500 3 70 2.8925 16.9850 24.2005 0.0429 1.0372 0.1766 0.1240 

112 1 3 4 mg/l NA 1500 6 70 2.8925 16.9850 24.2005 0.0857 2.0743 0.3533 0.2479 

112 1 4 5 mg/l  NA 1500 7.5 70 2.8925 16.9850 24.2005 0.1071 2.5929 0.4416 0.3099 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

114 1 1 10 ppm 0.5381 NS 5.38 11.6 1.8455 5.1243 6.2856 0.4638 2.9152 1.0499 0.8559 

114 1 2 135 ppm 0.5381 NS 72.64 11.6 1.8455 5.1243 6.2856 6.2621 39.3606 14.1755 11.5567 

114 1 3 260 ppm 0.5381 NS 139.91 11.6 1.8455 5.1243 6.2856 12.0612 75.8114 27.3030 22.2590 

114 2 1 15 ppm 0.5381 NS 8.07 11.6 1.8455 5.1243 6.2856 0.6957 4.3728 1.5748 1.2839 

114 2 2 46 ppm 0.5381 NS 24.75 11.6 1.8455 5.1243 6.2856 2.1336 13.4110 4.8299 3.9376 

114 2 3 77 ppm 0.5381 NS 41.43 11.6 1.8455 5.1243 6.2856 3.5716 22.4492 8.0849 6.5913 

114 2 4 140 ppm 0.5381 NS 75.33 11.6 1.8455 5.1243 6.2856 6.4940 40.8182 14.7004 11.9846 

 

117 1 1 10 ppm 0.02 NA 0.2 0.3 0.7401 0.4481 0.4054 0.6667 0.2702 0.4463 0.4934 

117 1 2 1200 ppm 0.02 NA 24 0.3 0.7401 0.4481 0.4054 80 32.4288 53.5546 59.2066 

 

126 1 1 12.4 mg/kg 0.61 NA 7.56 29.74 2.3353 9.5990 12.7352 0.2542 3.2373 0.7876 0.5936 

126 1 2 250 mg/kg 0.61 NA 160.06 29.74 2.3353 9.5990 12.7352 5.3820 68.5405 16.6746 12.5683 

126 2 1 12.4 mg/kg 0.61 NA 7.56 29.74 2.3353 9.5990 12.7352 0.2542 3.2373 0.7876 0.5936 

126 2 2 50 mg/kg 0.61 NA 38.06 29.74 2.3353 9.5990 12.7352 1.2798 16.2980 3.9650 2.9886 

126 2 3 100 mg/kg 0.61 NA 68.56 29.74 2.3353 9.5990 12.7352 2.3053 29.3586 7.1424 5.3835 

 

136 1 1 0 mg/L 0.0039 3.9 0.00004 0.026 0.4016 0.0878 0.0647 0.0015 0.0001 0.0004 0.0006 

136 1 2 120 mg/L 0.0039 3.9 0.468 0.026 0.4016 0.0878 0.0647 18.0000 1.1655 5.3325 7.2280 



 

 

136 1 3 300 mg/L 0.0039 3.9 1.17 0.026 0.4016 0.0878 0.0647 45.0000 2.9137 13.3312 18.0699 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

138 1 1 1.23 mg/d NA NA 1.23 71 2.9028 17.1464 24.4593 0.0173 0.4237 0.0717 0.0503 

138 1 2 4.23 mg/d NA NA 4.23 71 2.9028 17.1464 24.4593 0.0596 1.4572 0.2467 0.1729 

138 2 1 1.23 mg/d NA NA 1.23 71 2.9028 17.1464 24.4593 0.0173 0.4237 0.0717 0.0503 

138 2 2 4.23 mg/d NA NA 4.23 71 2.9028 17.1464 24.4593 0.0596 1.4572 0.2467 0.1729 

138 3 1 1.23 mg/d NA NA 1.23 71 2.9028 17.1464 24.4593 0.0173 0.4237 0.0717 0.0503 

138 3 2 7.23 mg/d NA NA 7.23 71 2.9028 17.1464 24.4593 0.1018 2.4907 0.4217 0.2956 

Habitual dietary Cu  intake for males and females provided  in the article (males =1.4 mg/day, females =  1.1 mg/day) 

140 1 1 0 µg/mL  0.02 35.8 0.0004 0.256 0.7113 0.4032 0.3599 0.0014 0.0005 0.0009 0.0010 

140 1 2 250 µg/mL  0.02 35.8 8.95 0.256 0.7113 0.4032 0.3599 34.9609 12.5824 22.1988 24.8681 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

146 1 1 7.8 mg/d NA NA 7.8 75 2.9428 17.7845 25.4857 0.104 2.6505 0.4386 0.3061 

 

152 1 1 3.7 mg/d 0.11 NA 3.7 3 1.3161 2.0801 2.2795 1.2333 2.8114 1.7788 1.6232 

152 1 2 350 mg/d 0.11 NA 350 3 1.3161 2.0801 2.2795 116.6667 265.9425 168.2624 153.5420 

 

158 1 1 0 ppm 0.00375 NA 0.00001 0.025 0.3976 0.0855 0.0629 0.0015 0.0001 0.0004 0.0006 

158 1 2 2 ppm 0.00375 NA 0.0075 0.025 0.3976 0.0855 0.0629 0.3 0.0189 0.0877 0.1193 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

172 1 1 20 ppm 0.27 NA 5.4 6 1.5651 3.3019 3.8337 0.9000 3.4503 1.6354 1.4086 

172 1 2 195 ppm 0.27 NA 52.65 6 1.5651 3.3019 3.8337 8.7750 33.6404 15.9452 13.7336 

 

178 1 1 0 mg/d 0.02 39.9 0.0004 0.285 0.7307 0.4331 0.3901 0.0014 0.0005 0.0009 0.0010 

178 1 2 12.12 mg/d 0.02 39.9 12 0.285 0.7307 0.4331 0.3901 42.1053 16.4237 27.7088 30.7643 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

180 1 1 0 mg/l 0.02 61.6 0.0006 0.44 0.8144 0.5785 0.5402 0.0014 0.0008 0.0011 0.0011 

180 1 2 100 mg/l 0.02 61.6 6.16 0.44 0.8144 0.5785 0.5402 14 7.5634 10.6483 11.4023 

180 1 3 400 mg/l 0.02 61.6 24.64 0.44 0.8144 0.5785 0.5402 56.0000 30.2536 42.5931 45.6091 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 



 

 

187 1 1 0 µg/mL  NA 14 0.0001 0.075 0.5233 0.1778 25.4857 0.0019 0.0003 0.0008 0.00001 

187 1 2 50 µg/mL  NA 14 0.7 0.075 0.5233 0.1778 25.4857 9.3333 1.3376 3.9360 0.0275 

187 1 3 100 µg/mL  NA 14 1.4 0.075 0.5233 0.1778 25.4857 18.6667 2.6752 7.8720 0.0549 

187 1 4 200 µg/mL  NA 14 2.8 0.075 0.5233 0.1778 25.4857 37.3333 5.3505 15.7441 0.1099 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

Note.  ID # , reference identification number corresponds with table A1; Exp, experiment number within the publication; Grp, group number within experiment; Base, reported dose of copper; Feed 
Consump., feed consumption; Water consump., water consumption; mg/bw, milligrams copper per kilogram body weight; mg/bw1/4, milligrams copper per kilogram body weight1/4;  mg/bw2/3, milligrams 
copper per kilogram bodyweight2/3;   mg/bw3/4, milligrams copper per kilogram bodyweight3/4,  BW, body weight; Cu, copper; mg/kg f, milligrams of copper per kilogram of feed; mg/d, milligrams of copper 
per day; ppm, parts per million; mg/kg bw/day, milligrams of copper per kilogram body weight per day; mg/L, milligrams of copper per liter of water. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
Table E4: Final Estimates for 5 Dose Metrics ð Copper Deficiency 

 
Ref 

 
Exp 

 
Grp 

 

 
Base 

 
Metric 

 
Food 

Consump. 
(kg) 

 

 
Water 

Consump. 
(mL)  

 
Mg/d  

 
bw       

 
bw 1/4 

 
bw 2/3 

 
bw ¾ 

 
mg/bw  

 
mg/bw 1/4 

 
mg/bw 2/3 

 
mg/bw 3/4 

1 1 1 1 ppm 0.00258 NA 0.00258 0.019 0.3713 0.0712 0.0512 0.1358 0.0069 0.0362 0.0504 

1 1 2 10 ppm 0.00285 NA 0.0285 0.019 0.3713 0.0712 0.0512 1.5000 0.0768 0.4003 0.5569 

 
4 1 1 8 ppm 0.018 NA 0.144 0.0975 0.5588 0.2118 0.1745 1.4769 0.2577 0.6798 0.8253 

4 1 2 2.5 ppm 0.018 NA 0.045 0.0975 0.5588 0.2118 0.1745 0.4615 0.0805 0.2124 0.2579 

4 1 3 0.2 ppm 0.018 NA 0.0036 0.0975 0.5588 0.2118 0.1745 0.0369 0.0064 0.0170 0.0206 

 

8 1 1 0 mg/ml 5.4 5.4 0.0302 0.036 0.4356 0.1090 0.0826 0.8389 0.0693 0.2770 0.3654 

8 1 2 0.01 mg/ml 5.4 5.4 0.054 0.036 0.4356 0.1090 0.0826 1.5000 0.1240 0.4953 0.6534 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

16 1 1 0 ppm 0.017 NA 0.005 0.13 0.6005 0.2566 0.2165 0.0418 0.0091 0.0212 0.0251 

16 1 2 1.5 ppm 0.017 NA 0.0255 0.13 0.6005 0.2566 0.2165 0.1935 0.0419 0.0980 0.1162 

16 1 3 3 ppm 0.017 NA 0.051 0.13 0.6005 0.2566 0.2165 0.3622 0.0784 0.1835 0.2175 

16 1 4 6 ppm 0.017 NA 0.102 0.13 0.6005 0.2566 0.2165 0.7715 0.1670 0.3908 0.4633 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

17 1 1 6 ppm 0.012 NA 0.072 0.0792 0.5305 0.1844 0.1493 0.9091 0.1357 0.3904 0.4823 

17 1 2 3 ppm 0.012 NA 0.036 0.0792 0.5305 0.1844 0.1493 0.4545 0.0679 0.1952 0.2411 

17 1 3 1.5 ppm 0.012 NA 0.018 0.0792 0.5305 0.1844 0.1493 0.2273 0.0339 0.0976 0.1206 

17 2 1 1.5 ppm 0.016 NA 0.024 0.115 0.5823 0.2365 0.1975 0.2087 0.0412 0.1015 0.1215 

17 2 2 3 ppm 0.016 NA 0.048 0.115 0.5823 0.2365 0.1975 0.4174 0.0824 0.2030 0.2431 

17 2 3 6 ppm 0.016 NA 0.096 0.115 0.5823 0.2365 0.1975 0.8348 0.1649 0.4060 0.4861 

17 3 1 1.5 ppm 0.017 NA 0.0255 0.147 0.6192 0.2785 0.2374 0.1735 0.0412 0.0916 0.1074 

17 3 2 3 ppm 0.017 NA 0.051 0.147 0.6192 0.2785 0.2374 0.3469 0.0824 0.1831 0.2148 

17 3 3 6 ppm 0.017 NA 0.102 0.147 0.6192 0.2785 0.2374 0.6939 0.1647 0.3662 0.4296 

 
18 1 1 0.66 mg/d NA NA 0.66 74 2.9330 17.6260 25.2304 0.0089 0.2250 0.0374 0.0262 



 

 

 
19 1 1 0 mg/L 0.017 0.0196 0.00731 0.14 0.6117 0.2696 0.2289 0.0522 0.0120 0.0271 0.0319 

19 1 2 20 mg/L 0.017 0.0196 0.39931 0.14 0.6117 0.2696 0.2289 2.8522 0.6528 1.4810 1.7447 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

24 1 1 6.12 ppm 0.017 NA 0.10404 0.147 0.6192 0.2785 0.2374 0.7078 0.1680 0.3735 0.4382 

24 1 2 1.17 ppm 0.017 NA 0.01989 0.147 0.6192 0.2785 0.2374 0.1353 0.0321 0.0714 0.0838 

24 1 3 0.83 ppm 0.017 NA 0.01411 0.147 0.6192 0.2785 0.2374 0.0960 0.0228 0.0507 0.0594 

24 1 4 0.47 ppm 0.017 NA 0.00799 0.147 0.6192 0.2785 0.2374 0.0544 0.0129 0.0287 0.0337 

 

27 1 1 11 ppm 0.00369 NA 0.04059 0.0246 0.3960 0.0846 0.0621 1.6500 0.1025 0.4799 0.6535 

27 1 2 6 ppm 0.00369 NA 0.02214 0.0246 0.3960 0.0846 0.0621 0.9000 0.0559 0.2618 0.3564 

27 1 3 5 ppm 0.00369 NA 0.01845 0.0246 0.3960 0.0846 0.0621 0.7500 0.0466 0.2181 0.2970 

27 1 4 4 ppm 0.00369 NA 0.01476 0.0246 0.3960 0.0846 0.0621 0.6000 0.0373 0.1745 0.2376 

27 1 5 3 ppm 0.00369 NA 0.01107 0.0246 0.3960 0.0846 0.0621 0.4500 0.0280 0.1309 0.1782 

27 1 6 2 ppm 0.00369 NA 0.00738 0.0246 0.3960 0.0846 0.0621 0.3000 0.0186 0.0873 0.1188 

27 1 7 1 ppm 0.00369 NA 0.00369 0.0246 0.3960 0.0846 0.0621 0.1500 0.0093 0.0436 0.0594 

 
31 1 1 0.785 mg/d NA NA 0.785 70 2.8925 16.9850 24.2005 0.0112 0.2714 0.0462 0.0324 

31 1 2 1.68 mg/d NA NA 1.68 70 2.8925 16.9850 24.2005 0.0240 0.5808 0.0989 0.0694 

 

32 1 1 5.79 mg/kg f 0.02 NA 0.1158 0.3727 0.7813 0.5179 0.4770 0.3107 0.1482 0.2236 0.2428 

32 1 2 0.46 mg/kg f 0.02 NA 0.0092 0.3727 0.7813 0.5179 0.4770 0.0247 0.0118 0.0178 0.0193 

 
33 1 1 0.57 mcg/g f 0.021 NA 0.01197 0.216 0.6817 0.3600 0.3168 0.0554 0.0176 0.0333 0.0378 

33 1 2 5 mcg/g f 0.021 NA 0.105 0.216 0.6817 0.3600 0.3168 0.4861 0.1540 0.2917 0.3314 

 

34 1 1 0.2 mcg/g f 0.018 NA 0.0036 0.1668 0.6391 0.3030 0.2610 0.0216 0.0056 0.0119 0.0138 

34 1 2 10 mcg/g f 0.018 NA 0.18 0.1668 0.6391 0.3030 0.2610 1.0791 0.2817 0.5940 0.6896 

 

37 1 1 1.6 mg/d NA NA 1.6 79 2.9813 18.4113 26.4984 0.0203 0.5367 0.0869 0.0604 

37 1 2 0.7 mg/d NA NA 0.7 79 2.9813 18.4113 26.4984 0.0089 0.2348 0.0380 0.0264 

 

38 1 1 0.6 µg/g f 0.017 NA 0.0102 0.161 0.6334 0.2959 0.2542 0.0634 0.0161 0.0345 0.0401 



 

 

38 1 2 6 µg/g f 0.017 NA 0.102 0.161 0.6334 0.2959 0.2542 0.6335 0.1610 0.3447 0.4013 

38 2 1 0.6 µg/g f 0.0135 NA 0.0081 0.0961 0.5568 0.2098 0.1726 0.0843 0.0145 0.0386 0.0469 

38 2 2 6 µg/g f 0.0135 NA 0.081 0.0961 0.5568 0.2098 0.1726 0.8429 0.1455 0.3861 0.4693 

 

39 1 1 0.8 mg/kg/d 554 NA 0.4432 20 2.1147 7.3681 9.4574 0.0222 0.2096 0.0602 0.0469 

39 1 2 6.4 mg/kg/d 554 NA 3.5456 20 2.1147 7.3681 9.4574 0.1773 1.6766 0.4812 0.3749 

 

40 1 1 0.4 g/kg f 0.016 NA 0.0064 0.1326 0.6034 0.2600 0.2197 0.0483 0.0106 0.0246 0.0291 

40 1 2 5.2 g/kg f 0.016 NA 0.0832 0.1326 0.6034 0.2600 0.2197 0.6275 0.1379 0.3200 0.3786 

 
41 1 1 0.15 mg/kg f 0.021 NA 0.00315 0.223 0.6872 0.3677 0.3245 0.0141 0.0046 0.0086 0.0097 

41 1 2 10 mg/kg f 0.021 NA 0.21 0.223 0.6872 0.3677 0.3245 0.9417 0.3056 0.5711 0.6471 

 

44 1 1 1 mg/kg f 0.019 NA 0.019 0.179 0.6504 0.3176 0.2752 0.1061 0.0292 0.0598 0.0690 

44 1 2 6 mg/kg f 0.019 NA 0.114 0.179 0.6504 0.3176 0.2752 0.6369 0.1753 0.3589 0.4143 

 

45 1 1 6.2 µmol/kg f  0.017 NA 0.0067 0.161 0.6334 0.2959 0.2542 0.0416 0.0106 0.0226 0.0264 

45 1 2 92.4 µmol/kg f  0.017 NA 0.1 0.161 0.6334 0.2959 0.2542 0.6211 0.1579 0.3379 0.3934 

 

47 1 1 0.6 µg/g f 0.015 NA 0.009 0.1265 0.5964 0.2520 0.2121 0.0711 0.0151 0.0357 0.0424 

47 1 2 6 µg/g f 0.015 NA 0.09 0.1265 0.5964 0.2520 0.2121 0.7115 0.1509 0.3571 0.4243 

 

50 1 1 0.44 ppm 0.00407 NA 0.0018 0.0271 0.4057 0.0902 0.0668 0.0661 0.0044 0.0198 0.0268 

50 1 2  
4.98 

ppm 0.00407 NA 0.0203 0.0271 0.4057 0.0902 0.0668 0.7479 0.0500 0.2247 0.3035 

 

51 1 1 0.6 mg/kg f 0.018 NA 0.0108 0.304 0.7425 0.4521 0.4094 0.0355 0.0145 0.0239 0.0264 

51 1 2 6 mg/kg f 0.018 NA 0.108 0.304 0.7425 0.4521 0.4094 0.3553 0.1454 0.2389 0.2638 

 

52 1 1 0.4 mg/kg f 10.1 NA 0.004 0.271 0.7215 0.4188 0.3756 0.0148 0.0055 0.0096 0.0106 

52 1 2 5.7 mg/kg f 10.1 NA 0.053 0.271 0.7215 0.4188 0.3756 0.1956 0.0735 0.1266 0.1411 

52 2 1 0.4 mg/kg f 13.7 NA 0.0055 0.325 0.7550 0.4727 0.4304 0.0169 0.0073 0.0116 0.0128 

52 2 2 5.7 mg/kg f 13.7 NA 0.089 0.325 0.7550 0.4727 0.4304 0.2738 0.1179 0.1883 0.2068 

 



 

 

53 1 1 0 mg/L NA NA 0.007 0.108 0.6412 0.3057 0.2636 0.0415 0.0109 0.0230 0.0266 

53 1 2 40 mg/L NA 0.0151 0.604 0.108 0.6412 0.3057 0.2636 1.4414 0.3799 0.7969 0.9242 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

55 1 1 0.6 ppm 0.02 NA 0.012 0.358 0.7735 0.5042 0.4628 0.0335 0.0155 0.0238 0.0259 

55 1 2 25 ppm 0.02 NA 0.5 0.358 0.7735 0.5042 0.4628 1.3966 0.6464 0.9917 1.0803 

 

58 1 1 0.6 mg/kg f 0.0034 NA 0.00204 0.02276 0.3884 0.0803 0.0586 0.0896 0.0053 0.0254 0.0348 

58 1 2 2 mg/kg f 0.0034 NA 0.0068 0.02276 0.3884 0.0803 0.0586 0.2988 0.0175 0.0847 0.1160 

58 1 3 6 mg/kg f 0.0034 NA 0.0204 0.02276 0.3884 0.0803 0.0586 0.8963 0.0525 0.2540 0.3481 

 

62 1 1 2.8 mg/kg f 0.018 NA 0.0504 0.315 0.7492 0.4630 0.4205 0.1600 0.0673 0.1089 0.1199 

62 1 2 6.6 mg/kg f 0.018 NA 0.1188 0.315 0.7492 0.4630 0.4205 0.3771 0.1586 0.2566 0.2825 

 

66 1 1 0.2 µg/g f 0.018 NA 0.0036 0.161 0.6334 0.2959 0.2542 0.0224 0.0057 0.0122 0.0142 

66 1 2 1 µg/g f 0.018 NA 0.018 0.161 0.6334 0.2959 0.2542 0.1118 0.0284 0.0608 0.0708 

66 1 3 2 µg/g f 0.018 NA 0.036 0.161 0.6334 0.2959 0.2542 0.2236 0.0568 0.1216 0.1416 

66 1 4 3 µg/g f 0.018 NA 0.054 0.161 0.6334 0.2959 0.2542 0.3354 0.0852 0.1825 0.2125 

66 1 5 4 µg/g f 0.018 NA 0.072 0.161 0.6334 0.2959 0.2542 0.4472 0.1137 0.2433 0.2833 

 

67 1 1 0.35 mg/kg f 0.003 NA 0.00105 0.02 0.3761 0.0737 0.0532 0.0525 0.0028 0.0143 0.0197 

67 1 2 6 mg/kg f 0.003 NA 0.018 0.02 0.3761 0.0737 0.0532 0.9000 0.0479 0.2443 0.3385 

 

68 1 1 1.05 mg/kg f 0.002 NA 0.0021 0.01675 0.3598 0.0655 0.0466 0.1254 0.0058 0.0321 0.0451 

68 1 2 6.4 mg/kg f 0.002 NA 0.0128 0.01675 0.3598 0.0655 0.0466 0.7642 0.0356 0.1955 0.2749 

 

70 1 1 0.79 mg/kg 0.017 0.02254 0.01343 0.161 0.6334 0.2959 0.2542 0.0834 0.0212 0.0454 0.0528 

70 1 2 3.79 mg/kg 0.017 0.02254 0.1094 0.161 0.6334 0.2959 0.2542 0.6795 0.6795 0.3697 0.4304 

 
71 1 1 0.78 mg/d NA NA 0.78 70 2.8925 16.9850 24.2005 0.0111 0.2697 0.0459 0.0322 

 

72 1 1 0.79 µg/ml 0.016 18.62 0.01264 0.133 0.6039 0.2606 0.2202 0.0950 0.0209 0.0485 0.0574 

72 1 2 3.79 µg/ml 0.016 18.62 0.0706 0.133 0.6039 0.2606 0.2202 0.5308 0.1169 0.2710 0.3206 

 



 

 

73 1 1 0.79 µg/ml 0.016 18.62 0.01264 0.133 0.6039 0.2606 0.2202 0.0950 0.0209 0.0485 0.0574 

73 1 2 3.79 µg/ml 0.016 18.62 0.0706 0.133 0.6039 0.2606 0.2202 0.5308 0.1169 0.2710 0.3206 

 

74 1 1 0.79 µg/ml 0.016 18.62 0.01264 0.133 0.6039 0.2606 0.2202 0.0950 0.0209 0.0485 0.0574 

74 1 2 3.79 µg/ml 0.016 18.62 0.0706 0.133 0.6039 0.2606 0.2202 0.5308 0.1169 0.2710 0.3206 

 

76 1 1 0.3 mg/kg f 0.0032 NA 0.00096 0.0221 0.3856 0.0788 0.0573 0.0434 0.0025 0.0122 0.0167 

76 1 2 8.4 mg/kg f 0.0032 NA 0.02688 0.0221 0.3856 0.0788 0.0573 1.2163 0.0697 0.3413 0.4690 

 

77 1 1 1 mg/kg f 0.019 NA 0.019 0.249 0.7064 0.3958 0.3525 0.0763 0.0269 0.0480 0.0539 

77 1 2 7 mg/kg f 0.019 NA 0.133 0.249 0.7064 0.3958 0.3525 0.5341 0.1883 0.3360 0.3773 

 

78 1 1 2.7 mg/kg f 0.02 NA 0.054 0.258 0.7127 0.4053 0.3620 0.2093 0.0758 0.1332 0.1492 

78 1 2 6.2 mg/kg f 0.02 NA 0.124 0.258 0.7127 0.4053 0.3620 0.4806 0.1740 0.3060 0.3425 

 
81 1 1 0.8 mg/kg f 0.014 NA 0.0112 0.0985 0.5602 0.2133 0.1758 0.1137 0.0200 0.0525 0.0637 

81 1 2 1.7 mg/kg f 0.014 NA 0.0238 0.0985 0.5602 0.2133 0.1758 0.2416 0.0425 0.1116 0.1354 

81 1 3 6.7 mg/kg f 0.014 NA 0.0938 0.0985 0.5602 0.2133 0.1758 0.9523 0.1674 0.4398 0.5335 

 

83 1 1 7.9 µmol/kg f 0.015 NA 0.00753 0.116 0.5836 0.2379 0.0256 0.0649 0.0129 0.0317 0.2946 

83 1 2 125.9 µmol/kg f 0.015 NA 0.12 0.116 0.5836 0.2379 0.2039 1.0345 0.2056 0.5045 0.5886 

 

84 1 1 20 mg/L 0.018 19.18 0.39152 0.137 0.6084 0.2658 0.2252 2.8578 0.6435 1.4732 1.7387 

84 1 2 0 mg/L 0.018 NA 0.00792 0.137 0.6084 0.2658 0.2252 0.0578 0.0130 0.0298 0.0352 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

85 1 1 0 ppm 0.02 32.62 0.008 0.233 0.6948 0.3786 0.3354 0.0343 0.0115 0.0211 0.0239 

85 1 2 20 ppm 0.02 32.62 0.6604 0.233 0.6948 0.3786 0.3354 2.8343 0.9505 1.7441 1.9692 

Purified base diet contains 0.4 mg/kg 

86 1 1 0.4 mg/kg/d 0.009 NA 0.0036 0.05753 0.4897 0.1490 0.1175 0.0626 0.0074 0.0242 0.0306 

86 1 2 4 mg/kg/d 0.009 NA 0.036 0.05753 0.4897 0.1490 0.1175 0.6258 0.0735 0.2416 0.3065 

 

89 1 1 0.6 mg/kg f 0.019 NA 0.0114 0.181 0.6523 0.3200 0.2775 0.0630 0.0175 0.0356 0.0411 



 

 

89 1 2 7.5 mg/kg f 0.019 NA 0.1425 0.181 0.6523 0.3200 0.2775 0.7873 0.2185 0.4453 0.5135 

 
90 1 1 0 mg/kg f 0.02 NA 0.005 0.268 0.7195 0.4157 0.3725 0.0201 0.0075 0.0130 0.0145 

90 1 2 1.5 mg/kg f 0.02 NA 0.03 0.268 0.7195 0.4157 0.3725 0.1119 0.0417 0.0722 0.0805 

90 1 3 3 mg/kg f 0.02 NA 0.06 0.268 0.7195 0.4157 0.3725 0.2239 0.0834 0.1443 0.1611 

90 1 4 4.5 mg/kg f 0.02 NA 0.09 0.268 0.7195 0.4157 0.3725 0.3358 0.1251 0.2165 0.2416 

90 1 5 6 mg/kg f 0.02 NA 0.12 0.268 0.7195 0.4157 0.3725 0.4478 0.1668 0.2887 0.3222 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

91 1 1 0.37 mg/kg 0.019 NA 0.00703 0.1807 0.6520 0.3196 0.2772 0.0389 0.0108 0.0220 0.0254 

91 1 2 0.79 mg/kg 0.019 NA 0.01501 0.1807 0.6520 0.3196 0.2772 0.0831 0.0230 0.0470 0.0542 

91 1 3 2.45 mg/kg 0.019 NA 0.04655 0.1807 0.6520 0.3196 0.2772 0.2576 0.0714 0.1456 0.1680 

91 1 4 7.28 mg/kg 0.019 NA 0.13832 0.1807 0.6520 0.3196 0.2772 0.7655 0.2122 0.4328 0.4991 

 

92 1 1 0.1 mg/kg f 0.018 NA 0.0018 0.199 0.6679 0.3409 0.2979 0.0090 0.0027 0.0053 0.0060 

92 1 2 10 mg/kg f 0.018 NA 0.18 0.199 0.6679 0.3409 0.2979 0.9045 0.2695 0.5281 0.6041 

 

95 1 1 9.4 µmol/kg f 0.015 NA 0.009 0.122 0.5910 0.2460 0.2064 0.0738 0.0152 0.0366 0.0436 

95 1 2 103.9 µmol/kg f 0.015 NA 0.1 0.122 0.5910 0.2460 0.2064 0.8197 0.1692 0.4065 0.4844 

 

96 1 1 1.3 mg/kg f 0.02 NA 0.026 0.377 0.7836 0.5219 0.4811 0.0690 0.0332 0.0498 0.0540 

96 1 2 2.8 mg/kg f 0.02 NA 0.056 0.377 0.7836 0.5219 0.4811 0.1485 0.0715 0.1073 0.1164 

96 1 3 6.7 mg/kg f 0.02 NA 0.134 0.377 0.7836 0.5219 0.4811 0.3554 0.1710 0.2568 0.2785 

 
100 1 1 0.6 mg/kg f 0.019 NA 0.0114 0.181 0.6523 0.3200 0.2775 0.0630 0.0175 0.0356 0.0411 

100 1 2 7.5 mg/kg f 0.019 NA 0.1425 0.181 0.6523 0.3200 0.2775 0.7873 0.2185 0.4453 0.5135 

 

102 1 1 0.57 mg/1000k
cal 

NA NA 1.6245 70 2.8925 16.9850 24.2005 0.0124 0.3008 0.0512 0.0359 

102 1 2 1.61 mg/100kc
al 

NA NA 4.5885 70 2.8925 16.9850 24.2005 0.0197 0.4771 0.0812 0.0570 

 

106 1 1 0.57 mg/kg f 0.02 NA 0.0114 0.381 0.7857 0.5256 0.4849 0.0299 0.0145 0.0217 0.0235 

106 1 2 5 mg/kg f 0.02 NA 0.1 0.381 0.7857 0.5256 0.4849 0.2625 0.1273 0.1903 0.2062 

 



 

 

107 1 1 0.06 mg/kg 0.019 NA 0.00114 0.175 0.6468 0.3129 0.2706 0.0065 0.0018 0.0036 0.0042 

107 1 2 20.03 mg/kg 0.019 NA 0.38114 0.175 0.6468 0.3129 0.2706 2.1779 0.5893 1.2182 1.4087 

 

108 1 1 5 mg/kg 0.02 NA 0.1 0.25 0.7071 0.3969 0.3536 0.4 0.1414 0.2520 0.2828 

108 1 2 2.5 mg/kg 0.02 NA 0.05 0.25 0.7071 0.3969 0.3536 0.2 0.0707 0.1260 0.1414 

108 1 3 0.75 mg/kg 0.02 NA 0.015 0.25 0.7071 0.3969 0.3536 0.06 0.0212 0.0378 0.0424 

 

115 1 1 6 ppm 0.0041 NA 0.0243 0.027 0.4054 0.09 0.0666 0.9 0.0599 0.27 0.3648 

115 1 2 0.5 ppm 0.0041 NA 0.0020 0.027 0.4054 0.09 0.0666 0.075 0.0050 0.0225 0.0304 

 

118 1 1 6.19 mg/kg 0.017 NA 0.10523 0.12 0.5886 0.2433 0.2039 0.8769 0.1788 0.4325 0.5161 

118 1 2 0.43 mg/kg 0.017 NA 0.00731 0.12 0.5886 0.2433 0.2039 0.0609 0.0124 0.0300 0.0359 

 

119 1 1 6 mg/kg 0.0178 NA 0.1068 0.12 0.5886 0.2433 0.2039 0.8900 0.1815 0.4390 0.5238 

119 1 2 0.5 mg/kg 0.0178 NA 0.0089 0.12 0.5886 0.2433 0.2039 0.0742 0.0151 0.0366 0.0437 

 

120 1 1 5.6 mg/kg 0.017 NA 0.0952 0.125 0.5946 0.25 0.2102 0.7616 0.7616 0.3808 0.4529 

120 1 2 0.66 mg/kg 0.017 NA 0.01122 0.125 0.5946 0.25 0.2102 0.08976 0.08976 0.04488 0.0534 

 

121 1 1 5.3 µg/g 0.013 NA 0.0689 0.085 0.5400 0.1933 0.1574 0.8106 0.1276 0.3564 0.4377 

121 1 2 0.8 µg/g 0.013 NA 0.0104 0.085 0.5400 0.1933 0.1574 0.1224 0.0193 0.0538 0.0661 

 

122 1 1 2.59 mg/d NA NA 2.59 87 3.0541 19.6342 28.4865 0.0298 0.8480 0.1319 0.0909 

122 1 2 0.59 mg/d NA NA 0.59 87 3.0541 19.6342 28.4865 0.0068 0.1932 0.0300 0.0207 

 

123 1 1 6 mg/kg 0.017 NA 0.102 0.13 0.6005 0.2566 0.2165 0.7846 0.1699 0.3975 0.4711 

123 1 2 0.5 mg/kg 0.017 NA 0.0085 0.13 0.6005 0.2566 0.2165 0.0654 0.0142 0.0331 0.0393 

 

125 1 1 5.88 mg/kg 0.02 NA 0.1176 0.44 0.8144 0.5785 0.5402 0.2673 0.1444 0.2033 0.2177 

125 1 2 2.94 mg/kg 0.02 NA 0.0588 0.44 0.8144 0.5785 0.5402 0.1336 0.0722 0.1016 0.1088 

125 1 3 1.62 mg/kg 0.02 NA 0.0324 0.44 0.8144 0.5785 0.5402 0.0736 0.0398 0.0560 0.0600 

 



 

 

129 1 1 6 mg/d NA NA 6 78.4 2.9756 18.3180 26.3474 0.0765 2.0164 0.3275 0.2277 

129 1 2 1.6 mg/d NA NA 1.6 78.4 2.9756 18.3180 26.3474 0.0204 0.5377 0.0873 0.0607 

129 1 3 0.7 mg/d NA NA 0.7 78.4 2.9756 18.3180 26.3474 0.0089 0.2352 0.0382 0.0266 

 
133 1 1 6 mg/kg 0.018 NA 0.108 0.167 0.6393 0.3033 0.2612 0.6467 0.1689 0.3561 0.4134 

133 1 2 3 mg/kg 0.018 NA 0.054 0.167 0.6393 0.3033 0.2612 0.3234 0.0845 0.1781 0.2067 

133 1 3 2.5 mg/kg 0.018 NA 0.045 0.167 0.6393 0.3033 0.2612 0.2695 0.0704 0.1484 0.1723 

133 1 4 2 mg/kg 0.018 NA 0.036 0.167 0.6393 0.3033 0.2612 0.2156 0.0563 0.1187 0.1378 

133 1 5 1.5 mg/kg 0.018 NA 0.027 0.167 0.6393 0.3033 0.2612 0.1617 0.0422 0.0890 0.1034 

133 1 6 1 mg/kg 0.018 NA 0.018 0.167 0.6393 0.3033 0.2612 0.1078 0.0282 0.0594 0.0689 

133 1 7 0.63 mg/kg 0.018 NA 0.01134 0.167 0.6393 0.3033 0.2612 0.0679 0.0177 0.0374 0.0434 

133 2 1 6 mg/kg 0.015 NA 0.09 0.155 0.6275 0.2886 0.2470 0.5806 0.1434 0.3119 0.3643 

133 2 2 3 mg/kg 0.015 NA 0.045 0.155 0.6275 0.2886 0.2470 0.2903 0.0717 0.1560 0.1822 

133 2 3 2.5 mg/kg 0.015 NA 0.0375 0.155 0.6275 0.2886 0.2470 0.2419 0.0598 0.1300 0.1518 

133 2 4 2 mg/kg 0.015 NA 0.03 0.155 0.6275 0.2886 0.2470 0.1935 0.0478 0.1040 0.1214 

133 2 5 1.5 mg/kg 0.015 NA 0.0225 0.155 0.6275 0.2886 0.2470 0.1452 0.0359 0.0780 0.0911 

133 2 6 1 mg/kg 0.015 NA 0.015 0.155 0.6275 0.2886 0.2470 0.0968 0.0239 0.0520 0.0607 

133 2 7 0.63 mg/kg 0.015 NA 0.00945 0.155 0.6275 0.2886 0.2470 0.0610 0.0151 0.0327 0.0383 

 

137 1 1 5.7 mg/kg 0.022 NA 0.1254 0.5 0.8409 0.6300 0.5946 0.2508 0.1491 0.1991 0.2109 

137 1 2 3.1 mg/kg 0.022 NA 0.0682 0.5 0.8409 0.6300 0.5946 0.1364 0.0811 0.1083 0.1147 

137 1 3 1.65 mg/kg 0.022 NA 0.0356 0.5 0.8409 0.6300 0.5946 0.0712 0.0423 0.0565 0.0599 

 

141 1 1 20 mg/L 0.02 37.5 0.708 0.25 0.7071 0.3969 0.3536 2.832 1.0013 1.7840 2.0025 

141 1 2 0 mg/L 0.02 37.5 0.008 0.25 0.7071 0.3969 0.3536 0.032 0.0113 0.0202 0.0226 

141 2 1 20 mg/L 3 3 0.0612 0.02 0.3761 0.0737 0.0532 3.06 0.1627 0.8306 1.1507 

141 2 2 0 mg/L 3 3 0.0012 0.02 0.3761 0.0737 0.0532 0.06 0.0032 0.0163 0.0226 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

142 1 1 7.28 mg/kg 0.016 NA 0.1165 0.125 0.5946 0.25 0.2102 0.932 0.1959 0.466 0.5542 

142 1 2 2.45 mg/kg 0.016 NA 0.0392 0.125 0.5946 0.25 0.2102 0.3136 0.0659 0.1568 0.1865 

142 1 3 0.79 mg/kg 0.016 NA 0.0126 0.125 0.5946 0.25 0.2102 0.1008 0.0212 0.0504 0.0599 



 

 

142 1 4 0.37 mg/kg 0.016 NA 0.0059 0.125 0.5946 0.25 0.2102 0.0472 0.0099 0.0236 0.0281 

 

143 1 1 6 mg/kg 0.016 NA 0.096 0.125 0.5946 0.25 0.2102 0.768 0.1615 0.384 0.4567 

143 1 2 0.3 mg/kg 0.016 NA 0.0048 0.125 0.5946 0.25 0.2102 0.0384 0.0081 0.0192 0.0228 

 

144 1 1 6.18 mg/kg 0.017 NA 0.1051 0.125 0.5946 0.25 0.2102 0.8408 0.1768 0.4204 0.4999 

144 1 2 0.29 mg/kg 0.017 NA 0.0049 0.125 0.5946 0.25 0.2102 0.0392 0.0082 0.0196 0.0233 

 

148 1 1 10.5 mg/kg 0.021 NA 0.2205 0.232 0.6940 0.3776 0.3343 0.9504 0.3177 0.584 0.6596 

148 1 2 0.43 mg/kg 0.021 NA 0.009 0.232 0.6940 0.3776 0.3343 0.0388 0.0130 0.024 0.0269 

 

149 1 1 6.26 mg/kg 0.017 NA 0.1064 0.155 0.6275 0.2886 0.2470 0.6865 0.1696 0.369 0.4307 

149 1 2 0.16 mg/kg 0.017 NA 0.0027 0.155 0.6275 0.2886 0.2470 0.0174 0.0043 0.009 0.0109 

 

167 1 1 7.19 mg/kg 0.015 NA 0.1079 0.1 0.5623 0.2154 0.1778 1.0790 0.1919 0.501 0.6068 

167 1 2 0.78 mg/kg 0.015 NA 0.0117 0.1 0.5623 0.2154 0.1778 0.1170 0.0208 0.054 0.0658 

 

177 1 1 5.6 mg/kg 0.017 NA 0.0952 0.125 0.5946 0.2500 0.2102 0.7616 0.1601 0.381 0.4529 

177 1 2 0.33 mg/kg 0.017 NA 0.00528 0.125 0.5946 0.2500 0.2102 0.0422 0.0089 0.021 0.0251 

 

179 1 1 6.18 mg/kg 0.016 NA 0.0989 0.125 0.5946 0.2500 0.2102 0.7912 0.1663 0.396 0.4705 

179 1 2 0.29 mg/kg 0.016 NA 0.0046 0.125 0.5946 0.2500 0.2102 0.0368 0.0077 0.018 0.0219 

 

183 1 1 5.4 mg/kg 0.016 NA 0.0864 0.125 0.5946 0.2500 0.2102 0.6912 0.1453 0.346 0.4110 

183 1 2 0.3 mg/kg 0.016 NA 0.0048 0.125 0.5946 0.2500 0.2102 0.0384 0.0081 0.019 0.0228 

 

185 1 1 6 mg/kg 0.017 NA 0.1071 0.152 0.6244 0.2848 0.2434 0.7046 0.1715 0.376 0.4400 

185 1 2 0 mg/kg 0.017 NA 0.0051 0.152 0.6244 0.2848 0.2434 0.0336 0.0082 0.018 0.0210 

Background levels of copper in drinking water assumed to be 0.01 mg/L (Araya, 2004). 

202 1 1 5 mg/kg 0.017 NA 0.085 0.125 0.5946 0.2500 0.2102 0.6800 0.1430 0.340 0.4043 

202 1 2 0.25 mg/kg 0.017 NA 0.004 0.125 0.5946 0.2500 0.2102 0.0320 0.0067 0.016 0.0190 



 

 

202 2 1 5 mg/kg 0.016 NA 0.075 0.115 0.5823 0.2365 0.1975 0.6522 0.1288 0.317 0.3798 

202 2 2 0.25 mg/kg 0.016 NA 0.00375 0.115 0.5823 0.2365 0.1975 0.0326 0.0064 0.016 0.0190 

 

211 1 1 5.7 mg/kg 0.021 NA 0.1197 0.5 0.8409 0.6300 0.5946 0.2394 0.1423 0.1900 0.2013 

211 1 2 1.1 mg/kg 0.021 NA 0.0231 0.5 0.8409 0.6300 0.5946 0.0462 0.0275 0.0367 0.0388 

 
Note. Ref ID #, reference ID  number (corresponds with references and ID number in Tables 8 and 9); Exp, experiment number within the publication; Grp, group number within experiment; Base, reported 
dose of copper; BW, body weight; Cu, copper;  ppm, parts per million; mg/ml, milligrams of copper per milliliter of water; mg/d, milligrams of copper per day; mg/L, milligrams of copper per liter of water; 
mg/kg f, milligrams of copper per kilogram of feed; µg /g f , micrograms of copper per gram of feed; g/kg f, grams of copper per kilogram of feed;  µmol/kg f, micromoles of copper per kilogram of feed; 
µg/ml, micrograms of copper per millimeter of water; mg/1000kcal, milligrams of copper per 1000 kilocalories.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

APPENDIX F: COPPER DATABASE ð DEFINED BY RESPONSES TO ELEV ATED AND DEFICIENT COPPER 
INTAKE  
 
Table F1: Responses Associated with Studies on Copper Excess 

 
Reference 

 
Species 

 
Copper species/ study type/ 
exposure route/duration/sex 

 

 
Effects 

 
Dose groups 

 
Severity 

scores 

 
Group Size 

Alissa et al., 2004 Rabbits NS/ Subchronic / Dietary / 84 days 
/ Males 

Increased body weight, 
increased plasma copper, 
increase liver copper, 
increased liver zinc, increased 
zinc in aorta, increased liver 
enzyme activity,  

3.7 mg/d 
350 mg/d 

0 
3 

8 
8 

Araya et al. 2003 Humans CuSO4 / Acute / Drinking water / 1 
time dose / Both Males & Females 
 

Increased antral area and 
nausea 

0 mg/l 
10 mg/l 

0 
4 

30 
 
 

Araya et al. 2003b Humans CuSO4/ Acute / Drinking water / 1 
dose / Females 

Increased nausea 0 mg/l 
2 mg/l 
4 mg/l 
6 mg/l 
8 mg/l 

0 
0 
0 
4 
4 

269 
 
 
 
 
 

Araya et al. 2003c Humans CuSO4 / Subchronic / Drinking 
water / 60 days / Both Males & 
Females 

GI symptoms 0.01 mg/l 
2  mg/l 
4 mg/l 
6 mg/l 

0 
0 
0 
4 

60 
 
 
 
 

Araya et al. 2004 Humans CuSO4 / Subchronic / Drinking 
water / 60 days / Both Males & 
Females 

GI symptoms  0.02 mg/l 
2  mg/l 
4 mg/l 
6 mg/l 

0 
0 
0 
4 

343 
327 
355 
340 

 

Armstrong et al. 
2004 

Pigs CuSO4 & CuCit / Dietary / 40 days / 
Both Males & Females 

Improved growth rate and 
feed efficiency 

10 ppm 
135 ppm 
260 ppm 

 

0 
3 
3 
 

66 
66 
66 

 



 

 

15 ppm 
46 ppm 
77 ppm 

140 ppm 

0 
0 
0 
3 

66 
66 
66 
66 

 

Baker et al., 1999 Humans CuSO4 / Subacute / Capsule / 42 
days 

No effect of copper 
supplementation on 
biochemical markers of bone 
metabolism 

0 mg/day 
3 mg/day 
6 mg/day 

0 
0 
0 

12 
12 
12 

 
 

Baker et al., 1999 Humans CuSO4 / Subacute / Capsule / 42 
days 

No effect of copper 
supplementation on 
biochemical markers of bone 
metabolism 

1.6 mg/day 
6.0 mg/day 

0 
0 

11 
11 

 
 
 

Becaria et al., 2006 Mice CuSO4 / Subchronic / Drinking 
water / 84 days / Males 

Increased serum TNF alpha 
levels, increased MDA levels 
in brain 

0 ppm 
2 ppm 

0 
3 

6 
6 
 
 

Cristofori et al., 1992 Rats NS / Chronic / Dietary / 210 days / 
Males & Females 
 
 
NS / Chronic / Dietary / 350 days / 
Males & Females 

Increased liver, kidney and 
skeletal Cu and increased liver 
ALT. 
 
Increased liver, kidney and 
skeletal Cu and increased 
serum ALP. 

5 ppm 
200 ppm 

 
 

5 ppm 
200 ppm 

0 
2 
 
 

0 
2 

10 
10 

 
 

10 
10 

 
 

Cromwell et al., 
1989 

Pigs CuSO4 / Subacute / Dietary / 28 
days 
 
 
 
CuO / Subacute / Dietary / 28 days 

Increased weight gain, 
decrease in feed intake/body 
weight gain ratio and 
increased liver copper burden. 
 
No effects.  

0 ppm 
125 ppm 
250 ppm 

 
 

0 ppm 
125 ppm 
250 ppm 

0 
3 
3 
 
 

0 
0 
0 

8 
8 
8 
 
 

8 
8 
8 
 

Cunnane et al., 1985 Rats NS / Subchronic / Dietary / 84 days Increase in body weight; 6 mg/kg/day 0 10 



 

 

decrease in liver and heart 
weight; and altered levels of 
blood lipids. 

250 mg/kg/day 3 10 
 
 
 

Davis 2002b Pigs NS / Subacute / Dietary / 10 days / 
Males & Females 

Increased body weight 20 ppm 
195 ppm 

0 
3 

54 
54 

 

Fuentealba et al., 
1989 

Rats NS / Subacute / Dietary / 7 days 
 
 
NS / Subacute / Dietary / 28 days 
 
 
NS / Subchronic / Dietary / 56 days 
 
 
NS / Subchronic / Dietary / 84 days 
 
 
NS/ Chronic / Dietary / 112 days 
 

Liver necrosis and increased 
liver Cu burden. 
 
Liver necrosis and increased 
liver Cu burden. 
 
Liver necrosis and increased 
liver Cu burden. 
 
Liver necrosis and increased 
liver Cu burden. 
 
Liver necrosis and increased 
liver Cu burden. 

20 ppm 
1500 ppm 

 
20 ppm 

1500 ppm 
 

20 ppm 
1500 ppm 

 
20 ppm 

1500 ppm 
 

20 ppm 
1500 ppm 

0 
4 
 

0 
4 
 

0 
4 
 

0 
4 
 

0 
4 

4 
4 
 

4 
4 
 

4 
4 
 

4 
4 
 

4 
4 
 

Fuentealba et al., 
2000 

Rats CuSO4/Chronic/Dietary/126 days Increased liver Cu, decreased 
hepatic metallothein, altered 
levels of Alanine Amine 
Transferase and sorbitol 
dehydrogenase 

0 ppm 
1500 ppm 

0 
3 

5 
5 
 
 
 
 

Giovanetti et al., 
1998 

Mice CuSO4 / Subacute / Dietary / 28 
days 

Altered levels of GSSG, 
gluthione content, Cu-Zn 
SOD, and Cu burden in the 
lungs.  Altered lung weight.  
Altered liver copper burden 
and weight.     

4.98 ppm 
200 ppm 

0 
3 

6 
6 
 
 
 
 
 

Goldschmith et al., 
2005 

Rats ð A CuSO4 / Subacute / Drinking Water 
/ 20 days / Males & Females 

Increased brain copper, 
reduced synaptic sensibility 
and facilitation capacity (brain 

0.12 mg/d 
12.12 mg/d 

0 
4 

23 
23 



 

 

function) 
 

Gurel et al., 2007 Rats  NS / Subchronic / Drinking water / 
60 days / Females 

Increased liver, kidney and 
lung copper, increased MT 
levels in brain and kidney and 
increased apoptotic index in 
liver 
  

0 mg/l 
100 mg/l 
400 mg/l 

0 
4 
4 

8 
8 
8 
 

Gross et al., 1989 Rats  Cu(CH3COO)2 / Chronic / Drinking 
Water/ 252 days 

Altered liver copper burden, 
levels of liver function 
parameters and liver function.  
 

0% 
0.0125% 

0 
3 

9 
9 

Haywood et al., 1980 Rats NS/Subacute/Dietary/7days 
 
 
NS/Subacute/Dietary/14days 
 
 
NS/Subacute/Dietary/21days 
 
 
 
NS/Subchronic/Dietary/42days 
 
 
 
NS/Subchronic/Dietary/63days 
 
 
 
NS/Subchronic/Dietary/105days 

Increased liver and kidney Cu 
 
 
Increased liver and kidney Cu, 
liver histopathology. 
 
Increase liver and kidney Cu, 
liver and kidney 
histopathology 
 
Increase liver and kidney Cu, 
liver and kidney 
histopathology 
 
Increase liver and kidney Cu, 
liver and kidney 
histopathology 
 
Increase liver and kidney Cu, 
liver and kidney 
histopathology 
 

0 ppm 
2000 ppm 

 
0 ppm 

2000 ppm 
 

0 ppm 
2000 ppm 

 
 

0 ppm 
2000 ppm 

 
 

0 ppm 
2000 ppm 

 
 

0 ppm 
2000 ppm 

0 
1 
 

0 
4 
 

0 
4 
 
 

0 
4 
 
 

0 
4 
 
 

0 
4 

4 
4 
 

4 
4 
 

4 
4 
 
 

4 
4 
 
 

4 
4 
 
 

4 
4 

Haywood et al., 1985 Rats NA / Subacute,/ Dietary / 7days 
 
 
 

Necrobiotic changes in liver in 
highest dose group, increased 
liver copper burden. 
 

10 mg/kg 
3000 mg/kg 
4000 mg/kg 
5000 mg/kg 

0 
1 
1 
1 

4 
4 
4 
4 



 

 

 
 
NA/Subacute/Dietary/14 days 
 
 
 
 
 
NA/ Subacute/Dietary/21 days 
 
 
 
 
 
NA/Subacute/Dietary/28 days 
 
 
 
 
 
NA/Subchronic/Dietary/35 days 
 
 
 
 
 
NA/Subchronic/Dietary/42 days 
 
 
 
 
 
NA/Chronic/Dietary/105 days 

 
 
Liver and kidney 
histopathology. Increased 
copper burden in liver and 
kidney. 
 
 
Liver and kidney 
histopathology. Increase 
copper burden in liver and 
kidney. 
 
 
Liver and kidney 
histopathology. Increase 
copper burden in liver and 
kidney. 
 
 
Kidney and liver 
histopathology, extensive 
necrosis in liver at 6000 
mg.kg, increased liver and 
kidney copper. 
 
Kidney and liver 
histopathology, chronic 
hepatitis at 6000 mg/kg.  
Increased liver and kidney 
copper. 
 
Kidney and liver 
histopathology, chronic 
hepatitis at 6000 mg/kg.  
Increased liver and kidney 
copper. 

6000 mg/kg 
 

10 mg/kg 
3000 mg/kg 
4000 mg/kg 
5000 mg/kg 
6000 mg/kg 

 
10 mg/kg 

3000 mg/kg 
4000 mg/kg 
5000 mg/kg 
6000 mg/kg 

 
10 mg/kg 

3000 mg/kg 
4000 mg/kg 
5000 mg/kg 
6000 mg/kg 

 
10 mg/kg 

3000 mg/kg 
4000 mg/kg 
5000 mg/kg 
6000 mg/kg 

 
10 mg/kg 

3000 mg/kg 
4000 mg/kg 
5000 mg/kg 
6000 mg/kg 

 
10 mg/kg 

3000 mg/kg 
4000 mg/kg 
5000 mg/kg 
6000 mg/kg 

4 
 

0 
4 
4 
4 
4 
 

0 
4 
4 
4 
4 
 

0 
4 
4 
4 
4 
 

0 
4 
4 
4 
5 
 

0 
4 
4 
4 
5 
 

0 
4 
4 
4 
5 

4 
 

4 
4 
4 
4 
4 
 

4 
4 
4 
4 
4 
 

4 
4 
4 
4 
4 
 

4 
4 
4 
4 
4 
 

4 
4 
4 
4 
4 
 

4 
4 
4 
4 
4 
 



 

 

Hebert, 1993 Rats 
 
 
 
 
 
 
Mice 
 
 
 
 
 
 
Rats 
 
 
 
 
 
 
Mice 
 
 
 
 
 
 
 
 
Rats 
 
 
 
 
 
 
 

CuSO4/Subacute/Drinking Water/15 
days/Males 
 
 
 
 
 
CuSO4/Subacute/Drinking Water/15 
days/Males 
 
 
 
 
 
CuSO4/Subacute/Drinking Water/15 
days/Females 
 
 
 
 
 
CuSO4/Subacute/Drinking Water/15 
days/Females 
 
 
 
 
 
 
 
CuSO4/Subacute/Dietary/15 days / 
Males 
 
 
 
 
 
 

Decreased body weight, 
decreased longevity at 3000 
and 10000ppm. 
 
 
 
 
Altered all body tissue 
histopathology and body 
weight at three highest doses.  
Decreased longevity at 3000 
and 10000 ppm. 
 
 
Decreased longevity at 10000 
and 30000 ppm.   Altered 
body weight at three highest 
doses.  
 
 
 
Decreased final body weight, 
decreased kidney, liver and 
altered tissue histopathology  
in three highest dose groups. 
Decreased longevity at 10000 
and 30000 ppm. Altered brain 
and lung weights at 4 highest 
dose groups. 
 
Increased liver and kidney 
copper at highest dose group. 
Lower liver weight, 
inflammation of liver, 
depletion of cells in bone 
marrow at the 2 highest dose 
groups. 
 

0 ppm 
300 ppm 

1000 ppm 
3000 ppm 

10000 ppm 
30000 ppm 

 
0 ppm 

300 ppm 
1000 ppm 
3000 ppm 

10000 ppm 
30000 ppm 

 
0 ppm 

300 ppm 
1000 ppm 
3000 ppm 

10000 ppm 
30000 ppm 

 
0 ppm 

300 ppm 
1000 ppm 
3000 ppm 

10000 ppm 
30000 ppm 

 
 
 

0 ppm 
1000 ppm 
2000 ppm 
4000 ppm 
8000 ppm 

16000 ppm 
 
 

0 
0 
0 
3 
6 
6 
 

0 
0 
0 
4 
6 
6 
 

0 
0 
0 
3 
6 
6 
 

0 
0 
3 
4 
6 
6 
 
 
 

0 
0 
0 
0 
4 
4 
 
 

5 
5 
5 
5 
5 
5 
 

5 
5 
5 
5 
5 
5 
 

5 
5 
5 
5 
5 
5 
 

5 
5 
5 
5 
5 
5 
 
 
 

5 
5 
5 
5 
5 
5 
 
 



 

 

Rats 
 
 
 
 
 
 
Mice 
 
 
 
 
 
 
Mice 
 
 
 
 
 
 
Rats 
 
 
 
 
 
 
 
 
Rats 
 
 
 
 
 
 
Mice 

CuSO4/Subacute/Dietary/15 days / 
Females 
 
 
 
 
 
CuSO4/Subacute/Dietary/15 days / 
Males 
 
 
 
 
 
CuSO4/Subacute/Dietary/15 days / 
Females 
 
 
 
 
 
CuSO4/Subchronic/Dietary/92 days 
/ Males 
 
 
 
 
 
 
 
CuSO4/Subchronic/Dietary/92 days 
/ Females 
 
 
 
 
 
CuSO4/Chronic/Dietary/92 days / 

Inflammation of liver and 
depletion of cells in bone 
marrow at the two highest 
dose groups.  Significantly 
lower liver weight at the three 
highest dose groups. 
 
Increased brain weights at the 
two highest dose groups.  
Increased liver weights and 
forestomach hyperplasia at the 
three highest dose groups. 
 
 
Increased brain and liver 
weights at the highest dose 
groups.  Forestomach 
hyperplasia at the three 
highest dose groups. 
 
 
Altered hematrocrit, 
hemoglobin, at the 2 highest 
doses.  Altered mean cell 
volume and hemoglobin at the 
3 highest doses. Altered 
erythrocytes, reticulocytes at 
the highest dose group.  
 
 
 Altered hematocrit and 
hemoglobin at highest dose 
group.  Altered mean cell 
volume and hemoglobin at the 
three highest dose groups.  
 
 
Altered heart and kidney 

0 ppm 
1000 ppm 
2000 ppm 
4000 ppm 
8000 ppm 

16000 ppm 
 

0 ppm 
1000 ppm 
2000 ppm 
4000 ppm 
8000 ppm 

16000 ppm 
 

0 ppm 
1000 ppm 
2000 ppm 
4000 ppm 
8000 ppm 

16000 ppm 
 

0 ppm 
500 ppm 

1000 ppm 
2000 ppm 
4000 ppm 
8000 ppm 

 
 
 

0 ppm 
500 ppm 

1000 ppm 
2000 ppm 
4000 ppm 
8000 ppm 

 
0 ppm 

0 
0 
0 
3 
4 
4 
 

0 
0 
0 
4 
4 
4 
 

0 
0 
0 
4 
4 
4 
 

0 
1 
3 
4 
4 
4 
 
 
 

0 
1 
3 
4 
4 
4 
 

0 

5 
5 
5 
5 
5 
5 
 

5 
5 
5 
5 
5 
5 
 

5 
5 
5 
5 
5 
5 
 

5 
5 
5 
5 
5 
5 
 
 
 

5 
5 
5 
5 
5 
5 
 

5 



 

 

 
 
 
 
 
 
Mice 

Males 
 
 
 
 
 
CuSO4/Chronic/Dietary/92 days / 
Females 
 
 

weights at highest dose group.  
Altered liver weight and 
forestomach hyperplasia at 
three highest dose groups. 
 
 
Altered kidney and thymus 
weights at the highest dose 
group.  Altered liver weight at 
the two highest dose groups.  
Forestomach hyperplasia at 
the three highest dose groups. 

1000 ppm 
2000 ppm 
4000 ppm 
8000 ppm 

16000 ppm 
 

0 ppm 
1000 ppm 
2000 ppm 
4000 ppm 
8000 ppm 

16000 ppm 
 

0 
0 
4 
4 
4 
 

0 
0 
0 
4 
4 
4 
 

5 
5 
5 
5 
5 
 

5 
5 
5 
5 
5 
5 
 

Jantsch et al., 1985 Humans CuSO4 / Acute / Dietary / 1 dose Hepatoxicity 
 

250 g/day 4 1 

Jones et al., 1997 Humans Copper as glycine-chelate / Subacute 
/ Capsule / 28 days 

No effect on blood copper 
enzyme activities and 
indicators of cardiovascular 
disease risk 
 

0 mg/day 
2 mg/day 

0 
0 

20 
20 

Kvietkauskaite et al., 
2004 

Mice CuSO4 / Subchronic / Drinking 
water / 133 days / Males 

Decreased body weight, 
decreased liver weight, 
increased liver copper, 
decreased protein in liver, 
increased cytosis SOD 
activity, increased liver catalase 
activity , decreased cells of the 
immune system 
 

0 mg/kg bw/d 
22 mg/kg bw/d 
42 mg/kg bw/d 

0 
3 
3 

10 
10 
10 

Lai et al., 2005 Rats  CuSO4 / Subacute / Drinking water 
/ 7 days / Males  

Decreased calcium in femoral 
diaphyseal 

0 µg/mL  
50 µg/mL  

100 µg/mL  
200 µg/mL  

 

0 
0 
0 
3 

6 
6 
6 
6 

Massie et al., 1984 Mice C12H22CuO14 / Chronic / Drinking 
Water / 906 and 776 / Males 

Altered body weight.  Altered 
serum, liver, kidney, brain and 
cardiovascular levels of 
copper.  Decreased lifespan. 

0 ppm 
317 ppm 

0 
6 

8 
8 



 

 

 

Mullins et al., 1998 Rats CuSO4 / Subchronic / Dietary / 42 
days / Males 

Altered levels of 
metallothionein in liver, 
duodenum and kidney. 
 

10 mg/kg 
1500 mg/kg 

0 
2 

 

Murthy et al., 1981 Rats CuSO4 / Subacute / Dietary / 30 days Increase dopamine, 
norepinephrine, 5-
hydroxytrptamine and Cu in 
brain  
 

0 mg/day 
5 mg/day 

0 
3 

6 
6 

OõConnor et al., 
2003 

Humans CuSO4 & Cu Glycine Chelates / 
Subacute / Capsule / 42 days / Males 
& Females 

Increased serum dioxides, 
increased WBC cytochrome 
oxidase 

1.23 mg/day 
4.23 mg/day 
1.23 mg/day 
4.23 mg/day 
1.23 mg/day 
7.23 mg/day 

0 
1 
0 
1 
0 
1 

15 
15 
15 
15 
15 
15 

 

OõDonohue et al., 
1993 

Humans NS / Chronic / Capsule / 1095 days 
/ Male 

Liver cirrhosis  45 mg/day 4 1 
 
 

Ozcelik et al., 2002 Rats ð A CuSO4 / Subchronic / Drinking 
Water / 54 days / Males & Females 

Decreased erythrocyte 
deformability, decreased Hb, 
decreased erythrocyte count, 
increased serum copper, 
increased blood viscosity  

0 µg / mL  
250 µg/mL  

0 
3 
 

7 
7 
 
 
 
 

Pizarro et al., 1999b Humans CuSO4 / Subchronic / Drinking 
Water / 77 day / Females 

Increased GI symptoms 0 mg/l 
1 mg/l 
3 mg/l 
5 mg/l 

0 
0 
4 
4 

60 
60 
60 
60 

 

Pratt et al., 1985 Humans C12H22CuO14 / Subchronic / Capsule 
/ 84 days 

Decrease in serum potassium 0 mg/day 
10 mg/day 

0 
2 

7 
7 
 

Rana et al., 1980 Rats CuSO4 / Subacute / Dietary / 20 
days / Males 

Altered liver weight, growth 
and body weight. Altered 
hemoglobin, hematocrit and 

0 mg/kg/day 
100mg/kg/day 

0 
4 

10 
10 



 

 

RBC count.  Histopathological 
changes in the liver and kidney 
 

Turnlund et al., 2004 Humans NS / Subacute / Capsule / 18 days / 
Males 

Increased superoxide 
dismutase, increased Cp 
activity, increased 
Benzylamine oxidase activity, 
increased urinary copper, 
increased hair copper 
 

7.8 mg/d 2 11 
 

Zhang et al., 2000 Rats CuSO4 / Subchronic / Capsule / 40 
days / Both Males & Females 

Altered copper burden, serum 
ALT, liver SOD, RBC SOD 
activity, liver gluthione 
peroxidise activity, liver MDA 
and serum MDA 
 

0 mg/kg/day 
500 mg/kg/day 

0 
3 

4 
4 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

Table F2: Responses Associated with Studies on Copper Deficiency  

 
Reference 

 
Species 

 
Copper species/ study type/ 

exposure route/duration 
 

 
Effects 

 
Dose groups 

 
Severity 

scores 

 
Group Size 

Ajayi et al. 2005 Rats CuCO3 / Subchronic / Dietary / 
42 days / Males 

Impaired body weight, 
depigmentation of hair, 
reduced packed cell volume, 
reduced white blood cell count, 
altered metabolism as reflected 
by liver and kidney content of 
trace elements 
 

0.06 mg/kg 
20.03 mg/kg 

3 
0 

5 
5 

Allen et al., 1978 Rats CuSO4 / Subchronic / Dietary / 
63 days / Males 

Altered levels of cholesterol, 
hematocrit, body weight,  liver 
Cu burden, heart weight and 
heart weight to body weight 
ratio 
 

0.57 µg 
5 µg 

3 
0 

10 
10 

 

Allen et al., 1988 Rats NS / Subchronic / Dietary / 49 
days / Males 

Altered levels of renal, liver and 
arteriole GSH, liver SOD and 
liver GSH-PX 
 

0.2 µg 
10 µg 

2 
0 

8 
8 

Allen et al., 1978 Rats CuSO4 / Chronic / Dietary / 
168 days / Males 

Altered cholesterol metabolism 0.57 µg/g 
5 µg/g 

2 
0 

10 
10 

 

Allen et al., 1996 Rats CuCO3 / Chronic / Dietary / 
140 days / Males 

Altered hematocrit, 
ceruloplasmin body weight, 
growth efficiency, growth 
potential index, liver weight, 
liver weight to body weight 
ratio, heart weight to body 
weight ratio, kidney weight to 
body weight ratio and Cu levels 
in the spleen, liver, kidney and 
cardiovascular system 
 

5.79 mg/kg 
0.46 mg/kg 

0 
3 

5 
5 



 

 

Andersen et al., 2007 Rats CuSO4 / Subchronic / Dietary / 
49 days / Females 

Decreased serum copper and 
iron, decreased liver iron and 
copper   

5 mg/kg 
2.5 mg/kg 

0.75 mg/kg 

0 
3 
3 

8 
8 
8 
 

Arce et al., 1992 Mice CuSO4 / Subchronic / Dietary / 
39 days / Females 

Altered hematocrit, liver iron 
content and ceruloplasmin.   

1 ppm 
10 ppm 

2 
0 

21 
21 

 

Auclair et al., 2006 Mice CuCO3 / Subchronic / Dietary / 
84 days / Males 

Decreased copper 
concentration, decreased 
plasma Cp activity, decreased 
hematocrit, decreased 
hemoglobin, altered mean cell 
volume, decreased mean 
cellular hemoglobin 
concentration 
 

6 ppm 
0.5 ppm 

0 
3 

16 
16 

Baker et al., 1999 Humans CuSO4 / Subchronic / Dietary / 
42 days / Males 

Altered levels of urinary 
pyridinoline and 
deoxypyridinoline 
 

1.6 mg/day 
0.7 mg/day 

0 
2 

11 
11 

Bala et al., 1992 Pig NS / Subchronic / Dietary / 77 
days / Males & Females 

Altered heart weight, serum 
and liver copper burden and 
mononuclear cell reactivity. 
   

0.8 mg/kg/day 
6.4 mg/kg/day 

3 
0 

6 
6 

Bala et al., 1990 Rats CuCO3 / Subchronic / Dietary / 
35 days/ Males 
 
CuCO3 / Subchronic / Dietary / 
56 days / Males 

Altered levels of heart weight 
to body weight ratio, immune 
functioning indicators and 
mitogen reactivity 

0.6 µg/g 
6 µg/g 

 
0.6 µg/g 

6 µg/g 

3 
0 
 

2 
0 

13 
13 

 
13 
13 

 

Bode et al., 1992 Rats CuSO4 / Subacute / Dietary / 28 
days / Males 

Altered body weight; 
hematocrit; Cu burden in 
skeletal muscle, kidney, liver 
and serum; heart weight, 
cholesterol, ceruloplasmin, 
respiration rate in liver and 
kidney and liver acceptor 
control index  

0.4 g/kg 
5.2 g/kg 

3 
0 

16 
16 



 

 

 

Bremmer et al., 1987 Rats CuSO4 / Subchronic / Dietary / 
42 days / Males 

Altered liver and serum Cu 
burden; gluthione peroxidase in 
liver, kidney MT-I and body 
weight. 
 

0.15 mg/kg/day 
10 mg/kg/day 

3 
0 

8 
8 

Chen et al., 2002 Rats NS / Subchronic / Dietary / 35 
days / Males 

Decreased body weight and 
heart weight, decreased heart 
weight to body weight ratio, 
decreased liver SOD activity, 
altered mitochondrial 
respiration in presence of 
NADH  
 

7.19 mg/kg 
0.78 mg/kg 

0 
3 

7 
8 

Cockell et al., 2005 Rats NS / Subacute / Dietary / 30 
days / Males 

Decreased liver copper, 
decreased total SOD, decreased 
plasma copper, decreased 
plasma iron, decreased plasma 
carbonyl 
 

6 mg/kg 
0.5 mg/kg 

0 
3 

30 
30 

Cunnane et al., 1985 Rats NS / Subchronic / Dietary / 84 
days / Males 

Altered liver and body weight; 
liver weight to body weight 
ratio; heart weight to body 
weight ratio; plasma Cu; 
phospholipid fatty acid 
composition in the plasma, 
liver and heart; and liver 
triglyceride fatty acid 
composition. 
 

1 mg/kg/day 
6 mg/kg/day 

3 
0 

10 
10 

Davidson et al., 1992 Rats CuCO3 / Subchronic / Dietary / 
35 days / Males 

Altered body weight, heart 
weight, heart weight to body 
weight ratio, liver SOD, 
hematocrit, cardiovascular 
histopathology, heart rate and 
EKG variables  
 

6.2 µmol/kg 
92.4 µmol/kg 

3 
0 

6 
6 

Davis et al., 2002 Rats NS / Subacute / Dietary / 28 Decreased cp activity, 5.3 µg/g 0 9 



 

 

days / Males decreased copper concentration 
in plasma and liver 
 

0.8 µg/g 2 9 

Davis et al., 2003 Humans CuSO4 / Subacute / Dietary / 42 
days / Males 

Decreased fecal copper 
concentration, increased in 
vitro production of hydroxyl 
radicals, increased intestinal 
phosphatase activity in fecal 
water 
  

2.59 mg/d 
0.59 mg/d 

0 
3 

17 
17 

DiSilvestro et al., 
1992 

Rats CuSO4 / Subchronic / Dietary / 
42 days / Males 

Altered levels of plasma 
caeruloplasmin and liver copper 
burden in the two highest dose 
groups.  Altered body weight, 
heart weight to body weight 
ratio, hemoglobin and plasma 
cholesterol in highest dose 
group 
 

8 ppm 
2.5 ppm 
0.2 ppm 

0 
2 
3 

16 
16 
16 

Dong et al., 2005 Rats CuSO4 / Subchronic / Dietary / 
35 days / Males 

Decreased liver & kidney 
copper, increased heart weight, 
increased contractility, altered 
IGF levels, decreased 
hematocrit, increased liver iron 
 

6 mg/kg 
0.5 mg/kg 

0 
4 

10 
10 

Falcone et al., 2005 Rats CuSO4 / Chronic / Dietary / 
180 days / Males 

Decreased kidney copper 5.88 mg/kg 
2.94 mg/kg 
1.62 mg/kg 

0 
0 
1 

9 
9 
8 
 

Fields et al., 1997 Rats NS / Subacute / Dietary / 28 
days / Males & Females 

Altered body weight; liver 
weight to body weight; 
pancreas weight; liver and 
pancreatic Cu burden; lipid 
peroxidation; amylase activity, 
lipase and insulin in the 
pancreas; and plasma insulin 
levels 
 

0.6 µg/g 
6 µg/g 

3 
0 

10 
10 



 

 

Giovanetti et al., 
1998 

Mice CuSO4 / Subacute / Dietary / 28 
days / Males 

Altered body weight; liver and 
respiratory system Cu burden 
and levels of Cu-Zn SOD and 
GSSG in the respiratory system 
 

0.44 ppm 
4.98 ppm 

3 
0 

36 
36 

Gitlin et al., 1992 Rats NS / Subacute / Dietary / 28 
days / Males and Females 

Altered levels of ceruloplasmin 
and serum Cu 
 

0.6 mg/kg/day 
6 mg/kg/day 

2 
0 

4 
4 

Gobejishvili et al., 
2002 

Rats CuSO4 / Subacute / Dietary / 28 
days / Males 

Decreased hematocrit, 
decreased copper in liver, 
Reduce time to 50% relaxation 
induced by L-arginine 
 

5.6 mg/kg 
0.33 mg/kg 

0 
4 

21 
21 

Goodman et al., 
1973 

Rats CuSO4 / Subchronic / Drinking 
Water / 60 days / Males 

Altered heart weight, heart 
weight to body weight ratio and 
cardiovascular histopathology. 
 

0 mg/L 
40 mg/L 

3 
0 

4 
6 

Gordon et al., 2005 Rats CuSO4 / Subacute / Dietary / 28 
day / Males 

Decreased liver copper, altered 
mean fluorescent intensity in 
neutrophils, altered size and 
shape of neutrophils 
 

6.18 mg/kg 
0.29 mg/kg 

0 
3 

4 
4 

Hamilton et al., 2000 Mice NS / Subchronic / Dietary / 98 
days / Males 

At the two lowest dose groups, 
altered heart weight; liver  and 
kidney weight; liver and kidney 
copper, enzyme activities in the 
liver and kidney; aortic lesions; 
cholesterol and triglyceride 
levels; and ceruloplasmin 
oxidase activity 
 

0.6 mg/kg/day 
2 mg/kg/day 
6 mg/kg/day 

4 
4 
0 

12 
12 
11 

Harvey et al., 2003 Humans CuCl2 / Subacute / Dietary / 56 
days / Males 

Decreased loss of endogenous 
copper stores 

6 mg/d 
1.6 mg/d 
0.7 mg/d 

0 
1 
1 

12 
12 
12 

 

Hopkins et al., 1995 Rats CuCO3 / Chronic / Dietary / 
161 days / Males and Females 

Altered serum Cu burden; 
hemoglobin; mitogen and 
mononuclear cell activity in the 

2.8 mg/kg/day 
6.6 mg/kg/day 

3 
0 

5 
5 



 

 

spleen and neutrophil activity 
 

Johnson et al., 1993 Rats NS / Subchronic / Dietary / 35 
days / Males  

Altered ceruloplasmin activity; 
plasma Cu burden; RBC SOD 
activity; liver Cu burden; liver 
cytochrome C oxidase activity 
and platelet cytochrome-C 
oxidase activity in the four 
lowest dose groups.  Altered 
levels of Cu-Zn SOD in liver in 
the three lowest dose groups.  
Altered red cell distribution 
width, hematocrit and 
hemoglobin in the two lowest 
dose groups 
 

0.2 µg/g 
1 µg/g 
2 µg/g 
3 µg/g 
4 µg/g 

3 
3 
2 
2 
0 

10 
10 
10 
10 
10 

Johnson et al., 2004 Rats CuSO4 / Subacute / Dietary / 35 
days / Males 

Decreased liver copper, 
decreased liver iron, decreased 
body weight, decreased 
hemoglobin & hematocrit, 
decreased amine oxidase, lower 
CCO activity in mitochondria, 
increased HO-1 content in 
liver, increased HO-1 in heart 
 

5.4 mg/kg 
0.3 mg/kg 

0 
3 

10 
10 

Johnson et al., 2005 Rats CuSO4 / Subchronic / Dietary / 
42 days / Males 

Decreased liver & kidney 
copper, decreased liver CCO, 
decreased Cp, increased 
hemoglobin, decreased  et heart 
weight, decreased SOD 

6 mg/kg 
3 mg/kg 

2.5 mg/kg 
2 mg/kg 

1.5 mg/kg 
1 mg/kg 

0.63 mg/kg 

0 
1 
1 
1 
2 
2 
3 

7 
7 
7 
7 
7 
7 
7 
 

Kang et al., 2000 Mice NS / Subchronic / Dietary / 35 
days / Males & Females 

Altered Cu-Zn SOD; 
ceruloplasmin; heart weight; 
body weight; Cu burden in the 
liver and cardiovascular system; 
and gene expression in the 

0.35 mg/kg/day 
6 mg/kg/day 

3 
0 

10 
10 



 

 

cardiovascular system 
 

Karimbakas et al., 
1988 

Mice NS / Subacute / Dietary / 21 
days / Males 

Altered body weight; heart 
weight; spleen weight; thymus 
weight; ceruloplasmin; Cu 
burden; hemoglobin; 
hematocrit; RBC Cu-Zn SOD 
activity; neutrophil count, 
lymphocyte count, lung Cu-Zn 
SOD, Ly-6g levels in immune 
system and respiratory myelo-
peroxidase activity  
 

1.05 µg/g 
6.4 µg/g 

3 
0 

6 
6 

Kelley et al., 1995 Human NA / Subacute / Dietary / 24 
days / Males 

Altered levels of lymphocytes  
 

0.66 mg/day 2 11 

Klaahsen et al., 2007 Rats CuCO3 / Subchronic / Dietary / 
35 days / Males 

Decreased final heart weight, 
decreased body weight and 
heart weight to body weight 
ratio, decreased hematocrit, 
decrease CU SOD in liver 
  

6 mg/kg 
0 mg/kg 

0 
3 

4 
4 

Klevay et al., 1981 Rats CuSO4 / Subchronic / Dietary / 
35 days / Males 

Altered EKG variables, plasma 
cholesterol and longevity 
 

0.79 µg/g 
3.79 µg/g 

6 
0 

20 
20 

Klevay et al., 1985 Mice CuSO4 / Chronic / Drinking 
Water / 100 days / Female 

Altered heart rate and Pr 
interval 
 

0 µg/ml 
10 µg/ml 

3 
0 

16 
16 

Klevay et al., 1986 Humans NA / Subchronic / Dietary / 
150 days / Males 

Altered plasma glucose, insulin 
and plasma Cu levels 
 

0.78 mg/day 3 5 

Lai et al., 1994 Rats CuSO4 / Subacute / Drinking 
Water / 28 days / Males 

Altered levels of liver and 
cardiovascular SOD activity; 
liver and cardiovascular SOD 
protein; and liver mRNA 
 

0 µg/ml 
3 µg/ml 

2 
0 

10 
10 

Lai et al., 1995 Humans NA / Subchronic / Drinking 
Water / 28 days / Males 

Altered levels of hematocrit, 
body weight, liver Cu burden, 

0 µg/ml 
3 µg/ml 

3 
0 

10 
10 



 

 

plasma cholesterol, liver 
enzyme activity, cardiovascular 
enzyme activity, liver enzyme 
mRNA and liver protein 
concentration 
 

Lai et al., 1996 Rats CuSO4 / Subacute / Drinking 
Water / 28 days / Males 

Altered hematocrit, body 
weight, heart weight, liver 
weight, Cu burden in the liver 
and liver enzyme activity 
 

0 µg/ml 
3 µg/ml 

3 
0 

10 
10 

Li et al., 2005 Rats NS / Chronic / Dietary / 470 
days / Males 

Decreased kidney and liver 
copper, progressive 
deterioration of heart, swelling 
and disorganization of 
mitochondria in myocardium, 
altered ECG  
 

5.7 mg/kg 
3.1 mg/kg 

1.65 mg/kg 

0 
4 
4 

5 
5 
5 

Li et al., 2005 Rats CuSO4 / Subacute / Dietary / 35 
days / Males 

Decreased liver copper, 
decreased heart copper, 
decreased body weight, 
decreased heart weight, 
decreased hematocrit, 
decreased liver iron 
 

7.28 mg/kg 
2.45 mg/kg 
0.79 mg/kg 
0.37 mg/kg 

0 
3 
3 
3 

4 
8 
7 
4 

Mao et al., 1998 Rats NS / Subchronic / Dietary / 77 
days / Males 

Altered body weight, heart 
weight, hematocrit, liver Cu 
burden and cardiovascular 
histopathology 
 

1 mg/kg/day 
7 mg/kg/day 

3 
0 

4 
4 

Mao et al., 1999 Rats CuCO3 / Subchronic / Dietary / 
84 days / Males  

Altered liver SOD activity, 
altered cardiovascular EKG 
variable 
 

2.7 mg/kg/day 
6.2 mg/kg/day 

3 
0 

5 
5 

Menino et al., 1986 Mice CuCO3 / Subchronic / Dietary / 
60 days / Females 

Altered hemoglobin, 
hematocrit, and body weight at 
the three lowest doses.  Altered 
in vitro blastocyte formation, 

11 ppm 
6 ppm 
5 ppm 
4 ppm 

0 
0 
0 
0 

15 
19 
19 
20 



 

 

fertilization rate and heart 
weight at the two lowest doses 

3 ppm 
2 ppm 
1 ppm 

 

3 
4 
4 

20 
19 
18 

Olin et al., 1994 Rats NS / Subacute / Dietary / 21 
days / Males & Females  

Altered red cell Se-GSHPx 
activity, RBC SOD activity, 
extracellular SOD, SE-GSHPx 
activity, ceruloplasmin, thyroid 
hormone levels, anti-oxidant 
defense, plasma Cu burden, 
brain Cu burden and liver Cu 
burden 
 

7.9 nmol/g 
125.9 nmol/g 

3 
0 

28 
36 

Prohaska et al., 1982 Rats CuSO4 / Subchronic / Drinking 
Water / 35 days / Males 

Altered body weight, heart 
weight, hematocrit, 
ceruloplasmin, Cu burden, 
norepinephrine levels, left 
ventricular pressure, and 
oxygen consumption  
 

0 ppm 
20ppm 

3 
0 

11 
10 

Prohaska et al., 1994 Rats CuSO4 / Subacute / Dietary / 28 
days / Males and Females 

Altered brain weight, body 
weight, hemoglobin, 
ceruloplasmin, liver Cu burden, 
brain Cu burden, 
norepinephrine levels, 
dopamine levels, brain DBM 
activity and adrenal DBM 
activity 
 

0.4 mg/kg/day 
4 mg/kg/day 

3 
0 

17 
17 

Prohaska et al., 1995 Rats CuSO4 / Subchronic / Drinking 
Water / 38.5 days / Males 

Altered heart weight, Cu 
burden in the brain and liver, 
body weight, and liver iron 
 

0 mg/L 
20 mg/L 

3 
0 

4 
4 

Prohaska et al., 2001 Rats CuSO4 / Subacute / Drinking 
Water / 30 days / Females  

Altered body weight, liver Cu 
burden, brain Cu burden, 
adrenal dopamine enzyme 
activity, brain dopamine 
enzyme activity, adrenal Cu-Zn 

20 mg/l/day 
0 mg/l/day 

0 
3 

6 
6 



 

 

SOD, and brain Cu, Zn SOD 
 

Prohaska et al., 2003 Mice & Rats CuSO4 / Subchronic / Drinking 
water / 35 days / Females 

Decreased liver copper, 
decreased liver SOD, decreased 
hematocrit 

20 mg/L 
0 mg/L 

 
20 mg/L 
0 mg/L 

 0 
2 
 

0 
3 

5 
5 
 

5 
5 
 

Rayssiguier et al., 
1993 

Rats CuCO3 / Subchronic / Dietary / 
42 days / Males 

Altered body weight, liver 
weight, heart weight, 
hematocrit, plasma Cu burden, 
plasma triglycerides, plasma 
lipids, plasma APO B, serum 
lipid peroxidation, 
cardiovascular lipid 
peroxidation and liver lipid 
peroxidation 
 

0.6 mg/kg/day 
7.5 mg/kg/day 

3 
0 

12 
12 

Reeves et al., 2005 Rats NS / Subacute / Dietary / 19 
days / Males 
 
NS/ Subacute / Dietary / 19 
days / Females 

In both males and females 
decreased serum copper, 
decreased serum iron, 
decreased serum Cp activity, 
decreased serum SOD activity, 
altered soleus muscle CO1 
activity, decreased hemoglobin, 
decreased MCV, decreased 
RDW, decreased iron 
absorption, decreased iron 
excretion, decreased iron 
transporter protein, decreased 
liver, kidney, duodenal and 
serum copper at deficient dose 
 

5.0 mg/kg 
0.25 mg/kg 

 
5.0 mg/kg 

0.25 mg/kg 

0 
3 
 

0 
3 

8 
8 
 

8 
8 

Rock et al., 1995 Rats CuCO3 / Subchronic / Dietary / 
42 days / Males 

Altered body weight, heart 
weight, hematocrit, RBC SOD 
activity, plasma Cu burden, 
total cholesterol, RBC survival, 
RBC half-life, fluorenscence 

0.6 mg/kg/day 
7.5 mg/kg/day 

3 
0 

10 
10 



 

 

anisotropy, RBC hemolysis and 
RBC TBARS 
 

Saari et al., 1999 Rats NS / Subchronic / Dietary / 35 
days / Males 

Altered liver and heart Cu 
burden and heart weight at the 
three lowest doses.  Altered 
hematocrit, haemoglobin, and 
cardiac resistance, heart rate 
and stroke volume at the 
highest dose 
 

6 ppm 
0.8 ppm 
0.4 ppm 

0 ppm 

0 
3 
3 
3 
 

5 
5 
5 
5 

Saari et al., 2002 (91) Rats CuSO4 / Subchronic / Dietary / 
35 days / Males 

Altered Cu levels in the 
cardiovascular system and the 
liver in the three lowest dose 
groups.  Altered bodyweight, 
heart weight and hematocrit in 
the lowest dose group 
 

0 mg/kg/day 
1.6 mg/kg/day 
3.2 mg/kg/day 
24 mg/kg/day 

3 
1 
1 
0 

4 
7 
8 
4 

Saari et al., 2002 Rats CuSO4 / Subchronic / Dietary / 
35 days / Males 

Altered platelet count in the 
four lowest dose groups. 
Altered RBC distribution width 
in the two lowest dose groups.  
Altered haemoglobin, heart 
weight, neutrophil count and 
haemoglobin in the lowest dose 
group 
 

0.27 mg/kg/day 
1.43 mg/kg/day 
2.92 mg/kg/day 
4.27 mg/kg/day 
6.15 mg/kg/day  

3 
2 
2 
0 
0 

13 
13 
13 
13 
13 

Saari et al., 2007 Rats CuSO4 / Subchronic / Dietary / 
35 days / Males 

Decreased liver copper & iron, 
decreased body and heart 
weight, decreased hematocrit, 
increased cardiac iNOS, altered 
eNOS protein levels, eleated 
total cardiac NOS activity  
 

6 mg/kg 
0.3 mg/kg 

0 
3 

25 
25 

Schuschke et al., 
1995 

Rats NS / Subacute / Dietary / 7 days 
/ Males / 
 
 

Altered bleeding time and liver 
copper burden. 
 
 

6 ppm 
3 ppm 

1.5 ppm 
 

0 
1 
3 
 

5 
5 
5 
 



 

 

NS / Subacute / Dietary / 21 
days / Males 
 
 
NS / Subacute / Dietary 35 days 
/ Males 

Altered bleeding time and liver 
copper burden. 
 
 
Altered bleeding time and liver 
copper burden. 
 

6 ppm 
3 ppm 

1.5 ppm 
 

6 ppm 
3 ppm 

1.5 ppm 

0 
1 
3 
 

0 
3 
3 
 

7 
6 
5 
 

5 
6 
6 

Schuschke et al., 
1999 

Rats CuSO4 / Subacute / Dietary / 28 
days / Males 

Altered erythrocyte Cu, Zn-
SOD activity, aortic Cu, Zn-
SOD activity, hematocrit and 
mean arterial pressure in the 
three lowest doses 
 

0 ppm 
1.5 ppm 

3 ppm 
6 ppm 

3 
3 
3 
0 

6 
5 
6 
5 

Schuschke et al., 
2002 

Rats CuSO4 / Subacute / Dietary / 28 
days / Males 

Decreased body weight, 
decreased liver copper, 
decreased heart weight to body 
weight ratio, greater MPO 
activity in lung and kidney 
 

6.18 mg/kg 
0.29 mg/kg 

0 
3 

5 
5 

Smith et al., 2002 Rats NS / Subchronic / Dietary / 49 
days / Males 

Decreased Cp, decreased 
copper and iron in liver, bone 
mineral density loss in femur 
 

5.7 mg/kg 
1.1 mg/kg 

0 
3 

18 
18 

Sugawara et al., 1999 Rats CuCl2 / Subchronic / Dietary / 
35 days / Males & Females 

Altered liver, kidney, GI Cu 
burden and liver 
metallothionein 
 

0.5 mg/kg/day 
10 mg/kg/day 

2 
0 

5 
5 

Turnlund et al., 1990 Humans CuSO4 / Subchronic / Dietary / 
90 days / Males 

No effects 0.785 mg/day 
1.68 mg/day 

 

1 
0 

11 
11 

Wang et al., 1996 Rats CuCO3 / Subchronic / Dietary / 
42 days / Males 

Altered body weight, liver 
weight heart weight and liver u 
burden.  
 

9.4 µmol/kg 
103.9 µmol/kg 

3 
0 

8 
8 

Welch et al., 2007 Rats NS / Subchronic / Dietary / 60 
days / Males 

Decreased p-phenylenediamine 
oxidase activity in serum, 
decreased serum Cp, decreased 

10.5 mg/kg 
0.43 mg/kg 

0 
3 

5 
5 



 

 

body weight, decreased liver 
copper and iron, iron deposits 
in spleen 
 

Wildman et al., 1995 Rats NS / Chronic / Dietary / 154 
days / Males 

Altered cardiovascular 
histopathology at the two 
lowest doses.  Altered liver Cu 
burden, ceruloplasmin, serum 
Cu burden at the lowest dose 
 

1.3 mg/kg/day 
2.8 mg/kg/day 
6.7 mg/kg/day 

3 
3 
0 

6 
6 
6 

Zeng et al., 2007 Rats CuSO4 / Subchronic / Dietary / 
35 days / Males 

Decreased body weight, 
decreased heart to body weight 
ratio, decreased hemoglobin 
and hematocrit, decreased 
copper in heart and liver, 
perturbed mitochondrial 
function, decreased protein 
expression of COX I, Vb, V1b 
 

6.26 mg/kg 
0.16 mg/kg 

0 
3 

10 
10 
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