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Issues to Consider 

• Should we be concerned about 

environmental assessment of foundry 

byproducts (or other industrial resources)? 

• Does a standard method exist to evaluate 

environmental impacts associated with 

foundry byproducts? 

• Do leachates from foundry byproducts have 

more contaminants or greater 

concentrations than conventional 

construction materials? 



Wisconsin NR 538 Code 

• Evaluate byproducts 

based on total 

elemental analysis 

and water leach tests. 

• Define byproduct 

categories based on 

test data. 

• Define suitable 

application based on 

category. 



Applications Based on Category 

Lower category 

number provides 

more stringent 

limits on leaching 

characteristics. 



Water Leach Test Criteria – NR 538 

• Contaminants 

of concern 

depend on  

byproduct 

being 

considered. 

• Category 1 has 

the most test 

requirements. 



Recap – Leaching Issues 

• True or False:  Foundry sands leach more 

contaminants than traditional construction 

materials. 

• True or False:  US EPA has developed 

nationwide regulations regarding how and 

when industrial byproducts can be used 

in construction applications.  

• True or False:  Wisconsin regulations for 

byproducts use can be applied in other 

states. 



Methods to Assess Leaching 

• Batch tests: 

- solid and liquid in a vial 

- tumbled to ensure local well-stirred 

- supernatant analyzed for contaminants of 

concern 

• Column tests: 

- flow through experiment simulating field 

scenario 

- effluent analyzed for contaminants of 

concern. 



Column Test Schematic 
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Advantages/Disadvantages of Batch Test 

Advantages: 

• Fast and simple 

• Relatively inexpensive 

Disadvantages: 

• Liquid-to-solid ratio > field 

• Perfect mixing not realized in the field 

• Can underestimate peak field 

concentrations 



Advantages/Disadvantages of Column Test 

Advantages: 

• Simulates field condition more accurately 

• Shows temporal evolution of concentration  
 

Disadvantages: 

• Complicated and time consuming 

• More expensive 

• Leaching pattern may not replicate field. 



Standardized Batch Tests 

• TCLP – toxicity characteristic leaching 

procedure (EPA Method 1311) 
 

- acetic acid/NaOH solution with pH 4.9 or 2.9 

- liquid-to-solid ratio = 20:1 

- purpose: to determine if a waste is hazardous 

waste under RCRA (40 CFR Part 261) 

 

What does “not hazardous” imply? 
 



Standardized Batch Tests 

• SPLP – synthetic precipitation leaching 

procedure (EPA Method 1312) 
 

- sulfuric and nitric acid solution (60/40) 

- East of Mississippi River, pH 4.2 

- West of Mississippi River, pH 5.0 

- liquid-to-solid ratio = 20:1 

- purpose: to evaluate leaching of waste in 

response to precipitation 



Standardized Batch Tests 

• ASTM Water Leach Test (D 3987)   
 

- Deionized water 

- liquid-to-solid ratio = 20:1 

- purpose: to evaluate leaching of waste 

Which batch test mimics field condition? 



Total vs. Leachable Concentrations 

• Total concentrations determined by 

digesting (dissolving) the solid in a liquid.  

Includes leachable and non-leachable 

constituents. 

• Presence of constituent in solid phase does 

not imply it will leach into water. 

• Correlation does not exist between total 

concentrations and leachable 

concentrations.  Do not assess byproducts 

based on total concentrations. 



Example: Leachable (D 3987) vs. Total 

Concentrations from Green Sands & Soils 

0.1

1

10

1000 10000 100000

C
r 

fr
o
m

 W
L
T

 (


g
/L

)

Cr from Total Elemental Analysis (g/kg)

No direct 

correspondence 

between total 

and leachable 

concentrations, 

even though total 

concentrations 

vary more than 

one order of 

magnitude. 



Water Leach Tests on Green Sands from 

Grey Iron Foundries  

Material 
Concentration (g/L) 

Be (0.4) Al (1500) Cr (10) Mn (25) Fe (150) Ni (20) Cu (130) Zn (2500) As (5) 

Green Sand 1 0.1 250.4 1.1 4.4 91.6 1.8 12.4 2.3 3.5 

Green Sand 2 0.1 1876.0 1.6 8.1 658.6 2.0 13.5 5.7 4.2 

Green Sand 3 0.1 376.0 2.2 2.1 163.8 0.9 8.4 2.3 2.6 

Green Sand 4 0.2 3131.0 2.5 17.4 1483.4 3.1 17.1 8.8 7.3 

Green Sand 5 0.1 1257.6 1.9 8.0 376.2 3.0 15.4 5.9 4.2 

Green Sand 6 <0.1 859.5 1.0 5.7 234.0 2.2 17.9 2.4 1.1 

Green Sand 7 <0.1 183.6 0.5 12.4 515.0 1.9 3.2 1.7 1.7 

Green Sand 8 0.5 2060.6 1.7 7.1 486.8 2.4 15.0 2.9 2.1 

Green Sand 9 0.1 240.5 1.7 46.2 415.5 7.0 11.2 57.0 0.6 

Green Sand 10 <0.1 851.1 1.9 9.6 256.0 2.0 20.6 4.4 4.3 

Green Sand 11 0.1 1217.0 2.3 5.7 342.5 1.6 12.2 5.0 7.5 

Green Sand 12 <0.1 89.4 0.8 2.7 128.2 1.6 13.3 1.1 0.3 

Silty Sand 0.2 137.7 1.2 5.7 91.7 2.6 208.4 24.0 <0.2 

Clean Sand <0.1 141.84 1.41 3.2 7.72 1.29 3.58 <0.2 2.07 



Water Leach Tests on Green Sands from 

Grey Iron Foundries & Soils 

Material 
Concentration (g/L) 

Se (10) Mo (50) Ag (10) Cd (0.5) Sb (1.2) Ba (400) Hg (0.2) Tl (0.4) Pb (1.5) 

Green Sand 1 3.7 3.0 0.0 0.1 0.6 7.8 1.0 0.0 0.3 

Green Sand 2 5.5 3.0 0.2 <0.03 0.2 12.3 0.8 0.0 0.9 

Green Sand 3 <2.0 2.2 0.1 0.0 0.4 2.7 1.1 0.1 0.2 

Green Sand 4 5.5 5.0 0.1 0.0 1.6 18.6 1.0 0.0 1.7 

Green Sand 5 <2.0 3.3 <0.02 0.1 0.6 14.4 0.7 0.0 0.5 

Green Sand 6 5.9 9.9 0.3 0.3 2.2 9.1 1.3 0.2 5.1 

Green Sand 7 <2.0 1.2 0.4 <0.03 0.3 7.0 0.5 <0.02 1.4 

Green Sand 8 <4 7.9 3.1 0.6 3.4 10.3 0.5 0.3 12.2 

Green Sand 9 <2.0 2.4 0.3 0.4 0.3 11.1 0.5 0.1 5.3 

Green Sand 10 <2.0 2.9 0.1 <0.03 0.5 10.1 0.5 0.0 0.3 

Green Sand 11 <2.0 6.6 0.1 0.1 0.7 6.4 0.6 0.0 0.4 

Green Sand 12 <2.0 6.0 <0.02 <0.03 0.2 4.5 0.4 <0.02 0.2 

Silty Sand <4 0.3 0.2 1.1 1.6 7.1 1.0 0.1 32.1 

Clean Sand <2 0.3 <0.02 <0.03 0.18 7.1 1.1 0.04 0.08 



Example: Column Leach Test on 

Green Sand No. 2 
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Cr: 15.8 g/L

Pb: 35.8 g/L

- MCL only exceeded 

for Pb. 

- Concentrations 

diminish over time. 

- WLT on Green 

Sand 2 is 0.9 mg/L.  

Initial eluted 

concentration 

higher from column 

test. 



Recap – Leaching Test Methods 

• True or False:  A non-hazardous designation from 

a TCLP test indicates that a byproduct can be 

used in construction. 

• True or False:  The TCLP, SPLP, and ASTM WLT 

yield similar concentrations in leachate.  

• True or False:  Leachate concentrations are 

directly related to total concentrations. 

• True or False:  Flow through conditions in a 

column test better represent the field than well-

stirred conditions in a batch test. 



Field Evaluation: The STH 60 Project 
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Lysimeter Layout: STH 60 
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Flux from foundry 
sand section delayed 
because the sand 
had lower hydraulic 
conductivity than 
slag or control (BC = 
12%). 

 

Flux generally < 0.2 
mm/d for foundry 
sand; < 0.4 mm/d for 
slag or control. 

 

Seasonal variation. 



Cadmium 
 

MCL = 5 mg/L. 
 

Note that control 
elutes Cd > MCL 
early in study. 
 

All sections drop 
below MCL within 
two years (except 
outlier in July 
2006). 
 

DL: Cd = 0.7 mg/L 
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Chromium 
 

MCL = 100 mg/L. 
 

None of test 
sections elute Cr > 
MCL. 
 

Foundry sand and 
control are 
essentially same; 
slag is similar to 
sand & control 
after one year. 
 

DL: Cr = 1.7 mg/L 
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Column Batch 

From foundry sand, foundry slag, coal fly ash, & coal bottom ash 

 

CLT has better agreement with field than WLT; neither is perfect. 



Recap – Field Leaching Data 

• True or False:  Long-term field leaching data are 

available for most industrial byproducts used in 

construction. 

• True or False:  Control tests should be avoided to 

prevent confusion when interpreting leachate 

data. 

 • True or False:  HMA pavement surfaces are 

essentially impermeable. 

• Concentrations from column tests (a) or batch (b)  

water leach tests are more similar to 

concentrations measured in the field. 



Models to Evaluate Groundwater Impacts 

- WiscLEACH 
   (https://mywebspace.wisc.edu/chbenson/Software/) 
 

- IWEM 

   (http://www.epa.gov/epaoswer/non-hw/industd/tools/iwem/index.htm) 

 

- STUWMPP 
   (http://www.dot.state.mn.us/stateaid/res_flyash.html) 
 

-IMPACT 
  (http://www.trb.org/TRBNet/ProjectDisplay.asp?ProjectID=739) 

All are freeware 
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Input is in 

Windows 

format with 

graphical 

interface. 
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Typical Output: Se Concentration - 10 yr 

MCL 50 g/l 
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MCL 50 g/l 

Typical Output: Se Concentration - 30 yr 
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Concluding Comments 

• Look for regulations in your state.  If none exist, 

propose using Wisconsin’s NR 538. 

• Column tests provide a more realistic depiction of 

leaching, but batch tests are more common. 

• Peak concentrations in effluent from column tests 

and from the field typically are larger than those 

measured in batch tests. 

• Conduct tests with eluent that resembles field 

condition if possible.  Do not use acidic eluents 

unless justified by site conditions. 

 



Concluding Comments 

• Do not use TCLP for assessing suitability of foundry 

byproducts (or other industrial resources) for use in 

construction applications.  ASTM D 3987 preferred. 

• Determination of “non-hazardous” by TCLP does not 

mean OK.  Only inference is that solid would not need 

to be disposed in a hazardous waste landfill. 

• Compare leaching from byproducts against leaching 

from conventional materials.  Leaching is expected 

from nearly all materials used for unbound 

applications in highway construction. 

 



Concluding Comments 

• Models exist to evaluate groundwater impacts from 

reuse applications when a code providing predefined 

reuse options (e.g., Wisc. NR 538) does not exist.  

Comparison should be made considering byproducts 

as well as conventional materials. 


