Wealth from waste: a framework to evaluate the beneficial reuse of

by-products as substrate in constructed wetlands
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Objective:

Devise and assess an evaluation framework for industrial by-
products with potential for productive use in engineered water
treatment wetlands or similar deployments

Table 1: U-Th series radiochemistry, P sorption capacity, trace element geochemistry

Mining and industrial

treatment widely recognised as a cost-effective means of attenuating
diffuse water pollution

by-products may be suitable for productive use as

800

Absorbed Equivalent Effective annual | P sorption Trace elements with concentration >
dose rate, | annual external | external dose capacity relevant soil/sediment guidelines (mg/kg)
. D (nGy/h) dose (mSv) (mSv) (mg/g)
I nt rO d U Ct I O n IX1 20 0.12 0.02 14.0 Ba(1138), Cr(1481), V(1925)
JX2 146 0.89 0.18 1.39 Ba(621), Se(5), V(96)
* Extensive land use change has substantially increased (diffuse) pollutant X3 140 0.86 0.17 3.62 Ba(623), Se(6), V(96)
loads to many aquatic environments Xa 192 1.18 0.24 1.26 Ba(1110), Se(6), V(916)
! ] JIX5 20 0.12 0.02 9.93 Ba(1546), Cr(1774), TI(4), V(3137)
* Conventional wastewater treatment systems frequently unsuitable due to e 1 o — o ) e (G BT G B S Sl
on-going requirements for guaranteed power supply and skilled labour S HIEA9) 0 20
g g q g p p p y JIX7 110 0.68 0.14 2.44 As(25), Ba(416), Cr(366), Pb(150), Sb(10), Se(2), Tl(4), V(198)
* Wetlands and similar engineered structures for passive wastewater IX8 26 0.16 0.03 21.1 As(173), Ba(287), Cr(840), Sb(25), V(1248)
JX9 186 1.14 0.23 16.1 As(314), Cr(174), Cu(68), Pb(192), Se(4), TI(5), V(583)

Figure 1: Nutrient (N, P) attenuation in laboratory column trials
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BASIC REQUIREMENTS

MSDS — nominal chemical / physical properties, safe
handling & use

Material source & generation process

Mineralogy (XRD)
Radioactivity (U-Th series)
P sorption capacity / retention index
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SECONDARY CHARACTERISATIO

|ldentification of potential fit for purpose use
Leach testing (e.g. modified TCLP)
Ecotoxicity testing

retention

Microbiological testing as required
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use ID’ed
TERTIARY CHARACTERISATION

Longer-term laboratory and/or pilot-scale field trials to
validate fit for purpose use

Comprehensive assessment of material’s projected life
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USE REGISTRATION/LICENSE
Define conditions of use (limitations, reuse or disposal)

Generate necessary supporting documentation for NRM
agency/industry/domestic product use in intended locale
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Figure 2: Synthetic softwater leachate toxicity
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*toxicity value greater than highest concentration of leachate tested
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Figure 3: Potential N, P & Si limitation of column leachates
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¢ Influent water

o Clean quartz sand

a  Steelmaking residues

¢ Tiprocessing residue

v Magnesia recycling residue
» Carbonized grain husks

o Water treatment residue

1 Lake inlet Gongqing City

2 Drain at Gongging City

3 Drain at Nanchang City
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Example Assessment Summary

Chemistry

ECmS/cm  Potentially toxic elements

Ba, Cr, V

Ba, Se, V

Ba, Se, V

Ba, Se, V

Radioactivity

mSv/y

Environmental Toxicity

Algal
growth

Cladoceran
mobility

Suitability for use in nutrient
intervention schemes and

Microtox® )
recommendations

Dilution required to reduce leachate pH & EC;
additional testing recommended prior to use

Cr,Ba, Tl, V

As, Ba, Cr, Cu, Pb, Sb, Se, Tl,
V, Zn

Ba, Cr, Pb, Sb, Se, Tl, V

As, Ba, Cr, Sb, V

As, Co, Cr, Cu, Pb, Se, Tl, V

Ba, Cl, Se, Zn

Dilution required to reduce leachate pH & EC;
additional testing recommended prior to use

Dilution required to reduce leachate pH & EC;
additional testing recommended prior to use

Zn

As, Ba, Co




