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UW-Madison Black Goo Research Team

Research Sponsored by Environmental Research
& Education Foundation (EREF)

Mehmet Yilmaz - Post Doctoral Associate (in memoriam)
Yu Tan - Post Doctoral Associate

Craig H. Benson i WI Distinguished Professor Emeritus

Sabrina L. Bradshaw i Research Scientist and Manager

Tuncer B. Edil i Professor Emeritus



Visual, Textural, and Olfactory Characteristics

A Very sticky, stretchy, rubbery with strong odor (sulfur smell)
A Same physical appearance for samples from different landfills




Where Do We See Black Goo?
28 Samples Primarily from Landfills in North America
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Transmittance (%)

Forensic Chemistry Tools: FTIR Spectroscopy
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AConsi stent peaks
region indicate C-H and C-H,, C-
O, C=0, C=C, and CO, bonds.

ARemarkably similar FTIR spectra
from goos collected from broad
range of landfills from disparate
locations.



Solid-State Nuclear Magnetic Resonance (sSNMR)
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ASpectra indicate black goo
has C-H,, C-H, and C=0
bonds.

AStructures observed in
NMR spectra match bonds
Indicated by FTIR spectra.

ARemarkable similarity
between goos.



Forensic Chemistry:
Thermogravimetric Analysis (TGA)

ATGA under N, atmosphere
from 20 °C to 1000 °C

AWeight loss at 500 °C
Indicates synthetic
polymeric structures.

ANatural biopolymers
decompose 200-300 °C.

APolymer content varies from
15% to 40%
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Rehydration of Black Goo & Phase Separation

A Goo samples dried
and rehydrated in DI
water.

A Rehydrated samples
absorbed water and
released a
transparent
hydrophilic polymer.

A Polymer separated for
further testing and Dehydrated Black Rehydrated Black Goo
analysis. Goo




Key Findings: Observations, FTIR, NMR, TGA "
AC-H, C=0, C-H, bonds OIO
AHigh temperature decomposition { 1
AHigh organic content
AHigh water content and hydrophilic structure  °
APredominantly abiotic g/}
AFirm, stretchy, elastic texture

AClear gelatinous texture & structure on rehydration

Similar to acrylate-based super absorbent polymers.



Super Absorbent Polymers (SAPS)

A Over 12.2 billiortbs of SAP produced in 2020.

A Water soluble and hydrophilic.
Bind 100 T 1000x mass in water.

A SAPs used in diapers, sanitary products, absorben
meat and produce packaging.

A 85% of SAPs by mass are used inflaf diapers
sent to landfills.

A SAPs used to treat wet wastes to pass paint filter
test for landfill disposal.

A Soocljium C|ci)olyacrylate is the most common SAP Water added to sodium polyacrylate
produce



FTIR of Hydrated Black Goos & Anionic Polyacrylates
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TGA and FTIR of Goos Very Similar to Products with Sodium Polyacrylate



Transmittance[(%)
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Leachate & Precipitate Studies

AAnalysis of FL MSW LF Leachate Quéali®@8

AAssessment of Leachate Collection System Clogging at FL MS
LFs 1998

A Assessment of Bio%eochemical Deposits in LF Leachate
Drainage System<005

AClogging of Leachate Collection Systems mZ0109-2014

AManagement Solutions for Leachate Biogeochemical Clogging
¢ 20192025+

*Hinkley Center for Solid and Hazardous Waste Management



Lead Researchers/Problem Solvers (So

ADr. Craig Benson, Univ. of VA, Univ. of WI

ADr. Timothy Townsend, Univ. of FL
ASNP WALFLYYIEY abAO1¢ | KSyz>X

ADr. Yalan Liu & Dan Meeroff, Florida Atlantic Univ.

Also: Engineers/Consultants, Private and Public LF
specialists, State and National Environmental Depts.



Concl usi on: n Ke

AGoo tends to accumulate in cooler quiescent zones (low
shear)

APolyacrylates dissolve in solution, but will agglomerate as
concentration increases and temperature and fluid shear decrease.

AKeep the fluid moving (shear stresses) to keep the polymer flowing
with liquid and not as separate sticky phase.

With PES Conclusion:
Get It In the Budget



Not All Black Liquids in Landfills are Black Goo
Black Goo vs. ETLF Black Liquid

|
’ ETLF SAMPLE

BLACK GOO




Goo--ts not just black

AD22 Aa y2i0 2dzad | (IKAy3I:
AForms in later stages of leachate plugging problems.

AWhich makes it a Cause and Effect.

AConcentration of constituents is not known and is like
variable.

AOther critical factors?: PFAS, Metals @e), Organics
(Ammonia, etc.) . Groundwater contamination.



¢ FFe&y LG A&

AEstimated to be 90+% polyethylene

ASeparates and floats
AMost often found in gas wells.
AKey for the Quiz: Goo Sinks, Taffy floats.

ARequires entirely different chemistry to dissolve.
Requires being very careful.



The Problem
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ipe & Well Renew SLF

Two Strategies (3)
1.Delay

2.Fix
3.lgnore

PROGRESSIVE
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Chemical Cleaning
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The Questions

AHow bad is it?

AHow long has it been this way?

AWhat Scales/Goo/Taffy are we dealing with?
Age? Progression?

AWhat are the design/disposal issues?
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MSW LF, Force Main, 37 Sumps, 2 Booste

Before

A Operating Pressur@0-100 psi | =

A Multiple pumps per station =
A Booster pump Stng =
A Flow rates: 25gpmper pump |

After

A Operating Pressuré&-10 psi
A Single pumps in Auto

A Booster pumps taken off line
A Flow rates: 58.00gpmper

pump
Time reduction on liner?
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