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Resource Life Cycle
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Life cycle traces flow of resources from generation and
occurrence through interaction with society and the
environment to final disposition and disposal

U.S. Geological Survey energy and minerals science strategy:

%USGS U.S. Geological Survey Circular 1383i D, 2013



Metal Removal vs Metal Recovery

Removal = extraction to meet regulatory requirements

Recovery = extraction into a saleable product

Some nuisance metals, such as copper, may be
removable and recoverable




Metal Recovery from
Biosolids




Why Consider Metal Recovery from Biosolids?

U Biosolids contain metals

U According to U.S. EPA, approximately 7,100,000 dry
tons of biosolids are generated each year in the U.S.

U About 50% of all biosolids are recycled to land

V Some risks due to metals (regulatory limits)

V Some metals may be removed and recovered prior
to use of biosolids as a fertilizer

A Removing a portion of regulated metals (e.g., copper)
from biosolids prior to application might extend the
application period for the applied fields




Advantages of Using Existing Mining Methods
for Metal Removal and Recovery

U Produces aform/composition that can be fed into an
existing process

U Off-the-shelf metal-removal processes are available
(and are constantly being optimized)

U Off-the-shelf metal-recovery processes are available

U Metal recovery methods are the subject of current
research and development

V New recovery methods are becoming available

A e.g., use of resins to recover gold
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Biosolids from the
Denver Metro Wastewater Reclamation District

U Influent is municipal, commercial, and (pretreated)
Industrial sewage from the Denver metropolitan area

(no stormwater)

U Treatment
V Primary (screening, skimming, and settling)

V Secondary (activated sludge: microbiological removal of
suspended and dissolved organic matter)

V Anaerobic digesters stabilize the solids
V Polymer added and centrifugation to dewater prior to
application
U Analyzed for major elements and some trace elements
by the USGS (1999-2010)*

% USGS *Yager et al. (2013); http://pubs.usgs.gov/sir/2013/5065/



Biosolids from the
Denver Metro Wastewater Reclamation District

Reanalyzed selected biosolids samples for gold and
silver (and other minor elements)

Copper porphyry deposits typically

Biosolids (Total contain 5,000 to 10,000 ppm Cu

Concentration (ppm)

Economically viable
gold deposits

Bios3-99 Bios1-04 Bios11-08 Bios12-09




Biosolids from the
Denver Metro \Wastewater.Reclamation District

Back- of - the - envelope calculation:

If a biosolids sample contains 1 ppm gold, then
the value of gold in 1 tonne is approximately $40

(at the current price of gold of $1,300 per t 0z).




