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ABSTRACT

Insufficient water supply and deterioration in water quality are serious concerns in various regions
of the world. These problems are due to several reasons that include sustained urban development,
pollution of surface and underground water, uneven water resources distribution and recurrent
droughts worldwide due to global warming. Therefore, new sustainable water management models
are emerging. Wastewater treatment offers treated wastewater with a quality that should be
beneficial for use. To achieve this goal, wastewater treatment usually involves several steps, such
as biodegradation of organic matter, precipitation of suspended solids, nutrients removal, and
disinfection to inactivate or kill pathogenic microorganisms. Disinfectants produce a wide range
of disinfection by-products (DBP), having health and regulatory concerns. Conventionally ‘Grab
Sampling’ has been the preferred method for DBPs monitoring but may not be sufficient or
economically feasible thus alternative techniques are needed. In this study, non targeted screening
of disinfection by-products was performed by Low Density Polyethylene (LDPE) passive
sampling at Membrane Bioreactor (MBR) waste water treatment plant in Islamabad. This research
study consisting of two-parts i.e. computational and experimental. First part based on development
of two parameter model for the estimation of Low Density Polyethylene (LDPE) to water partition
coefficients. For this purpose, data sets were retrieved from literature. Then most suitable
dependent variable (Kpdms) and independent variables (Kow and Kaw) was selected using AIC
information criteria AKIAKE. Subsequently, Multi Linear Regression (MLR) was performed to
train the model on experimental datasets while cross validation was done by using modelsl via
‘R’ programming. Principal Component Analysis (PCA) was also executed for dimensionality
analysis to check the redundancy of this model and to ascertain which variable is contributing to
maximum information. In second part, being the most convenient passive sampler, LDPE was
being selected and prepared. At time of deployment, four replicates field strip samples were
simultaneously submerged into waste water with the help of BBQ grills and metallic gauzes, and
exposed for period of 15 and 30 days from Aug 2018 to Dec 2018. After these exposure
experiments, the samples were carefully retrieved, instantly wrapped in aluminum foil and carried
to the lab in ice box to secure the adsorbed contaminants for further analysis. These adsorbed
contaminants were extracted by ethyl acetate. Resultant samples were stored in vials for GCMS
time of flight MS analysis and characterized via NIST library match. 116 DIBs were identified on

the basis of library match score > 800. Results were further processed for risk and fate analysis

xiii



through modelling of EPI suite. Results of non-targeted screening of disinfection by-products have
suggested that the disinfected waste water is still not safe for non-potable use and need further
polishing treatment using Titanium Nanotubes (TNTSs) and char.
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Chapter 1

Introduction

1.1 Background
Water, being one of the most important natural resource for all of the living organisms on the

planet earth, plays a very vital role in determining not only the habitat of the living organisms but
also is a factor contributing to their quality of life. As water covers almost 70 percent of the earth’s
surface, it is considered commonly that there may not be any issue of water. However, the reality
IS quite the opposite as various regions on the earth surface are water scarce and some areas are
vulnerable to water scarcity. Besides this, the quality of the fresh water is deteriorating day by day
due to a number of factors. Considering water as a non-renewable resource and ensuring its good
quality availability to public must be the need of the hour.

Throughout the history, people came to know about the water crisis of water related mortality
gradually. People directly involved in chronic and fatal accidents due to water quality make an
evidence of the matter. According to the UNDP report, around 50 to 100 liters of water is required

on average for a person per day, an absolute of 20 liters per person per day (UNDP, 2006).

A number of factors like never ending growth in population, urbanization, socio-economic
advancements, and the change in the consumption behavior and pattern, contribute to the increase
in water usage by 1 percent per year since the decade of 1980s. Forecasting this global water
demand, as expected to keep up surging at a homogeneous measure until 2050, the escalation in
the level of water use may shoot up by 20 to 30% above the present-day amount of water use,
primarily because of the upsurge demand and development in the industrial and domestic sectors.
More than 2 billion humans are residents of high water stressed countries and about 4 billion
humans are exposed to intensive water scarcity for a period of at least one month per year. As long
as the demand for water increases and the impacts of climate changes escalates, the water stress

levels will tend to increase (UN World Water Development Report,2019).



1.2  Uses of Water

Water is such an important commodity that it is used both directly and indirectly in almost every
aspect of daily life. Directly water is used in drinking mainly, while taking bath, in cooking and
cleaning etc. Indirectly water is used in wood processing for transforming it to paper. Also water
is used in steel production for automobiles [1, 2].

M Agricultural ™ Municipal ™ industrial

Figure 1: Global sun of water withdrawals

Water is used massively in agricultural routine, in various industrial activities, and in electricity
production. Throughout the world, 70 percent of all water consumption is accommodated by
agricultural activities, followed by industrial consumption which contribute to 20 percent [3]. The
remaining 10 percent of water consumption is contributed by domestic activities. These figures
change in developed industrialized countries where more than 50 percent water consumption is
due to industrial activities. Belgium, for instance, uses 80 percent of the available water available
for industry. Due to such massive usage of water, in the last 50 years the freshwater withdrawals

have increased threefold.

1.2.1 Domestic Consumption: Drinking and Household Needs

The world population has been increasing rapidly in the recent past as it increased by three times
in the 20" century. In the same time period, the water usage for human purposes has been
multiplied by six times. Humans are used water mainly for the purpose of cleaning, washing,
cooking, drinking, watering food plots, and in nourishment of their pets. All of this domestic water

usage accounts for mere but crucial 10 to 11 percent of the total water withdrawals [4].



High-quality water with easy access is the essential requirement of every family as they use water
for drinking, body washings, food preparations, watering plants, and cleaning activities. The
human body cannot function properly without a supply of an adequate amount of water. The
ground statistics show only one out of five persons who does not have any access to affordable
and standard safe water, where half of the human race has no access to any sanitation [5].
Waterborne diseases contribute to 3 to 4 million deaths per year out of which 2 million children
deaths are because of diarrhea (World Health Organization statistics, WHO, 1996).

Therefore, the water supply should be made efficient and free from pollutants.
Urbanization is one major cause of water deterioration and it reached to 38.8 percent in 2015. This
urban population has been forecasted to increase up to 46.6 percent in the year 2030 and 57.5
percent in the year 2050. The water usage in urban areas is 120 liters per capita per day and 45

liters per capita per day in the rural areas (United Nations, 2015).

1.2.2 Agriculture: Food Production and forestation

A massive quantity of water is used for irrigation purposes worldwide. The largest water consumer,
agriculture (practices like aquaculture, livestock, and mainly irrigation), accounts for 69 to 70
percent of annual water withdrawals globally (United Nations World Water Development Report
2019).

Asia contains almost 70 percent of the irrigated area of the world. The most important constituent
of the green revolution is this irrigation which multiplies the agricultural productivity several folds.
But during the irrigation processes, a heavy amount of water is used and a healthy percentage of
that is lost due to poor management. Water withdrawal takes place through evaporation from

reservoirs, from canals, from soils, and its incorporation into crops and transpiration by crops.

Drip irrigation can consume water up to 90 percent in irrigation where flood irrigation costs 30 to
40 percent, depending upon the relevant technologies [6]. (The rest recharges groundwater or
contributes to drainage or return flows. This water can be—and often is—reused, but it has higher
salt concentrations and is often contaminated with nutrients, sediments, and chemical contaminants
(pesticides, herbicides) that can damage the ecosystem. Unless carefully managed, irrigated areas
risk becoming waterlogged and building up salt concentrations that could eventually make the soil

infertile. This process probably caused the downfall of ancient irrigation-based societies and
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threatens the enormous areas brought under irrigation in recent decades. By the late 1980s an
estimated 50 million hectares of the world’s irrigated areas, or more than 20%, had suffered a

buildup of salts in the soil.

1.2.3 Industrial or Commercial use: Industry and Commerce
Water may be used as a raw material in the industrial processes, or as cleaning agent. Water may

also be used as a cooling agent, for dilution process, for washing of different mechanical parts and
of raw material, for transportation process, or for boiling and cooking.

Manufacturing and other industries use water during the production process for either creating
their products or cooling equipment used in creating their products. Water is also used by smelting
facilities, petroleum refineries, and industries producing chemical products, food, and paper

products. Large amounts of water are used mostly to produce food, paper, and chemicals.

Water is used in a huge amount during mining processes for the extraction of various materials.
Water can act as cooling agent in various processes, can be used for transportation, and by the

crew members for basic needs.

Mechanical energy of moving water is used for converting the energy to electrical energy through
hydro-electric power plants. Similarly, water is also used for electricity generation in geothermal

processes [7].

1.2.4 Water scarcity in Pakistan
Director General of Pakistan Meteorological Department (PMD) Mr. Ghulam Rasool said in a

conference that “Pakistan will become water scarce by 2025”. HE further added that without
wasting more time, government should focus on new water policy that covers construction of new
dams, improving water channels conditions and protecting underground water. It is estimated that
1,017 cubic meter water is available per person annually, almost near to water scarcity level(1000
cubic meter/person. According to NASA research (2003-2013), indus water basin is the second
most over-stressed water channel in the world. It has maximum water exits with very low or no

water addition every year.

According to the World Population Prospects 2015, currently Pakistan population is around 200
M which would jump to 244 M in 2030 and by 2100 its population expected is around 364 M. This



will further increase water demand in Pakistan and situation will be quite much drastic if water

policy is not implemented [8].

6000 230

2084
PER CAPITA 210
- 3.’5-\ AVAILIBILITY
g \ 190
S
E 170
2 4000
g
o 150
:
< 3000 130 H
= 4
g 0
E
g 110 &
g 20 g
o 0 g
1218
70
000
gss 1 50
i : 30
1951 1961 1971 1981 1991 2002 2010 2020 2025
YEAR Source; WWF

Figure 2: Projected water demand till 2025 (WHO)

By 2025, according to an IMF report in 2015, required projected water demand will 274 million
acre-feet (MAF) and supply will remain stagnant at 191 MAF in Pakistan. This gap in demand
and supply would further worsen the water scarcity in Pakistan will definitely push it towards a
drought situation at a large scale. At the same time, irregularly changing rain patterns and poor
management/maintenance of existing water resources are further deteriorating the situation. It
resulted floods and droughts with uneven pattern in Pakistan. German Watch’s Climate Risk Index

ranked Pakistan in the list of top ten countries most affected by extreme weather events.
1.3 Water Pollution
1.3.1 Wastewater Treatment

The concept of wastewater treatment dates back thousands of years and was considered as
important component of various ancient civilizations such as Indus Valleys and the Roman (Judd,

2010). Though, about in the sixteenth century, modern world wastewater treatment came about.



After that advances in wastewater treatment plant begun by introducing physiochemical and
biological treatments. The twentieth century experienced the key development in this field, and
the understanding of wastewater has changed since the 20th century [9].

Usually two type of treatment plants are present that is Biological and physical treatment plant[10].
Biological treatment involves use of microorganisms and biomass for the waste break down. While
physical or chemical wastewater treatment involves the use of different chemical reactions along
with various physical processes. The wastewater treatment plant comprises of different treatment
stages and these stages are named in increasing treatment level such as preliminary is the first
stage, then the primary stage in which physical waste is removed, next secondary and finally the
most advance is tertiary wastewater treatment stage. In most countries prior the discharge of
effluent, final stage of waste water treatment plant is disinfection that removes pathogen from

effluent.

1.3.2 Disinfection by Products

Disinfection is crucial step in the wastewater treatment plant process. In this process most of
pathogen are Killed or inactivated and it is generally the last step before discharge of water. The
utmost techniques used for disinfection are chlorination, ozone, ultraviolet (UV) radiation,
peracetic acid or hydrogen peroxide and chloramines. These chemicals have highly reactive
oxidizing properties that cause them to interactions with organic and/or inorganic materials
naturally present in most source waters. As a result of this interaction harmful chemical compounds
are formed in water called as disinfection by-products (DBP). Scientists first realized DBPs was
the early on in 1970s. DBPs was first reported in drinking chlorinated water, chloroform and other
trihalomethanes (THMs) by the Rook and Bellar in 1974. DBPs have adverse health effects such
as carcinogenicity, miscarriage, mutagenicity, cytotoxicity and in some cases causes even birth

defects.
1.4 Sampling Technologies for DBPs

For the detection of DBPs in wastewater reliable information is needed that can be used for risk
assessment and can be used for making reformatory actions. For this purpose, sampling as a means

of conducting environmental monitoring can be very useful. Sampling can be considered as the



most crucial phase in any analytical method and any error during sampling cannot be corrected
later at any stage of analysis. It is estimated from various studies that about 70-90% of the analysis
time involves sampling and sample preparation. It is therefore apparent that the maximum
improvement in the analysis response time can usually be achieved by decreasing the time required
to process the sample. Therefore, different studies are ongoing for the development of reliable,
efficient and simple operations and equipment involved in the sampling and sample procedure
[11].

International water quality monitoring programmers commonly used spot or grab sampling
procedure for the determination of pollutant level in water. This technique have different
disadvantage such as it is quiet costly, give the analysis of currently present contamination in water
and is unable to give the result of seasonal, sporadic and tidal contamination and unable to measure

concentration of dissolved contaminants accurately [12]

1.4.1 Passive Sampling

Over the past two eras, different other strategies have been sought out to solve these problems.
Among them, one of the new methods that demonstrated great potential as a tool for determining
the concentration of various priority pollutant in aqueous environment is the passive sampling. In
this method target analytes are collected in the original or natural site without disturbing large
amounts of solution. It is acknowledged now that passive sampling can perform an important role
in legislative frameworks for water quality monitoring such as the European Water Framework
Directive (WFD). Passive sampling will be defined in this article as any sampling technique based
on free flow of analyte molecules from the sampled medium to a collecting medium, as a result of
a difference in chemical potentials of the analyte between the two media. Net flow of analyte
molecules from one medium to the other continues until equilibrium is established in the system,

or until the sampling session is terminated by the user.

Passive sampling technique have number of advantages as compare to spot or grab sampling
technology. They have potential to uptake freely-dissolved components (Cfree) of chemical
present in aquatic environment and help in measuring the chemical activity of containment in trace
amount [13].Furthermore, passive sampling results can be used as a measure of chemical

bioaccumulation, bioavailability and ecotoxicity [14].



Different types of passive sampling devices are present on the basis of different sorbents materials
for sampling a diverse range of compounds in water. Such as semipermeable membrane devices
(SPMD) [15], low density polyethylene (LDPE) film, polyoxymethylene (POM) devices [16],
polyurethane foam (PUF) device [17]; and polydimethylsiloxane (PDMS) fibers.

1.5 Analytic Methods for DBPs Analysis

There is a need for advance research to enhance the understanding of the nature, construction,
concentration and health hazards of DBPs as their presence in water causes serious chronic health
effects such as causes many waterborne diseases. For this and other related purposes analytical
methodologies for monitoring water have been developed. These methodologies used for event
studies of community water systems, determination of DBPs for several water treatment methods,
and identification of novel species (Weinberg, 2009). In current study LDPE samples were
analyzed by gas chromatography (GC) mass spectrometer (MS).

1.6 Non target screening using GCMS

Gas chromatography/mass spectrometry (GC/MS) is the most ubiquitous analytical technique for
the identification and quantitation of organic substances in complex matrices. The gas
chromatograph-mass spectrometer (GC-MS) is indispensable in the fields of environmental
science, forensics, health care, medical and biological research, health and safety, the flavor and
fragrances industry, food safety, packaging, and many others. The analytical methods for the
detection and quantification of emerging contaminants are generally based on gas chromatography
(GC) or liquid chromatography (LC) coupled with mass spectrometry (MS). Choosing between
GC and LC is normally based on the physiochemical properties of the target analytes. For the
analysis of PCPIs, it is more suitable to use GC because many of these compounds have high
lipophilicity. Most of the published methods for PCPIs and related compound analyses in
wastewater, surface waters and groundwater are based on GC-MS. The high resolution of GC
retention allows separation of isomers and congeners; this is the case for some UV-filters that
undergo isomerization under the influence of light: for example the (E)- and (Z)-isomers of 4-
methylbenzylidene-camphor (4-MBC) and ethylhexyl methoxycinnamate (EHMC) can be
identified and quantified.



1.7 Risk Assessment using EPI suite

The EPI (Estimation Programs Interface) Suite is a window base program design by OPPT for the
screening of new chemicals that are deficient of any experimental data. This program helps in
identifying physical and chemical properties such as melting point, vapor pressure etc. Chemical
environmental fate can also be determined by this program such as whether the chemical absorb
in atmosphere, water or soil etc. For the risk assessment of chemical, estimation of its properties is

very crucial [18]

1.8 Objectives of study

=

Preparation of low-density polyethylene passive Samplers
2. Installation of samplers at water reservoirs.

3. Retrieving passive samplers from site areas.

4. Extraction of Organic pollutants

5. Analysis of Extract



Chapter 2

Review of Literature

Insufficient water supply and deterioration in water quality are a serious concern for communities,
agriculture, municipalities, industry and the environment in various regions of the world. These
problems are due to several reasons that include sustained urban development, pollution of surface
and underground water, uneven water resources distribution and recurrent droughts worldwide due
to global warming [19].Therefore, a new sustainable water management model is emerging.
Several approaches, such as water conservation, water reuse and water recycling, are designed to
assure that current water needs are full fil without affecting future demands [20].Water recycling
is a comprehensive process for treating wastewater using various water treatment technologies.
The rectified water can be used for different purposes such as irrigation, industrial consumptions,
urban applications and water supply [21]. Recycling of water seems effective option for
management of water resources since it does not only provide substitute water resource but also

help in reducing pollution caused by release of waste water [22].

2.1 Wastewater Treatment

The process in which water which is no more appropriate for use i-e waste water is converted into
a form that can be used back or can be discharge into environment without causing harmful effect
is called waste water treatment process. Waste water is formed by various activities such as
washing, toilet, kitchen drainage, rainwater runoff etc. constituents of waste water that employ
high chemical oxygen demand (COD), high biochemical oxygen demand (BOD),solids,
microorganisms, nutrients like phosphorus and nitrogen, heavy metals such as iron, arsenic etc.

should be removed during treatment [23].

Usually two type of treatment plants are present that is biological waste water plant and physical
or chemical waste water plant. Both of them works together. Biological treatment involves use of
microorganisms and biomass for the waste break down. This treatment is suitable for the

wastewater of business sites and houses. While physical or chemical wastewater treatment
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involves the use of different chemical reactions along with various physical processes. This
treatment plants are primarily involved in the treatment of wastewater from industrial,
manufacturing companies and firms. These industrial wastes contain different chemicals and
toxins that can cause serious environmental hazards. The wastewater treatment plant comprises of
different treatment stages and these stages are named in increasing treatment level such as
preliminary is the first stage, then the primary stage in which physical waste is removed, next
secondary and finally the most advance is tertiary wastewater treatment stage. In most countries
prior the discharge of effluent, final stage of waste water treatment plant is disinfection that
removes pathogen from effluent[24].

2.2 Disinfection of Wastewater
Various techniques such as chlorination, ozone, ultraviolet (UV), peracetic acid or hydrogen
peroxide can be used for disinfection of pathogens.

In accordance to the United States Environmental Protection Agency (1998) chlorination of waste
water is an effective way to remove more than 99% of pathogenic microorganisms, nevertheless
this process involves a step before the water flows. It is chlorine dichlorination as it is poisonous
for water inhabitants[25].Ultraviolet radiation also applied for disinfection but only efficacious in
low-polluting waters to avoid lamp infestation and provide proper lighting[26]. Ozone is also used
as an efficient disinfectant that requires less contact period compare to chlorine but has protection
issues and is comparatively costly. Another disinfectant that has recently been proclaimed to treat
sewage is Peracetic acid (PAA). It is an effective disinfectant of various pathogens that chlorine.
But it can cause the regrowth of microorganisms due to its conversion into acetic acid which serve
as source of carbon for these pathogen[27]. Another disinfectant which is a combination of
ultraviolet light, ozone and hydrogen peroxide is peroxone their combination produces a very
strong radical that is hydroxyl radical (OH) which act as a very robust disinfectant. Chlorine and

ultraviolet light are mostly used disinfectant.

2.3 Disinfection By-Products Formation

Although above mentions disinfectant are very efficient in wastewater treatment plants for
inhibiting and destroying pathogenic microorganisms, but they interact with other organic and
inorganic substances already present in water source because of their vastly reactive oxidizing

nature. That results in formation of hazardous compounds that known as disinfectant by products
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(DBP). Amount or dose of DBP varies from site to site depends on different factors such as
interaction time, form of disinfectant, eminence of source water and dosage used. Conditions of

reactions in which it carried out also effect its concentration such pH and temperature [28].

Schematic showing the development of DBP from organic and/or inorganic and disinfectants and
precursors in Figure. 2.1
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Figure 3: Schematic diagram of the formation of DBP from organic and/or inorganic and

disinfectants precursors. Adopted from (Krasner, 2009)

Scientists first realized DBPs was the early on in 1970s. DBPs was first reported in drinking
chlorinated water, chloroform and other trihalomethanes (THMSs) by the Rook and Bellar in 1974
[29, 30]. A survey was published by the US Environmental Protection Agency (US EPA) in 1976,
that displayed that drinking water commonly contain chloroform and the other THMs. Later on,
U.S. National Cancer Institute in same year display a report that showed that chloroform was
carcinogenic when tested on laboratory animals [31]. Also, in the later 1970 it was shown that
organic substances in drinking water causes mutation as was proven by experiment on Salmonella
[32]. All of these observations concluded that DBPs can causes carcinogenic, mutagenic and

developments effects.
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It is worth noting that among the more than 600 DBPs presently identified, only a few have been
studied for their quantifiable and health effects. Known DBP also constitutes less than 50% of the
total organic halide (TOX) during the sterilization process[33]. Hence, important parts of TOX are

still not considered.

2.4 Sampling Technologies for DBPs

Sampling is a technique that can be define as a process of collecting small part of a material that
can easily be transported to a laboratory that still precisely reflects the sampling environment [34].
Spot or grab sampling technique are the one of traditional techniques and among them most
popular technique is point (bottle) sampling which is further analyzed by solvent extraction and
by various instrumental investigation [35]. This method is well-established and effective, and in
some cases, it is often problematic. This is widely recognized by the International monetary fund
and International water quality legislation. The key issue of using theses traditional technologies

are sample representation and completeness.

e Samples may not accurately epitomize contamination concentration because they do not
show all possible water flow or contamination events.

e Asduring sampling small volume of water is taken which is not significant for the pollution
that is present in minute quantity in such cases large volume of water is required for
analysis.

e Surface water analysis is done by simply collecting sample in bottles but in case of deeper
water analysis special instruments are required like peristaltic pumps or especially designed
automated prompted samplers.

e Spot sampling technique give the analysis of currently present contamination in water and
is unable to give the result of seasonal, sporadic and tidal contamination.

e In most cases large volume of water is require that is difficult to carry and also there are
some quality control issues which need to be address.

e Also, the traditional methods like spot water sampling is unable to measure concentration

of dissolved contaminants accurately[12].

Recent research studies have shown that more precise depiction of water contamination analysis
can be obtained by employing latest environmental technology and water sampling tools which

can consist [36].
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e The high incidence of point samples outcomes in large volume samples and lower
thresholds compared to traditional sampling methods.

e For better image of water contamination over time employ automatic successive sampling

e Incessant online supervising systems

e Use of biological system such as Tubificidae and Mussels for early detection of early
pollutant in water [37].

2.5 Passive Sampling

Over the past two eras, different other strategies have been sought out to solve these problems.
Among them, one of the new methods that demonstrated great potential as a tool for determining
the concentration of various priority pollutant in aqueous environment is the passive sampling. In
this method target analytes are collected in the original or natural site without disturbing large
amounts of solution so provide solution to various problems listed above. Reliant on the design of
the specimen, the mass of contaminants accrued from the specimen indicates the concentration at
which the device is balanced or the average time the sample is displayed. Since the early 1970s
such devices are accessible to monitor air quality. Later different industries used diffusion-based
passive dosimeter to monitor and measure toxic chemicals in air. Afterwards the same principle

was employed to monitor the pollutants in water milieu [38].

2.5.1 Principles

Passive sampling can be defined as a technique which is established on the basis of free current of
analyte molecule from the sampling medium to an obtaining medium due to difference in chemical
potentials of the analyte among sampling and obtaining media. The net flow of analyte molecules
from one medium to another continues until steadiness in the system is attained or the sampling

process ends[11].

Sampling does not require any other energy source but only the chemical potential difference
between the media. Reference or receiving phase are the analytes that are captured or retained
within the passive sampler in any appropriate medium. This phase can be any adsorptive, chemical
reagent and solvent. The receiving phase is exhibited to the aqueous phase, but not for quantitative
extraction of dissolved contaminants. Mostly the following pattern shown in figure 2.1 is followed

within passive sampler for pollutant absorption or adsorption from water.
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Figure 4: The general uptake in contaminant concentration over time for most

The kinetic exchange among the passive sampler and the aqueous phase can be depicted by a

first-order one- compartment mathematical model as shown in equation 2.1
Cs () = Gy 2 (1 —e72t) Eqn. 2.1
2

In above equation Cs (t) is the analyte concentration in the passive sampler at exposure time t,
Cy/is the concentration of analyte in the water, and k1 is the uptake rate constant and k2 is the
offload rate constant. In field deployment, two major accumulation schemes, Kinetics or

eequilibrium can be differentiated in the operation of the passive sampler [36].

2.5.2 Equilibrium-Passive Samplers

In equilibrium-passive sampling, the exposure time is long enough to allow a thermodynamic

equilibrium between the aqueous and the reference phase. In such condition, equation 2.1 is

reduces to:
Cs = Cyit= CyK Eqn.2.2
2

Knowing the phase water partition coefficient (K) can allow to estimate the concentration of
dissolved analyte [39].
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The basic prerequisite for equilibrium sampling method is to achieve a steady concentration after
an acknowledged response time. The capacitance of sampler is held below the capacity of sample
to avoid reduction during the extraction procedure and the response time of device requires to be
briefer than any variations in the environmental medium. To monitor volatile organic compounds

(VOCs) in water passive diffusion bag sampler (PDBS) has been widely used [40].
2.5.3 Kinetic Passive Samplers

By kinetic sampling, it is presumed that the mass transfer rate to the reference/receiving phase is
linearly proportional to the linear ratio between the chemical activity of the contaminant in the
aqueous phase and the chemical activity of the contaminant in the reference phase. At the initial
stage of sampler exposure, the desorption rate of the analyte from the receiving stage to the water
is insignificant and the sampler operates in a linear uptake state. In such condition, equation 2.1 is
reduces to:

Cs(t) =C, kqt Egn.2.3

Equation 2.3 can also be set up to an equal relationship:
M,(t)=C, Rst Egn.2.4

In above equation M (t) is analyte mass gathered in the reference/receiving phase after an exposure
time (t) where R, in the equation is the proportionality constant i-e sampling rate, which is obtained
as a product of the first order rate constant for uptake of contaminant (k1) and amount of water
having the similar chemical activity as the volume of the receiving/reference phase. R can be
taken as the amount of water free from the analyte by the passive sampler per unit of exposure
time. C,, that is the time-weighted average (TWA) concentration of a contaminant in the aqueous
phase can be calculated if the values of R (sampling rate), t (time of exposure) and M (t) (the mass

of analyte) accumulated by the receiving phase are known [41].

Majority of equipment working in kinetic mode, value of R;(sampling rate) does not change with
C,, but water or turbulence, biofouling and temperature usually affects its value [42]. The benefit
of using kinetic sampling is that they can isolate contaminants in incidents that are not normally

detected by point sampling and can be applied with variable water concentrations. Kinetic
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sampling can also measure the concentrations of ultra-trace but toxicologically related contaminant
over prolonged periods of time.

2.5.4 Passive Sampler Design

Although there are many kinds of passive samplers, almost all passive samplers have similar
design characteristics, in between the sampling medium and the receiving phase a barrier is present
in all passive sampler. The function of barrier is to determine the rate of analyte molecules at which
they are collected at a specified concentration. The barrier can also determine the specificity of the
sampler and limit some analytes classes or sampled species. Passive sampler design can be
classified in two types based on the nature of barriers (i) diffusion barrier (ii) permeation-based
barrier. In both of them sampling processes is same.

Diffusion barrier sampler when exposed to water, analyte molecules are collected through
diffusion that reach the receiving phase via a static layer of water comprised of precise openings
in the sampler. well define. In permeation sampler analyte accumulation occur through porous or
non-porous membrane [41]. The rate of analyte uptake depends on various factors such as design
of sampler, analyte physicochemical properties and on various environmental factors i.e., fouling,
water turbulence, temperature. The passive sampler is designed in such a way that can detect a
very low level of analyte existing in the water so maximize the amount of analyte sampled. At the
same time, it also confirms a quantitative relationship in the sample medium between the quality

of the separated chemical and its concentration.

2.5.5 Calibration of Passive Samplers
As previously we have described the theoretical background of passive sampling in water [43, 44].
By using two different methods we can find the phase water partition coefficient (K), substance

specific kinetic constants k1 and k2.

In theory, semi-empirical relationships between hydrodynamic parameters, mass-transfer
coefficients and physicochemical properties chiefly diffusivities in several media can be used to
calculate the Kinetic parameters illustrating the analyte absorption [45]. But during exposure of the
water flow around passive sampling instruments there are different complication generally in non-
streamlined objects which make it difficult to calculate absorption constraints from first principles.

More substance specific information is generally accessible from the literature for the K, which
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depict the chemical attraction of the contaminant to the receiving media comparative to water.
Through experimentally, passive sampling switch over kinetics calibration can be carried out at
known exposure concentrations in the laboratory [46, 47]. In order to predict the concentration of
TWA water contaminants from the levels cumulated in the passive sampler device, a number of
calibration studies are required to characterize the absorption of chemicals under numerous
exposure situations. The absorption kinetics of chemicals depends not only on the diffuser
physicochemical properties but as well as on the sampler properties [48].

2.5.6 Environmental Factors Affecting Passive Sampling

Transportation of analytes from the surrounding medium to the passive sampling device is a many
steps transport process that depends on a number of variables. Different factors such as presence
of water turbulence, flow conditions, temperature, humidity rate and temperature are some of the

environmental factors that affect all passive sampling devices [49].

The absorption of chemicals also relies on temperature and flow conditions. In most cases,
sampling rates are low by lower the temperature and shows high rate at higher temperature. In
order to avoid such variations, sampling temperature must be optimized in laboratory nearer to the
actual environmental conditions. In addition, humidity and excess concentration of the pollutant
or compound can also affect contaminants absorption or rotation ability of the sampler and also
effect further analysis process [50]. In some case hydrophobicity can significantly change the
results. Water turbulence impacts the viscosity of the unstirred water layer, which results in the
formation of the diffusion limiting barrier nearby the surface of the sampler and therefore also
shows impact on the mass transfer rate of the analyte. Biofouling is the formation of thick layer of
microorganisms on the exposed surface of water. It can increase the thickness of the barrier and
can block any water-filled pores in the membranes of passive samplers and thus decreases mass
transfer rate of sampler. If membranes are made up of a biodegradable material, these colonizing

organisms may impair the membrane surface [51].

2.6 Types of Passive Samplers

There are several different sorts of passive samplers are available that can be utilized to sample
numerous contaminants in various environments, so choosing the right passive sampling device is
critical. Different types of passive sampling devices are present on the basis of different sorbents

materials. Such as semipermeable membrane devices (SPMD)[52], low density polyethylene
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(LDPE) film [53] [15], polyoxymethylene (POM) devices [16], polyurethane foam (PUF) device
[54] [17] and polydimethylsiloxane (PDMS) fibers [55].

2.6.1 Abraham Solvation Parameter Model
Abraham's solvation parameter model is the utmost suitable methods for analyzing and predicting

partition and adsorption coefficients [56, 57]. The model is based on linear free energy relationship
SP=c+eE+s.S+aA+b.B+v.V Eq.2.5

SP is the dependent variable in above equation. For LDPS application, the logarithm of the solute’s

water-to fiber sorption coefficient, 109 K, ppr—water Would be dependent variable for equation 4.5

The excess molar refractive index of solute shown by E in the above equation is (cm3mol-1) / 10;
S is the polarity/dipolarity descriptor of solute; A is solute hydrogen bond acidity measure, B is
hydrogen bond basicity of solute measure, V is the volume of McGowan of the solute, in units of
(cm3 mol-1) / 100 [58, 59].

2.6.2 Equilibrium Partition Coefficient
A partition coefficient can be defined as concentration ration of a substance between two phases

or medium at equilibrium. that is
K = ¢,/ C, at equilibrium

Where K is partition coefficient. C1 and C2 are concentration ratio and their units can be different
depends on the type of media. Media can be of different type it can be gases such as air, can be
liquids such as oil water or media can be a complex mixture such as tissue, blood. Different
experimental techniques can be used to determine partition coefficient such as closed vial

equilibration technique [60].

The partition coefficient has many useful applications such as it can be used for characterizing the
tendency of chemicals to accumulate at specific stages, can also be used in an environmental
system to determine the direction of chemical transport [61]. The partition coefficient also helpful
in measuring hydrophilic and hydrophobic nature of chemical substances. Rate of mass transfer
across different phases like air-water exchange, sediment-water exchange can also be calculated

by partition coefficient [62].
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Mobility of different chemical substances in groundwater can also be predicted by partition
coefficient. The octanol-water partition coefficient (Kow) is used in the field of hydrogeology to
determine the mobility dissolved hydrophobic organic substances in aquatic environment and in
soil [63].

2.7 Non-Targeted Screening

In many applications such as toxicology, food safety and environment large amounts of organic
contaminants are produced which are currently handled by modern analytical methods. Most of
the analytical methods used up to date have focused on measuring the small number of analytes of
interest, ranging from less than 100 compounds. Nevertheless, target analysis often does not give
a comprehensive outline of organic pollution patterns, so there is a necessity to develop new
screening methods that can detect, categorize, and even quantify large amounts of organic
contaminants and residues. Non-target analysis (searching for unknowns) does not require pre-
selection of any kind of compounds and has been effectively applied to the screening, identification

and classification of organic pollutants in aquatic environmental [64].

2.7.1 Analytical Methodologies for Non-Targeted Screening of DBPs

There is a need for advance research to enhance the understanding of the nature, construction,
concentration and health hazards of DBPs as their presence in water causes serious chronic health
effects as causes many waterborne diseases. For this and other related purposes analytical
methodologies for monitoring water have been developed. These methodologies used for event
studies of community water systems, determination of DBPs for several water treatment methods,

and identification of novel species [65].

2.7.2 Instrumental Approaches

The type of analytical method to be chosen for separation is depends on analyte properties and
nature. For analytes of volatile and semi-volatile nature the best suited separation method is gas
chromatography (GC). For analyte of high polarity, thermally and unstable non-volatile nature the
best suited separation method is chromatography (LC). Advantages of using GC are fast
separation, high resolution, ease of connection to sensitive, cheap and careful detectors selection.
Up to now, predominant analytical methods for DBPS measurement are GC in conjunction with
electron capture detectors (ECD), mass spectrometry (MS), electrolytic conductance detectors

(ELCD) and photoionization (PID) [66]. In particular, in the discovery of DBPs in drinking water
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the GC-MS method plays a key role [67]. This methodology has the advantage of confirming the
ability to select soft chemical ionization (Cl) in contrasted with electron ionization (EI) to decrease
fragmentation, molecular tandem mass spectrometry (MS / MS) and the information of molecular

weight, all these help in improving selectivity and sensitivity of analyte detection [67, 68] .

The use of liquid chromatography is often hindered by difficult operating parameters for example
different analytes, expensive instrumentation, and absence of LC/MS libraries, making compound
identification very disputing. Lately, highly polar hydrophilic DBPs that are hard or incredible to
extract from aquatic environment, along with high molecular weight types compounds that cannot
be directly detected by GC are now measured or detected by using LC/MS technology [69]. It is
believed that these species are the reason for an important part of the inexplicable TOX and
misplaced DBP parts.
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Chapter-3

Materials & Experiment

This chapter has the details about the method followed for experimentation. A thorough process
of cutting, cleaning, washing, deployment, retrieving and extraction of LDPE passive sampler are

the steps involved in experimentation process.

3.1 Chemicals Used:
1- Tape water
2- Dichloromethane
3- Deionize water
4- Ethyl Acetate
5- PCB-209

3.2 Equipment Used:
1- High density Polythene sheets
2- Silicon sheets
3-  Aluminum foil
4- Tissue paper rolls
5- Steel scissor
6- Steel paper clips
7- Scotch tape
8- BBQ grills(stainless steel)
9- Iron rods(different lengths)
10- Wire auze
11- Conical flasks(1000 ml, 500 ml, 250 ml, 50 ml)
12- Measuring cylinder(500 ml, 100 ml)
13- Beakers(1000ml, 500 ml, 250 ml)
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3.3 LDPE Passive samplers’ preparation:
Passive sampler used in this experiment was Low Density Polyethylene (LDPE) sheet. LDPE large
sheet (bought in a single batch to avoid any manufacturing error) was handled through following

ways.

3.3.1 Cutting of passive sampler:

A single batch of large LDPE sheet was cut down into strips according to the size of BBQ grills
(passive sampler holders) and requirement of experiment. Strips length, width and mass is noted
for final calculation of different organic pollutants in water. Dimensions of passive samplers were
important as to know about the ratio of passive sampler area to adsorption of organic pollutants or

weight to adsorption of organic pollutants.

Figure 5: LDPE strips

3.3.2 Cleaning/Washing of passive sampler strips:

After cutting LDPE sheet into strips, first cleaned with tissue paper. Washing of passive sampler
strips were carried out in different solvents as to clean it from all types of pollutants (wether
organic or inorganic pollutants). Following sequence of solvents is used for washing passive

sampler strips.
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Figure 6: Washing of LDPE Strips

3.3.2.1 Tap water:

Passive sampler strips were rolled according to the size of beaker (500 ml) full of water. Then
beaker was place in shaker for 24 hrs. Shaker rpms were 135 and temperature 25°C. Passive
sampler strips were washed with tap water three times each for 24 hrs. Each time used solvent is
replaced with fresh batch. Washing with tape water was done to remove dust particles or macro

pollutants in passive sampler pores.

3.3.2.2 Dichloromethane (DCM):

After washing with tap water, passive sampler strips were thoroughly soaked with tissue paper and
then again put into beaker. This time same washing procedure was carried out as done with tap
water. Washing with DCM is carried out in order to remove organic pollutants if present on passive

sampler strips.

3.3.2.3 Deionize water:
After washing with DCM, passive sampler strips were dried using tissue paper. Final washing was

carried out with deionize water to remove remaining pollutants if present on passive sampler strips.
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After washing passive sampler strips were dried with tissue paper, wrapped in aluminum foil and
froze for further use in field.

3.3.3 Assembly washing:

Assembly of passive sampler strips consisted of BBQ grills, binding wire and paper pins. These
things were first washed with water and cleaned from dirt and rust present on it. For further
cleaning of these materials, dilute Hydrosulphuric acid used by spraying on it. After cleaning
assembly was stored in clean cold storage for further use in field.

Figure 7: Complete Passive Sampler Assembly

3.4 Passive sampler strips distribution:

Before deployment of passive sampler in field, the strips were divided into three categories,

3.4.1 Blank passive sampler strips:
Blank passive sampler were separately stored in freezer after washing. There use was mainly as a

standard for data analysis after GC-MS results. They were free from any type of pollutants.

3.4.2 Field passive sampler strips:

Field passive sampler strips were also stored separately in freezer for its use at the time of
experimental passive sampler strips deployment. They were kept open in a beaker while assembly
was under making process. There use was mainly for those pollutant which were most probably
present in air or any other source (except deployment water body). Field strips were also used as

standard after GC-MS results and analysis.

26



3.4.3 Experimental passive sampler strips:
Experimental passive sampler strips were separately stored after washing. These strips were the

mainly for deployment in water for 15 days and 30 days.

3.5 Passive sampler deployment:

At the day of passive sampler deployment, whole assembly was prepared at the deployment site
(Membrane Bioreactor or MBR, NUST). Field passive sampler strips were kept open in beaker for
any contamination from air source. When the assembly got ready, it was immersed/deployed in
water with the help of iron rods. Wire gauze was also wrapped around BBQ grills in order to avoid
passive sampler loss in water. Passive sampler strips were fixed in BBQ grills using stainless steel
paper pins. Passive samplers were deployed at the inlet and out let of MBR plant water flow for
15 days and 30 days separately. After deployment, field strips were again wrapped in aluminum

foil and stored in freezer.

Figure 8: Deployment of Passive Sampler Assembly

3.6 Retrieval of Passive samplers:
After completion of 15 & 30 days respectively, passive sampler assemblies were taken out of

water. Assemblies were carefully opened. The passive sampler strips were taken out of BBQ grills.
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Strips at that time were too muddy because of mud sticking in its surface. Strips were cleaned from
mud using tissue paper gently. Note that at the time of retrieving, field passive sampler strips were
also kept open like at the time of deployment for any contamination from air source. After cleaning

retrieved passive sampler strips, wrapped in aluminum foil and stored in freezer.
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Figure 9: Retrieval of Passive Sampler Assembly

3.7 Extraction from passive sampler strips:

All three types of passive sampler strips which were stored separately in freezer were pit in 250
ml beaker. Ethyl acetate was used as solvent for extraction. The beaker containing strips and
solvent were properly covered with aluminum sheet in order to avoid any photo catalytic reactions
inside. Beakers were placed on shaker for 24 hrs in order to transfer pollutants from passive
sampler strips to solvent. This extraction was carried out three times, each time adding fresh
solvent for all three types of passive sampler strips. Each time used solvent i.e. Ethyl acetate was

stored in glass bottles that ware properly covered with aluminum sheet.

Figure 10: Dilute Extracted Solutions
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Figure 11: Rota-vap of Dilute Solutions

Figure 12: Reduced/Concentrated Solutions for GCMS Analysis

As the extracted solutions in glass bottles were very dilute, so to make it concentrated, each sample

was reduced to 5ml through Rota vaporization technique. Total samples for this experiment were:
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Blank sample
Field sample
Inlet 15 days
Outlet 15 days
Inlet 30 days
Outlet 30 days

All reduced volume sample were analyzed through GC-MS technique for further study and

discussion.
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Chapter-4

Results and Discussion

4.1 EPI-Suite Modelling for Risk Assessment
Risk assessment of the data that was being retrieved from GCMS, UFZ-LSER and EPI suite

software. Attributes for risk assessment were toxicity, bioaccumulation and biodegradation. All of
them can be defined as,

4.1.1 Toxicity:
The US Environmental Protection Agency defines toxic substance as the substance that have
toxic effect when the concentration is greater than or equal to 0.1 mg / L.

4.1.2 Bioaccumulation:

In Accordance to EU REACH regulations, chemicals with bio concentration factor (BCF) >2000
(logBCF) 3 (BCF) > 5000 (log BCF) greater than or equal to 3.7 are classified as bioaccumulation
(B) and very bioaccumulation (vB), respectively (REACH 2007). BCF is defined as the
equilibrium distribution in between the lipid pool and water of organisms (i.e. membrane plus

storage lipids).

4.1.3 Bio-degradation:

In Accordance to ECHA guidelines for PBT assessment, a substance is considered to be potentially
persistent (P or vP) when BIOWINNZ2 or BIOWINN7<0.5 and BIOWINNS3 <2.2. If BIOWINN3
indicates a value between 2.2 and 2.7 (ECHA Guidelines, European Chemicals Agency R.7.9.4,

R.7.9.5 and European Chemicals Agency R.11.1.3), the substance is considered to be critical.

As there were four points where passive samplers were deployed, each passive sampler has
different set of non-targeted compounds. These compounds that were detected, assessed with

different sets of parameters using Epi-Suite software.
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4.2 Epi-Suite Modelling for Risk Assessment

Each DIB was run on UFZ-LSER software for the retrieval of smiley codes and CAS numbers.

Chemicals/DI1Bs were divided into four sets according to the number of passive sampler points.

The four sets are

Inlet-15
Outlet-15
Inlet-30
Outlet-30

Table 1: Details of Chemicals on all sample points

SN Library
Chemical Name SMILES Library CAS#
Formula
Inlet-15
1 | 2-Octene, 3,7-dimethyl-, 6874-32-4 CioH20
(2)- CC=C(C)ccce(e)e
2 | 3-Carene CC1=CCcC2Cc(C1r)c2(Cc)C 13466-78-9 CioHis
3 | 0-Cymene CC1=CC=CC=C1C(C)C 527-84-4 C10H14
4 | 1-Hexanol, 2-ethyl- CCccc(ceoyeo 104-76-7 C8H180
5 | Bicyclo[7.2.0Jundec-4-ene, 118-65-0 CisHza
4,11,11-trimethyl-8-
methylene- CC1=CCCC(=C)C2CC(C2CcC1)(C)C
6 | Benzene, 1-(1,5-dimethyl- 644-30-4 CisH22
4-hexenyl)-4-methyl- CC1=CC=C(C=C1Cc(C)cce=Cc(c)c
7 | 2-Tridecanone CCCccceeeceec(=0)c 593-08-8 Ci13H260
8 | Isovaleric acid, 3- 0-00-0 C13H180-
ethylphenyl ester CCC1=CC(=CC=C1)0C(=0)CCc(C)C
9 | (1S,6R,9S,10R,12S)- 0-00-0 Ci16H280z
5,5,9,10-
Tetramethyltricyclo[7.2.1.0 | CC1(CCCC23C1CCC(C2(C)O)(C(C3)
(1,6)]dodecan-10,12-diol 0)C)C
10| 1H-Indene, 2,3,3a,4,7,7a- 54832-81-4 CasHos
hexahydro-2,2,4,4,7,7-
hexamethyl-, trans- CCl(ccac(cryc(c=cecz(c)eyec)ec
11| 2-Pentadecanone CCCcceeecececececcec(=0)ce 2345-28-0 Cis5H300
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12 CCCcceceeececeeceececeeceeccecece | 62016-79-9 C27HssCl
Heptacosane, 1-chloro- Ccccl

13| n-Heptadecanol-1 CCCCcceceececececececececo 1454-85-9 Ci17Hs60

14| Cyclopenta[g]-2- 1222-05-5 C1sH260
benzopyran, 1,3,4,6,7,8-
hexahydro-4,6,6,7,8,8- CC1COCC2=CC3=C(C=C12)C(C(C3(C
hexamethyl- )C)C)(C)C

15| Phthalic acid, 4,4- 0-00-0 Ci19H2804
dimethylpent-2-yl butyl CCCCOC(=0)C1=CC=CC=C1C(=0)0O
ester c(C)cc(o)(e)e

16 CCCCCCcceceecececcecceccececcecoc( | 0-00-0 C24HusF30;
Docosyl trifluoroacetate =0)C(F)(F)F

17| 9-Tricosene, (Z)- CCCCCCCCCCCCCc=CCCCCCCCC | 27519-02-4 CasHae

18| Octatriacontane, 1,38- C(CCCCCCCCCCCCCCCCCCCBr)CC | 102436-01-1 CssH76Br2
dibromo- CCccceececcecceccecesr

19| 2-1sopropenyl-5-methyl-6- 13066-55-2 C11H200
hepten-1-ol CC(CCc(co)c(=C)Cc)c=C

20| Tricyclo[20.8.0.0(7,16)]tria 0-00-0 C3oHs202
contane, 1(22),7(16)- C1CCCCC23CCCcee45cceececcece
diepoxy- C4(0O5)CCCcCcce2(03)ceel

21 CCCCCCccceeececcececcceecceccee | 557-61-9 Ca2sHs30
Octacosanol Cccco

22| Isobutyl tetratriacontyl CCcccecececececcecececececececcecceccece | 0-00-0 CasH7s0
ether CCCccceceeccocce(e)e

23| Triacontyl CCCcCcceceeccecececcececcecececceccec | 0-00-0 CazHe1Fs0;
pentafluoropropionate CCCCCCOC(=0)C(C(F)(F)R)(FF

24 CCCCCCCcccceeececececcececcecec(c | 1560-78-7 CosHs?
2-Methyltetracosane )C

25 CCCCC(CC)COoC(=0)C1=CC=CC=C1 | 117-81-7 C24H3804
Bis(2-ethylhexyl) phthalate | C(=0)OCC(CC)CCCC

26 CCCCCCCCccceceeceecceeeccececee | 4181-95-7 CaoHs2
Tetracontane CCcceeeeceececcececece

27| Carbonic acid, decyl CCCccceceeccececccececoc(=0)occe | 0-00-0 C27Hs403
hexadecyl ester Ccccecececece

28| 2-Buten-1-one, 1-(2,6,6- 41436-42-4 Ci3H200

trimethyl-3-cyclohexen-1-
yh)-

CC=CC(=0)C1C(C=CCC1(C)C)C
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29| Dotriacontyl CCCCcceceecececcecceccecececccecc | 0-00-0 CssHesFs0;
pentafluoropropionate CCCCCCCCOC(=0)C(C(F)(F)R)(RF
30 CCCCCCCCCCCCCCOC(=0)CCCCC | 3234-85-3 CasHs60:
Myristyl myristate CCCcceee
31 CCCCCCCCCCCCCCCCCeCceecC | 14167-69-2 CasH7o
Tritriacontane, 3-methyl- CCCcccce(e)ece
32| Nonadecyl CCCCCCCccceeeceecececoc(=0) | 0-00-0 CasHagF70;
heptafluorobutyrate C(C(C(R)(FF)(F)F)(FF
33| Cholestan-3-ol, CC(C)CCcc(c)ciceeacy(cecescec | 360-68-9 C27H4g0
(3.beta.,5.beta.)- CC4C3(Ccc(c4)0)C)C
Outlet-15
1 1,2-Cyclopentanediol, trans- | C1CC(C(C1)0)O 5057-99-8 CsH100;
2 2-Nonyne CCCCCCcC#HCC 19447-29-1 CoHie
3 Decane CCccccecececcece 124-18-5 CioH2z
4 4-Undecene, 5-methyl- CCCCcCc/c(=Cc/cce)/c 20634-43-9 Ci2Hzs
5 4-Undecene, 3-methyl-, (2)- | CCCCCC/C=C\C(C)CC 74645-87-7 CioH2s
6 1-Tridecene CCccceececececcecce=C 2437-56-1 CisHas
7 Undecane, 2,6-dimethyl- CCCccc(c)ceec(e)e 17301-23-4 CisHzs
8 Dodecane, 4,6-dimethyl- CCCcccce(e)ece(eyecece 61141-72-8 CuaHzo
9 Eicosane, 10-methyl- CCCCcCcceececece(cycecececceccece 54833-23-7 Co1Has
10 | 1-Tetradecene CCCCceeeeeece=C 1120-36-1 Ci4H2s
11 | Naphthalene, 1,3-dimethyl- | Cclcc(c2cccec2cl)C 575-41-7 CioH12
12 | 3-Hexadecene, (Z)- CCCcCccceecececc/c=c\cc 34303-81-6 Ci6Hs2
13 | 1-Octadecene CCCccceceeccecececcececece=Cc 112-88-9 CisHss
14 CCCCC(CCCC)CCCCCCCCC(CCCC)C | 55282-13-8 CasHs4
Octadecane, 5,14-dibutyl- CCC
15 | Octadecane CCcccecececccecececceccecce 593-45-3 CigHsg
16 | 7-Acetyl-6-ethyl-1,1,4,4- CCclcc2c(cclC(=0)C)C(CCc2(C)C)(C) | 88-29-9 C18H260
tetramethyltetralin C
17 | Phthalic acid, 4,4- 0-00-0 C19H280,
dimethylpent-2-yl isobutyl CC(C)COC(=0)C1=CC=CC=C1C(=0)0
ester c(c)cc(o)(o)e
18 | 1-Octadecanol Cccceececececcecececcececcco 112-92-5 CisHs30
19 | 3-Pentadecanone CCccceeecececececce(=o0)cece 18787-66-1 Ci5H300
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20 | Ergostane-3,5,6,12,25- 56053-00-0 CsoHs206
pentol, 25-acetate, CC(CCC(C)C(C)(C)oc(=0)C)c1ceez
(3.beta.,5.alpha.,6.beta.,12.b | C1(C(CC3C2CC(C4(C3(CCC(C4)0)C)O
eta.)- )O)0O)C
21 | Undecane, 4-cyclohexyl- CCCcCcccece(ceeyercececeen 13151-79-6 Ci7H3a4
22 | 2,4-Difluorobenzene, 1- 152434-86-1 C13H10F20
benzyloxy- clcce(ccl)COc2ccee(cc2F)F
23 | Undecane, 3-methylene- CCcCcccececece(eece 71138-64-2 CioH24
24 CCCCCCCcceeeeccececcecececceiccee | 0-00-0 CasHso
1-Cyclopentyleicosane C1
25 Ccccceceececececececeececececececce | 0-00-0 CaeHesF70;
Dotriacontyl CCCCCCCOC(=0)C(C(C(F)(F)F)(F)F)(
heptafluorobutyrate FF
26 CCccceceeecececececcececcecececececce | 0-00-0 Cs2Hesl
Dotriacontane, 1-iodo- cccececcl
27 CCccceceececeecececeecececcocce | 0-00-0 C27Hs60
Docosyl pentyl ether CCC
28 | 3-Methylbutyl CCCCCCCCCCCCCCCC(=0)0CCC(C) | 81974-61-0 C21H420:
hexadecanoate C
29 | Octadecan-4-one CCCccceeeccececcecec(=o)cece 94307-14-9 CisH3s0
30 B(OCCCCCCCCCCCCCCCC)(0CCcC | 2665-11-4 CasHeeBOs
CCCcCcceecececeeyocceecececececececce
Trihexadecyl borate CCcccC
31 CCCccceeeceecececececececececececce | 0-00-0 Hexacosane
Hexacosane, 1-iodo- Cl
32 CC(=CCCC(=CCCC(=CCcc=Cc(C)CCcC | 111-02-4 CaoHso
Squalene =C(C)Ccc=Cc(Cc)c)c))c
33 CCCCCcceeececeecceecececcececce | 7667-80-3 CooHi22
CCCcCcceeeccececececcececcecececececce
Hexacontane Ccccecececececece
34 CCCCCCCccceeeeecceeceeccececece | 5856-66-6 CsaH110
CCCccceeeccececcececcececcecececececce
Tetrapentacontane CCCC
35 CC(C)(C)C1=CC(=C(C=C1)OP(=0O)(OC | 95906-11-9 Ca2He304P

Tris(2,4-di-tert-butylphenyl)
phosphate

2=C(C=C(C=C2)C(C)(C)C)C(C)(C)C)O
C3=C(C=C(C=C3)C(C)(C)C)C(C)(C)C)
c(c)c)c
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36 | Heptane, 2,2,3,3,5,6,6- 7225-67-4 Ci4H30
heptamethyl- CC(CCc(C)e)e(cycyeyc(ey(eye
37 | Isoamyl laurate CCCCCCCCCCCe(=0)occec(c)c 6309-51-9 C17H340:
38 CCCCCCCCCCCcecceececececcecececece | 72227-01-1 Ca1Hes
3-Methyltriacontane CCC(C)C
Inlet-30
1 4-Octene, (E)- Cccce=Ccccce 14850-23-8 CsHis
2 .beta.-Pinene CC1(C2Ccc(=C)c1c2)c 127-91-3 CioH6
3 D-Limonene CC1=CCC(CC1)C(=C)C 5989-27-5 CioHis
4 2,5-Dimethylhexane-2,5- 3025-88-5 CsH1804
dihydroperoxide CC(C)(CCC(C)(©)0o0)00
5 1,3-Cyclohexadien-5-ol, 1- 0-00-0 C12H120
phenyl- C1C(C=CC=C1C2=CC=CC=C2)0
6 7-Tetradecenal, (Z)- CCccccece=ceceecee=0 65128-96-3 C14H260
7 Longifolene CC1(CCcCc2(C3ci1c(ca=C)cc3)c)c 475-20-7 CisHos
8 Caryophyllene CC1=CCCC(=C)C2CC(C2CcC1)(C)C 87-44-5 CisHos
9 Undec-10-ynoic acid, CCCCCccceeceeeceeoc(=o)eeeecce | 0-00-0 Ca25Ha60:
tetradecyl ester CCC#C
10 | 1,4,7,-Cycloundecatriene, 0-00-0 CisHza
1,5,9,9-tetramethyl-, Z,Z,Z- | CC1=CCC=C(CC=CC(CC1)(C)C)C
11 | Naphthalene, decahydro-4a- 17066-67-0 CisHza
methyl-1-methylene-7-(1-
methylethenyl)-, [4aR-
(4a.alpha.,7.alpha.,8a.beta.)]
- CC(=C)C1Cccez(ccece(=c)ycae)ce
12 CC1=CC(=C(C(=C1)C(C)(C)C)O)C(C)( | 128-37-0 CisH240
Butylated Hydroxytoluene C)C
13 | .beta.-Bisabolene CC1=CCC(CClCc(=C)cce=c(c)c 495-61-4 CisHas
14 | Naphthalene, 1,2,3,4- 483-77-2 CisH;
tetrahydro-1,6-dimethyl-4-
(1-methylethyl)-, (1S-cis)- CC1CCC(C2=C1C=CC(=C2)C)C(C)C
15 | Cyclohexene, 3-(1,5- 20307-83-9 CisHas
dimethyl-4-hexenyl)-6-
methylene-, [S-(R*,S*)]- CC(Ccc=C(C)Cc)cicece(=c)c=C1
16 | Carbonic acid, ethyl 0-00-0 CigH3s03

hexadecyl ester

CCCccceceececececcececcoc(=o0)oce
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17 | 3-Undecene, 3-methyl- CCccccecee=c(c)ce 23381-94-4 Ci2Hzs
18 | Benzene, (1-butylheptyl)- CCCCCCc(ccceeyci=cc=Ccc=C1 4537-15-9 Ci7Hzs
19 | 1,4-Benzenediol, 2- 39707-55-6 C21H3002
[(1,4,4a,5,6,7,8,8a-
octahydro-2,5,5,8a-
tetramethyl-1-
naphthalenyl)methyl]-, [IR- | CC1=CCC2C(CCCC2(C1CC3=C(C=CC(
(1.alpha.,4a.beta.,8a.alpha. =C3)0)0)C)(C)C
20 | Hexadecanal CCCccceceeccecececcecce=0 629-80-1 Ci16Hs20
21 | Tricyclo[4.3.0.0(7,9)]nonan 54832-82-5 CisHoe
e, 2,2,5,5,8,8-hexamethyl-,
(1.alpha.,6.beta.,7.alpha.,9.al
pha.)- CC1(CCc(cac1ca3cacs(c)cy(cyc)c
22 | Carbonic acid, octadecyl CCCCCCCCCCCCCCCCCCoc(=0)0C | 0-00-0 C21H4003
vinyl ester =C
23 | 2-Octanol, 2-methyl-6- 18479-59-9 C1oH200
methylene- CCC(=C)Cccc(c)(c)o
24 | Octadecane, 1-chloro- cceececcececcececcececcececcl 3386-33-2 CisH37Cl
25 | Methyloctadecyldichlorosila | CCCCCCCCCCCCCCCCCCISi](C)(Cl) | 5157-75-5 C19HaoCl2Si
ne Cl
26 | 2-Hexadecanone CCCccceeecceecceec(=0)ce 18787-63-8 C16H320
27 | Cyclopropane, 1-methyl-1- 41977-41-7 Ci7H3za
(2-methylpropyl)-2-nonyl- CCcCcccececececeiceelececece
28 | 2-Hexadecanol Cccecececececcececcecec(c)o 14852-31-4 C16H340
29 CCCCCCceeeeceececeecceceecece | 105794-58-9 Cs7H70
1-Heptatriacotanol Cccccececececececececo
30 | 1-Hexadecanethiol CCccceceececcececcececces 2917-26-2 C16H34S
31 CCCCCccceececececcececceecoccececcec | 0-00-0 Ca2sHs40
Octadecyl octyl ether ccC
32 | 1-Eicosanol CCcCcceceecececececcececcececceco 629-96-9 C20Hs20
33 | 2-Propenoic acid, 3-(4- 5466-77-3 C1sH2603
methoxyphenyl)-, 2- CCCCC(CC)coc(=0)c=Cc1=Ccc=C(C
ethylhexyl ester =Cl1)0C
34 | Heneicosane, 3-methyl- CCCCCcceeceececececcececce(eyec 6418-47-9 C22Has
35 CC(CCC=C(C)C)c1iceee(ci(cees=C | 79-63-0 CsoHs00

Lanosterol

2CCCAC3(CCC(C4(C)C)0)C)C)C
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36 | Docosyl CCCCccceecececeececececceececoc( | 0-00-0 CasHasFs0;
pentafluoropropionate =0)C(C(F)(F)F)(F)F

37 CCCCcceeeeeceeceeceeccoc( | 822-26-4 C24Ha4g0:
1-Docosanol, acetate =0)C

38 | Cholest-14-en-3-ol, CC(C)CCCC(C)C1cc=C2Cc1(Cccs3cac | 20780-35-2 C27H460
(3.beta.,5.alpha.)- CC4C3(Ccc(c4)0o)C)C

39 | 5.beta.,14.beta.-Androstane- 10124-02-4 C22H3204
17 .beta.-carboxylic acid,
3.beta.,14-dihydroxy-, CC(=0)OC1CCC2(C(CL)cce3caccce4
.gamma.-lactone, acetate (C35CCC4C(=0)05)C)C

40 CC12CCC3C(C1CCC2=0)CC=C4C3(C | 651-48-9 C19H2805S
Prasterone-3-sulfate CC(C4)0S(=0)(=0)0)C

41 CCCCCCCCccceeecececceccececceccecce | 7098-21-7 CasHss
Tritetracontane CCCcceeecececececcececececce

42 CCCCCCCceeeceeececeeceecceecce | 14167-59-0 CasHro
Tetratriacontane Ccccececececece

43 | Carbonic acid, decyl CCCcCcceceeceeeceeccecoc(=0)occe | 0-00-0 CasHs603
heptadecyl ester Ccccccececce

44 | 1,13-Tetradecadien-3-one C=CCCcCcCccceeece(=0)e=C 58879-40-6 CiaH24

45 | Pentacosane CCCCCCCCccceceececececececececcecce | 629-99-2 CasHs»

46 CCCCCCceeecececcececcecececcecccce | 0-00-0 Cs7H760
Nonyl octacosyl ether cccoccecececececcece

47 CCCCcCcceecececececcececcecceccecccce | 0-00-0 CasHs7l
Octacosane, 1-iodo- CCcCl

48 CC(=CCCcC1c2(Cccce(cacec1(c)o)( | 0-00-0 CsoHs20
Ambrein C)C)C)CCC3C(=C)CCccc3(c)C

Outlet-30

1 Toluene CC1=CC=CC=C1 108-88-3 C7Hs

2 Decane, 2,2-dimethyl- CCCcCccceec(o)(oce 17302-37-3 Ci2H26

3 Benzene, 1,4-dichloro- C1=CC(=Cc=C1chcl 106-46-7 CeH4Cl;

4 Benzyl alcohol C1=CC=C(C=C1)CO 100-51-6 C7HsO

5 Benzene, (iodomethyl)- Cl=CcC=C(C=C1)CI 620-05-3 C7Hvl

6 7-Tetradecene, (2)- CCcceeece=ccececececece 41446-60-0 CiaHas

7 3,3-Diethyltridecane CCCCccceececece(ce)y(ceyee 0-00-0 Ci7Hss
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8 3-Buten-2-one, 4-(2,5,6,6- 79-70-9 C14H220
tetramethyl-1-cyclohexen-1-
yl)- CC1CCC(=C(C1(C)C)C=CC(=0)C)C

9 5,9- 0-00-0 Ci18H300
methanobenzocycloocten-
5(1H)-ol, 2,3,4,6,7,8,9,10-
octahydro-2,2,8,8,9- CC1(CCC2=C(C1)CC3(Cc2(Cccec3(c)c
pentamethyl- )O)C)C

10 | Heptadecane, 3-methyl- CCCCCCccceecececcec(e)ee 6418-44-6 CigHss

11 CC1CC(C2=C(C1(C)C)C=C(C(=C2)C(= | 21145-77-7 Ci18H260
Tonalid 0O)C)C)(C)C

12 | 6-Methyl-2-(4- 38142-56-2 CisH2:0
methylcyclohex-3-en-1-
yl)hepta-1,5-dien-4-ol CC1=CCC(CC1)C(=C)CC(C=C(C)C)O

13 | 3-Ethyl-3- 0-00-0 CaoHaz
methylheptadecane CCCCcCcceeececececec(cy(ceece

14 CCCCCCCCCCCCCCCC(=0)OCC(C1C | 28474-90-0 C3sHesOs
I-(+)-Ascorbic acid 2,6- (=C(C(=0)01)0OC(=0)cccrceeececececce
dihexadecanoate CCCC)0)O

15 | Pentadecanal- CCcccececececcecececcee=0 2765-11-9 C1sH300

16 | Octadecanoic acid CCCccceececececececececececece(=0)o 57-11-4 CisH3602

17 CCCCCCCCcCCCcccceceeeceeecee | 20129-49-1 CasHes
3-Methyldotriacontane CCccc(o)cce

18 CCCCCCCCcCceceeceeececeecceccece | 18835-35-3 CooHsg
Nonacos-1-ene CCC=C

19 CCCCcCcceecececececcececccececocce(c) | 0-00-0 C24H500
Eicosyl isobutyl ether C

20 CCCccceeececececccececcececccocce | 0-00-0 Cs1He4O
Docosyl nonyl ether CCcccccece

21 | 5,5-Diethylpentadecane CCCcCcccecececce(coy(ceececece 0-00-0 CioHao

22 CCCCccceecececeecceecceceececec( | 629-87-8 CasHs4
2-Methylpentacosane C)C

23 | Cholest-5-ene, 3.beta.- CC(C)Ccce(c)cicceeacy(ceescacce | 910-31-6 C27HasCl
chloro- =C4C3(CCC(C4)Cl)C)C

24 CCCccceeeccecececcececcecececceccecce | 1561-00-8 CosHss
2-Methylheptacosane c(Cc)C

25 | 3,3-Diethylheptadecane CCCCCCCCCCCCCCC(CC)(CC)CC 0-00-0 CoiHas
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26 | Tridecane, 6-cyclohexyl- CCCCCCCC(CCCCC)CICCCCCl 13151-91-2 CioHas

27 CCC(CCc(C)c1ceeacy(ceescacee | 19466-47-8 Ca9Hs20
Stigmastanol 4C3(CCC(C4)0)C)C)C(C)C

28 CCCcceeeeceeceecceecceececececce | 65820-58-8 CaoHgo
3-Methyloctacosane c(c)cc

29 Ccccceceececececececececececececececce | 0-00-0 CssH720
Pentyl triacontyl ether CCcccocceecce

30 | Carbonic acid, decyl CCCcceceeeceeceeceeccoc(=o0)oc | 0-00-0 Ca29Hsg03
octadecyl ester ccccececececce

3 CCCcceceeecececececeecececececce | 1720-12-3 Ca2Hge
2-Methylhentriacontane CCCcCCc(O)C

Once all the CAS number and smiley codes were retrieved and cross checked on PUBCHEM the
attributes for risk assessment were selecting i.e. toxicity assessment using ECOSAR modelling
from episuite was done, secondly Kow was retrieved for each dib to check if they are
hydrophobic or hydrophilic, third using BIOWINN modelling from EPI-suite the
biodegradability or persistence was checked, fourth using BCFBAF modelling from EPI-suite

the bio-accumulation factor was checked.

4.2.1 Toxicity Assessment Using ECOSAR Modelling from Epi suite

For comparing the results for risk and fate analysis (REACH 2007) LIMITS were used as
standard. The limit for toxicity is 0.1mg/I or higher are considered as highly toxic (REACH
2007).

4.2.1.1 Inlet-15 Toxicity Assessment
After applying the limit, 14 out of 50 analyzed chemicals were exceeding the cut-off limit. These

compounds LC50 values were beyond the cut-off limit according to REACH 2007.
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Figure 13: The graph showing the toxicity result, only 08 chemicals exceed cut-off limit

Table 2: List of chemicals exceeding the limit value in Inlet-15 sample

SN | Chemical Name LC50 Fish (96 hours) Chv
ppm (ppm)
1| 2-Octene, 3,7-dimethyl-, (2)- 0.2230 0.03
2 | Phthalic acid, 4,4-dimethylpent-2-yl butyl
ester 0.2260 0.008
3| 3-Carene 0.5060 0.066
4 | 2-Tridecanone 0.6440 0.084
5| 0-Cymene 1.7760 0.216
6 | Isovaleric acid, 3-ethylphenyl ester 1.8040 0.089
7| 2-Buten-1-one, 1-(2,6,6-trimethyl-3-
cyclohexen-1-yl)- 4.3700 5.22E-01
8| 1-Hexanol, 2-ethyl- 23.5500 2.49

4.2.1.2 Oulet-15 Toxicity Assessment

After applying the limit, 6 out of 38 analyzed chemicals were exceeding the cut-off limit. These

compounds LC50 values were beyond the cut-off limit according to REACH 2007.
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Figure 14: The graph showing the toxicity result, only six chemicals exceed cut-off limit

Table 3: List of chemicals exceeding the limit value in outlet-15 sample

SN Chemical Name LC50 Fish (96 hours) | ChV (ppm)
ppm
1 Decane 0.1400 0.02
2 Phthalic acid, 4,4-dimethylpent-2-yl
isobutyl ester 0.2500 0.008
3 Naphthalene, 1,3-dimethyl- 1.1900 0.149
4 2-Nonyne 1.4840 0.181
5 2,4-Difluorobenzene, 1-benzyloxy- 1.9830 0.246
6 1,2-Cyclopentanediol, trans- HHtHHHHH 401.148
4.2.1.3 Inlet-30 Toxicity Assessment

After applying the limit, 07 out of 32 analyzed chemicals were exceeding the cut-off limit. These

compounds LC50 values were beyond the cut-off limit according to REACH 2007.
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Figure 15: The graph showing toxicity result, only seven chemicals exceed cut-off limit

Table 4: List of chemicals exceeding the limit value in Inlet-30 sample

SN Chemical Name LC50 Fish (96 hours) ppm | ChV (ppm)

1 | Longifolene 0.1260 0.018

2 | 7-Tetradecenal, (2)- 0.1740 0.007

3 | D-Limonene 0.3230 0.043

4 | 1,13-Tetradecadien-3-one 0.7910 6.10E-02

5 | .beta.-Pinene 0.8730 0.11

6 | 4-Octene, (E)- 1.3150 0.161

7 | Prasterone-3-sulfate 5117.8780 4.31E+02

4.2.1.4 Outlet-30 Toxicity Assessment

After applying the limit, 04 out of 22 analyzed chemicals were exceeding the cut-off limit. These

compounds LC50 values were beyond the cut-off limit according to REACH 2007.
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Figure 16: The graph showing toxicity result, only four chemicals exceed cut-off limit

Table 5: List of chemicals exceeding the limit value in Inlet-30 sample

SN | Chemical Name LC50 Fish (96 hours) | ChV
ppm (ppm)
1 | Benzene, (iodomethyl)- 0.6100 0.241
2 | Benzene, 1,4-dichloro- 8.5200 0.958
3 | Toluene 24.7600 2.57
4 | Benzyl alcohol 213.8700 15.536

4.2.2 Hydrophobic Contaminant on Basis of Kow Value

If Log Kow lesser than 1 the chemical or compound is considered hydrophilic i.e. it will show
affinity towards water, but if the log Kow is greater than 3 then they are termed as hydrophobic
(REACH 2007).



4.2.2.1 Hydrophobicity Inlet-15
Out of 31 Chemicals, 30 are hydrophobic as there value is Kow value is greater than 3.

Table 6: Hydrophobic chemicals result on basis of logKow values

SN Log
Compound Name
Kow

1 . :

5,5,9,10-Tetramethyltricyclo[7.2.1.0(1,6)]dodecan-10,12-diol 3.72
2

0-Cymene 4
3 .

Isovaleric acid, 3-ethylphenyl ester 4.03
4

2-Buten-1-one, 1-(2,6,6-trimethyl-3-cyclohexen-1-yl)- 4.16
5

3-Carene 4.61
6 :

2-Tridecanone 4.68
7 .

2-Octene, 3,7-dimethyl-, (Z)- 5.02
8

2-Pentadecanone 5.66
9

Phthalic acid, 4,4-dimethylpent-2-yl butyl ester 5.9
10

1H-Indene, 2,3,3a,4,7,7a-hexahydro-2,2,4,4,7,7-hexamethyl-, trans- 6.1
11 Cyclopenta[g]-2-benzopyran, 1,3,4,6,7,8-hexahydro-4,6,6,7,8,8-

hexamethyl- 6.26
12 )

Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl- 6.29
13

Bicyclo[7.2.0Jundec-4-ene, 4,11,11-trimethyl-8-methylene- 6.3
14

n-Heptadecanol-1 7.23
15 )

Bis(2-ethylhexyl) phthalate 8.39
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16

Cholestan-3-ol, (3.beta.,5.beta.)- 8.82
17 ) ) )

Tricyclo[20.8.0.0(7,16)]triacontane, 1(22),7(16)-diepoxy- 10.19
18 ]

Docosyl trifluoroacetate 111
19

Nonadecyl heptafluorobutyrate 11.26
20 )

9-Tricosene, (Z)- 11.42
21 o

Carbonic acid, decyl hexadecyl ester 12.02
22

2-Methyltetracosane 12.55
23

Octacosanol 12.63
24 ) )

Myristyl myristate 12.65
25

Heptacosane, 1-chloro- 13.86
26 ) _

Triacontyl pentafluoropropionate 16
27 o

Tritriacontane, 3-methyl- 16.97
28 ] )

Dotriacontyl pentafluoropropionate 16.98
29 _

Isobutyl tetratriacontyl ether 17.67
30

Octatriacontane, 1,38-dibromo- 19.69
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Figure 17: The graph showing the hydrophobic chemicals result on basis of logKow values

4.2.2.2

Out of 31 Chemicals, 30 are hydrophobic as there value is Kow value is greater than 3.

Hydrophobicity Outlet-15

Table 7: Hydrophobic chemicals result on basis of logKow values

SN Log
Compound Name

Kow
1 2-Nonyne 4.05
2 2,4-Difluorobenzene, 1-benzyloxy- 4.18
3 Naphthalene, 1,3-dimethyl- 4.26
4 Decane

5.25
5 3-Pentadecanone 5.66
6 Phthalic acid, 4,4-dimethylpent-2-yl isobutyl ester 5.83
7 4-Undecene, 5-methyl- 6.08
8 Undecane, 3-methylene- 6.16
9 Undecane, 2,6-dimethyl- 6.58
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10 1-Tridecene 6.59
11 Dodecane, 4,6-dimethyl- 7.07
12 1-Tetradecene 7.08
13 Octadecan-4-one 7.13
14 1-Octadecanol 7.72
15 3-Hexadecene, (2)- 7.98
16 Undecane, 4-cyclohexyl- 8.43
17 1-Octadecene 9.04
18 3-Methylbutyl hexadecanoate 9.14
19 Octadecane 9.18
20 Eicosane, 10-methyl- 10.58
21 Docosyl pentyl ether 12.34
22 1-Cyclopentyleicosane 12.43
23 Octadecane, 5,14-dibutyl- 12.96
24 Hexacosane, 1-iodo- 13.87
25 Squalene 14.12
26 3-Methyltriacontane 15

27 Dotriacontane, 1-iodo- 16.82
28 Dotriacontyl heptafluorobutyrate 17.65
29 Trihexadecyl borate 20.2
30 Hexacontane 29.81
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Figure 18: The graph showing the hydrophobic contaminant results on basis of logKow value

4.2.2.3 Hydrophobicity Inlet-30
Out of 32 Chemicals, 31 are hydrophobic as there value is Kow value is greater than 3.

Table 8: Hydrophobic chemicals result on basis of logKow values

SN Compound Name Log Kow
1
4-Octene, (E)- 4.06
2
.beta.-Pinene 4.35
3
D-Limonene 4.83
4
1,13-Tetradecadien-3-one 5.18
5 .
Longifolene 5.48
6
7-Tetradecenal, (2)- 5.51
7
2-Hexadecanone 6.15
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8 | Naphthalene, 1,2,3,4-tetrahydro-1,6-dimethyl-4-(1-methylethyl)-, (1S-

cis)- 6.25
9

Caryophyllene 6.3
10 | Naphthalene, decahydro-4a-methyl-1-methylene-7-(1-methylethenyl)-,

[4aR-(4a.alpha.,7.alpha.,8a.beta.)]- 6.38
11

2-Hexadecanol 6.66
12

Hexadecanal 6.71
13 )

1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z- 6.95
14

Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6-methylene-, [S-(R*,S*)]- 6.99
15

.beta.-Bisabolene 7.12
16

Benzene, (1-butylheptyl)- 7.38
17

1-Hexadecanethiol 8.14
18

1-Eicosanol 8.7
19 o .

Carbonic acid, octadecyl vinyl ester 8.94
20

Octadecane, 1-chloro- 9.44
21 o

Undec-10-ynoic acid, tetradecyl ester 10.41
22

1-Docosanol, acetate 10.69
23 )

Heneicosane, 3-methyl- 11.07
24

Octadecyl octyl ether 11.85
25 _

Docosyl pentafluoropropionate 12.07
26 o

Carbonic acid, decyl heptadecyl ester 12,51
27

Pentacosane 12.62
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28

Octacosane, 1-iodo- 14.85
29 ]

Tetratriacontane 17.04
30

Nonyl octacosyl ether 17.26
31|

Tritetracontane 21.46
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Figure 19: The graph showing the hydrophobic contaminant results on basis of logKow value

4.2.2.4 Hydrophobicity Outletlet-30

Out of 31 Chemicals, 20 are hydrophobic as there value is Kow value is greater than 3.

Table 9: Hydrophobic chemicals result on basis of logKow values

SN Log
Compound Name
Kow
1 .
Benzene, 1,4-dichloro- 3.28
2 :
Benzene, (iodomethyl)- 3.3
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Decane, 2,2-dimethyl- 6.12
4

7-Tetradecene, (2)- 7
5 .

Octadecanoic acid 7.94
6 . .

3,3-Diethyltridecane 8.58
7 .

Tridecane, 6-cyclohexyl- 9.41
8

5,5-Diethylpentadecane 9.56
9

3,3-Diethylheptadecane 10.54
10| )

Eicosyl isobutyl ether 10.8
11 ) ) )

I-(+)-Ascorbic acid 2,6-dihexadecanoate 11.26
12 o

Carbonic acid, decyl octadecy! ester 13
13

2-Methylpentacosane 13.04
14

2-Methylheptacosane 14.02
15

Docosyl nonyl ether 14.31
16

Nonacos-1-ene 14.45
17

3-Methyloctacosane 1451
18 )

2-Methylhentriacontane 15.98
19 )

Pentyl triacontyl ether 16.27
20 )

3-Methyldotriacontane 16.47
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Figure 20: The graph showing hydrophobic contaminants result on basis of kow value

4.2.3 Bioaccumulation via BCBAF
BCBAF modelling for bioaccumulation was used, the threshold limits are if log BCF is greater

than 3 then the chemical is considered or treated as highly bio accumulative.

4.2.3.1 Bioaccumulation Inlet-15
When FCBAF modelling applied on inlet-15 chemicals, 08 out of 31 were highly bio

accumulative and hazardous.

Table 10: Bio accumulative chemicals on the basis of LogBCF values

SN Compound Name Log BCF

1

Bis(2-ethylhexyl) phthalate 3.23
2

Cholestan-3-ol, (3.beta.,5.beta.)- 3.23
3

n-Heptadecanol-1 3.42
4 | Cyclopenta[g]-2-benzopyran, 1,3,4,6,7,8-hexahydro-4,6,6,7,8,8-

hexamethyl- 3.56
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Phthalic acid, 4,4-dimethylpent-2-yl butyl ester

3.56

1H-Indene, 2,3,3a,4,7,7a-hexahydro-2,2,4,4,7,7-hexamethyl-, trans- 3.69
Bicyclo[7.2.0]Jundec-4-ene, 4,11,11-trimethyl-8-methylene- 3.82
Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl- 3.82

Bioaccumulation
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logBCF cutt-off limit
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Figure 21: The graph showing Bio accumulative chemicals result on basis of logBCF values

4.2.3.2 Bioaccumulation Onlet-15
When FCBAF modelling applied on outlet-15 chemicals, 06 out of 31 compound were highly

bio accumulative and hazardous.

Table 11: Bio accumulative chemicals on the basis of LogBCF values

SN Compound Name Log BCF
1
3-Hexadecene, (2)- 3.05
2
1-Octadecanol 3.18
3
Octadecan-4-one 3.46
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4

Dodecane, 4,6-dimethyl- 3.49
5 .

1-Tridecene 3.49
6 . . .

Phthalic acid, 4,4-dimethylpent-2-yl isobutyl ester 3.51

Bioaccumulation

35

2.5

logBCF cutt-off limit
.

1.5
||||||II‘H
0
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
Observed values

Figure 22: The graph showing Bio accumulative chemicals result on basis of logBCF values

4.2.3.3 Bioaccumulation Inlet-30

When FCBAF modelling applied on inlet-30 chemicals, 08 out of 32 compound were highly bio

accumulative and hazardous.

Table 12: Bio accumulative chemicals on the basis of LogBCF values

SN Compound Name Log BCF

1

Longifolene 3.28
2

Benzene, (1-butylheptyl)- 3.31
3 | Naphthalene, 1,2,3,4-tetrahydro-1,6-dimethyl-4-(1-methylethyl)-, (1S-

cis)- 3.79
4

Caryophyllene 3.82
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5 | Naphthalene, decahydro-4a-methyl-1-methylene-7-(1-methylethenyl)-,

[4aR-(4a.alpha.,7.alpha.,8a.beta.)]- 3.88
6

.beta.-Bisabolene 4.06
7

1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z- 4.25
8

Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6-methylene-, [S-(R*,S*)]- 4.28

Bioaccumulation
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logBCF cutt-off limit
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Figure 23: The graph showing Bio accumulative contaminants result on basis of logBCF

values

4.2.3.4 Bioaccumulation Outlet-30

When FCBAF modelling applied on outlet-30 chemicals, 1 out of 22 chemical were highly bio

accumulative and hazardous.

Table 13: Bio accumulative chemicals on the basis of LogBCF values

SN Log
Compound Name
BCF
1
7-Tetradecene, (2)- 3.53
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Figure 24: The graph showing Bio accumulative chemicals result on basis of logBCF values

4.2.4 Biodegradability Via BIOWINN Modelling
The biodegradability or persistence was checked using BIOWINN modelling from EPI-suite.
BIOWIN contains seven separate models, out of which six were selected for analysis. Version

4.10 designates these models as follows:
4.2.4.1 Biodegradability via BIOWINN for Inlet-15

4.2.4.1.1 BIOWINN1
BIOWINNL1 limit value was less than 0.5(REACH2007). 13 out of 31 Chemicals are identified as
persistent according to results from BIOWINN1. 13 chemicals are shown in table.

Table 14: BIOWINN1 Chemicals result Inlet-15

SN Chemicals/DIBs

Tricyclo[20.8.0.0(7,16)]triacontane, 1(22),7(16)-diepoxy-

Nonadecyl heptafluorobutyrate

Cyclopenta[g]-2-benzopyran, 1,3,4,6,7,8-hexahydro-4,6,6,7,8,8-hexamethy|-

Bl W N

Dotriacontyl pentafluoropropionate
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Triacontyl pentafluoropropionate
1H-Indene, 2,3,3a,4,7,7a-hexahydro-2,2,4,4,7,7-hexamethyl-, trans-

Isobutyl tetratriacontyl ether

Docosyl trifluoroacetate

O O N o o1

Octatriacontane, 1,38-dibromo-
10 | Cholestan-3-ol, (3.beta.,5.beta.)-
11 | Bicyclo[7.2.0]undec-4-ene, 4,11,11-trimethyl-8-methylene-

12 | 2-Buten-1-one, 1-(2,6,6-trimethyl-3-cyclohexen-1-yl)-

13 | 3-Carene
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Figure 25: The graph showing the persistency of the chemicals from BIOWINN1

4.2.4.1.2 BIOWINN2

BIOWINNZ2 model is for non-degradability of chemicals/DIBs if the value is less than 0.5. This
non-linear biodegradation limit set by REACH 2007. Results reported that 17 out of 31 chemicals
falls under category of persistent (REACH 2007) results from BIOWINN2 for these are less than
0.5
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Table 15: BIOWINN2 Chemicals result Inlet-15

SN

Chemicals/DIBs

Tricyclo[20.8.0.0(7,16)]triacontane, 1(22),7(16)-diepoxy-

Octatriacontane, 1,38-dibromo-

Dotriacontyl pentafluoropropionate

Nonadecyl heptafluorobutyrate

Cyclopenta[g]-2-benzopyran, 1,3,4,6,7,8-hexahydro-4,6,6,7,8,8-hexamethyl-

Triacontyl pentafluoropropionate

Isobutyl tetratriacontyl ether

1H-Indene, 2,3,3a,4,7,7a-hexahydro-2,2,4,4,7,7-hexamethyl-, trans-

Cholestan-3-ol, (3.beta.,5.beta.)-

10

Heptacosane, 1-chloro-

11

Docosyl trifluoroacetate

12

Tritriacontane, 3-methyl-

13

2-Buten-1-one, 1-(2,6,6-trimethyl-3-cyclohexen-1-yl)-

14

Bicyclo[7.2.0Jundec-4-ene, 4,11,11-trimethyl-8-methylene-

15

Tetracontane

16

3-Carene

17

2-Methyltetracosane
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Figure 26: The graph showing the persistency of the chemicals from BIOWINN2

4.2.4.1.3 BIOWINN3
BIOWINNS limit value was less than 1.7, considered highly persistent. Reported from our

results, 4 out of 50 chemicals were highly persistent and non-biodegradable.

Table 16: BIOWINN3 Chemicals result Inlet-15

SN

Chemicals/DIBs

Tricyclo[20.8.0.0(7,16)]triacontane, 1(22),7(16)-diepoxy-

Dotriacontyl pentafluoropropionate

Triacontyl pentafluoropropionate

Nonadecyl heptafluorobutyrate
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BIOWINN3
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Figure 27: The graph showing the BIOWINNS results, 4 chemicals show persistency

4.2.4.1.4 BIOWINN4
BIOWINN4 limit value was less than 1.7 (highly persistent for BIOWINN4). No chemical was

persistent in primary degradation.

BIOWINN4

4.5
35
25

1.5

BIOWINN4 cutt-off limit
N
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Figure 28: The graph showing the BIOWINN4 results, no chemical shows persistency
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4.2.4.1.5 BIOWINNS
BIOWINNS limit value was less than 0.5(BIOWINNS persistent). 11 out of 31 chemicals were

found persistent.

Table 17: BIOWINNS5 Chemicals result Inlet-15

SN Chemicals/DIBs
1
Cyclopenta[g]-2-benzopyran, 1,3,4,6,7,8-hexahydro-4,6,6,7,8,8-hexamethyl-
2
Cholestan-3-ol, (3.beta.,5.beta.)-
3
Tricyclo[20.8.0.0(7,16)]triacontane, 1(22),7(16)-diepoxy-
4
Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl-
5
Bicyclo[7.2.0]Jundec-4-ene, 4,11,11-trimethyl-8-methylene-
6
0-Cymene
7
1H-Indene, 2,3,3a,4,7,7a-hexahydro-2,2,4,4,7,7-hexamethyl-, trans-
8
2-Buten-1-one, 1-(2,6,6-trimethyl-3-cyclohexen-1-yl)-
9
2-Octene, 3,7-dimethyl-, (Z)-
10 o
Isovaleric acid, 3-ethylphenyl ester
11

3-Carene
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Figure 29: The graph showing BIOWINNS results, 11 chemicals show persistency

4.2.4.1.6 BIOWINN7

BIOWINNY limit value was less than 0.5(BIOWINN7 persistent). 18 of them are considered

persistent as shown in table.

Table 18: BIOWINN7 Chemicals result Inlet-15

SN Chemicals/DIBs
! Tricyclo[20.8.0.0(7,16)]triacontane, 1(22),7(16)-diepoxy-
° Cholestan-3-ol, (3.beta.,5.beta.)-
3 1H-Indene, 2,3,3a,4,7,7a-hexahydro-2,2,4,4,7,7-hexamethyl-, trans-
4 Cyclopenta[g]-2-benzopyran, 1,3,4,6,7,8-hexahydro-4,6,6,7,8,8-hexamethy|-
° 2-Buten-1-one, 1-(2,6,6-trimethyl-3-cyclohexen-1-yl)-
° Bicyclo[7.2.0Jundec-4-ene, 4,11,11-trimethyl-8-methylene-
! Phthalic acid, 4,4-dimethylpent-2-yl butyl ester
] Benzene, 1-(1,5-dimethyl-4-hexenyl)-4-methyl-
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Bis(2-ethylhexyl) phthalate

10

0-Cymene

11

3-Carene

12

Isovaleric acid, 3-ethylphenyl ester

13

2-Tridecanone

14

2-Pentadecanone

15

2-Octene, 3,7-dimethyl-, (Z)-

16

9-Tricosene, (2)-

17

Nonadecyl heptafluorobutyrate

18

1-Hexanol, 2-ethyl-

BIOWINN7

TR
I I I l ! 7 8 9101112131415161718192021222324252627282930313233

BIOWINN7 cutt-off limit

Observed values

Figure 30: The graph showing BIOWINN?7 results, 18 compounds show persistency
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4.2.4.2 Biodegradability via BIOWINN for Outlet-15

4.2.4.2.1 BIOWINN1
BIOWINNL limit value was less than 0.5(REACH2007). 03 out of 31 Chemicals are identified as
persistent according to results from BIOWINN1. 03 chemicals are shown in table.

Table 19: BIOWINN1 Chemicals result Outlet-15

SN Chemicals/DIBs

1 | 2,4-Difluorobenzene, 1-benzyloxy-

2 | Dotriacontyl heptafluorobutyrate

3 | Docosyl pentyl ether

BIOWINN1

1.2

0.8

It it

02 1234567 89510111213141516 181920212223!12526272829303132

-0.4
-0.6
-0.8

BIOWINN1 cutt-off limit
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Figure 31: The graph showing persistency of the chemicals from BIOWINN1

4.2.4.2.2 BIOWINN2

BIOWINN2 model is for non-degradability of chemicals/DIBs if the value is less than 0.5. This
non-linear biodegradation limit set by REACH 2007. Results reported that 10 out of 31 chemicals
falls under category of persistent (REACH 2007) results from BIOWINNZ2 for these are less than
0.
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Table 20: BIOWINNZ2 Chemicals result Outlet-15

SN Chemicals/DIBs
1 .
2,4-Difluorobenzene, 1-benzyloxy-
2
Dotriacontyl heptafluorobutyrate
3
Hexacontane
4 . .
Dotriacontane, 1-iodo-
5
Squalene
6
Docosyl pentyl ether
7 .
Hexacosane, 1-iodo-
8 :
Trihexadecyl borate
9 :
3-Methyltriacontane
10

1-Cyclopentyleicosane

BIOWINN2
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2.5

1.5

BIOWINNS3 cutt-off limit
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Figure 32: The graph showing persistency of the chemicals from BIOWINN2
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4.2.4.2.3 BIOWINN3
BIOWINNS limit value was less than 1.7, considered highly persistent. Reported from our

results, 1 out of 31 chemical was highly persistent and non-biodegradable.

Table 21: BIOWINN3 Chemicals result Outlet-15

SN

Chemicals/DIBs

Dotriacontyl heptafluorobutyrate

BIOWINN3

i

123456 7 8 91011121314151617181920212223242526272829303132
Observed values
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Figure 33: The graph showing BIOWINNS results, 1 chemical shows persistency

4.2.4.2.4 BIOWINN4

BIOWINN4 limit value was less than 1.7 (highly persistent for BIOWINN4). No chemical was

persistent in primary degradation.
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Figure 34: The graph showing BIOWINN4 results, no chemical shows persistent

4.2.4.2.5 BIOWINNS
BIOWINNS limit value was less than 0.5(BIOWINNS persistent). 7 out of 31 chemicals were

found persistent.

Table 22: BIOWINNS5 Chemicals result Outlet-15

SN Chemicals/DIBs

1
Squalene

2 .
2,4-Difluorobenzene, 1-benzyloxy-

3
Naphthalene, 1,3-dimethyl-

4 .
Undecane, 2,6-dimethyl-

5 .
Dodecane, 4,6-dimethyl-

6
Undecane, 4-cyclohexyl-

7

Hexacosane, 1-iodo-

68



BIOWINNS

1.2
1

0.8

i

123456 7 8 91011121314151617181920212223242526272829303132
Observed values

BIOWINNS cutt-off limit

N

Figure 35: The graph showing BIOWINNS results, 07 chemicals show persistency

4.2.4.2.6 BIOWINNY7
BIOWINNY limit value was less than 0.5(BIOWINN7 persistent). 20 of them are considered

persistent as shown in table.

Table 23: BIOWINN7 Chemicals result Outlet-15

SN Chemicals/DIBs
1 .
Octadecane, 5,14-dibutyl-
2
Naphthalene, 1,3-dimethyl-
3
Phthalic acid, 4,4-dimethylpent-2-yl isobutyl ester
4
Undecane, 4-cyclohexyl-
5
Squalene
6 .
Undecane, 2,6-dimethyl-
7
4-Undecene, 5-methyl-
8 .
Dodecane, 4,6-dimethyl-
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3-Hexadecene, (2)-

10

Eicosane, 10-methyl-

11

Decane

12

3-Pentadecanone

13

Undecane, 3-methylene-

14

Octadecan-4-one

15

Docosyl pentyl ether

16

Octadecane

17

2,4-Difluorobenzene, 1-benzyloxy-

18

1-Tridecene

19

2-Nonyne

20

1-Cyclopentyleicosane
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Figure 36: The graph showing BIOWINN?7 results, 20 chemicals show persistency
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4.2.4.3 Biodegradability via BIOWINN for Inlet-30

42431 45.4.1BIOWINN1

BIOWINNL limit value was less than 0.5(REACH2007). 09 out of 32 Chemicals are identified as

persistent according to results from BIOWINNL1. 09 chemicals are shown in table.
Table 24: BIOWINN1 Chemicals result Inlet-30

SN Chemicals/DIBs

Docosyl pentafluoropropionate

Prasterone-3-sulfate

Longifolene

Nonyl octacosyl ether

Octadecyl octyl ether

o O B~ W DN

Naphthalene, decahydro-4a-methyl-1-methylene-7-(1-methylethenyl)-, [4aR-
(4a.alpha.,7.alpha.,8a.beta.)]-

7 | 1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z-

8 | Caryophyllene

9 | .beta.-Pinene
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Figure 37: The graph showing persistency of the chemicals from BIOWINN1
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4.2.43.2 BIOWINN2

BIOWINN2 model is for non-degradability of chemicals/DIBs if the value is less than 0.5. This

non-linear biodegradation limit set by REACH 2007. Results reported that 14 out of 32 chemicals
falls under category of persistent (REACH 2007) results from BIOWINNZ2 for these are less than

0.5.

Table 25: BIOWINN2 Chemicals result Inlet-30

SN Chemicals/DIBs

1
Prasterone-3-sulfate
2 :
Docosyl pentafluoropropionate
3
Nonyl octacosyl ether
4 :
Longifolene
5 .
Octacosane, 1-iodo-
6
Octadecyl octyl ether
7

Tritetracontane

8 | Naphthalene, decahydro-4a-methyl-1-methylene-7-(1-methylethenyl)-, [4aR-
(4a.alpha.,7.alpha.,8a.beta.)]-

1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z-

10
Caryophyllene

11
Octadecane, 1-chloro-

12 )
.beta.-Pinene

13
1,13-Tetradecadien-3-one

14 ]
Tetratriacontane
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Figure 38: The graph showing persistency of the chemicals from BIOWINN2

4.2.4.3.3 BIOWINN3
BIOWINNS limit value was less than 1.7, considered highly persistent. Reported from our

results, no chemical was highly persistent and non-biodegradable.
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Figure 39: The graph showing BIOWINNS3 results, no chemical shows persistency
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4.2.4.3.4 BIOWINN4
BIOWINN4 limit value was less than 1.7 (highly persistent for BIOWINN4). No chemical was

persistent in primary degradation.
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Figure 40: The graph showing the BIOWINN4 results, no chemical shows persistency

4.2.4.3.5 BIOWINNS
BIOWINNS limit value was less than 0.5(BIOWINNS persistent). 12 out of 32 chemicals were

found persistent.

Table 26: BIOWINNS5 Chemicals result Inlet-30

SN Chemicals/DIBs
1
Prasterone-3-sulfate
2
Naphthalene, 1,2,3,4-tetrahydro-1,6-dimethyl-4-(1-methylethyl)-, (1S-cis)-
3
Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6-methylene-, [S-(R*,S*)]-
4
1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z-
5
.beta.-Bisabolene
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Caryophyllene

Naphthalene, decahydro-4a-methyl-1-methylene-7-(1-methylethenyl)-, [4aR-
(4a.alpha.,7.alpha.,8a.beta.)]-

Longifolene

D-Limonene

10

Benzene, (1-butylheptyl)-

11

.beta.-Pinene

12

Octacosane, 1-iodo-
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Figure 41: The graph showing BIOWINNS results, 12 chemicals show persistency

4.2.4.3.6 BIOWINNY7
BIOWINNY limit value was less than 0.5(BIOWINN7 persistent). 15 out 32 considered

persistent as shown in table.
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Table 27: BIOWINN7 Chemicals result Inlet-30

SN Chemicals/DIBs
1
Prasterone-3-sulfate
2 .
Longifolene
3 _ :
Naphthalene, 1,2,3,4-tetrahydro-1,6-dimethyl-4-(1-methylethyl)-, (1S-cis)-
4 | Naphthalene, decahydro-4a-methyl-1-methylene-7-(1-methylethenyl)-, [4aR-
(4a.alpha.,7.alpha.,8a.beta.)]-
5
1,4,7,-Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z-
6
Caryophyllene
7
Benzene, (1-butylheptyl)-
8 .
.beta.-Pinene
9 .
Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6-methylene-, [S-(R*,S*)]-
10
4-Octene, (E)-
11
.beta.-Bisabolene
12 )
D-Limonene
13
1,13-Tetradecadien-3-one
14
2-Hexadecanone
15

Octadecyl octyl ether
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Figure 42: The graph showing BIOWINN?7 results, 15 chemicals show persistency

4.2.4.4 Biodegradability via BIOWINN for Outlet-30

4.2.4.4.1 BIOWINN1
BIOWINNL limit value was less than 0.5(REACH2007). 04 out of 22 chemicals are identified as

persistent according to results from BIOWINN1. 04 chemicals are shown in table.

Table 28: BIOWINN1 Chemicals result Outlet-30

SN

Chemicals/DIBs

Benzene, 1,4-dichloro-

Eicosyl isobutyl ether

Pentyl triacontyl ether

Bl W N P

Docosyl nonyl ether
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4.2.4.4.2 BIOWINN2
BIOWINNZ2 model is for non-degradability of chemicals/DIBs if the value is less than 0.5. This
non-linear biodegradation limit set by REACH 2007. Results reported that 12 out of 22 chemicals
falls under category of persistent (REACH 2007) results from BIOWINNZ2 for these are less than

Observed values

Figure 43: The graph showing persistency of the chemicals from BIOWINN1

0.5
Table 29: BIOWINN2 Chemicals result Outlet-30
SN Chemicals/DIBs
1 :
Pentyl triacontyl ether
2 | _ :
Eicosyl isobutyl ether
3
Docosyl nonyl ether
4
Benzene, 1,4-dichloro-
5 .
3-Methyldotriacontane
6 .
2-Methylhentriacontane
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3,3-Diethylheptadecane
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Figure 44: The graph showing persistency of the chemicals from BIOWINN2

4.2.4.4.3 BIOWINN3
BIOWINNS limit value was less than 1.7, considered highly persistent. Reported from our

results, no chemicals were found highly persistent and non-biodegradable.
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Figure 45: The graph showing BIOWINN3 results, no chemical shows persistency

4.2.4.4.4 BIOWINN4
BIOWINN4 limit value was less than 1.7 (highly persistent for BIOWINN4). No chemical was

persistent in primary degradation.
BIOWINN4
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Figure 46: The graph showing BIOWINN4 results, no chemical shows persistency
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4.2.4.45 BIOWINNS
BIOWINNS limit value was less than 0.5(BIOWINNS persistent). 03 out of 22 chemicals were

found persistent.

Table 30: BIOWINN5 Chemicals result Outlet-30

SN Chemicals/DIBs
1 .
Benzene, (iodomethyl)-
2
Benzene, 1,4-dichloro-
3 :
Tridecane, 6-cyclohexyl-

BIOWINNS

\HHIHWHHM

4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

1.6

14

1.2

0.8

0.
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~

0.

N

0

Observed values

Figure 47: The graph showing BIOWINNS results, 03 chemicals show persistency

4.2.4.4.6 BIOWINNY7
BIOWINNY limit value was less than 0.5(BIOWINN7 persistent). 09 out 22 considered

persistent as shown in table.
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Table 31: BIOWINN7 Chemicals result Outlet-30

SN Chemicals/DIBs
1 .
Tridecane, 6-cyclohexyl-
2
Benzene, 1,4-dichloro-
3 .
5,5-Diethylpentadecane
4
Decane, 2,2-dimethyl-
5
7-Tetradecene, (2)-
6 . :
3,3-Diethyltridecane
7
Toluene
8 .
3,3-Diethylheptadecane
9

Eicosyl isobutyl ether

BIOWINN7
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0.5
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Figure 48: The graph showing BIOWINN7 results, 09 chemicalss show persistency
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4.2.5 Result comparison of sample points:
From the results of different sample points it is clear that that different chemicals/DIBs were
detected via GCMS at different points (excluding those which were detected in blank and field

samples). List of those chemicals detected on all sample points is in the table.

Table 32: Chemicals present on all four sampling points (excluding blank and field sampling

points)

S No. Name Blank Field 0O-15 1-15 0-30 1-30
1 1-Tetradecene | 0 0 97 97 97 97
2 Octadecane 0 0 97 97 97 97
3 3-

Pentadecanone | 0 0 87 85 88 87
4 Octadecan-4-

one 0 0 84 84 86 85

These chemicals were present on all sampling points, means filtration plant is unable to filter it.
1-Tetradecene is a serious eye and skin irritant. Octadecane May be fatal if swallowed and enters

airways [Danger Aspiration hazard].

Table 33: Chemicals present on three sample points (O-30 excluded)

S No. Name Blank Field 0-15 1-15 0-30 1-30
1 Squalene |0 0 88 95 0 95

Squalene is a chemical detected on all sample points except O-30. This chemical causes respiratory

disorder if swallowed and can be fatal too if the amount swallowed is high. Its absence from O-30

may be due the short retention time on PDMS surface.

Table 34: Chemicals present on three sample points (1-30 excluded)

S No. Name Blank Field 0O-15 I-15 0-30 1-30
1 Naphthalene,

1,3-

dimethyl- 0 0 83 88 86 0
2 Hexacontane | 0 0 89 81 90 0
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1,3-dimethyl- Naphthalene was present on all sampling sites except 1-30. It is a serious
environmental hazard for aquatic life (acute & long term hazard). Its absence from 1-30 may be
due to the reason of complex reactions going on when many chemicals come close together on
PDMS surface.
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Chapter 5

Conclusion and Recommendations
Conclusion

In present study, LDPE to water partition coefficients model was successfully developed which
was used for non-targets screening of organic containments present in MBR wastewater treatment
plant, Islamabad. Identification and location of MBR plant was kept anonymous due to commercial
sensitivity and to avoid conflict of interest. Different experimental test via EPI-SUITE and UFZ-
LSER were performed for screening of chemicals/DIBs.116 chemicals/DIBs were selected on all

four sample points and their risk assessment was also done.

Chemicals that were identified from wastewater treatment plant such as Bis(2-ethylhexyl)
phthalate may damage fertility, Naphthalene, 1,3-dimethyl-, Cyclopenta[g]-2-benzopyran,
1,3,4,6,7,8-hexahydro-4,6,6,7,8,8-hexamethyl-, 2-Tridecanone and 2-Buten-1-one, 1-(2,6,6-
trimethyl-3-cyclohexen-1-yl)- have serious hazardous effects and very toxic for aquatic life
Octacosanol is specifically caused skin irritation, serious eye irritation and respiratory irritation.
In short it was concluded that the disinfected waste water is still not safe for potable and non-
potable uses and can causes adverse health effects including cytotoxicity, carcinogenicity,

mutagenicity, miscarriage, and even birth defects.

Limitation of our study are

e Chemicals/DIBs were not quantified, which need pure standards.

e We did not use performance reference compounds on passive samplers, which could have given
better picture

e We only used Low density polyethene (LDPE). Other passive samplers such as Silicon, POM, PA
could have been used as additional classifiers to improve the detection of compounds. However,
since the results are still alarming therefore the conclusion can be derived with confidence based

on this study.
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Recommendations

Other disinfected methods should be used like the ultraviolet disinfection as it is not known to produce
carcinogenic or toxic by-products or taste and odor problems. Different methods can also be used like
removal or polishing method to clean the chlorination by product out of the waste water. The suggested

method is that of activated carbons or TNTSs.

86



(1]
(2]

(3]

(4]

(5]

(6]

(7]
(8]

(9]

(10]

(11]
(12]

(13]

(14]

(15]

(16]

(17]

(18]

References

T. Karita, Y. Saito, and S. Kuromatsu, "Water setting paper," ed: Google Patents, 1989.

C. M. Ugaya and A. C. Walter, "Life cycle inventory analysis-A case study of steel used in Brazilian
automobiles," The international journal of life cycle assessment, vol. 9, pp. 365-370, 2004.

M. W. Rosegrant, C. Ringler, and T. Zhu, "Water for agriculture: maintaining food security under
growing scarcity," Annual review of Environment and resources, vol. 34, 2009.

M. Falkenmark and J. Lundqvist, "Towards water security: political determination and human
adaptation crucial," in Natural Resources Forum, 1998, pp. 37-51.

A. Nandi, I. Megiddo, A. Ashok, A. Verma, and R. Laxminarayan, "Reduced burden of childhood
diarrheal diseases through increased access to water and sanitation in India: A modeling
analysis," Social Science & Medicine, vol. 180, pp. 181-192, 2017.

H. Taylor, R. Bastos, H. Pearson, and D. Mara, "Drip irrigation with waste stabilisation pond
effluents: Solving the problem of emitter fouling," Water Science and Technology, vol. 31, pp.
417-424, 1995.

B. Randolph and P. Troy, "Attitudes to conservation and water consumption," environmental
science & policy, vol. 11, pp. 441-455, 2008.

S. Khoso, F. H. Wagan, A. H. Tunio, and A. A. Ansari, "An overview on emerging water scarcity in
Pakistan, its causes, impacts and remedial measures," Journal of Applied Engineering Science,
vol. 13, 2015.

L. Metcalf, H. P. Eddy, and G. Tchobanoglous, Wastewater engineering: treatment, disposal, and
reuse vol. 4: McGraw-Hill New York, 1979.

C. Grandclément, I. Seyssiecq, A. Piram, P. Wong-Wah-Chung, G. Vanot, N. Tiliacos, et al., "From
the conventional biological wastewater treatment to hybrid processes, the evaluation of organic
micropollutant removal: a review," Water research, vol. 111, pp. 297-317, 2017.

T. Gérecki and J. Namiesnik, "Passive sampling," TrAC Trends in Analytical Chemistry, vol. 21, pp.
276-291, 2002.

Y. Madrid and Z. P. Zayas, "Water sampling: Traditional methods and new approaches in water
sampling strategy," TrAC Trends in Analytical Chemistry, vol. 26, pp. 293-299, 2007.

R. B. Schéfer, A. Paschke, and M. Liess, "Aquatic passive sampling of a short-term thiacloprid
pulse with the Chemcatcher: Impact of biofouling and use of a diffusion-limiting membrane on
the sampling rate," Journal of Chromatography A, vol. 1203, pp. 1-6, 2008.

X. Cui, P. Mayer, and J. Gan, "Methods to assess bioavailability of hydrophobic organic
contaminants: principles, operations, and limitations," Environmental Pollution, vol. 172, pp.
223-234,2013.

E. Fries and C. Zarfl, "Sorption of polycyclic aromatic hydrocarbons (PAHs) to low and high
density polyethylene (PE)," Environmental Science and Pollution Research, vol. 19, pp. 1296-
1304, 2012.

B. Beckingham and U. Ghosh, "Polyoxymethylene passive samplers to monitor changes in
bioavailability and flux of PCBs after activated carbon amendment to sediment in the field,"
Chemosphere, vol. 91, pp. 1401-1407, 2013.

D. Nabi and J. S. Arey, "Predicting partitioning and diffusion properties of nonpolar chemicals in
biotic media and passive sampler phases by GCx GC," Environmental Science & Technology, vol.
51, pp. 3001-3011, 2017.

M. L. Card, V. Gomez-Alvarez, W. H. Lee, D. G. Lynch, N. S. Orentas, M. T. Lee, et al., "History of
EPI Suite and future perspectives on chemical property estimation in US Toxic Substances

87



(19]
(20]

[21]
(22]

(23]
(24]
[25]
(26]
(27]
(28]
[29]
(30]
(31]
(32]

(33]

(34]

(35]

(36]

(37]

(38]

Control Act new chemical risk assessments," Environ Sci Process Impacts, vol. 19, pp. 203-212,
Mar 22 2017.

T. Asano and J. A. Cotruvo, "Groundwater recharge with reclaimed municipal wastewater:
health and regulatory considerations," Water Res, vol. 38, pp. 1941-51, 2004.

Metcalf, I. Aecom Eddy, T. Asano, F. Burton, H. Leverenz, R. Tsuchihashi, et al., Water Reuse:
Issues, Technologies, and Applications vol. 13, 2007.

J. Anderson, The environmental benefits of water recycling and reuse vol. 3, 2003.

E. Holden, K. Linnerud, and D. Banister, "Sustainable development: Our Common Future
revisited," Global Environmental Change, vol. 26, pp. 130-139, 2014/05/01/ 2014.

0. Akpor, D. Otohinoyi, T. Olaolu, and J. Aderiye, POLLUTANTS IN WASTEWATER EFFLUENTS:
IMPACTS AND REMEDIATION PROCESSES vol. 3, 2014.

O. Akpor and M. Muchie, Environmental and public health implications of wastewater quality
vol. 10, 2011.

M. Abu-Orf, G. Tchobanoglous, H. D. Stensel, Tsuchihashi, Burton, and B. Pfrang, Wastewater
Engineering: Treatment and Resource Recovery, 2013.

K. Schwab, "The global competitiveness report 2009-2010," 2009.

M. Kitis, J. C. Lozier, J.-H. Kim, B. Mi, and B. J. Mariiias, "Microbial removal and integrity
monitoring of ro and NF Membranes," Journal - American Water Works Association, vol. 95, pp.
105-119, 2003/12/01 2003.

S. Golfinopoulos and A. Nikolaou, "Formation of DBPs in the drinking water of Athens, Greece: A
ten-year study," Glob Nest J, vol. 7, pp. 106-118, 2005.

J. J. Rook, "Formation of haroforms during chlorination of natural waters," Water Treat. Exam.,
vol. 23, pp. 234-243, 1974.

T. A. Bellar, J. J. Lichtenberg, and R. C. Kroner, "The occurrence of organohalides in chlorinated
drinking waters," Journal-American Water Works Association, vol. 66, pp. 703-706, 1974.

U. NCI, "Report on the Carcinogenesis Bioassay of chloroform (CAS No. 67-66-3)," MD: National
Cancer Institute, vol. 1976, pp. 1-60, 1976.

J. C. Loper, "Mutagenic effects of organic compounds in drinking water," Mutation
Research/Reviews in Genetic Toxicology, vol. 76, pp. 241-268, 1980.

S. D. Richardson, M. J. Plewa, E. D. Wagner, R. Schoeny, and D. M. DeMarini, "Occurrence,
genotoxicity, and carcinogenicity of regulated and emerging disinfection by-products in drinking
water: a review and roadmap for research," Mutation Research/Reviews in Mutation Research,
vol. 636, pp. 178-242, 2007.

. J. Allan, B. Vrana, R. Greenwood, G. A. Mills, B. Roig, and C. Gonzalez, "A “toolbox” for
biological and chemical monitoring requirements for the European Union's Water Framework
Directive," Talanta, vol. 69, pp. 302-322, 2006.

R. Greenwood, G. Mills, and B. Vrana, Passive sampling techniques in environmental monitoring
vol. 48: Elsevier, 2007.

A. Kot-Wasik, B. Zabiegata, M. Urbanowicz, E. Dominiak, A. Wasik, and J. Namiesnik, "Advances
in passive sampling in environmental studies," Analytica chimica acta, vol. 602, pp. 141-163,
2007.

M. Leynen, T. Van den Berckt, J.-M. Aerts, B. Castelein, D. Berckmans, and F. Ollevier, "The use
of Tubificidae in a biological early warning system," Environmental pollution, vol. 105, pp. 151-
154, 1999.

B. Vrana, I. J. Allan, R. Greenwood, G. A. Mills, E. Dominiak, K. Svensson, et al., "Passive sampling
techniques for monitoring pollutants in water," TrAC Trends in Analytical Chemistry, vol. 24, pp.
845-868, 2005.

88



(39]
[40]

[41]

(42]

[43]
[44]

(45]
[46]

[47]

(48]

[49]

(50]
(51]

(52]

(53]

(54]

(55]

(56]

P. Mayer, J. Tolls, J. L. Hermens, and D. Mackay, "Peer reviewed: equilibrium sampling devices,"
ed: ACS Publications, 2003.

P. T. Harte, "Comparison of temporal trends in VOCs as measured with PDB samplers and low-
flow sampling methods," Groundwater Monitoring & Remediation, vol. 22, pp. 45-47, 2002.

F. Stuer-Lauridsen, "Review of passive accumulation devices for monitoring organic
micropollutants in the aquatic environment," Environmental Pollution, vol. 136, pp. 503-524,
2005.

K. Booij, R. Van Bommel, A. Mets, and R. Dekker, "Little effect of excessive biofouling on the
uptake of organic contaminants by semipermeable membrane devices," Chemosphere, vol. 65,
pp. 2485-2492, 2006.

J. Pawliszyn, "Sample preparation: quo vadis?," Analytical Chemistry, vol. 75, pp. 2543-2558,
2003.

R. W. Gale, "Three-compartment model for contaminant accumulation by semipermeable
membrane devices," Environmental science & technology, vol. 32, pp. 2292-2300, 1998.

E. L. Cussler, Diffusion: mass transfer in fluid systems: Cambridge university press, 2009.

J. N. Huckins, J. D. Petty, C. E. Orazio, J. A. Lebo, R. C. Clark, V. L. Gibson, et al., "Determination of
uptake kinetics (sampling rates) by lipid-containing semipermeable membrane devices (SPMDs)
for polycyclic aromatic hydrocarbons (PAHSs) in water," Environmental science & technology, vol.
33, pp. 3918-3923, 1999.

D. R. Luellen and D. Shea, "Calibration and field verification of semipermeable membrane
devices for measuring polycyclic aromatic hydrocarbons in water," Environmental science &
technology, vol. 36, pp. 1791-1797, 2002.

B. Vrana and G. Schiilirmann, "Calibrating the uptake kinetics of semipermeable membrane
devices in water: Impact of hydrodynamics," Environmental science & technology, vol. 36, pp.
290-296, 2002.

J. N. Huckins, J. D. Petty, J. A. Lebo, F. V. Almeida, K. Booij, D. A. Alvarez, et al., "Development of
the permeability/performance reference compound approach for in situ calibration of
semipermeable membrane devices," Environmental science & technology, vol. 36, pp. 85-91,
2002.

E. Mitina, "PASSIVE SAMPLING TECHNOLOGIES: Current State and Future Challenges," 2015.

J. N. Huckins, J. D. Petty, and K. Booij, Monitors of organic chemicals in the environment:
semipermeable membrane devices: Springer Science & Business Media, 2006.

C. Turgut, M. A. Mazmanci, B. Mazmanci, M. Yalgin, P. K. Karakus, L. Atatanir, et al., "Polycyclic
aromatic hydrocarbons (PAHs) determined by pine needles and semipermeable membrane
devices along an altitude profile in Taurus Mountains, Turkey," Environmental Science and
Pollution Research, vol. 24, pp. 7077-7087, 2017.

X. Lu, C. Zhang, and Y. Han, "Low-density polyethylene superhydrophobic surface by control of
its crystallization behavior," Macromolecular Rapid Communications, vol. 25, pp. 1606-1610,
2004.

L. Tuduri, T. Harner, and H. Hung, "Polyurethane foam (PUF) disks passive air samplers: Wind
effect on sampling rates," Environmental Pollution, vol. 144, pp. 377-383, 2006.

G. Zhang, X. Zang, Z. Li, C. Wang, and Z. Wang, "Polydimethylsiloxane/metal-organic frameworks
coated fiber for solid-phase microextraction of polycyclic aromatic hydrocarbons in river and
lake water samples," Talanta, vol. 129, pp. 600-605, 2014.

M. H. Abraham, J. Andonian-Haftvan, J. P. Osei-Owusu, P. Sakellariou, J. S. Urieta, M. C. Lépez, et
al., "Hydrogen bonding. Part 25. The solvation properties of methylene iodide," Journal of the
Chemical Society, Perkin Transactions 2, pp. 299-304, 1993.

89



(57]

(58]
(59]
(60]
(61]

(62]

(63]

(64]

(65]

(66]

(67]

(68]

(69]

M. H. Abraham, J. A. Platts, A. Hersey, A. J. Leo, and R. W. Taft, "Correlation and estimation of
gas—chloroform and water—chloroform partition coefficients by a linear free energy relationship
method," Journal of pharmaceutical sciences, vol. 88, pp. 670-679, 1999.

M. H. Abraham, J. Le, W. E. Acree Jr, and P. W. Carr, "Solubility of gases and vapours in propan-
1-ol at 298 K," Journal of physical organic chemistry, vol. 12, pp. 675-680, 1999.

M. H. Abraham, "Scales of solute hydrogen-bonding: their construction and application to
physicochemical and biochemical processes," Chemical Society Reviews, vol. 22, pp. 73-83, 1993.
G. Johanson, "1.08 - Modeling of Disposition," in Comprehensive Toxicology (Second Edition), C.
A. McQueen, Ed., ed Oxford: Elsevier, 2010, pp. 153-177.

R. P. Schwarzenbach, P. M. Gschwend, and D. M. Imboden, Environmental organic chemistry:
John Wiley & Sons, 2016.

R. Lohmann, M. Dapsis, E. J. Morgan, V. Dekany, and P. J. Luey, "Determining air- water
exchange, spatial and temporal trends of freely dissolved PAHs in an urban estuary using passive
polyethylene samplers," Environmental science & technology, vol. 45, pp. 2655-2662, 2011.

E. Voutsas, "Chapter 11 - Estimation of the Volatilization of Organic Chemicals from Soil," in
Thermodynamics, Solubility and Environmental Issues, T. M. Letcher, Ed., ed Amsterdam:
Elsevier, 2007, pp. 205-227.

F. Hernandez, T. Portolés, E. Pitarch, and F. J. Lépez, "Gas chromatography coupled to high-
resolution time-of-flight mass spectrometry to analyze trace-level organic compounds in the
environment, food safety and toxicology," TrAC Trends in Analytical Chemistry, vol. 30, pp. 388-
400, 2011.

H. S. Weinberg, "Modern approaches to the analysis of disinfection by-products in drinking
water," Philosophical Transactions of the Royal Society A: Mathematical, Physical and
Engineering Sciences, vol. 367, pp. 4097-4118, 2009.

G. Lebel and D. Williams, "Differences in chloroform levels from drinking water samples
analysed using various sampling and analytical techniques," International journal of
environmental analytical chemistry, vol. 60, pp. 213-220, 1995.

S. D. Richardson, "The role of GC-MS and LC-MS in the discovery of drinking water disinfection
by-products," Journal of Environmental Monitoring, vol. 4, pp. 1-9, 2002.

W. Brack, S. Ait-Aissa, R. M. Burgess, W. Busch, N. Creusot, C. Di Paolo, et al., "Effect-directed
analysis supporting monitoring of aquatic environments—an in-depth overview," Science of the
Total Environment, vol. 544, pp. 1073-1118, 2016.

C. Zwiener and S. D. Richardson, "Analysis of disinfection by-products in drinking water by LC—
MS and related MS techniques," TrAC Trends in Analytical Chemistry, vol. 24, pp. 613-621, 2005.

90



	sajjad rahim.pdf
	Th-4
	Sajjad Rahim44
	Sajjad Rahim45

	Sajjad Rahim
	Sajjad Rahim44
	Sajjad Rahim45


	TH-4.pdf
	Sajjad Rahim13


