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Organics remain
Smart Engineers can remove

Unforeseen impacts



Landfill Leachate 
Characteristics

Landfill Age

Aerobic

Acetogenic(a.k.aacid, young)

Methanogenic(a.k.aold)

Stabilized 

Percent Composition

Percolation

Dewatering liquid

Gas well condensate



Reported 
Leachate 
Characteristics
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Parameter Young Intermediate Old

Age (years) <5(2) 5-10(2) >10(2)

pH 4.5-7.5(1) 6.5-7.5(2) 7.5-9(1)

COD (mg/L) >10,000(2) 4,000  ς10,000(2) <4,000(2)

BOD/COD >0.3(2) 0.1 ς0.3(2) <0.1(2)

Organics 9,000-25,000(2) VFA 5-30% VFA(2)

Humic& FulvicAcids
50 ς100(2) VFA

Humic& FulvicAcids

Ammonia (mg/L) 30 ς1600(1,3)

Organic N (mg/L) 14ς2500 (1)

Arsenic (mg/L) 0.1 ς1.5(1,3)

Silica (mg/L) 4 ς70(1)

Calcium (mg/L) 10 ς7200(1)

TDS (mg/L) 1,600ς22,000(1)

Chloride (mg/L) 150 ς4500(1)

(1) Kjeldsenet. al., Critical Reviews in Env. Sci. and Technol., 34, 297-336, 2002
(2) Bhallaet. al., Int. J. of Res. in Eng. and Technol., 2, 223-232, 2013
(3) CƛŜƭŘ Řŀǘŀ ŦǊƻƳ hΩ.ǊƛŜƴ ϧ Gere



Organic Acid 
Fractionation

Model HumicAcid

Model FulvicAcid

Organic compounds are primary culprits

Humicacids (HA)

Fulvicacids (FA)

Hydrophilic organics (Hpi)

Formed from transformation of: 

Lignin derivatives (wood, paperboard, paper)  

Food scraps

Phenolics, benzoic acids, aromatic compounds

Estimated to be >50% of landfill contents



Specific UVA (SUVA) is greatest for HA and 
least for Hpi

Hpi is most abundant, HA is least abundant

UVA:  HA > FA > Hpi

Impacts of 
Organic Acid 
Fractions on 
UV Absorbance 
(UVA)

Source:  Zhao et. al., J. Haz. Mater., 258, 1-9, 2013 (Data from reference site)
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What is a 
Dalton?

A dalton (Da) is a unit of molecular weight measure

1 Da = 1 g/mol

ω1 molecule of salt (NaCl) weighs 58 g = 58 Da

Polymer: Low MW <100 kDa ª High MW  500 kDaς> 6 MDa



(Better yet, why 
do we care?) 

Filter
NominalSize

(µm)
Nominal Size

(A)
Approximate
MW Cut-off

MF 0.1 1000 1 MDa

UF 0.01 100 20 kDa

NF 0.001 ς0.005 10 - 50 200 Da ς20 kDa

RO 0.0001 1 ionicradius

BiologicalEffluent from Full-Scale Operation

Membrane MWCO (Da) UV-Transmittance (%)

RO ~20 98%

NF (tight) 200 80%

NF (loose) 1000 1.30%



Operational 
Issues with SBR -
Post Treatment

Issues

Immediate blinding of RO cartridge pre-filters

Loss of flux in RO

Suspected Root Causes

Uncontrolled F:M ratio

Design blend variability affects organic loading

Shock loading / starving cycles 

Carryover residual alkalinity

Generated Extracellular Polymeric Substances (EPS)



Large Variation 
in Leachate 
and DWL



Specific 
Resistance
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Leachate Filter Material 

Filtered under constant pressure

Volume of filtrate recorded as a function of time



Specific 
Resistance of 
Various Filter 
Media With 
and Without 
Coagulant



Scanning 
Electron 
Microscope 
(SEM) Results
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Result of polysaccharide and 
phospholipids

Adhered to the surface of filter fibers

Created gel-like tackinesson surface 

Organics are then aggregating 
minerals and salts

These other particles likely include 
silicates and calcium carbonate



Specific 
Resistance of 
Acidficationand 
Decarbonation



Conclusions
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Smaller Hpimolecules are the primary impact to UV-T

ÅRequires low MWCO RO system

Systematic testing showed EPS and inorganic (hardness) 
synergistically reduced filter life and increased O&M costs

Tighter control of F:M and supplemental alkalinity addition 
showed marked improvement

ÅSupported bench-scale findings

ÅControl of EPS has larger influence on reducing filter media fouling 



QUESTIONS


