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Overview of Presentation

• ARS program

• Spent foundry sands and beneficial use

• Trace elements in soils

• Characterization of elements in spent foundry sands

• Guidance limits for spent foundry sands in soil-related 

applications



Beneficial Use Guidelines for Spent Foundry Sands

• USDA-ARS research on the beneficial use of spent foundry 

sands initiated in 2003 

• Address agricultural and horticultural uses 

• Collaborative effort between USDA-ARS, USEPA-OSW, 

OSU, PSU, and Purdue University

• Ultimate goal is to produce a guidance document that can 

assist state regulatory agencies in developing or improving 

existing beneficial use regulations

• Ensure human and environmental protection

• A draft of the beneficial use guidelines has been completed 

and will shortly undergo peer review



• The foundry industry uses 100 million tons of sand each 
year to create metalcasting molds and cores

• About 10 million tons of spent sand are generated

• Bulk of this material is green molding sand from ferrous 
and aluminum foundries

• Majority of spent molding sands are classified as non-

hazardous waste (i.e. not corrosive, ignitable, reactive, 
and toxic)

• Discarded in municipal and private landfills; often used 
as daily cover

Spent Foundry Sands in the United States



Spent Foundry Sands



Spent Foundry Sand Components

• Sand (> 85% by weight)

• Bentonite clay

• Crushed bituminous coal (seacoal)

• Gilsonite

• Cellulose

• Residual core material



• Molding sands are selected for their unique physical and 

chemical properties

• High quality aggregate being diverted to landfills

• Component in manufactured soils 

- Topsoils, potting soils, and landscaping mixes

• Geotechnical applications  

- Flowable fill, asphalt, and cement

• Only 10% of spent sands are being beneficially used 
outside the foundry

Beneficial Use of Spent Foundry Sands



Trace Elements in Soils

• Some trace elements are needed in minute quantities 

for the proper growth, development, and physiology of 

flora and fauna

• Boron, Cobalt, Copper, Iron, Iodine, Manganese, 

Molybdenum, Nickel, Selenium, and Zinc

• Naturally occurring in the mineral and organic phases 

of soils

• Trace element levels can become elevated in soils due 

to anthropogenic activities (e.g. non-ferrous metal 
smelting, burning fossil fuels, waste incineration)

• Natural events such as forest fires, volcanoes, and 
floods can redistribute elements and elevate soil levels



Yellow = Top 5 elements in the body

Green = Second top 5 elements

Blue = Micronutrients

Violet = Deleterious to humans



Gustavsson et al., 2001 (USGS report 1648)

Distribution of Arsenic in U.S. Soils



Gustavsson et al., 2001 (USGS report 1648)

Distribution of Copper in U.S. Soils



Gustavsson et al., 2001 (USGS report 1648)

Distribution of Lead in U.S. Soils



Gustavsson et al., 2001 (USGS report 1648)

Distribution of Nickel in U.S. Soils



Smith et al., 2005 (USGS report 1253)

Continental Transects of the U.S. and Canada



Element Concentrations in U.S. Soils (A horizon)

Smith et al., 2005 (USGS report 1253)

Element Min Max Mean Median

Al 6900 87300 47500 47400

As <1. 18 5.74 5

Ba 58 1800 529 526

Be 0.2 4 1.3 1.3

Ca 300 235700 18700 9050

Cd <0.1 5.2 0.29 0.2

Co 0.9 143.4 8.93 7.1

Cr 3 5320 71.3 27

Cu <0.5 81.9 14.3 12.7

Fe 3800 87700 20700 19200

Hg <0.02 0.71 0.035 0.03

K 1200 43600 16400 15700

Mg 400 173400 7410 4600

(mg kg
-1

)



Smith et al., 2005 (USGS report 1253)

Element Concentrations in U.S. Soils (A horizon)

Element Min Max Mean Median

Mn 56 3120 610 490

Mo 0.11 21 1.03 0.82

Na 300 26400 8130 7400

Ni 1.6 2314 34.6 13.8

Pb 5.3 244.6 22.1 19.2

Sb 0.14 2.3 0.64 0.6

Se <0.2 2.3 0.38 0.3

Sn 0.3 8.6 1.44 1.35

Sr 13 1382 184 156

Tl <0.1 1.8 0.46 0.5

V 7 380 59.6 55

W 0.1 3.5 0.71 0.6

Zn 8 377 58 56

(mg kg
-1

)



Foundry Sand Characterization

• Visited 37 foundries

• 13 states (east of Mississippi river)

• 43 sets of spent foundry molding sand collected

• June 2005, September 2005, and July 2006

• 31 iron, 6 steel, 4 aluminum, and 2 non-leaded brass

• 86% green sand

• Al, As, B, Ba, Be, Ca, Cd, Co, Cu, Cr, Fe, K, Mg, Mn, 

Mo, Na, Ni, P, Pb, S, Sb, Se, Tl, V, Zn



Element Minimum Maximum Mean Median

Al 193 11725 4909 5125

As 0.13 7.79 1.61 0.99

B 10.0 59.4 11.4 10.0

Ba 5.0 141 11.1 5.00

Be 0.05 0.60 0.16 0.15

Ca 75 4090 1811 1830

Cd 0.02 3.79 0.16 0.06

Co 0.25 92.5 4.28 0.88

Cr 0.25 134 20.4 4.93

Cu 0.25 3805 110.4 7.04

Fe 540 64400 10300 4260

K 25.0 1780 375 321

(mg kg
-1

)

Element Concentrations in Spent Foundry Sands



Element Concentrations in Spent Foundry Sands

Element Minimum Maximum Mean Median

Mg 50 286700 10719 1311

Mn 5.56 707 130 54.5

Mo 0.50 22.9 2.79 0.50

Na 10 1925 874 975

Ni 1.02 2560 101 3.47

P 5.41 176 52.2 49.5

Pb 0.50 22.9 4.62 3.63

S 25 2043 581 564

Sb 0.02 1.7 0.30 0.17

Se 0.06 59.5 1.60 0.20

Tl 0.02 0.1 0.04 0.02

V 0.50 11.3 3.34 2.88
Zn 5.0 2474 78.2 5.0

(mg kg
-1

)



Element Concentrations in Olivine and Brass Sands

Element units Iron Green Olivine 1 Olivine 2 Brass 1 Brass 2

Al g/kg 0.219 3.44 1.70 0.650 5.14

As mg/kg 0.126 0.395 0.498 0.223 2.09

B mg/kg <20 <20 <20 <20 <20

Ba mg/kg <10 <10 120 <10 <10

Be mg/kg <0.1 <0.1 <0.1 0.05 0.127

Ca g/kg 0.285 1.09 1.32 0.075 1.69

Cd mg/kg <0.04 0.05 0.103 0.103 3.79

Co mg/kg <0.5 92.5 42.1 <0.5 <0.5

Cr mg/kg 19.1 49.3 134 1.36 4.17

Cu mg/kg 3.26 7.04 23.2 85.2 3805

Fe g/kg 2.88 54.7 27.0 0.536 2.94

K mg/kg <50 321 203 <50 445

Mg g/kg 0.103 287 124 0.060 1.39

Mn mg/kg 14.1 639 570 14.0 18.7

Mo mg/kg <1 <1 2.49 <1 <1

Na g/kg <0.02 0.305 0.320 0.01 0.800

Ni mg/kg 11.7 2560 1160 1.02 15.3

P mg/kg 11.1 17.6 36.4 20.2 176

Pb mg/kg <1 3.03 2.55 1.79 20.8

S g/kg 1.31 0.152 0.248 <0.05 0.545

Sb mg/kg 0.15 0.094 0.11 0.10 0.74

Se mg/kg <0.4 <0.4 <0.4 1.15 59.5

Tl mg/kg <0.04 <0.04 <0.04 <0.04 0.065

V mg/kg <1 2.10 3.11 1.27 2.88

Zn mg/kg <10 46.3 26.0 34.7 2474



Guidance Limits for Elements in Spent 
Foundry Sands

• Trace elements are at low concentrations in iron, steel, 

and aluminum spent foundry sands

• A pathway risk assessment revealed that specific risk-

based limits, based on adverse effect levels, could not be 

developed 

• Based on the Smith et al. (2005) database, we suggest 

that spent sands contain no higher than the 95th percentile 
concentrations of background U.S. soils 

• Beneficial use in manufactured soils or other soil-related 
applications presents no significant risk to humans or the 

environment



Guidance Limits for Elements in Spent Foundry 
Sands: Based on 95th Percentile of U.S. Soils

Element mg kg
-1

Element mg kg
-1

Al 74600 Mn 1630

As 12 Mo 2.2

Ba 840 Na 19400

Be 2.3 Ni 37.5

Ca 66600 Pb 38

Cd 0.6 Sb 1.39

Co 17.6 Se 1

Cu 30.1 Sn 2.5

Cr 70 Sr 458

Fe 42.6 Tl 0.7

Hg 0.08 V 119

K 28400 W 1.6

Mg 18800 Zn 103
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Cadmium in Foundry Sands and Soils
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Lead in Foundry Sands and Soils
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Selenium in Foundry Sands and Soils
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Zinc in Foundry Sands and Soils
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Considerations

• Spent sands from brass and bronze facilities should not 

be considered for beneficial use in soil-related applications

• High Cu and Zn would likely cause phytotoxicity

• Olivine sands contain high Ni and are also a possible 

phytotoxicity risk

• Exceeding the 95th percentile concentrations does not 

mean it automatically fails, but a more thorough risk 

evaluation should be conducted

• Risk assessment approach could be applied to other 

byproducts


