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Preface

Disposal of huge amount of municipal wastes produced by 1.3 billion Chinese
people in the process of fast industrialization and urbanization presents a major
challenge for environmental management. In most areas, the tradition of
uncontrolled garbage landfilling or dumping in a nearby space is still in practice, and
industrial, municipal, domestic and hospital wastes are dumped together. During our
work on groundwater geochemistry, the historic record and recent report of
groundwater contamination close to landfill sites have retained our great attention to
the impact of landfill leachate on the subsurface environment.

The chemical composition of landfill leachate is highly variable both spatially
and temporally, due to differences in garbage sources, local climate, landfill age and
composition. As potential sources of groundwater pollution, the refractory organic
substances in landfill leachate were the focus of our study. We realized that
dissolved organic matter (DOM) and environmental endocrine disruptors (EEDs) are
two major groups of refractory organic pollutants in landfill leachate that are hardly
biodegradable. Their cost-effective removal has become a great challenge for
environmental engineering studies, while their interaction a hot and frontier topic for
environmental science. With the support of National Natural Science Foundation of
China (No0.40830748 and No0.40972156), as reported in this book, basic research
work has been done by us in recent years.

The goal of this book was to characterize DOM and EEDs in leachates from
three landfills and to understand the interaction mechanisms between DOM and
EEDs to develop new processes for EEDs removal as well as to provide background
data for understanding the transport of landfill leachate organic pollutants in the
subsurface environment. The chemical compositions of leachate DOM from three
landfills in Hubei province of central China were investigated. The DOM fractions

isolated from landfill leachate by ultrafiltrate and XAD resin separation were
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characterized using different analysis methods such as DOC, DON, UV, FTIR, ICP-
AES, HPLC, Fluorescence spectra, 'H NMR and GPC. Trace organic pollutants in
leachate and target compounds such as NPs, PAEs, BPA and estrogens were
analyzed by GC/MS and GC X GC/ToFMS to understand the fate of EEDs in the
environment. The compositions or structures of leachate DOM were analyzed and
their possible sources identified using Py/GC/MS. And the adsorption mechanisms
between DOM and EEDs and the feasibility of treating PAEs by adsorption were
studied. Experiments were made to remove BPA, E, and E, under ultraviolet (UV)
light irradiation with the catalyzer of TiO, and to understand the effects of DOM on
the removal efficiency. Besides, a new process to degrade EEDs using photocatalytic
‘oxidation was proposed and the effect of DOM on EEDs removal experimentally
was tested.

The book was written in English and translated into Chinese by Dr.Caixiang
Zhang as a result of her Ph.D thesis work at China University of Geosciences (CUG)
and post-doc research work at the United States Geolgical Survey (USGS, Reston,
VA). As her Ph.D supervisor and her colleague now at CUG, I was involved in
working out research plan, evaluating the results and revising the book text. We
appreciate the firm support of Wuhan Environmental Sanitation Science Research &
Design Institute, Bureau of Environmental Protection of Wuhan Municipal
Government, and the great help of Dr. Isabelle Cozzarelli and Dr. Robert Egenhouse
of USGS.

Yanxin Wang, Ph.D
Professor of Hydrogeology

China University of Geosciences
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ABSTRACT

Sanitary landfilling remains the predominant approach for municipal solid waste (MSW)
disposal in many countries. Large amount of landfill leachate with fluctuating and complex
compositions and high concentrations of refractory organic pollutants and toxic substances has
been generated in the process of landfilling. The residual COD in the leachate after conventional
treatments is generally around 500 mg/L. Until now there has been no practically applicable
technology to effectively remove COD from landfill leachate existen. It was discharged into the
environment without meeting national solid waste landfill pollution control standards such as
GB16889-1997 in China, let alone the discharge standards for hazardous substances that can not
be indicated effectively using parameters of total organic pollutants such as COD. Even if the
contents of toxic substances such as environmental endocrine disruptors (EEDs) are as low as
ng/L level, they may have carcinogenic, teratogenic and mutational effects on human organisms
including reproductive organs, endocrine, nervous and immune systems. Thus, with the
development of analytical methods and the increase of environmental awareness, great attention
has been paid to toxic substances in landfill leachate in recent years.

Dissolved organic matter (DOM) is the main composition as well as a major source of
residual COD in landfill leachate. DOM plays a significant role on the fate and transformation of
pollutants in the environmental systems. Therefore, characterization of DOM in landfill leachate
is significant.

Landfill leachate samples were collected from three landfills (labeled as R-landfill, J-
landfill, H-landfill respectively). R and J landfill are in Wuhan. R Landfill has a history of
5 years in operation, while landfill J has been closed for about 5 years. H-landfill lies in Yichang
city, a smaller city 300 km away from Wuhan. Representative compounds of EEDs such as
bisphenol A (BPA), estradiol (E,), estrone (E,), and phthalate esters (PAEs) were chosen
according to the characteristics of occurrence of DOM and organic pollution in leachate. The
effect of DOM on solid/liquid two-phase fraction of EEDs adsorption mechanism and
photodegradation processes of EEDs were studied. The main results are as follows:

(@) DOM in landfill leachate was characterized systematically. Leachate DOM was
characterized by fractionation using ultrafiltration (UF) and XAD resin and analyzed both
qualitatively and quantitatively by combining different analysis methods such as UV,
fluorescence, GPC, HPLC, FTIR spectroscopy, element analysis, '"H NMR and pyrolysis-gas
chromatography/mass spectrometry (Py/GC/MS). The results showed that the compositions of
DOM depend on landfill age, waste content in landfill and rainfall in landfill region. Fulvic acid
was dominant in all samples. High H/C and N/C in leachate DOM (especial in R-landfill)
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indicated the dominant biochemical process. In the older J-landfill, the amount of carbohydrates
and proteins determined by Py/GC/MS analysis was lower, and concentrated high aromatic
structure of DOM may be the main reason for the difficulty of removing residual COD.

(b) The distribution of organic pollutants in leachate was investigated comprehensively and
a suitable method for EEDs was established. A comprehensive determination of the composition
of organic pollutants including surfactants, plasticizers, pharmaceuticals, pesticides, hormones,
and oil was obtained by using GC/MS analysis. Based on the investigation, the methods of
simultaneously determining BPA, E,, E,, sterols and phthalates as targets compounds in leachate
were developed. Concentrations of pollutants were usually low during the whole processes
except for BPA and DEHP, which were up to 127.66 pg/L and 232.5 ug/L respectively. The
concentrations were correlated with landfill ages, waste compositions and sampling seasons. The
results indicate that conventional treatment processes can not meet the demand of discharge, and
advanced treatment methods were required. In addition, more than 20 types of sterols in landfill
leachate were identified for the first time in China. Different biomarker index showed that
leachate poses a long-term threat to the aquatic environment. Finaly, over 178 NP compounds
and 27 main NP isomers were found in tNP by using SDE-GC X GC/ToFMS analysis.

(c) The mechanism of adsorption between DOM and EEDs was studied to explore the
possibility of removing EEDs by adsorption. Sorption experiments and the interaction between
targets EEDs, including BPA, E,, E,, and DOM from leachate were investigated using FTIR,
'H NMR and ESR. The adsorption isotherms fit the Freundlich equation well. The results
suggested that multiple binding mechanisms might occur simultaneously in the adsorption
process such as ionic bonds, hydrogen bonds and charge-transfer bonds. Adsorption can be
applied to remove hydrophobic pollutants (IgK,,,>>4.5) from water by DOM as a complexing
agent during complexation-flocculation process.

(d) A new process to degrade EEDs using photocatalytic oxidation was proposed and
experimentally tested. The direct and indirect photolysis of BPA, E, and E, was investigated in
the absence and presence of DOM from three landfills. EEDs degradation by direct photolysis
under sunlight irradiation was significantly slower than that in the presence of DOM. However,
distinct differences in indirect EEDs photolysis by DOM from direct photolysis were observed
primarily due to competitive light absorption and quenching of EEDs. Photodegradation rate
constant are relative to DOM source or molecular structure. The pathway of photodegradation of
EEDs was proposed and the estrogenic activity of E, degradation products was discussed. On
this basis, a multi-variable model of photodegradating EEDs was established and a new process
to degrade EEDs using photocatalytic oxidation proposed, which might be applicable for treating
other types of wastewater with high concentrations of refractory organic matters. The process

therefore has great potential of application in environmental studies.



List of Acronyms and Abbreviations

H, 3C NMR Proton and carbon nuclear magnetic resonance spectra
AP,EO 4-alkylphenol di-

APEOs Alkylphenol polyethoxylates

BBP Butyl benzyl phthalate

BOD Biochemical oxygen demand

BPA 2,2’-bis-(4-hydroxyphenyl) propane
BSTFA Bis(trimethylsilyl)trifluoroacetamide
CDOM Chromaphoric dissolved organic matter
COD Chemical oxygen demand

DBP Di-butyl benzyl phthalate
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DOC Dissolved organic carbon

DOM Dissolved organic matter

DON Dissolved organic nitrogen

E, Estrone

E, 17B-estradiol

E, Estriol

EE, 17a~ethynylestradiol

EEDs Environmental endocrine disruptors
ESR Electron spin resonance

FAs Fulvic acids

FL Fluorescence spectroscopy

FTIR Fourier transform infrared spectroscopy
GC/MS Gas chromatography—mass spectrometry
GPC Gel permeation chromatography

HAs Humic acids

HHW Household hazardous wastes



HMW
HiA
HiN/B
HoA
HoN/B
HPI
HPLC
HPO
Kow
LC/MS
LLE
LMW
MBR
MCPP
MSW
MW
NP
NP,EO
NP,EO
PAEs
PAH
pc
Py/GC/MS
ROS
RIC
RID
SEC
SPE
SS
TFUF
TIC
TMAH
TOC
UCM
UF

WWTPs
XO0Cs

High molecular weight

Hydrophilic acids

hydrophilic neutrals and bases
Hydrophobic acids

hydrophobic neutrals and bases
Hydrophilics

High-performance liquid chromatography
Hydrophobics

Water and octanol

Liquid chromatography—mass spectrometry
Liquid—liquid extraction

Low molecular weight

Membrane bioreactor

Mecoprop

Municipall solid waste

Molecular weight

4-nonylphenol

Monoethoxylates

4-nonylphenol di-

Phthalic acid esters ‘
Polyhydroxy-aromatics hydrocarbon
Polar compounds

Pyrolysis-gas chromatography/mass spectrometry

Refractory organic substances
Reconstructed ion current
Refractive index detector

Size Exclusion Chromatography
Solid-phase extraction
Suspended solid

Tangential flow ultrafiltration
Total ion current
Tetramethylammonium hydroxide
Total organic carbon
Unresolved Complex Mixture
Ultrafiltrate

Ultraviolet

Wastewater treatment plants

Xenobiotic organic compounds
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