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1. CAKE DATA
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Table E - 1: Inorganics Cake Data (mg/kg) 
 

Year As Cd Co Cr Cu Hg Mo Ni Pb Se Zn 

1996 7.70 6.70 1.10 179.10 1191.30 2.04 9.40 40.80 93.50 3.40 769.60 

1996 8.70 4.60 0.70 212.00 1155.00 0.10 10.00 48.00 90.00 1.90 790.00 

1996 5.30 2.70 0.36 238.60 1260.70 0.70 7.90 42.50 99.30 3.00 828.60 

1996 5.60 32.60 0.38 190.80 1042.30 2.10 8.50 34.70 92.70 2.10 788.50 

1996 9.50 6.20 0.48 242.90 1042.90 0.02 4.80 38.40 109.50 6.00 852.40 

1996 8.40 4.50 0.40 231.20 1016.00 2.00 9.20 36.40 106.40 5.40 808.00 

1996 3.70 5.00 0.43 203.50 1104.30 0.10 7.40 44.30 133.50 2.50 1030.40 

1996 7.00 6.70 0.59 269.40 1352.90 0.10 17.60 52.90 154.10 5.00 1141.20 

1996 7.10 5.50 1.18 242.60 1352.60 0.10 10.00 48.90 138.90 3.60 1215.80 

1996 8.30 0.48 0.48 205.20 1133.30 0.60 4.50 32.60 110.50 3.10 976.20 

1996 11.10 4.90 0.50 215.00 1090.00 1.80 7.10 41.70 114.00 4.80 950.00 

1996 9.20 1.05 0.53 226.80 1252.60 1.40 5.00 36.10 122.10 3.40 1078.90 

1996 9.30 8.00 0.50 259.50 1360.00 1.00 4.00 56.00 122.00 5.30 1195.00 

1996 8.00 3.20 0.48 226.70 1123.80 1.60 9.50 43.20 99.50 2.80 966.70 

1996 6.00 4.90 0.38 209.60 1103.80 1.80 11.90 43.80 83.80 2.40 915.40 

1996 6.30 3.90 8.60 269.10 1200.00 0.90 7.00 50.40 110.40 1.60 1039.10 

1997 5.40 3.80 0.42 247.50 1108.00 2.00 4.20 46.70 99.20 1.70 962.50 

1997 6.00 2.60 9.70 240.90 1187.00 1.60 7.00 45.20 101.30 2.10 987.00 

1997 5.50 3.80 0.80 222.50 1116.70 1.70 9.40 40.80 100.00 1.50 950.00 

1997 5.00 3.40 2.50 186.00 1156.00 1.60 2.80 42.00 93.60 0.20 972.00 

1997 5.90 4.40 6.30 247.50 1220.80 2.00 3.80 45.00 117.10 2.20 1075.00 

1997 7.10 2.80 0.43 177.00 921.70 2.20 7.40 29.60 142.60 2.40 747.80 

1997 6.70 4.60 0.38 173.10 976.90 1.70 5.40 30.40 126.50 2.20 773.10 
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Table E-1: Inorganics Cake Data (mg/kg , Continued): 
 

Year As Cd Co Cr Cu Hg Mo Ni Pb Se Zn 

1997 8.60 6.70 0.42 212.10 1354.20 1.80 9.60 46.70 129.60 2.10 1012.50 

1997 5.70 10.30 1.80 181.50 1130.80 1.90 7.30 42.30 115.40 1.70 976.90 

1997 7.70 6.40 3.00 194.30 1100.00 0.10 4.30 44.30 92.20 1.70 865.20 

1997 14.70 7.70 3.70 218.70 1380.00 2.90 6.00 66.70 140.00 3.10 1153.30 

1997 13.80 5.50 1.90 219.50 1136.80 2.00 16.30 54.20 113.70 1.10 889.50 

1997 7.10 5.40 0.53 219.50 1147.40 1.30 15.40 63.20 133.70 2.70 1015.80 

1997 10.60 5.10 0.56 183.90 1172.20 2.10 16.70 51.10 119.40 3.40 983.30 

1997 7.70 3.90 1.40 166.70 1233.30 2.40 17.50 50.00 116.70 3.00 933.30 

1997 9.20 3.60 0.53 145.80 1210.50 0.40 9.20 61.60 106.30 2.90 921.10 

1997 8.80 4.40 1.05 150.50 1173.70 1.50 6.50 46.30 108.40 3.00 878.90 

1997 6.50 5.70 0.95 182.40 1171.40 0.30 14.30 80.50 155.70 3.30 1000.00 

1997 8.50 8.00 0.45 233.60 1104.50 2.20 13.60 63.20 164.50 2.30 940.90 

1997 5.20 9.60 0.43 279.10 1104.30 2.80 15.70 60.90 216.50 2.80 1013.00 

1997 4.00 12.50 0.48 173.30 1228.60 2.90 12.90 75.70 268.10 2.80 1123.80 

1998 9.80 10.00 0.30 256.70 1200.00 2.20 16.70 62.40 210.30 0.60 1048.50 

1998 37.20 3.40 0.56 282.80 1472.20 2.20 15.30 72.80 217.80 3.90 1266.70 

1998 4.76 5.00 0.70 189.00 1090.50 1.50 14.30 55.70 120.50 2.90 857.10 

1998 8.70 2.30 0.43 157.80 1065.20 1.40 8.70 40.90 104.30 2.70 821.70 

1998 4.76 1.30 0.48 151.90 1123.80 1.60 12.40 37.60 114.30 2.70 866.70 

1998 4.17 4.80 0.42 145.40 1183.30 1.40 7.90 36.50 97.90 2.60 850.00 

1998 4.00 2.60 0.40 139.20 1096.00 1.20 6.40 38.60 100.00 3.60 860.00 

1998 9.09 2.90 0.45 145.50 1254.50 2.10 12.70 39.50 100.90 3.30 845.50 

1998 8.40 4.10 0.40 158.00 1296.00 2.50 11.60 38.40 100.00 2.50 868.00 
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Table E-1: Inorganics Cake Data (mg/kg, Continued): 
 

Year As Cd Co Cr Cu Hg Mo Ni Pb Se Zn 

1998 8.00 3.20 0.48 141.20 1172.00 1.40 16.00 39.60 102.00 2.40 848.00 

1998 8.33 1.30 0.42 139.20 1325.00 0.90 6.70 38.80 89.20 2.70 950.00 

1998 8.33 4.80 0.42 142.10 1237.50 1.70 13.30 35.00 114.20 4.30 900.00 

1998 3.85 3.10 0.38 134.60 1107.70 1.90 8.10 45.80 116.20 2.30 907.70 

1998 4.55 4.50 0.45 136.40 1168.20 2.00 12.00 38.90 118.20 2.70 945.50 

1998 4.76 2.60 0.48 115.20 1085.70 2.30 11.40 33.30 99.00 2.30 847.60 

1998 10.00 1.00 0.50 106.00 1050.00 1.60 13.00 36.00 99.00 2.60 680.00 

1998 9.52 0.95 0.48 201.00 1038.00 1.90 13.30 33.80 90.00 0.40 695.20 

1998 5.00 4.40 0.50 167.00 1170.00 0.40 11.00 44.50 100.00 0.40 785.00 

1998 5.00 4.40 0.50 155.00 1150.00 1.70 15.00 55.00 108.00 1.20 905.00 

1998 10.00 3.30 0.50 117.50 1005.00 1.50 9.00 38.00 88.50 3.20 790.00 

1998 10.53 2.90 0.53 114.20 947.40 0.80 18.40 63.20 77.90 3.30 689.50 

1998 5.26 3.10 0.53 118.40 984.20 0.50 7.70 43.90 58.90 2.50 684.20 

1998 4.76 2.70 0.48 152.40 1304.80 0.20 16.20 54.80 82.90 2.60 914.30 

1998 11.10 1.11 0.56 175.60 988.90 2.90 6.70 47.80 84.40 3.20 733.30 

1999 11.10 3.10 0.56 278.90 1222.20 2.30 55.60 . 75.00 4.20 811.10 

1999 10.53 3.20 0.53 146.30 1194.70 0.20 6.30 33.20 105.30 3.70 875.80 

1999 11.11 1.11 2.80 166.70 1255.60 1.70 6.70 45.00 111.10 1.30 922.20 

1999 9.52 3.00 0.48 123.80 1085.70 1.50 12.40 25.20 53.80 3.20 681.00 

1999 10.00 3.90 0.50 123.50 1110.00 2.10 14.00 26.50 40.50 3.00 805.00 

1999 10.00 2.00 0.50 100.50 975.00 1.60 11.50 23.30 43.00 4.70 590.00 

1999 56.10 1.11 0.56 112.80 1100.00 1.80 15.60 25.60 57.80 4.90 688.90 

1999 8.70 4.40 0.43 83.50 708.70 1.40 10.00 18.90 30.40 4.50 639.10 
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Table E-1: Inorganics Cake Data (mg/kg, Continued): 
 

Year As Cd Co Cr Cu Hg Mo Ni Pb Se Zn 

1999 18.30 5.10 3.33 110.00 922.20 1.80 17.20 21.10 28.30 0.40 600.00 

1999 27.60 7.10 2.86 132.40 976.20 1.50 11.90 24.80 36.70 3.60 676.20 

1999 10.00 9.50 1.00 150.00 1125.00 1.60 11.50 30.00 100.00 1.40 913.50 

1999 7.70 6.60 0.91 151.40 1140.90 1.20 20.90 30.00 97.70 1.00 850.00 

1999 7.40 5.50 0.87 118.70 1026.10 2.00 16.10 24.60 81.70 0.09 939.10 

1999 9.80 3.60 4.20 123.70 1173.70 2.50 7.70 25.00 90.50 3.80 984.20 

1999 10.90 2.30 4.10 121.60 1073.70 2.70 10.60 26.60 77.40 3.70 884.20 

1999 7.90 4.60 0.17 75.00 1111.10 2.20 11.70 15.60 81.10 3.70 977.80 

1999 7.50 4.20 1.05 110.00 926.30 1.10 18.40 27.10 91.10 3.20 802.60 

1999 5.60 2.50 1.18 155.30 1229.40 0.90 20.90 35.30 140.60 1.10 958.80 

1999 14.70 6.10 3.50 180.00 1428.60 2.40 25.60 43.60 115.70 3.00 1078.60 

1999 8.30 2.90 0.95 123.80 981.00 2.00 15.20 29.00 83.30 2.20 795.20 

1999 5.10 2.90 7.60 126.20 1019.00 1.50 14.50 17.40 73.80 2.30 842.90 

1999 5.10 2.20 1.11 127.20 1005.60 1.40 15.00 28.60 65.00 2.10 827.80 

1999 6.20 5.00 10.30 155.90 1194.10 1.50 18.80 39.40 70.60 2.10 958.80 

1999 6.25 2.60 1.25 346.30 1306.30 1.80 11.90 54.40 54.40 2.40 1112.50 

2000 7.70 1.18 1.18 245.90 1147.10 1.50 14.10 38.50 54.10 2.00 947.10 

2000 8.20 1.43 1.43 214.30 1464.30 1.90 15.00 37.10 89.30 2.60 1185.70 

2000 5.90 1.00 1.00 175.00 1170.00 1.30 13.50 28.30 55.00 2.30 1050.00 

2000 . 0.91 0.91 156.80 1181.80 2.00 14.50 25.00 65.90 1.90 1045.50 

2000 7.90 3.20 0.91 167.30 1040.90 1.80 11.40 32.60 63.60 2.10 900.00 

2000 7.90 2.70 1.40 159.10 1159.10 4.40 9.10 31.60 187.30 2.00 1059.10 

2000 7.20 4.00 0.95 126.20 1114.30 2.50 12.40 38.60 76.20 5.50 1057.10 
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Table E-1: Inorganics Cake Data (mg/kg, Continued): 
 

Year As Cd Co Cr Cu Hg Mo Ni Pb Se Zn 

2000 6.50 2.90 0.83 116.70 1129.20 2.10 13.80 35.80 87.50 1.60 1000.00 

2000 8.20 2.40 1.05 107.90 1084.20 2.40 8.90 31.30 86.80 3.50 1057.90 

2000 8.80 0.91 0.91 110.90 927.30 1.90 3.60 31.80 80.90 3.30 913.60 

2000 9.50 1.00 1.00 106.00 1040.00 1.90 3.80 34.50 92.00 2.70 1025.00 

2000 8.71 0.95 0.95 120.00 1228.57 2.22 9.52 37.62 90.00 1.90 928.57 

2000 10.11 1.05 1.05 130.53 1242.11 2.10 12.63 42.63 77.89 2.37 994.74 

2000 8.81 9.52 4.76 160.00 1076.19 2.11 16.67 44.10 85.71 2.19 942.86 

2000 7.81 7.69 3.85 125.00 1003.85 1.57 13.85 31.15 80.77 2.23 865.38 

2000 7.90 10.00 5.00 143.00 995.00 2.01 8.50 35.40 94.50 5.90 970.00 

2000 8.00 11.11 5.56 135.56 1027.78 1.81 2.22 31.11 93.89 2.39 961.11 

2000 7.16 10.53 5.26 141.05 1073.68 nv 8.42 31.58 85.79 5.37 866.32 

2000 13.50 12.50 6.25 166.88 1337.50 nv 10.00 35.63 77.50 7.06 931.25 

2000 5.24 11.76 5.88 152.35 1094.12 nv 8.24 31.76 78.24 3.94 935.29 

2000 5.59 11.76 5.88 140.59 1176.47 nv 8.82 32.94 43.53 4.12 994.12 

2000 8.17 11.11 5.56 121.11 1111.11 nv 11.11 30.56 70.56 3.39 966.67 

2000 5.15 10.00 5.00 117.50 1045.00 nv 11.00 27.00 61.00 3.25 860.00 

2001 6.60 10.53 5.26 252.10 1094.70 2.10 5.30 38.90 63.20 2.60 731.60 

2001 4.70 11.11 5.56 173.30 1127.80 2.70 11.10 32.80 75.00 1.60 744.40 

2001 4.30 9.09 4.55 133.60 1100.00 1.80 0.60 28.60 66.80 3.10 863.60 

2001 7.40 9.09 4.55 147.30 1086.40 1.70 8.60 26.40 74.50 2.60 822.70 

2001 5.80 9.52 4.76 156.20 1047.60 2.10 10.00 26.70 61.40 2.10 819.00 

2001 6.50 9.09 4.55 117.30 1077.30 1.50 10.50 25.50 60.00 1.20 868.20 

2001 6.00 9.09 4.55 150.90 995.50 2.20 6.40 29.50 71.40 2.70 763.60 
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Table E-1: Inorganics Cake Data (mg/kg, Continued): 
 

Year As Cd Co Cr Cu Hg Mo Ni Pb Se Zn 

2001 5.70 9.52 4.76 137.10 1052.40 1.60 5.20 31.90 74.80 2.30 819.00 

2001 6.10 8.00 4.00 103.20 1028.00 1.40 10.80 22.80 48.80 2.30 692.00 

2001 8.80 10.00 5.00 133.00 1285.00 2.50 9.50 27.00 82.50 2.30 910.00 

2001 6.10 4.00 4.00 102.40 1016.00 1.90 14.80 22.80 70.00 4.80 764.00 

2001 5.90 5.26 5.26 168.90 1042.10 2.10 14.70 31.10 68.90 4.50 852.60 

2001 5.10 4.76 4.76 143.30 852.40 2.20 11.90 29.00 73.80 0.60 971.40 

2001 5.30 5.00 5.00 120.50 870.00 2.20 12.00 24.50 71.50 0.60 970.00 

2001 5.70 5.88 5.88 159.40 1511.80 2.10 20.60 32.40 91.80 5.50 1235.30 

2001 3.60 4.76 4.76 91.40 1066.70 5.00 14.80 26.70 75.70 5.00 804.80 

2001 3.50 7.14 7.14 95.00 1150.00 3.90 11.40 111.40 48.60 3.50 878.60 

2001 3.60 5.56 5.56 98.90 1183.30 2.10 18.90 71.10 78.30 4.10 894.40 

2001 2.20 4.76 4.76 111.90 1081.00 1.40 10.50 49.50 73.30 2.00 883.30 

2001 4.90 5.26 5.26 112.60 1142.10 5.10 11.10 41.60 83.20 3.40 884.20 

2001 3.20 5.00 5.00 107.00 1060.00 1.50 11.00 76.50 71.50 3.90 850.00 

2001 3.00 4.55 4.55 133.20 1050.00 1.60 12.30 45.50 70.90 3.90 822.70 

2001 3.90 2.80 3.80 102.90 1076.50 2.00 12.40 29.40 67.60 3.50 882.40 

2001 3.80 2.30 3.40 168.40 994.70 2.00 12.10 26.80 57.40 3.80 810.50 

2002 3.30 2.20 4.40 209.40 1276.50 0.70 18.80 30.60 61.20 3.10 958.80 

2002 2.90 2.60 4.10 146.20 1304.80 0.80 19.00 27.60 63.30 3.00 990.50 

2002 2.80 2.30 6.10 100.00 1155.60 1.30 18.30 48.30 55.00 3.20 944.40 

2002 3.30 2.00 6.10 110.60 1044.40 1.80 15.00 43.90 53.30 3.00 833.30 

2002 3.90 3.10 5.70 96.00 1250.00 1.00 15.40 32.90 66.00 1.80 730.00 

2002 3.40 3.10 5.60 92.10 1273.70 1.90 15.40 28.20 61.60 2.50 700.00 
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Table E-1: Inorganics Cake Data (mg/kg, Continued): 
 

Year As Cd Co Cr Cu Hg Mo Ni Pb Se Zn 

2002 26.70 2.60 5.70 82.50 1070.80 0.70 12.10 21.60 56.30 2.00 608.30 

2002 3.60 2.80 5.60 95.00 1168.20 0.90 13.50 23.30 63.60 3.40 704.50 

2002 3.40 2.80 5.30 151.70 1120.80 1.30 12.90 26.00 67.50 5.30 716.70 

2002 4.00 2.80 5.40 133.90 1200.00 1.00 13.10 25.00 68.70 4.70 747.80 

2002 2.20 1.70 3.90 98.30 845.80 1.10 14.00 16.60 54.20 3.00 533.30 

2002 3.10 2.80 5.00 145.20 1282.60 1.40 18.50 25.50 84.30 3.80 769.60 

2002 6.50 2.10 5.00 118.00 1080.00 0.50 13.00 21.60 72.00 4.40 665.00 

2002 6.10 2.70 5.50 105.70 1247.60 0.40 15.00 22.00 83.30 4.50 790.50 

2002 3.70 3.40 4.70 87.80 1250.00 0.80 18.20 22.70 73.30 3.70 822.20 

2002 3.70 2.70 4.20 108.90 1126.30 1.00 17.10 25.40 70.50 3.90 736.80 

2002 4.20 3.20 4.20 107.60 1235.30 1.30 18.20 27.20 82.40 3.90 829.40 

2002 4.20 3.10 4.00 101.20 1247.10 1.30 19.90 27.40 75.90 3.60 829.40 

2002 4.10 3.10 6.90 99.30 1333.30 1.10 21.20 29.00 77.30 5.10 933.30 

2002 4.30 2.60 7.00 117.30 1200.00 1.20 18.00 29.70 73.30 4.50 873.30 

2002 3.60 2.90 5.70 120.00 1205.60 1.00 14.00 27.90 61.70 5.30 816.70 

2002 3.10 2.50 5.60 117.90 1163.20 0.90 13.30 25.40 54.70 5.10 805.30 

2003 3.70 2.80 6.80 111.20 1241.20 1.20 12.90 27.50 64.10 5.20 905.90 

2003 3.80 2.40 5.90 98.80 1262.50 1.00 13.60 28.40 56.50 5.10 931.30 

2003 3.90 2.80 5.10 99.50 1257.90 1.40 12.50 25.80 60.50 1.90 894.70 

2003 3.90 2.80 4.90 106.90 1250.00 1.10 11.60 27.60 65.00 2.90 868.80 

2003 2.90 3.00 4.40 139.40 1194.10 0.70 10.80 24.80 60.60 1.60 811.80 

2003 3.70 3.10 5.10 150.60 1233.30 0.60 10.70 26.40 71.10 1.70 872.20 

2003 27.50 2.70 4.40 117.50 1180.00 0.60 9.70 24.00 61.50 1.80 840.00 
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Table E-1: Inorganics Cake Data (mg/kg, Continued): 
 

Year As Cd Co Cr Cu Hg Mo Ni Pb Se Zn 

2003 2.70 3.00 4.70 109.50 1185.70 0.80 10.00 22.90 61.90 3.10 852.40 

2003 3.00 3.20 4.70 115.40 1216.70 1.00 9.40 22.60 65.00 3.00 783.30 

2003 2.80 2.70 4.50 110.00 1108.00 1.10 8.80 20.50 72.40 2.80 748.00 

2003 4.20 2.50 4.70 94.50 1095.50 1.40 2.90 21.90 66.80 1.30 772.70 

2003 4.30 2.70 4.90 93.30 1158.30 1.20 4.80 22.90 67.10 2.00 762.50 

2003 3.60 2.40 5.60 111.70 1183.30 1.10 10.20 29.40 69.30 3.20 801.70 

2003 3.40 2.50 4.90 103.50 1160.00 1.50 11.10 25.90 66.50 2.20 705.00 

2003 2.10 2.10 4.90 98.80 1193.80 2.00 13.30 25.40 69.40 2.40 793.80 

2003 2.30 2.20 4.60 121.10 1122.20 1.30 12.70 29.80 77.80 2.20 772.20 

2003 3.00 2.60 4.00 151.90 1181.30 1.20 8.40 24.30 61.20 2.20 737.50 

2003 2.30 2.30 3.40 99.20 1019.20 1.70 8.00 22.70 79.20 1.60 588.50 

2003 2.10 2.40 4.50 113.50 1121.70 1.00 10.30 25.30 59.10 2.50 682.60 

2003 5.50 2.30 4.50 90.00 1064.30 1.00 8.30 22.90 57.30 3.10 597.10 

 
 
Table E - 2: Organics Cake Data (ng/kg) 
 

Date PCDD/F TEQ Total PCB 

28-Jul-99 14.9  

28-Oct-99 9.3  

4-Oct-00 11.3 165.45 

20-Jun-01 15  

2002 5.11  
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2. PELLET DATA
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Table E - 3: Inorganics Pellet Data 
 

 As Cd Co Cr Cu Hg Mo Ni Pb Se Zn 

14-Jun-01 4.60 <1.05 <3.2 111.00 1077.00 0.66 7.90 25.30 69.00 1.35 865.00 

19-Jun-01 5.10 <1.04 12.00 145.00 1175.00 0.70 7.30 25.70 74.80 0.53 910.00 

30-May-02 4.8 <0.86 <4.3 172 1060 1.2 12.7 50.1 77.7 1.3 872 

14-Jun-02 4.6 <1.05 <3.2 111 1077 0.66 7.9 25.3 69 1.35 865 

19-Jun-02 5.1 <1.04 12 145 1175 0.7 7.3 25.7 74.8 0.53 910 

15-Sep-02 2.52 2.95 3.6 85.1 1288 1.2 16.8 22.5 67.7 <0.15 1020 

30-Sep-02 2.74 3.1 3.7 115 1241 1.17 17.4 26.4 76.8 <0.31 702 

15-Oct-02 0.72 3.87 <5.4 119.4 1399 1.22 18.9 31.1 92 0.08 871 

30-Oct-02 0.92 3.46 <5.7 109 1417 0.14 20.8 27.8 80.5 0.01 884 

15-Nov-02 1.31 2.9 5.7 97.7 1346 1.33 18.9 27.3 76.2 <.3 894 

30-Nov-02 1.02 3.1 5.9 119.9 1293 1.01 16.3 28.1 74.1 <0.29 840 

15-Dec-02 1.12 2.9 6 131.8 1336 0.79 14.3 27.1 60.7 <0.28 873 

31-Dec-02 0.99 3 4.9 117.1 1264 2.63 15 26 61.3 <0.28 782 

15-Jan-03 1.80 2.90 6.70 120.90 1400.50 0.90 14.80 26.80 63.30 0.29 947.20 

3-Feb-03 1.20 2.80 4.80 92.00 1308.00 1.20 14.60 23.10 57.80 0.27 935.00 

21-Feb-03 2.40 3.20 4.20 114.10 1399.70 0.80 13.00 26.00 62.10 0.26 876.20 
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3. CALCULATIONS
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Landfill Top Dressing Calculation 

It was assumed that a mixture of pellets, straw, and sand would be applied to the top of landfill 
soil. 

Equation 1 






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









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+










+








=

sand

sand

pellets

pellets

straw

straw

total
bulk

mmm

m

ρρρ

ρ  

Where: 
ρbulk = Bulk density of mixture (kg/m3) 

mtotal = Total mass of straw/pellets/sand in mixture (kg) 

mstraw = Straw mass in mixture (kg) 

mpellets = Pellet mass in mixture (kg) 

msand = Sand mass in mixture (kg) 

ρstraw = Straw density (kg/m3) 

ρpellets = Pellet density (kg/m3) 

ρsand = Sand density (kg/m3) 

Equation 2 

ARLoading bulkm ×= ρ  

Where: 

Loadingm = Loading of mixture per hectare (kg/ha) 

ρbulk = Bulk density of mixture (kg/m3) 

AR = Application Rate of mixture (m3/ha) = 1500 m3/ha 

Equation 3 

total

pellets
pellets

V

m
D =  

Where: 

Dpellets = Pellet mass in 1 m3 of mixture (kg/m3), i.e. “density” of pellets in mixture 
mpellets = Pellet mass in mixture (kg) 

Vtotal = Volume of straw/pellets/sand in mixture (m3) 
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Equation 4 

ARDPAR pellets ×=  

Where: 

PAR = Pellet Application Rate (kg/ha) 

Dpellets = Pellet mass in 1 m3 of mixture (kg/m3), i.e. “density” of pellets in mixture 

AR = Application Rate of mixture (m3/ha) = 1500 m3/ha 
 

Equation 5 

PARDPAR ×= 9.0  

Where: 

DPAR = Dry Pellet Application Rate (kg/ha) 

0.9 = Fraction of dry material in pellet (unitless) 
PAR = Pellet Application Rate (kg/ha) 

 

Equation 6 

DPARCLoading ii ×=  

Where: 

Loadingi = Loading of ith CoC per hectare (mg/ha) 
Ci = Concentration of ith CoC in each pellet (mg/kg) 

DPAR = Dry Pellet Application Rate (kg/ha) 
 

Equation 7 

m

i
i Loading

Loading
TDSC =  

Where: 

TDSCi = Top Dressing Soil Concentration of ith CoC (mg/kg) 

Loadingi = Loading of ith CoC per hectare (mg/ha) 

Loadingm = Loading of mixture per hectare (kg/ha) 
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Sample Calculation: Molybdenum 

The following makeup of the straw/pellets/sand mixture was assumed: 

 

Material 
Density 
(kg/m3) 

Mass 
(kg) 

Volume 
(m3) 

Straw 100 200 2.00 

Pellets 630 100 0.16 

Sand 1500 2000 1.33 

Total  2300 3.49 
 

From this information and Equation 1, the bulk density may be calculated as follows: 

 
3

333

/659

/1500
2000

/630
100

/100
200

2300
mkg

mkg
kg

mkg
kg

mkg
kg

kg
bulk =

















+








+








=ρ  

 

From Equation 2, the loading of total mixture per hectare can be calculated, assuming an 
application rate of 1500 m3/ha: 

 
hakghammkgLoadingm /987955/1500/659 33 =×=  

 

From Equation 3, the mass of pellets per m3 of mixture can be calculated: 

 
3

3 /29
49.3

100
mkg

m
kg

D pellets ==  

 

This quantity may be used in Equation 4 to calculate the pellet application rate: 

 
hakghammkgPAR /42955/1500/29 33 =×=  

 



 

Jacques Whitford Limited, 2004  Project  ONT36194 
Prepared for Toronto Public Health   November, 2004 
Biosolids Pellet Review Study  Page E-17 

The dry pellet application rate may then be calculated using Equation 5: 

 
hakghakgDPAR /38659/429559.0 =×=  

 

Using this result, the 95% UCLM pellet concentration of molybdenum, 12.68 mg/kg, and 
Equation 6, the loading of molybdenum may then be calculated: 

 
hamghakgkgmgLoadingMo /490304/38659/68.12 =×=  

 

Finally, the top dressing soil concentration of molybdenum may be calculated Equation 7 and the 
results of Equation 2 and Equation 6: 

 

kgmg
hakg
hamg

TDSCMo /50.0
/987955
/490304

==  

 

Amended Soil Concentration 

Equation 8 

ARCLoading p
ii ×=  

Where: 

Loadingi = Loading of ith CoC per hectare (mg/ha) 

Ci
p = Concentration of ith CoC in pellets (mg/kg) 

AR = Application Rate (kg/ha) = 5400 kg/ha 

 

Equation 9 

i
bulksoil

i
i OTR

V
Loading

C +







×

=
ρ

1  



 

Jacques Whitford Limited, 2004  Project  ONT36194 
Prepared for Toronto Public Health   November, 2004 
Biosolids Pellet Review Study  Page E-18 

Where: 

Ci
1 = Concentration of ith CoC in soil after 1 year (mg/kg) 

Loadingi = Loading of ith CoC per hectare (mg/ha) 

Vsoil = Volume of affected soil (m3/ha) = 500 m3/ha 

ρbulk = Bulk density of soil (kg/m3) = 1330 kg/m3 

OTRi  Ontario Typical Range concentration of ith CoC in soil (mg/kg) 
 

Equation 10 

i
bulksoil

i
i OTR

V
Loading

C +







×

×=
ρ

1010  

Where: 

Ci
10 = Concentration of ith CoC in soil after 10 years (mg/kg) 

Loadingi = Loading of ith CoC per hectare (mg/ha) 

Vsoil = Volume of affected soil (m3/ha) = 500 m3/ha 

ρbulk = Bulk density of soil (kg/m3) = 1330 kg/m3 

OTRi  Ontario Typical Range concentration of ith CoC in soil (mg/kg) 
 

Equation 11 

i
bulksoil

i
i OTR

V
Loading

C +







×

×=
ρ

2525  

Where: 

Ci25 = Concentration of ith CoC in soil after 25 years (mg/kg) 
Loadingi = Loading of ith CoC per hectare (mg/ha) 

Vsoil = Volume of affected soil (m3/ha) = 500 m3/ha 

?bulk = Bulk density of soil (kg/m3) = 1330 kg/m3 

OTRi  Ontario Typical Range concentration of ith CoC in soil (mg/kg) 
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Sample Calculation: Lead 

The lead loading may be calculated using its 95% UCLM pellet concentration, 92.93 mg/kg, the 
application rate of the pellets, which is assumed to be 5400 kg/ha, and Equation 8: 

 
hamghakgkgmgLoadingi /501805/5400/93.92 =×=  

After 1 year of application, the lead concentration in soil may be calculated using  

Equation 9.  The volume of affected soil was assumed to be 500 m3, the soil bulk density was 
assumed to be 1330 kg/m3, and the Ontario Typical Range concentration of lead in soil is 35 
mg/kg. 

 

kgmgkgmg
mkgham

hamg
Ci /75.35/35

/1330/500
/501805

33
1 =+








×

=  

 

Similarly, Equation 10 may be used to calculate the lead concentration in soil after 10 years of 
pellet application: 

 

kgmgkgmg
mkgham

hamg
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Finally, and in the same way, Equation 11 may be used to calculate the lead concentration in soil 
after 25 years of pellet application: 
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Table E - 4: Soil Vapour Calculation (Dioxins/Furans) 

Csa Concentration in soil-air g/m3 8.5E-17 Csa=Cw (H/RT) 

H Henry's Law Constant Pa.m3/mol 1.00E+04 H=Vp/S 

R universal gas constant m3Pa/mol.K 8.314 constant 

T soil temperature K 280 US EPA (2003): User's Guide for Evaluating Subsurface 
Vapor Intrusion Into Buildings. 

Cw aqueous concentration in soil layer g/m3 1.97E-17 Cw=Cs/Kd 

Vp vapour pressure Pa 8.72E-06 only need if no H value 

S water solubility mol/m3 8.68E-10  

 water solubility mg/L 4.00E-07 only need if no H value 

MW molecular weight g/mol 4.61E+02 only need if no H value 

Cs Concentration in soil g/g 4.73E-12  

Kd sorption partition coefficient m3/g 2.40E+05 Kd=Koc.foc 

Koc organic carbon partition coefficient m3/g 2.40E+07 (not a log) 

foc fraction of organic carbon in soil g/g 0.01 default (AERIS, CCME 1990) 

Ca concentration in air at breathing zone g/m3 4.25E-18 Ca=Csa.dm/hb 

dm depth of soil mixing zone m 0.05 assumed 

hb height of breathing zone m 1 assumed 

     
Based on OCDD    
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Table E - 5: Soil Vapour Calculation (PCBs) 

Csa Concentration in soil-air g/m3 1.3E-12 Csa=Cw (H/RT) 

H Henry's Law Constant Pa.m3/mol 55.588 H=Vp/S 

R universal gas constant m3Pa/mol.K 8.314 constant 

T soil temperature K 280 US EPA (2003):  User's Guide for Evaluating Subsurface 
Vapor Intrusion Into Buildings.   

Cw aqueous concentration in soil layer g/m3 5.40E-11 Cw=Cs/Kd 

Vp vapour pressure Pa 1.20 only need if no H value 

S water solubility mol/m3 2.16E-02  

 water solubility mg/L 4.08 only need if no H value 

MW molecular weight g/mol 1.89E+02 only need if no H value 

Cs Concentration in soil g/g 1.05E-08  

Kd sorption partition coefficient m3/g 1.95E+02 Kd=Koc.foc 

Koc organic carbon partition coefficient m3/g 1.95E+04 (not a log) 

foc fraction of organic carbon in soil g/g 0.01 default (AERIS, CCME 1990) 

Ca concentration in air at breathing zone g/m3 6.45E-14 Ca=Csa.dm/hb 

dm depth of soil mixing zone m 0.05 assumed 

hb height of breathing zone m 1 assumed 

     
Based on 1-Cl isomers    
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4. EXPOSURE ASSESSMENT AND RISK EVALUATION CALCULATIONS 


































































