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SUMMARY

This study makes an attempt to figure out a more detailed picture of anthropogenic
chemicals in aquatic environmentthroughout Vietnam by applying comprehensive analytical
methods utilizing a comprehensive gas chromatography—mass spectrometry—database that
allowsto automaticallyidentify and quantify of 940 organic micro—pollutants (OMPSs)in
environmental samples (waters and sediments). In addition, an investigation of 16
perfluoroalkyl acids (PFAAS) in environmental waters in Vietnam by applying high
performance liquid chromatography tandem mass spectrometry was carried out. Hundreds of
OMPs at high concentrations were detected in waters (235) and sediments (185). Moreover,
the pollution characteristics, potential pollution sources as well as the potential risk of
detected contaminants were clarified.

The list of the studied tasks and results is summarized as below:

Chapter | reviewed the general information of chemicals: use, production volume,
essentialto human life and environmental concerns regarding its pollution. The environmental
incidents caused by chemicals in the world and Vietnam as well as the exposure to
environmental pollution throughout the world were discussed. Pollution situation of
chemicals in the aquatic environment (freshwater systems, groundwater and sediment) and
the potential sources (untreated sewage and industrial discharges,storm water runoff,
accidental spills, landfills, etc.) of contamination entered to aquatic environment were
reviewed. Since occurrence of micro—pollutants in the environment has become a worldwide
issue of concerns, accordingly multiple chemicals were added to the listed of priority
pollutants (emerging pollutants) that should to be controlled and regulations for some toxic
chemicals were set. The historical overview of extraction and instrumental measurement for
analyzing pollutants and an approach of analytical methods for this study were also discussed.

In chapter I, an introduction of advancedcomprehensive analytical methods for
organic micro—pollutants applied in this study was described.Arapid and reliable screening
Automated ldentification and Quantification System with a GC-MS Database (AIQS—DB)
was developed for the quantitative determination of 940 OMPs without the use of standards.
In addition,comprehensive analytical methods for OMPs in various environmental samples
(water, sediment, soil, and foodstuff) were also developed in order to optimize the full use of
AIQS-DB. As a result, two extraction methods (liquid—liquid extraction method and
solid—phase extraction method) were successfully applied for water samples, while a
combination of an accelerated solvent extractor and a liquid—liquid extraction method was



applied for sediment samples. The combination of these extraction methods and screening
analysis allowed to screen very large numbers of organic contaminants simultaneously in a
single analysis using aunique extraction procedure, with the accuracy of measurements and
the capability of identification and quantification are almost the same as that obtained by the
conventional analytical methods. A brief description of extraction methodologies for OMPs
in water and sediment applied for AIQS—DB were also introduced.

Chapter 111 gave an overview of study areas and sampling locations selected for this
study. A brief introduction of sampling methods designed for specific targets was described.
Four large cities (Hanoi, Hai Phong, Da Nang, and Ho Chi Minh City), which are the most
highly industrialized and urbanized in Vietnam, a historical city (Hue) and the second biggest
river (Red River) in Vietham were selected as study areas to achieve the objective. Surface
waters were collected in the all study areas between 2011 to August 2014 while groundwaters
were collected twice in Hanoi and Ho Chi Minh City in September 2013 and August 2014.
Sediment samples were collected once in four major cities (Hanoi, Hai Phong, Da Nang, Ho
Chi Minh City) in October 2011. The different sampling methods were designed for different
target analysis as well as the different environmental compartments. A detailed instruction of
sampling method for OMPs in water and sediment as well as the sampling method for
PFAAs in water was described.

Chapter IV showed the occurrence, contamination levels, pollution characteristic, and
the potential pollution sources of 940 OMPs in environmental waters in Vietnam. Two
hundred thirty five and 74 OMPs were detected in surface and groundwater, respectively.
Chemicals originated from domestic sources mainly polluted environmental waters. Some
organochlorine pesticides that were banned 20 years ago were still detected in surface waters,
and some drinking water sources were polluted by pesticides at critical levels. Endocrine
disrupting chemicals (bisphenol A and nonylphenol) were detected in metropolitan surface
waters at levels that may pose adverse effect to aquatic organisms. In general, the number of
detected chemicals in surface waters was similar to those found in developed nations such as
Japan; however, the levels were much higher due to direct sewage inflow. In contrast, 89% of
the detected concentrations in groundwaters were low (less than 0.5 ug L™). A health risk
assessment for detected contaminants in groundwater showed that there were no risk to
humans. The investigation indicated that most of the aquifers have been impacted by
non—point source, while untreated domestic wastewater was the main source of surface
waterpollution.

Chapter V presented the results of investigation of 940 OMPs in sediments in four
major industrialized and urbanized cities throughout Vietnam by applying a comprehensive



analytical method utilizing AIQS—-DB. Although 20% of the targets were detected(185 of 940
OMPs), the discussion was mainly focused on the contaminants which were abundance and
presented in the environment at high concentrations or posed adverse effect to human and
aquatic organism. For instance, the contaminants that were classified as indicator of domestic
wastewater pollution (eg. sterols, pharmaceuticals, etc.); or persistence organic pollutants
which posed serious adverse effect to human health and aquatic organisms (eg.
organochlorine pesticides and polychlorinated biphenyls); or endocrine disrupting chemicals.
Occurrence, concentration levels, pollution characteristics of OMPs as well as an
investigation of pollution sources of detected OMPs were discussed. The results showed that
n—alkanes, phthalates, sterols andpolycyclic aromatic hydrocarbonwere the most frequently
detected compounds at high concentrations. Contamination levels of OMPs in metropolitan
areas were higher than those in rural and suburban areas due to untreated domestic
wastewater discharge. Pyrethroid insecticides were heavily polluted sediments from cities’
inner canals and organochlorine pesticides and polychlorinated biphenyls that were banned
several decades ago were still detected at low levels. Since some detected contaminants had
levels exceeding guideline values, those may pose potential toxicological stress to aquatic
organisms. Overall, the study confirmed that sediments were heavily polluted mainly by
domestic wastewater.

Chapter VI presented the first nationwide study of perfluoroalkyl acids in
environmental waters in Vietnam. The investigation of PFAAs was carried out on 21 river
waters and 22 groundwaters in four major cities and water samples from the Red River.
Specific solid—phase extraction method accompanied with high performance liquid
chromatography—tandem mass spectrometry as a measurement method has been applied to
the determination of 16 PFAAs in water samples. Occurrence, concentration levels, and
characteristic of PFAAs in surface, ground waters, and in Red River water were described.
Briefly, perfluorooctanesulfonic acid (PPFOS), perfluorooctanoic acid (PFOA), and
perfluorononanoic acid (PFNA) were the most prevalent of 11 detected PFAAs with
maximum concentrations in urban river water of 5.3, 18 and 0.93 ng L™, respectively, and in
groundwater of 8.2, 4.5 and 0.45 ng L™, respectively. PFAAs in the Red River water were
relatively low. Concentrations of PFAAs detected in this study were the same level as those
in Southeast Asian countries but lower than in developed nations. Pollution sources of PFAAs
in Vietnam were evaluated by comparing the pollution profile of PFAAs in surface waters
with those in other countries. The results demonstrated that imported products containing
PFAAs from China and Japan are one of the major sources of PFAAs in the Vietnamese
aquatic environment. Risk evaluation of some PFAAs was performed by comparing the
detected concentrations with health—based values and guideline values for the protection of



aquatic organisms, which shows that the detected PFAAs do not pose an immediate health
risk to humans and aquatic organisms.

Chapter VI indicated general conclusionsand further studies.
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1.1 CHEMICALS AND ENVIRONMENTAL CONCERNS

Chemicals play an important role in human life, economic, development, and
prosperity. Chemicals provide valuable benefits to humanity including in agriculture,
medicine, industrial manufacturing, energy extraction and generation, and public health and
disease vector control. Chemicals also play an important role in achieving developmental and
social goals, especially for improving maternal health, reducing child mortality, and ensuring
food security, and advances in their production and management have increased their safe
application (URL1). It has been reported that 100 million organic and inorganic chemical
substances have been synthesized until now (URL2) and subject to regulatory and inventory
systems, and eighty thousand man—made chemicals are currently used in vast quantities in
today’s society (Schaider et al., 2014). In the European Union (EU), there are more than
100200 registered chemicals (URL3), of which 30000-70000 are in daily use
(Schwarzenbach et al., 2006).

Chemicals are released to the environment at many steps in their life cycle, from the
extraction of raw materials, through production chains, transport, consumption, and final
waste disposal. They are spread to everywhere: indoor environments, food and drinking
water, air, soils, rivers, lakes and living things. Certain long-lived chemicals such as
persistent organic pollutants (POPs) and heavy metals are transported globally; reaching
otherwise pristine environments such as rain forests, deep oceans or polar regions, and can
quickly pass along the food chain, bioaccumulation to cause toxic effects on humans and
wildlife (URL1). Products derived from chemicals often become hazardous wastes in their
end—of-life phase, generating pollution risks. Pollution from dumping and uncontrolled open
burning is common (UN—Habitat 2010), and is even increasing in some parts of the world.
Electronic equipment waste (e—waste) has become one of the major environmental
challenges of the 21st century since it contains not only hazardous substances (eg. mercury
and lead, and endocrine—disrupting substances, brominated flame-retardants) but also many
strategic metals (URL1). Every year, 20 to 50 million tons of electrical and electronic
equipment waste are generated world—wide, which could bring serious risks to human health
and the environment (Schwarzer, 2005).

Over the last decade chemical production has shifted from the countries of the
Organization for Economic Cooperation and Development (OECD) to the BRIC countries
(Brazil, Russia, India and China) and other developing countries, accompanied by a doubling
of sales and the development of many new types of chemical. In 2004, China accounted for
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the largest share of BRIC production at 48 per cent, followed by Brazil and India at 20 per
cent each, and Russia at 12 per cent (OECD, 2008). Chemical consumption in developing
countries is likewise growing much faster than in the developed world and could account for
a third of global consumption by 2020 (URL1). The increasing use of chemicals in
developing countries while their impacts on the environment and human health remain
poorly monitored and little understood. A recent study by the World Health Organization
(WHO) (Priss—Ustln et al., 2011) indicated that 4.9 million deaths and 86 million
Disability—Adjusted Life Years (DALYSs) were attributable to environmental exposure and
management of selected chemicals in 2004. And more than 90 per cent of water and fish
samples from the aquatic environment are contaminated by pesticides. Estimates indicate that
about 3 percent of exposed agricultural workers suffer from an episode of acute pesticide
poisoning every year (Thunduyil et al., 2008). Pollution with POPs is widespread, in
particular affecting remote areas such as the Arctic and Antarctic (URL1).Consequently it is
confirmed that environmental pollution by chemical substances is one of the most important
environmental issues in the 21" century and is a issue to solve for creating sustainable society.

1.2 ENVIRONMENTAL INCIDENTS CAUSED BY CHEMICALS

Various environmental incidents, which relate to the production and application of
chemicals, have occurred around the world. For instance, an incident caused by methyl
mercury, which was released from Chisso corporation’s chemical factory to Minamata Bay,
Japan (1932-1968), killed 1784 people, and 2265 had been officially recognized as having
Minamata disease (URL4). Yusho disease was a mass poisoning by polychlorinated
biphenyls (PCBs) which occurred in northern Kytishi, Japan in 1968. About 14000 people
who had consumed the rice oil contaminated with PCBs and polychlorinated dibenzofurans
(PCDFs) were affected in Japan. The same incident was occurred in Taiwan in 1979, which
was called Yu—cheng disease. The similar symptoms and effects of the PCBs and PCDFs
were observed, especially in children (URL4a). The deadliest chemical disaster in history
which occurred in Bhopal, India (1984) due to the releasing of methyl isocyanate at a
pesticide plant, resulted in 170000 victims including the death of over 3000 people (URLDS5).
An explosion in an ammonium nitrate and fertilizer factory destroyed the facility and caused
widespread damage in the surrounding area, which was occurred in Toulouse, France (2001),
resulting in the death of 29 people and 2500 people injured. In view of environmental
contamination by chemicals (URLS5), Vietnam has been well known as a land of extensive
spraying of Agent Orange (a 50/50 mixture of two herbicides: 2,4-D and 2,4,5-T) during the
Vietnam War. Over 43 million liters of Agent Orange and 31 million liters of Agent Green,
Pink, Purple, Blue, and White were used during 1961-1972 (Young, 2009). Four hundred
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thousand people were killed or maimed as a result of exposure to herbicides like Agent
Orange; half a million children have been born with serious birth defects, while as many as 2
million people are suffering from cancer or other illness caused by Agent Orange (URLSG).
More recent incident was environmental pollution caused by discharging wastewater from
Vedan Company into Thi vai River, Dong Nai province (September 2008), causing the death
of fish and seriously effects on agriculture activities and ecosystems.

1.3 HEALTH IMPACTS

Environmental pollution can be simply, if somewhat generally, defined as the
presence in the environment of an agent, which is potentially damaging to either the
environment or human health. As such, pollutants take many forms, which include not only
chemicals, but also organisms and biological materials, as well as energy in its various forms
(e.g. noise, radiation, heat) (Briggs, 2003). Exposures to environmental pollution remain a
major source of health risk throughout the world, though risks are generally higher in
developing countries, where poverty, lack of investment in modern technology and weak
environmental legislation combine to cause high pollution levels (Briggs, 2003). The
industrial emissions, poor sanitation, inadequate waste management, contaminated water
supplies, and exposures to indoor air pollution from biomass fuels in the developing
countries mainly affect large numbers of people. Consequently, diverse diseases and deaths
caused by pollution have occurred. As reported by WHO (2002), unsafe water, and poor
sanitation and hygiene kill an estimated 1.7 million people annually, particularly as a result of
diarrheal disease. Globally, 7 million people died—one in eight of total global deaths—as a
result of the joint effects of household (household air pollution) and ambient air pollution
(ambient air pollution) in 2012 (URL7), almost all in low and middle income countries.
Approximately 800000 people annually die due to urban air pollution (generated by vehicles,
industries, and energy production). Malaria kills over 1.2 million people annually, mostly
African children under the age of five (WHO, 2003) due to poorly designed irrigation and
water systems, inadequate housing, poor waste disposal and water storage, deforestation and
loss of biodiversity, all may be contributing factors to the most common vector—borne
diseases, including malaria, dengue and leishmaniosis. In addition, Fewtrell et al. (2003)
reported that lead exposure kills more than 230000 people per year and causes cognitive
effects in one third of all children globally; more than 97% of those affected live in the
developing world. Climate change impacts — including more extreme weather events,
changed patterns of disease and effects on agricultural production — are estimated to cause
over 150000 deaths annually (WHO, 2002; McMichael et al., 2003).
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1.4 POLLUTION OF AQUATIC ENVIRONMENT AND POTENTIAL SOURCES OF
CONTAMINATION

Every day, industries, agriculture, and the general population are using water and
releasing various pollutants in wastewaters (Deblonde et al., 2011).More than one—third of
the earth’s accessible renewable freshwater is used for agriculture, industrial and domestic
purposes, and most of these activities lead to water contamination with numerous synthetic
compounds. The increasing contamination of freshwater systems with agriculture practices,
industrial discharges and the human being is one of the key environmental problems and
become a matter of serious concern today. Rivers due to their role in carrying off the
municipal and industrial wastewater and run—off from agricultural land in their vast drainage
basins are among the most vulnerable water bodies to pollution (Singh et al., 2005). The
municipal and industrial wastewater discharge constitutes the constant polluting source,
whereas, the surface run—off is a seasonal phenomenon, largely affected by climate in the
basin. Seasonal variations in precipitation, surface run—off, ground water flow and water
interception and abstraction have a strong effect on river discharge and subsequently on the
concentration of pollutants in river water (MVega et al., 1998).

Sewage pollution in tropical Asian regions due to the direct discharge of domestic
waste, leaching from poorly maintained septic tanks and improper management of farm
waste are suspected as the major sources of water borne disease (Huttly, 1990). Municipal
(domestic) wastewater is the outflow that comes from households, offices, laundries,
hospitals, and small industrial plants. Also, rain waters along side with impurities washed
away from streets and adjacent areas access municipal wastewater (Kotowska et al., 2012). It
has been reported that various organic pollutants, for example phthalates, polycyclic aromatic
hydrocarbons  (PAHs), phenols, nitrogen—containing pollutants, pharmaceuticals,
endocrine—disrupting compounds, volatile organic compounds, sterols, brominated flame
retardants, etc. (Konig et al., 1980; Eganhouse et al., 1988; Grimalt et al., 1990; Seguel et al.,
2001; Nakada et al., 2008; Meesters and Schroder, 2002)have been detected in municipal
sewages. Pollution sources are various; many of the pollutants originate in everyday products,
from which they leach during use or after disposal (Marttinen et al., 2003). Contaminated
stormwater constitutes one of the world's main transport mechanisms introducing non—point
source pollutants into receiving waters since it is being increasingly contaminated by a
variety of biological, chemical and/or physical pollutants stemming from anthropogenic
activities commonly practiced in urban areas (Pitt et al., 1995). Storm water runoff contains
many kinds of chemicals such as heavy metals, PAHs, PCBs, pesticides, alkyl—phenols
(Zgheib et al., 2012), nutrient elements (nitrogen and phosphorus) (Ballo et al., 2009)and
perfluorinated surfactants (Murakami et al., 2009).



CHAPTER | GENERAL INTRODUCTION

To date, the occurrence of pollutants has been much better characterized in
wastewater and surface water environments compared to groundwater (Lapworth, et al.,
2012). Groundwater represents the world’s largest and most important sources of potable
water andis an important resource for many of the world’s larger cities. Urban and industrial
development can impose major stresses on this resource—on quantity by increasing water
demand, and on quality through the release of contaminants that can compromise
groundwater quality and thereby limit its utility (Howard, 2002). Since vast quantities of
freshwater are consumed, correspondingly large quantities of wastewater are produced that
may, through various transport pathways, have an impact on the groundwater. Groundwater
pollution can be classified as point and non—point (or diffuse) sources pollution. Point source
pollution refers to contamination from discrete locations that can be easily identified with a
single discharge source (eg. municipal sewage treatment plant discharges, industrial
discharges, accidental spills, and landfills). In contrast, non—point source pollution is caused
by pollution over a broad area and often cannot be easily identified as coming from a single
or definite source. Groundwater in urban areas is likely to be impacted by pollutants from
sewage, industrial activities as well as diffuse leakages from reticulated sewerage and septic
systems (Ellis, 2006). Wastewater may contain pharmaceuticals, household detergents,
fragrances, flavorings, and plant and animal steroids. Hospital wastewater forms an important
source of contaminants including a wide range of pharmaceuticals, while industrial
compounds include solvents, detergents, flame—retardants and PAHs (Stuart et al., 2014). In
rural areas, the main contributor to groundwater pollution are probably fertilizers,
agrochemicals and veterinary medicines related to agriculture, and animal waste (Boxall et
al., 2004; Vazquez—Sufié et al., 2010). Municipal solid waste leachate contains a wide range
of organic compounds (PAHSs, phenols, alkyl phenols, pesticides, phthalates, pharmaceuticals,
sulfonates, sulfones and sulfonamids, pyridines, alcohols, ethers and ketones, caffeine,
anilines, etc.)

River sediments, as basic components of our environment, provide foodstuffs for
living organisms and also serve as a sink and reservoir for a variety of environmental
contaminants. It has been recognized that aquatic sediments absorb persistent and toxic
chemicals to levels many times higher than the water column concentration (Milenkovic et
al., 2005). A wide variety of organic compounds and metals are discharged into the aquatic
environment. Some contaminants flow directly from industrial and municipal waste
dischargers, while others come from polluted runoff in urban and agricultural areas. Still
other contaminants are carried through the air, landing in lakes and streams far from the
factories and other facilities that produced them. The contaminants are adsorbed onto
suspended particles and eventually settle to the sediments, where they can exert toxic effects
on the benthic community that lives in the sediments and can indirectly affect human health.
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United States Environmental Protection Agency (US—-EPA) (URLS) has reported that there
are five major types of pollutants are found in the sediments: (1) nutrients (including
phosphorous and nitrogen compounds such as ammonia. Elevated levels of phosphorous can
promote the unwanted growth of algae, and high concentrations of ammonia can be toxic to
benthic organisms); (2) bulk organics (a class of hydrocarbons that includes oil and grease);
(3) halogenated hydrocarbons or persistent organics (a group of chemicals that are very
resistant to decay, eg. dichlorodiphenyltrichloroethane (DDT) and PCBs); (4) PAHSs; (5)
metals. Point sources (waste discharges from industry; municipal sewage treatment plants,
overflows from combined sanitary and storm sewers, stormwater discharges from municipal
and industrial facilities) and non—point sources (runoff from hazardous and solid—waste sites;
runoff from croplands, livestock pens, mining and manufacturing operations, atmospheric
deposition is another source of nonpoint pollution) are the main route of these contaminants
in the sediments.

1.5 PIORITY AND EMERGING CHEMICALS

Over the last few decades, the occurrence of micro—pollutants in the aquatic
environment has become a worldwide issue of increasing environmental concern.
Micro—pollutants, also termed as emerging contaminants (ECs), consist of a vast and
expanding array of anthropogenic as well as natural substance, which cover not only newly
developed compounds but also compounds newly discovered in the environment—often due
to analytical developments and compounds that have only recently been categorized as
contaminants (Lapworth et al., 2012; Luo et al., 2014). Since the 1970s of most EU and US
national water pollution control programs has been devoted to the conventional Priority
Pollutants especially those collectively referred to as ““persistent, bioaccumulative, toxic™,
“persistent organic pollutants’ and other ‘““bioaccumulative chemicals of concern”. However,
there is a much wider range of other important ‘“‘unrecognized” or ““emerging” pollutants that
are now widely used in everyday urban activities (Ellis, 2006). These include a wide array of
different compounds (as well as metabolites and transformation products): pharmaceutical
and personal care products (PPCPs), pesticides, steroid hormones, veterinary products,
industrial compounds/by—products, food additives as well as engineered nano—materials
(Stuart et al., 2014). Many of these are not new chemicals for they have been present in
wastewaters for many decades but are only now being recognized as potentially significant,
but largely unregulated, water pollutants (Ellis, 2006). ECs are being more widely detected
and commonly present in waters at trace concentrations, ranging from a few ng L™ to several
ug L™, which may produce potentially harmful effects on ecosystems and human health (Luo
etal., 2014; Stuart et al., 2012).
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There has been a wealth studies on the occurrence and/or gate of ECs in surface water
(Ellis, 2006; Kim et al., 2009; Chen et al., 2008; Focazio et al., 2008; Kolpin et al., 2002;
Ying et al., 2003; Kuch and Ballschmiter, 2001; Jin et al., 2004; Kawahata et al., 2004; Kang
and Kondo, 2006; Hung and Thiemann, 2002; Hideshige et al., 2002; Leeming et al., 1996);
wastewaters (Nakada et al., 2008; Meesters and Schroder, 2002; Sanchez et al., 2009; Writer
et al., 1995; Hatcher and McGillivary, 1979; Seguel et al., 2001; Grimalt et al., 1990);
sediments (Venkatesan and Kaplan, 1990; Khim et al., 2001; He et al., 2007; Hoai et al.,
2010; Kuivila et al., 2012; Boonyatumanond et al., 2006; Guo et al., 2007; Kadokami et al.,
2013). There have also been many comprehensive review articles on fate studies as well
ecotoxicological effects (Campbell et al., 2006; Combalbert and Hernandez—Raquet, 2010;
Heberer, 2002; Santos et al., 2010; Richardson, 2007).In addition, a preliminary risk
assessment database for common pharmaceuticals and their risk to the environment has been
reported (Cooper et al., 2008).

The occurrence of micro—pollutants in the aquatic environment have been frequently
associated with a number of negative effects, including short—term and long—term toxicity,
endocrine disrupting effects and antibiotic resistance of microorganisms (Fent et al., 2006;
Pruden et al., 2006). To date, discharge guidelines and standards do not exist for most
micro—pollutants. Some countries or regions have adopted regulations for a small number of
micro—pollutants. For example, environmental quality standards for a minority of
micro—pollutants (e.g. nonylphenol, bisphenol A, bis(2—ethylhexyl) phthalate, and diuron)
have been stipulated in Directive 2008/105/EC (European Parliament and The Council, 2008).
Nonylphenol and nonylphenol ethoxylates have also been recognized as toxic substances by
the Canadian government (Canadian Environmental Protection Act,1999). Other
micro—pollutants, such as PPCPs and steroid hormones, are not included in the list of
regulated substances yet. To set regulatory limits for micro—pollutants, further research on
biological responses to these compounds (both acute and chronic effects) is of particular
importance. Furthermore, scientific community and regulatory agencies should gain insight
into not only the impact of individual micro—pollutants, but also their synergistic, additive,
and antagonistic effects (Luo et al., 2014).

1.6 ANALYTICAL METHODS FOR POLLUTANTS

Although a large number and quantities of chemicals have been produced and
released into the environment worldwide and the number is increasing, the number of
environmentally monitored chemicals is limited and is not enough to assess ecological and
human health risks posed by chemicals in general. It is thus of fundamental importance to
study and control the presence of as many chemical substances as possible in various
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environmental compartments, which is essential for causation validation in dose—effect
analysis.

Historically, when assessing large number of heavy metals in environmental samples,
methods using inductively coupled plasma mass spectrometry (ICP—MS) have become useful
tools in environmental monitoring because ICP—MS can measure almost all of the most
harmful metals simultaneously. When assessing organic substance in environmental samples,
some methodologies have been found in the literatures. These methods were mainly based on
the use of gas or liquid chromatography coupled with different detectors (fluorescence, diode
array, mass spectrometry) as analytical techniques. And various extraction techniques were
used before instrumental analysis: liquid—liquid extraction (LLE) and solid—phase extraction
(SPE) for water samples and soxhlet (Wang et al., 2010), microwave extraction (Shen and
Lee, 2003), ultrasonic assisted extraction (Garcia—Varcércel and Tadeo, 2009; Tadeo et al.,
2010), pressurized liquid extraction (Garcia—Rodriguez et al., 2009; Zhang et al., 2011), and
super—critical fluid extraction (Hawthorne et al.,1994) for solid samples. The principal
problem of all these methodologies is due to the complexity of the matrix, very dirty extracts
are sometimes obtained, requiring clean—up procedures and the extraction process becomes
more tedious. Moreover, when a pre—concentration step is also carried out in order to obtain
better limits of detection, the difficulty of analysis increases because the matrix is also
concentrated (Camino—Sanchez et al., 2011).

Nowadays, it is very important to have analytical methods that can perform a rapid,
sensitive, and selective determination of a broad range of compounds in complex
environmental matrices and are more efficient and less expensive than individual methods.
Multi—residue analytical methodologies are becoming the required tools, as they provide
greater knowledge about the contamination and they reduce the overall analysis time, field
sampling and cost, however, most of them are focused on target analysis methods, focusing
on several compounds or families simultaneously (Gomez et al., 2009; Camino—Sanchez et
al., 2011). There is therefore a need for methods offering rapid and reliable screening of a
large number of compounds. Consequently, we developed an Automated Identification and
Quantification System with a gas chromatography—mass spectroscopy (GC-MS) database
(A1QS-DB) (Kadokami et al., 2004, 2005) that can determine the concentrations of 940
semi-volatile organic contaminants without the use of standards, and comprehensive
analytical methods for various environmental substrates by making full use of the AIQS-DB
(Jinya et al., 2013; Kadokami et al., 2009, 2012). Analyses are performed by selected ion
monitoring (SIM) and scan mode simultaneously so that target compounds can be quantified
with high sensitivity using the SIM results. The scan data were analyzed using AIQS together
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with a GC-MS database that contained GC retention times, calibration curves, and mass
spectra of nearly 1000 organic contaminants. Contaminants found by AIQS-DB can be
added to the list of target compounds to be quantified in detailed analyses. Most importantly,
the method can be used to screen for very large numbers of organic contaminants
simultaneously in a single analysis using only one extraction procedure, and the accuracy and
precision of measurements are almost the same as that obtained by the conventional internal
standard methods (except for polar substances) (Kadokami et al., 2012). This method has
been fully optimized for the analysis of semi—volatile organic compounds in environmental
samples; however do not include the analysis of polar or semi—polar substances. In addition,
the chromatographic signals of samples with complex matrices such as sediment samples are
neither clear nor easy for processing, which requires a time for data processing.

1.7 RESEACH MOTIVATIONS

Vietnam has experienced rapid development accompanied with extensive changes in
its social and economic structure. The rapid development of industry and high population
growth in conjunction with lack of proper wastewater treatment facilities have led to increase
of quantities of toxic chemicals discharged from industrial, medical, and domestic activities
to rivers (Duong et al., 2008). For instance, Hoai et al. (2010) reported that 95% of the
capital’s wastewater effluents are discharged into its inner rivers without treatment, which
has turned city’s rivers into open sewers receiving mainly domestic wastewater discharged.
Domestic chemicals, such as PPCPs and sterols have become a matter of concern in Vietnam
because its population is growing rapidly without establishing proper wastewater
management systems (Takada et al., 2002). Investigations on pollution by chemicals in
Vietnam have been carried out in different environmental compartments (water, soil,
sediment, food and biota), although the number of chemicals studied is limited, mainly
focusing on specific chemical classes such as metals (Ho et al., 2010; Thuy et al., 2000),
PCBs, organochlorine pesticides (OCPs), PAHSs, dioxins or their related compounds (Iwata et
al., 1994; Schecter et al., 1989, 2001; Kishida et al., 2001; Nhan et al.,2001; Hung &
Thiemann, 2002; Toan et al., 2007; To et al., 2007). Research has shown that many legacy
persistent OCPs (that was banned over 20 years ago) and PCBs enter the environment,
disperse, persist to a greater extent and they have been found ubiquitously in waters, soil,
biota (in urban, industrialized, and remote areas), and even in human breast milk (Minh et al.,
2004). The existence of legacy pollutants in sediments in Vietnam is still of concern because
of their persistence, accumulation in sediments, high bioaccumulation potential and harmful
biological effects (lwata et al., 1994). In addition, the contamination levels of these
contaminants among the highest ranks for the developing countries and developed nations
raise serious concern over the possible toxic impacts on human health.



CHAPTER | GENERAL INTRODUCTION

The occurrence of perfluoroalkyl acids (PFAAs, sulfinic, phosphonic, and phosphinic
acids), which are highly persistent substances and have been used in a wide variety of
industrial and consumer applications, in various environmental media has been vigorously
investigated in the world. Long—chain perfluoroalkyl carboxylic acids (PFCAS),
perfluoroalkane sulfonic acids (PFSAs) and their potential precursors have attracted attention
as global contaminants due to their highly persistent and bioaccumulative property, and
ubiquitous detection in the abiotic environment, biota, food items, and human. PFOS and
PFOA were the first PFAAs recognized as global pollutants (Giesy and Kannan, 2001).
Additionally, chronic exposure to PFOA and PFOS in experimental animals, and PFOA has
been described as a likely human carcinogen by US—EPA Science Advisory Board (URLD9),
have raised serious concerns about the occurrence and impacts of these pollutants to aquatic
environment in Vietnam. However, there is only limited information on the number and
levels of PFAAs as it is in the Vietnamese environment. To the best of our knowledge, there
are only four reports of PFAAs in environmental waters in Vietnam (Lien et al., 2006a,
2006b; Isobe et al., 2012; Kim et al., 2013) which were focused on limited study areas, but
no extensive study throughout Vietnam. In addition, there is no study on PFAAS in
groundwater, even though it is well known that groundwater is easily polluted with PFAAs
due to their high water solubility.

The serious pollution of pollutants in surface water may lead to pollute sediment beds,
especially for the non—polar and persistent chemical substances that have tendency to
accumulate and absorb in sediments. It may also affect aquifers via leaks in sewage canals,
surface runoff or underground septic tanks, especially rural population of Vietnam is using
groundwater pumped from individual private (family based) tube wells as sources for
drinking water. Although a large number of chemicals are expected to contaminate the
environment, the contamination by wide spectrum of organic pollutants in aquatic
environment, particularly in a wide—scale of study areas, has not been examined in Vietnam
yet. Therefore, in order to grasp a more complete picture of anthropogenic chemicals in the
aquatic environment in Vietnam, a comprehensive survey on 940 organic micro—pollutants in
environmental waters and sediments along with the investigation of 16 PFAAs (comprising
11 PFCAs and 5 PFSAS) in environmental waters throughout Vietnam was carried out. To
analyze a great deal (940) of organic contaminants in waters and sediments, the combination
of targeted analytical methods: (1) a triple quadrupole GC-MS-MS spectrometer instrument
(Thermo-TSQ Quantum XLS Triple Quadrupole GC-MS-MS) with Selected Reaction
Monitoring (SRM) and (2) a GC-MS instrument (GC-MS QP-2100 Plus, Shimadzu, Kyoto,
Japan) with SIM mode, and a screening analysis using an automated identification and
quantification system with a GC-MS database were used. Targeted analytical methods have
applied for sterols and contaminants (PAHs, PCBs, OCPs), which normally present at trace
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levels in environmental samples. The target PFAAs (16 compounds) were measured by high
performance liquid chromatography tandem mass spectrometry in selected reaction
monitoring mode (LC-MS-MS-SRM, Agilent 6460 Trip Quadrupole LC-MS, Agilent
Technologies, California, USA) and quantified by internal standard method.
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CHAPTER II COMPREHENSIVE ANALYTICAL METHODS FOR
ORGANIC MICRO-POLLUTANTS

2.1 INTRODUCTION OF AUTOMATED IDENTIFICATION AND QUANTIFICATION
SYSTEM USING GC-MS DATABASE (AIQS-DB)

A novel gas chromatography—mass spectroscopy database for automated
identification and quantification of micro pollutants in environmental and food samples was
developed by Kadokami in co—operation with Shimadzu Company on 2005. According to
Kadokami et al. (2005), the database system consists of the database, which was created with
Microsoft Access, and two interface software programs: Software A (trade name: Compound
Composer — database registration phase) transfers retention times, mass spectra, and
calibration curves in the calibration files of the GC—MS instrument to the database; Software
B (trade name: Compound Composer — method creation phase) creates calibration files for
the GC-MS instrument from the database. After the GC—MS conditions were set, target
tuning to meet the criteria for EPA Method 625 was performed. Then the performance check
standards (PCSs) solution was measured, the retention times of n—alkanes were confirmed,
and GC-MS performance was determined by evaluating the analytical results in terms of the
criteria in Table 2.1. If all the criteria were met, standard solutions of a chemical were
measured for preparation of a calibration curve. Then, a calibration file for the chemical,
which consisted of mass spectrum, retention time, quantification ion, calibration curve, and
so forth, was created according to the conventional method. Finally, the calibration file data
and the retention times of two n—alkanes between which the retention time of the chemical
fell were registered in the database with Software A.

Currently, 940 OMPs representing a wide variety of use and origins are registered in
the database (Table S2.1 in the Supplementary data). In GC-MS analysis, retention times,
mass spectra and calibration curves of target chemicals are essential for both identification
and quantification, and these data are registered in calibration files. However, because
retention times and calibration curves are often affected by GC-MS conditions, therefore,
standards for targets compounds should be measured to confirm retention times and
calibration curves before sample an