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Determining leachability

high

low

Diffusion or solubility control

cc

t t

cc
?

Porewater
Diluted porewater

pH ca. 10 ïca. 13

Carbonation

pH 8 - 10

Residence time is years

Ÿ assume equilibrium

Need to know

Binding mechanisms and solubility 

control with time 

Åas a function of concentration

Åas a function of cement composition



1.E-8

1.E-7

1.E-6

1.E-5

1.E-4

1.E-3

1.E-2

1.E-1

1.E+0

4 6 8 10 12 14

pH

C
o

n
c
e

n
tr

a
ti
o

n
, 

m
o

l 
L

-1

CaCrO4

Ca4(OH)2(AsO4)2

Ca3(AsO4)2.3.5H2O

CaHAsO3

CaMoO4

CaSeO3

CaSeO4

Solubility

4 6 8 10 12 14

pH

Pb

Cr(III)

Zn
Cu

Co Cd

Ni

1E+0

1E-1

1E-2

1E-3

1E-4

1E-5

1E-6

1E-7

1E-8

1E-9

Hydroxides Ca metallates



Procedure

Production of doped hydrated cement pastes (OPC) 

Porewater collection and analysis

Sample drying, crushing and re-equilibration at different 

W:S ratios

Carbonation and re-equilibration at different W:S ratios

Prediction of likely porewater content

Evaluation of release under different scenarios



Porewater concentrations
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Cation solubility in porewater
pH is constant at 13.7

y = 0.4681x + 0.6618

R
2
 = 0.9028
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Anion solubility in porewater
pH is constant at 13.7

Cr(VI)

Groundwater content

Rainwater content

Remediation level

Doped OPC               Carbonated

Average HM content

Worst case HM content
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Se(VI)

y = 0.7737x - 0.3671
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Agreement with published values: e.g. Pb

y = 0.8146x + 2.1585

R
2
 = 0.8277
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Binding in the carbonated system 
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pH dependence
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Leaching: Chromate

a

Leaching from Ăaverageñ concrete
Leaching from  Ăworst caseñ concrete

Leaching from carbonated concrete



Chromium in secondary aggregates

Sampling of 2ndary concrete aggregate, 

recycling gravel and mixed aggregate at 

Eberhard Recycling

Weekly sampling for 5 weeks (5x5kg)

Sample Total 
Chromium

mg/kg

Cr(VI) 
(extractable) 

mg/kg

A Concrete   
aggregate

81 0.02

B Recycling gravel 63 0.05

C Mixed 
aggregate <16 mm

79 0.1

D Mixed 
aggregate <32 mm

73 0.03



Swiss legislation appears to ensure that 

excessive metal(loid) leaching does not occur

Carbonation reduces the solubility of Zn and Pb 

but increases the solubility of oxyanions of 

Cr(VI), Se(VI) and Sb(V)

Chromium appears to be in reduced from in 

aggregate. What is the reductant?

Conclusions



[Sb] [Pb] [Crges] [Se] [Zn]

mg/kg con mg/kg con mg/kg con mg/kg con mg/kg con

alt. BrSt konservativ 0.24 2.86 3.27 0.50 7.47

alt. BrSt aggressiv 0.61 2.25 3.28 0.65 20.83

Status Quo 0.42 2.53 3.26 0.57 13.65

[Sb] [Pb] [Crges] [Se] [Zn]

mg/kg con mg/kg con mg/kg con mg/kg con mg/kg con

worst case concrete 0.72 16.80 21.60 0.60 72.00


