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ABSTRACT 

 

Samples of conventional aggregate as well as natural and coal-derived lightweight aggregates 

used in the manufacture of lightweight concrete masonry units (CMU’s) were compared with a 

variety of leaching procedures.  Each individual aggregate sample was leached in deionized (DI) 

water for 72 hours and the leachates were found to be enriched in Ca, Mg, K and Na with lesser 

amounts of Al.  The leachates produced by conventional aggregate, natural lightweight aggregate 

and coal-derived lightweight aggregate were essentially the same. 

 

Each aggregate was then used to produce CMU specimens which were also leached after curing.  

As was the case with the starting raw materials, no significant difference were observed in the 

leachates derived from CMU’s produced with any of the aggregates. 

 

RAW MATREIALS LEACHING 

 

Conventional aggregates used in this evaluation were local sources of crushed limestone and 

concrete sand.  Coal-derived lightweight aggregate were graded bottom ash products sold by 

Charah Inc. under the trade names “Price Lite” and “EcoSand”. Price Lite is derived from the 

combustion of low-sulfur bituminous coal, while EcoSand is from subbituminous coal 

combustion.
1,2

  Two natural lightweight aggregates were also used.  The first was an expanded 

slate product marketed by Carolina Stalite Co. as “Stalite” while the other was an expanded shale 

product “Kenlite” that is marketed by Northeast Solite Corp.
3,4

   

 

The bottom ash derived aggregates are produced as a by-product of coal combustion used to 

generate electricity.  Bottom ash is removed from the combustion boiler, quenched with water 

and graded to meet aggregate size specifications.  Natural aggregates Stalite and Kenlite are 

produced by mining slate and shale, respectively and heating them in a coal or natural gas fired 

rotary kiln to approximately 1150
o
C (2100

o
F) to expand the aggregate pore structure.  Once 

cooled, the porous aggregate is sized to market specifications.  A comparison of the size 

distribution of the products used in this investigation is shown in Table 1. 

 

 

 

Table 1.  Size Distribution of Aggregate Samples Used. 



Size Distribution Limestone Sand EcoSand Price Lite Stalite Kenlite 

+3/8” 2.1 0 2.32 0 0.1 0 

-3/8”+4 mesh 39.0 7.2 18.6 7.8 12.9 14.5 

-4+8 mesh 21.2 14.7 19.7 17.4 27.8 26.0 

-8+16 mesh 13.4 16.7 22.1 21.0 20.8 23.1 

-16+30 mesh 8.1 22.2 18.1 19.0 13.2 14.9 

-30+50 mesh 5.4 28.0 9.8 14.6 8.2 8.9 

-50+100 mesh 3.7 8.9 5.6 11.2 5.8 4.7 

-100 mesh  7.2 2.4 3.9 9.1 11.1 7.8 

Total 100.0 100.0 100.0 100.0 100.0 100.0 

       

Fineness Modulus 4.47 3.15 3.94 3.15 3.62 3.77 

 

Samples of each aggregate were leached using the following procedure.  For each leachate, a 

known mass of aggregate was combined with a known mass of deionized (DI) water at minimal 

headspace in a 300-series cleaned 1000 or 500 milliliter (ml) borosilicate glass jar with a 

Teflon®-lined screw cap lid.  The sealed jars were then placed in a device to tumble the jars end 

over end.  After 72 hours, the pH values of the contents of each jar were measured before and 

after filtering at 0.45 microns (µm).  Leachate samples were then analyzed using Inductively 

Coupled Plasma Emission Spectrometry (ICPES).  Results are summarized in Table 2.   

Due to restraints in the volumes of the jars, the liquid:solid ratio of each aggregate leaching 

sample was ~9:1.  Two samples (Price Lite and Stalite) were also leached at higher liquid:solid 

ratios (~ 1:1) in order to maximize trace element concentrations in the leachate to verify the 

detection procedures.  In both cases, detected elements increased with higher liquid:solid ratios, 

but no other elements were found in leachates at concentrations above the detection limit (0.01 

ppm or 10 ppb). 

The pre- and post-filter pH values of the various aggregate leachates ranged from 7.34 to 10.2.  

The aggregate leachates contained low concentrations of alkaline elements (calcium, magnesium, 

potassium and sodium) with trace amounts of aluminum, barium, manganese, and vanadium in at 

least one leachate (Table 2   Stalite and Kenlite produced leachates with higher concentrations of  

K and Na while EcoSand leachate was slightly enriched in Al.  It is interesting to note that small 

concentrations of vanadium (10 to 60 ppb) were found in the leachates produced by Stalite, 

Kenlite and EcoSand.  It is not known if the source of vanadium is the parent host rock or coal, 

or if it is from petroleum coke used as a fuel in the rotary kiln or combustion chamber.    

    

 

Table 2.  Aggregate Leaching Results.  
Sample DI Blank Limestone Sand EcoSand PriceLite PriceLite Kenlite Stalite Stalite 

Solids leached, 

grams 

0 100.0 100.1 100.1 100.1 250.2 100.1 100.0 300.2 



DI water, 

grams 

  --- 909.7 917.3 919.2 906 303.1 902.1 906.1 287.7 

Liquid:Solid 

Ratio 

0 9.10 9.16 9.18 9.05 1.21 9.01 9.06 0.96 

Leaching time, 

hrs 

0 72 72 72 72 72 72 72 72 

Pre-filter pH ~5.7 9.14 9.19 10.2 7.63 7.34 9.43 9.73 9.61 

Post-filter pH  --- 9.11 9.24 10.2 7.48 7.52 9.26 9.68 9.58 

                    

mg/L                   

                    

Aluminum <0.01 0.23 0.26 2.94 0.27 0.13 0.47 0.32 <0.01 

Antimony <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Arsenic <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Barium <0.01 <0.01 <0.01 <0.01 <0.01 0.06 <0.01 <0.01 <0.01 

Beryllium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Bismuth <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Boron <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Cadmium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Calcium <0.01 9 10 47 4 29 47 46 213 

Chromium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Cobalt <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Copper <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Iron <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Lead <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Magnesium <0.01 4.88 4.16 2.89 0.78 3.77 2.29 0.78 6.41 

Manganese <0.01 <0.01 <0.01 <0.01 <0.01 0.02 <0.01 <0.01 0.01 

Mercury <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Molybdenum <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Nickel <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Potassium <0.01 1.69 1.1 0.31 0.59 2.11 8.78 3.62 21.7 

Selenium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Silver <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Sodium <0.01 1.61 0.84 0.97 0.50 1.7 5.86 9.98 79.5 

Thallium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Vanadium <0.01 <0.01 <0.01 0.06 <0.01 <0.01 0.02 0.01 0.04 

Zinc <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

 

CMU SPECIMEN LEACHING 

An additional objective of this investigation was to evaluate the leaching characteristics of 

lightweight CMU’s utilizing these aggregates since that is a common application for these 



materials. Rather than producing full-size concrete blocks, cylinder specimens were produced in 

the laboratory using vibratory compaction under a static load similar to what is used in CMU 

manufacturing processes.  By using this approach, direct comparisons could be made between 

raw aggregates and CMU’s made with the same starting materials.  

The first step in the process was to determine a mix design that would be representative of 

commercial applications, which was done using the fineness modulus (FM) method, the most 

commonly used method for designing mixes in concrete masonry.
5
  A standard mix was 

designed using 65% coarse aggregate (limestone) and 35% fine aggregate (sand), proportions 

that produced aggregate gradation with an FM of 3.84, considered ideal for lightweight CMU’s.  

When lightweight aggregates were incorporated into the mix design, they comprised 50% w/w of 

the total aggregate while limestone and sand (65:35 w/w) made up the remaining 50%.  In this 

manner, each mix design contained 50% limestone and sand along with 50% lightweight 

aggregate.  The FM of each mix design was maintained as close to 3.84 as possible.  For each 

mix design, the cement;aggregate ratio was maintained at 1:6 and a total of 200 g water was 

added.  Proportions for each aggregate mix are summarized in Table 3. 

 

Table 3.  Aggregate Proportions for Mix Designs.  

Aggregate Limestone Sand EcoSand PriceLite Kenlite Stalite 

Mix 1 65 35 - - - - 

Mix 2 32.5 17.5 50 - - - 

Mix 3 32.5 17.5 - 50 - - 

Mix 4 32.5 17.5 - - 50 - 

Mix 5 32.5 17.5 - - - 50 

 

Aggregates were combined in the pan of a 0.1 ft
3
 Lancaster mixer and mixed with 100 g water 

for 5 minutes to presoak all ingredients.  Portland cement was then added followed by the 

remaining 100 g of water.  All components were thoroughly mixed for an additional 5 minutes 

before test specimens were prepared. 

Test specimens were prepared by loosely filling 1.5” diameter x 5” high cylindrical molds.  The 

molds were then compressed and vibrated with a pneumatic cylinder loaded at 40 psi.  The mold 

was then placed in a curing room maintained at 100% humidity, 70
o
F for 48 hours.  Specimens 

were them removed from molds and crushed to -3/8 inch for leaching experiments.  The leaching 

procedures were the same used for the CMU specimens and the results are summarized in Table 

4.  After 72 hours of leaching in DI water, the leachate pH values were very consistent and 

alkaline, and ranged from 11.6 to 11.8, primarily due to the significant amount of Ca (705 to 776 

mg/l) leached into solution from the Portland cement binder in the CMU’s.  Lesser amounts of 

Na (7.2 to 10.8 mg/l) and K (19.2 to 29.9 mg/l), also derived from the Portland cement, were 

present in the leachate of each mix.  The only other elements detected in the leachates in trace 



quantities were Al (0.13 to 0.25 mg/l), Ba (0.5 to 1.49 mg/l), Cr (0.01 mg/l), Pb (0.02 to 0.03 

mg/l), and Se (0.04 to 0.15 mg/l).  It is important to note that CMU leachate concentrations for 

coal-derived lightweight aggregates and natural lightweight aggregates were essentially the same 

as the leachates derived from CUMs produced with sand and limestone aggregates.  

Under U.S. Environmental Protection Agency (U.S. EPA) regulations, the Toxicity 

Characteristic Leaching Procedure (TCLP) is used to determine the toxic hazardousness of solid 

and liquid wastes by comparing the leachate concentrations with standards for metals, anions, 

pesticides and other potential environmental contaminants listed in CFR 261.24 (also see Table 

5)
6
.  If the TCLP leachate of a solid, liquid or mixed solid and liquid waste exceeds any of the 

standards and is not exempted by the U.S. EPA, the waste has the toxicity characteristic of 

hazardousness.  

The TCLP uses a pH 2.88 +/- 0.05 acetic acid solution or a pH 4.93 +/- 0.05 sodium acetate 

buffer to simulate leaching conditions in a municipal waste landfill.  However, considering how 

aggregate is used, DI water leaching tests would more realistically model the natural leaching 

conditions of the aggregates than the TCLP.  Nevertheless, a comparison of the DI leaching 

results in Tables 2 and 4 with the TCLP-related standards shown in Table 5 shows that 

potentially toxic metals are absent or are in very low concentrations when compared with the 

concentrations that may occur in toxic hazardous liquid wastes and leachates.  Pesticides and 

other contaminants regulated by the U.S. EPA are absent from aggregates and were not measured 

in this study.  Furthermore, mercury is too volatile to occur in significant quantities in high-

temperature aggregates and this parameter was also not measured.   

 

 

 

 

 

 

 

 

Table 4.  CMU Specimen Leaching Results. 
Sample DI Blank Limestone/ 

Sand 

EcoSand PriceLite Kenlite Stalite 

Mix --- Mix 1 Mix 2 Mix 3 Mix 4 Mix 5 

Solids leached, grams 0 100.1 100.1 100.1 100.0 100.0 



DI water, grams --- 908.9 900.2 903.0 895.9 890.0 

Liquid:Solid Ratio 0 9.08 8.99 9.02 8.96 8.90 

Leaching time, hrs 0 72 72 72 72 72 

Pre-filter pH ~5.7 11.7 11.7 11.7 11.8 11.6 

Post-filter pH --- 11.7 11.6 11.8 11.7 11.6 

  
      

mg/L 
      

  
      

Aluminum <0.01 0.18 0.22 0.13 0.25 0.20 

Antimony <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Arsenic <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Barium <0.01 0.5 1.49 0.68 0.57 0.39 

Beryllium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Bismuth <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Boron <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Cadmium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Calcium <0.01 736 723 776 713 705 

Chromium <0.01 0.01 0.01 0.01 0.01 0.01 

Cobalt <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Copper <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Iron <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Lead <0.01 0.02 0.03 0.02 0.02 <0.01 

Magnesium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Manganese <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Mercury <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Molybdenum <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Nickel <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Potassium <0.01 23.6 19.2 19.5 29.9 19.5 

Selenium <0.01 <0.01 <0.01 0.04 0.09 0.15 

Silver <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Sodium <0.01 8 8.47 7.21 9.51 10.8 

Thallium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Vanadium <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

Zinc <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 

   

Table 5.  Maximum concentrations for Metals and Non-metals 

in Toxicity Characteristic Leaching Procedure (TCLP) 

leachates (mg/L) (CFR 261.24).
*
  

Element               Standard (mg/L) 

Arsenic                       5.0 



Barium                   100.0 

Cadmium                  1.0 

Chromium                5.0 

Lead                          5.0 

Mercury                   0.2 

Selenium                 1.0 

Silver 5.0 

*Standards also exist for pesticides and other contaminants that are 
typically absent from coal bottom ashes and other aggregates. 

              

SUMMARY AND CONCLUSIONS 

Leaching characteristics of natural and coal-derived lightweight aggregates used for the 

production of lightweight CMU’s were compared.  As raw materials, limestone, sand, expanded 

slate (Stalite) and expanded shale (Kenlite) produced leachates with a pH range of 9.11 to 9.73 at 

a liquid:solid ratio of 9:1  Bottom ash aggregate derived from bituminous coal (PriceLite) 

produced leachates with pH values of 7.34-7.63 while subbituminous coal ash aggregate 

(EcoSand) leachate was 10.2.   After 72 hours of leaching, leachates from all aggregates 

contained measurable amounts of Ca, Mg, Na, and K with trace amounts of aluminum, barium, 

manganese, and vanadium in at least one leachate (Table 2). 

CMU specimens were prepared from each of the different aggregates using a mix design with a 

Fineness Modulus of 3.84, a cement:aggregate ratio of 1:6 and 200 grams of water.  After curing 

the CMU specimens at 100% humidity for 48 hours, they were crushed and leached with DI 

water using the same procedure used for the raw materials.  The pH of the leachate from each 

sample ranged from 11.6 to 11.8 and contained significant amounts of Ca (705 to 776 mg/l) 

which leached from the Portland cement binder in the CMU’s.  Lesser amounts of other Na and 

K, also derived from the Portland cement, were present in the leachate of each mix.  The only 

other elements detected in the leachates in trace quantities above detection limits were Al (0.13 

to 0.25 mg/l), Ba (0.5 to 1.49 mg/l), Cr (0.01 mg/l), Pb (0.02 to 0.03 mg/l), and Se (0.04 to 0.15 

mg/l).  More importantly, CMU leachate concentrations for coal-derived lightweight aggregates 

and natural lightweight aggregates were essentially the same as the leachates derived from 

CUMs produced with sand and limestone aggregates.   
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