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ABSTRACT

BEHAVIOR OF POLLUTANTS PERCOLATION IN HOMOGENEOUS POROUS
MEDIA

Sepehri, Shirin
M.S., Department of Petroleum and Natural Gas Engineering
Supervisor: Asst. Prof. Dr. Ismail Durgut

Co-Supervisor: ProfDr. Ender Okandan

June 2016262 pages

Spillage of petroleum products in soil, rivers and lakespsoblem since the advent

of the petroleum era&Contamination of groundwater is one of the most important
hazardof spill because it is a thread animals, plants as well as human life.
Fingerprinting of oil spills plays an important role in order to select the best treatment
and cleanup method. Soil type, amount and type of contaminant, weathering
conditions such as rainfall and wind are importdactors that influence soil
contamination. In this study, an experimental model was used to investigate the
movement of a hydrocarbon liquid such as diesel oil, decane and gasoline in soil where
crushedimestone was the soil medium. Eexiglass cylincer with three ports at three
different depths (in order to collect samples) was taoed. It was filled with
crushed limestoneThe design enabled to collect samples, analyze them and
understand the neeanism of contaminant downward movemeRbDrosity ad
permeabilityof porous mediavere measuredsamples were collected at different time
intervals from ports and analyzed by gas chromatography to obtaimiozth
compositions of thecontaminants.Depth of contaminanteffect of minfall on
contaminant dowward movementmechanism of contaminamtovemenin dry and

wet soil were investigated in thssudy



In one expement, movementdepth of contaminant in three ports whinte located

at different deptbwas analyzedit was found that

The more thelepth of the ports, the less theacentration of the contaminant.
Concentration of eight selected alkane components of diesehqilG(, Ciz,
Ci17, Ci8, C26, C27 and Cs) increases with time in each port indicating the

advancement of the contaminantiwiime.

Another experiment was run with decane as contaminant to understand impact of
contaminant type odownward movement.

Thedownward movemenmntte of decane which is the lightest hydrocarbon present in
diesel oil wa® timeshigher in comparison tthe diesel oimovement ratevhich is a
mixture.

In order to understand the weathering effect on soil contamination, rainfall was
simulated in one of the experiments by putting a constant amount of water at the top

of sand pack before sample collectivarted.

1 Itwas observed that rainfall has tangible impaat@mtaminandepth It could
be concluded that the rate and amount of contamination in deeper parts of soil

increased with rainfall sioiation.

Moreover, behavior ofggolinemovemenin the sad pack was analyzed by another

experiment.

1 It was observed that the rate of gasoliteevnward movemenwvas 10 times
higher than diesel oih sand pack.

1 Concentration of toluene andhkthylbenzene which are more toxic than the
other components of gasoline was observed with time.

1 It was observed that concentration of components increased with time in each

port.

In order to estimatsaturation profile of water, contaminant and aihi& $oil medium,
NAPL (Non-Aqueous Phase Liquigimulator was used brief investigation of the
characteristis of the simulator revealed tisatuation profile was not reliableecause
of thelack of suitabldooundary conditionfor our experimental sep.

Keywords: Spillage, gas &iromatography fingerprinting, NAPL, contamination

fingering
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KKRLETKCKLERKN HOMOJEN G¥ZENEKLK ORTAMDA
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Y ¢ksek lisans, Petrol ve Dal Gaz Mghendislj i B°l¢m¢,
Tez Y°%°neticisi: Yrd. Do - . Ks mai
YardanceTez Yeneticisi: Prof. Dr. Ender Okandan

Haziran 2016262 sayfa

Petrol crénlerinin topraja, akarsul ar a
bakl amaséndan itibaren hep sorun ol ar ak
séra insan hayateéné da tehdit ettiiji -0
tehik el eri nden biridir. Petrol sezéntésene

uygul amanén ve temizleme y°nteminin se-.i
t &r ¢, kirleticinin miktareé ve -exidi, y a
kiri ' i Jinin en °neml:.i fakterleridir. Bu -

hi drokarbon sévésénén kire-také toprajén

model kull anél méexteéer. |- dejikik derinlil
bir pleksiglas silindik ul | an8i1 mérdér keér él mék Bure-t ack
tasar ém numune topl anmaséne, bunl ar én
mekani zmaséneén anl akél maséneéeé saljeli améexkt é
Ol - ¢l megkt ¢gr.aj Namuadledredan far kl e Zaman a
hareket hali ndeki kirleticinin kimyasal
cihazenda analiz edil miktir. Kirleticini.

etkisi, kirleticinin kurue ésl ak toprakta s¢zeéel me mekan
deneyl erl e incelenmixktir. Bir deneyde, ki
ol an ¢- bajlantéedan anali z edrsa kiretki ve beze
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der i kokadarrazond uj u sonucu -ékareéel méexktér. Dizel g

bil ekeiwCinCnCi7(CB, C6, C27ve Ce)d er i Kz aninammina her bajl an

noktasénda artmaseé kirleticinin zamanla il er
kirleti oni s-éezkéind iendia k i et ki sini anl amak I -
geakl ekt i r i | mdekienhafifhidikiaz éolo np eotlracnl de&dma@gegn s¢z¢
karekéem ol an di zel petrol ¢yl e karkel akt ér él
kokul | ar é&n émdekied pkri ask nk i ralnil lainjaik ej nunune, deneyl e

t opl anmmalsaék | amadan @xntcegen dkeinr es & bmiktée n@minkt ar da s

yaj] éx simul e edi |l mi ktir. Ya] ékamnu] mnegfuz de
g°zl enmi kKtoirran éeKniérnl evnemjeraink tdarhé@an @medrd onp akjaeéské ml ar
modellemesiy a arttejé& sonucu -ékareéel mexkxtér. Ayrec

davranéké bir bakka dekemdgéepapabEndaégdi bmzerent

di zel petrol ¢nden daha yé¢ksek ol duj u g° z
bilekenlerinden daha kirletici ol an toluen \
gzl emlenmi ktir. Her bajlantéeda bilekenl erin

Suyun, kirleticinnve haa n €én t opr ak o r pralméesapmmatt-oiynmu k | u k
NAPL simul at &ré&r . kuS$il munléd tnPér karakteristiklI
gestermiktir ki bu deneysel -alékma i-in uyg

edi | enyonypmfiiggaeni | ir dejil dir

Anahtar Kelimeler: D° k ¢ | gazekromotografi hidrokarbon iz takihi NAPL,

kontaminasyondd larak yayma.
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CHAPTER 1

INTRODUCTION

Oil spill from pipelines gathering stations and failing of storage tanks which occur
during exploration, production and transportation of petroleum products can generate
seriesof environmental problems by contaminating soil and groundwates. will
likely lead toeffects on phlic health by means of orabnsumption, dermal tangency
breathing or maybe @mistuff chain coverage pathwafShen, Huang, & Chakma,
2001)

Groundwater provides practically 50% of the drinking watetmited Sates, 26% in
Canada and even more than 70% in many of Europeanrirezs. Groundwater usage
is actually high in all kinds of other nations. The numbeveifs which are identified

to become contaminated in Northmerica andalso European countrigacreased
tremendously in the past® years(Chery, John 1987)

Groundwater supplge 65% ofhousehold water of thdletherlands 71% of West
Germany,East Germany, Switzerland, Famnand Belgiumand93% in lItaly and
nearly 100% in Austria andenmark(Milde et al.1983)

An averag of 287,280,000 Lpetroleumwas launchednto the waters of North
Americaeach yearThe majority of spilled oils in environment tend to be fuels (48%)
along with crude oils (29%y1.Mudge, 2008) In Korea average amount of spilled
petroleum products was about 837X000 L)and the number of seapayeere 388
within the last few decad&'im et al., 2011)

Nature of spill and accumulatiori contaminant components in water determine the
intensity of groundwater contamination.

In the United States, between 1994 and 1836eakage with an average amount of
50,000 barrelsf crude oil for each occurrddiit Gr ound Water Cont amin
Oil near Bemidji , Minnesota, o 1997)



There are 200,000 underground storage tanks insidad@dhat has a human
populaton of 20 million in their vcinity. About 70,000f these tanks are generally
situated on store petrol retailefhe remaining 13,000 used for industrial, agtioall
and household consumpti¢gBdgett,Jane; Coon, 1986}t was estimated that 20%

to 25%  of storage tanks of Canada leakades occurred. In 1979, nineteen spills
occur followed by 35 watewell contamination. In 1986, 845 more wellswere
contaminated. Betweeh9731987 more than 1000 wells were contaminated by
gasoline(Cherry, &hn 1987) 11% to 25% of oil spills are related to gasoline and
diesel spills respectively in Canada each year. It was estimated th&8(8@%f oil
seagages are related to thenan faults whil0% to 40%related to the equipment
failure (Fingas, 2012)

Understandinghe spreading mechanism of contaminations and its rated iplays

an important role imminimizing consequences of leakagesr Example, a ragi
response needed in spillagesandy soils while it is not very critical in clay soil.
Moreover, lighter contaminants like gasoline spreads rapidly in comparisoestd di
oil, so it needs more rapid actioftéalmemieset al.2003)

As soon as oihas spiled to considerable degree in soéicovery through digging can
be impracticatd. In these casesvells haveto be sunk, downstream from the spill,
both to extract mobile qiklso to collect water which has percolated via oily soil and
thus may always be polluted through soluble ingredidtégovery of contaminated
water is a time consuming procesgisich may continuéor many maths

When petroleum components float on the water table, dt exeegdn@ore thatDO

to 200 meters from the seapagwen thoughthe main mass of contaminamis a
tendency to keep on lmg near to the spilled site, suamobile contaminant like
benzeneawvhich tend b be inspired just weaklgy adsorption with aquifematerial,

may be transferred several kilometémsm the site(Cherry, John 1987)

Usual surface contaminationight be partitionednto various parts

1) The part of contaminant which is near the surface and dissolved in water.
Depending on soil saturation and gravity it can finds its way to the
groundwater.

2) That part of contaminant which remains between soil particlescalhed

residual saturation and,



3) The part that evaporates into the atmospfidreAmro et al.,2013)

The main objectivef this study igo investigatehe behavior of oil producta porous
media The main problems which wasatedhere were about contaminant cikion
anddownward movemenwhich depend on soil typeontamination typand distance
from contamination sourcén experimental work wasonducted in order to simulate
migraion of different contaminants the porous mediunDepth of contaminant
movementate impacts of rainfall simulation and behavior of the contamimatiie
dry and wet sand mediumitlv time at different distances wesealyzed.

Moreover, NAPL simulator which is a powerful mathematical moda$ usedn
order to modeflow and transport of neagueas phase liquidsvhich known as a

group of soil and groundwater contaminantsubsurface.






CHAPTER 2

LITERATURE REVIEW

2.1 Experimental Method

Contamination of soiwhich leadsto groundwater contaminatiorcauseserious
problems and damages to the environnignthreatening the life of animalsyman

and soil microorganisms and consequently tife of plants. On the other hand,
remediation of soil and groundwater is a very expensive and time consuming process.
So,understanding thenechanism of contaminant distributiofactors controlling its
downward movemerih soil arevery important issue

Many researches and studies were conductedder tounderstand the behaviof

oil products percolation in porous medi@roughly, during thelast decades. As a
result, it was investigated thsoil type, amount antype of contaminant, weathering
conditions such as rainfall and wind are important factors that influence soll
contamination.So, many researches concentrate on the impact of each factor.

Following is a review over these studies.

2.1.1 Fingerprinting Spilled Oil

Aliphatic hydrocarbos which are the main petroleum-pyoducts plg an important

role in soil phgical property They are destruced by increasing number of
microorganisms that decay hydrocarbons. Theyeatsibleto fingerprint leaking oils

to provide more information about the origin dpillage. In addition,it gives
information about degradation extent of spilled(8il Serrancet al.,2009)

Soil microorganisms, staying inside intimate contact with the soil's atmosphere, are
incrediblysensitive to any envirenengl perturbation, and are comgeently regarded

as the most beneficial signals of soil contaminatidrey might easily resportd the
particular changes caused by equally organic in addition to anthropogenic elements.

They arealso a measure of the particularth microbial task and so they gquerely



associated with the particular nutritional fertility cycles and conversions. Another
experimental studwhich was conducted from April 2004 to May 2005 in Spain, was
done n orderto review soil biological activity after oil spiih which the contaminant
was diesel oil. For thipurpose simulationof diesel seepage fromnuck tank was
simulatedin the level of 1 Lm? (liter per meter squaref 16 n? land which was
divided in faur 2m 2m area was used for stu@amples were collected at 0, 4, 8, 18,
26, 50, 100, 200, 300 and 400 days after the spill. After sample colldctionareas
then they were transfiexd to laboratoryn freezer in order to avoidvaporation of
volatile hydrocarbon. Diesel oil consists ofaliphatic (C11-Co7) and aromatic
hydrocarbons with the proportion of ®0%) and (20L0%) respectively.
Determination of volatile hydrockon was done by gas chromatographyass
spectrometer method while determinationatiphatic hydrocarbons wasode by
microwave assisted liquitiquid extraction method at first and then assisted by gas
chromatographymassspectrometryAntonio Serrano, Gallego, &onz 81 e.z , 2006)
In the first 18 days of experiment, it was understood that exapomvas the dominant
procesin decreasing the amount of leaked pollutanthe end of experiment, it was
investigated that vatile aromatic hydrocarbordisappearedfifty days after spill
while 1% oftotal aliphatic hydrocarbons remained in soil even after 400 days.

The results showed that in the first days of experiment, VAH had negative effect on
soil microbial development.hfough the time, TPH, prystine-0:7) and phitangn-

Cig) affect the increasef soil microbial activity. From 18 days onwards, soil
microorganisms started to use alipha#is a source of energy. After fifty daysjls
pollutant biodegradation ocaed by soil microorganism#. Serrano et al., 2009)
Another hboratory analysis was done imr@adaby Xiong et al.for identifying the
source of contamination by fingerprinting petroleum components with gas
chromatograph masspectrometer precreening analysid-or this pupose, a land
which was a gasoline and diesel fuel statind959was considered as study site.

the commercial building which was located southtloé study area, an UST
(underground sirage tank) was removed in August 1984 with an unknown location
and fuel type.The main objedte of the study was to distyuish the source of
contaminant irsoil.

Fresh gasoline and diesel samples were collected directly from pump island at the

study siteGroundwater samples were collected from monitoring wells and carried out



to the laboratory at UC. Then samples were analyzed in GC/MS and it was

investigated thatnalysis of GC/FID for both diesel and gasoline was unique because

gasoline was identified in vol& range while diesel was the extractable range.

GC/MS analysis of fresh gasoline and monitoring well samples supported gasoline

impacts to groundwate&C/MS analysis of fresh diesel and monitoring well samples

indicated that groundwater sampl e was

fresh diesel so it was originated from another source or different refining processes or

both of them.
Investigatedcontaminants usinGC/FID, resultsof samplesdentified existace of

both diesel and gasoline plumasggroundwater.

2.1.2 Mechanisms Affect @mpositional Change in @ntaminant
Chemical compounds are transported over #aoge region in soils in gasqueous
and noraqueous phase liquidsy means of advection, molecular diffusion along with

mechanical dispersion.

2.1.2.1 Advection

Compound advedain is usually the particulatominant transport procedure in Isoi
The term advection specifiedansportationof a solue by the bulk movement of
groundwater, or in other word, i$ the transporbf any compound withthe bulk
movement of the phagéooney & Falta, 2000)The one dimensional flux of the

component through the porous medium could be described as:
O L 0 ¢ (2-1)
In the equation abové indicates mass flux per unit area per unit timeindicates

average linear groundwatgelocity in the direction of flow, C is concentration in

mass peunit volume of solution andefin effective porosity of porous mediurm a

one dimensional model advection can be the result of burial, compaction and

externally impressed flow.

2.1.2.2 Diffusion
Also the moement of pollutants is the function of their chemical kinetic activity

through regions of higher concentoat to regions of lower one whiah classifiedas

diffusion. It could be usually expressed that advection and dispersion are predominant

we



processesiithe formations with medium to high hydraulic conductiwthile, in the
cases of low hydraulic conductivity, diffusive transport process is domibaGrega

et al., 1994)). The one dimensional diffusion flux can be determined with:

0 O— (2-2)
The equatiorknownas Fi ck 6 s Fivaml D indicatesdiffwsioe flue
(amount of substangeer unit area per unit timanddiffusivity (area per unit time)
respectively Its dimension is area per unit tim€ is concentratiorof which the
dimension is amount of substance pet uolumeand xis position, the dimension of

which is length.

2.1.2.3 Dispersion

The mixing which is the result of variations in the velocity from one flow channel to
anothe and also in neflow channel is defined as dispersiémthe porous media, the
available paths are not the same. Some are more constricted in which the flow is
harder. In the more open paths, fluid moves faster than the bulk velocity. As these
open path are separate from each other, the solute mass sptedde alistinction
between the flow paths cause mixinglafd.

In the case where fingering occurs in porous media, dispersion and diffusion play an

importart role in miscible displaceme(rya et al., 1988)

2.1.2.4 Evaporation

Evaporation is thpredominantprocess after contaminant smiticurson soil. It plays

an important role in determine the life time of the spill and estimating the changes in
contaminant properties with timehe rate of evaporation depends on temperature, the
concentration differenceetween the liquid and gas phases and vapor pressure of the
componentlt defines ashe pressure exerted by a vapor that is in equilibrium with its
solid or liquid form.The vapor pressure indicates the tendency of each component to
evaporate. It is caltated from the average boiling point and temperature of the
component. Components of neaqueous phase liquid evaporate into the soil
atmosphere with a vapor pressure equal to the mole fraction of thpooent times

its vapor pressur@Reed et al., 1999)


https://en.wikipedia.org/wiki/Amount_of_substance

2.1.3 Soiland Pdlutant Types

Understanding the distribution of contaminants and also its rate of spreading in soils
is very important simply because it may help to minintieseffects of spills.

Halmemis et al. investigateebavior of different pollutantpercolation in different

soil typesand estimation of the optimum time period in order to prevent groundwater
contamination after a spillageerethe goal of theexperimerdl workin Finland.

The experiments were done in a PVC pipe with an inner diameter of 10 cm and length
of 90 cm. gasoline and diesel oil were used as contaminant in experiments in three
different soil types agravely sand, sandy till and peat. Dry bulk density, hydraulic
corductivity and moisture content of samphleere determined. Soils were packed in
columns One litre ofpollutants(colored with a red indicatokyere putat the top of

soils in columns. By fixing a measuring tape on the outside of column, seepage
infiltration level was recorded. So, seepage velod@tyd:be calculated. In addition,

two more experiments were done wigfasoline in both vertical and horizontal
columns with the same dimens& The amounbf gasoline was kept constahb cm

layer thickness ovehe top level of the columiBeside these experimentlie Saku

model which was a simple Excel based calculation model was conducted in order to
calculate vaporization data such as vapour pressure, rate, time and vaporization
amountspill data like thikness of spill, seepage amount and velocity of gasoline and
retention (amount of pollutant which is considered gasoline in this model hold and not
hold). At the end of the experiments, it was investigated that penetration of both fuels
in gravely sand last less than 20 minutes while in sandy till and peat, the depth of
penetration didndét exceed from few deci me
of gasoline in gravely sand was 40 and 70 times higher than in peaaady till
respectively. Moreeer, seepage velocities assated vith gasolire have been
identified being 36 timeshigher than with diesel oih sandy till or peat and gravely
sand, respectivelyBase on the results obtathbytheSaku model, it was obvious that

the large proportionf spill can te vaporized before penetratioocors.Also, it was
investigated that moisture content of soil plays an important role in seepage velocity
but not on retention. The vebgst retention valuations was relategéat. It carhold

fuel 62% (gasoline) to 90% (diesel oil) regarding its own mass or one fourth of
gasoline and oneitid diesel regarding its volum{&lalmemies et al., 2003)



The Abadan refinery which is located between Arvandrud and Bahmanshir rivers of
Abadan in Iran provides urban, industrial and agricultural waters to the highly
populded Abadan cityThe Abadan Bfinerystarted in 1912t was amonghe globe's
most significant oilrefinery until it had been ruined durid®8Q throughlraq Iran

war. A huge oil spill from the pipelines and storageks of Abadan &inery took
place duing the war to theencompassing surroundingk order to determine
extension of oil seapage surrounding region a comprehensive study was conducted.
First of all, twenty breholes were drillecand some data such as porosity, oil
saturation, density weridentfied. Moreover, determination of geologic featyrasd
stratigraply were done.During oneyear period patern of groundwater movement
and its connection with nearby rivers were investigated by using water table
fluctuation measurementSpilled petroleum was identified in all drilled boreholes.
6,424,674 barrels of spilled oil in place was calculated by using volumetric method.
The average oil and water saturation and porosity were calculated agl&Zand

54% respectively The depth of leaked pollutant was 4.45 metbtsreover, it was
investigated that sand, silt and clay were three types of soils in the area biiméng re
was builton deltaic formatioso much of the area consists of clalye results showed
that, & theclay particles are chemically active, a huge amount of spilled petroleum
was adsorbed by clay particles which plays an important role in preventing
contamination of surrounding rivefgoveidavianpoor, Oil, Company, Iranian, &
Company, 2010)

Another experimental work was conducted by Colombo ef28l05) in order to
evaluate behavior of aromatic and aliphatic hydrocarbons in water, sdgediments
after oil spill in Rio de la Plata estuary, ArgentiSamples were collected duoine
1999,February 2000 and July 200(d,,13 and 42 months after the spilith stainless
steel spatulaghey were carried to the laboratory in fmteaned glasjars. Ultrasonic
extractionssilica gel fractionation and HRGEID were used in order to determine
hydrocarbons of sampleddoreover, aliphatic and aromatic hydrocarbons were
identified by HRGGMSD, using an Agilent 6850 gas chromatograph and Agilent
5973N MSD.After evaluation, it was fountthat hydrocarbon levels in soils were 100
1000 times higher andhore homogeneous tham sediments.Moreover, results
showed that offshore waters were less affected because of rapidnvied transport.

It was also found that aliphatic hydrocarbons drop faster in comparison to aromatic

1C



hydrocarbons which have higher concentrations during the second sampling
campaignsBased on the results, 6 months after the spill, 40% of hydrocarbon residues
in sedimerd were lost with a complete recovery at 4 yewaisile recovery in soils
occursat 3 months and less than 3 yeé&ngerage loss rates tdwer molecular weight
hydrocarbons and-Alkanes were lower in comparison to the highmlecular weight
hydrocarbongColombo et al., 2005)

2.1.4 Dry and Wet System

Amro et al.designed an experim&al model in order to investigatelmavior of crude

oil migration and its rateof penetration in soils. In the experiment two separate
columns were filled with soil and other rock types. Sandy soil and gravel were used
in one column while in the other ecwhn gravel and limestone were used. As a
contaminant, crude oil with a viscosity of 28 cp and API gravity &i&is used. Both
columns had the same dimensi¢28 cm in diameternd five ports in order to collect
samples. One of them was at a dry statdenthe other was at wet state by rainfall
simulation through spiral part of pipe consists of various holes. The movement of fluid
was compared in both systeriggital video camera, microscopic analyses and other
measurements were used to observe pdimtrdepth of oil in columns. As a result,

the rate of penetration was high in wet system in comparison to dry one while
adsorption was found higher in very low infiltration depth in dry system. Among some
factors like rock and fluid properties, weatheroganditions and time play important

role in the penetration of contaminant oil§M Amro et al, 2009)

2.1.5 Weathering Characteristics

In December 2007, the Hebei Spirit oil smicurredwhich was the combination of
three different Middle East crude oil in Western Korea. About 10,900 ton crude oil
spilled into the sea from the tanker. When the oil spills into thinmanvironment,

it was exposeto many weathering processes such as evaporatisaplution,
adsorption, and emulsification on the seab&f@athering information can provide
many valuable information in order to decide on the best remediation methoizl,

28 samples were collected from 19 stations of Chungnam Province and Jeolla

Province between December 2007 and August 2008 gram of samples were

11



weighted and dissolved in hexane up to the volume of five milliliter then they were
analyzed in GC/MS and GC/FIDhe physical property dhree types of oil were the
same.Asphalene and resin content of oils which affect emulsion formation were
different. The first step was the identificatiaf spillage source. For this pose
GC/FID was used and prowdnformation about oil source and weathering status
which plays an importamble in selection of remediation nhetd and ecotoxicolagical
study.

It was investigated that evaporation is the main weathering process in the primary
period of spillage and the next one is dispersidoreover, it was identified that the
samples which were collected after 8 months of spillage wergtieme weathering
stageqYim et al., 2011)

2.2 Numerical Models

Recognizing pollution sourcesnodelling of subsurface polluits flow and
transmrtation, analysis of uncertdies, ewironmental risk evaluatiorexe the general
steps of dealing with petroleum contaminated (€teen et al., 2001)

Nonagueous phase liquids are a group of aoiants whichconsist of petroleum
products and insoluble in water. Thegn be drided in two light and dense groups.
Light non aqueous phase liquids (LNAPL) are lelensethan water like diesel fuel
and gasoline while dense noaqueous phase liquids (DLNAPL) adenserthan
water.

Multifflow and transport models have been developedorder to figure out
contamination in two phase (i@aeousnonaqueous phase liquid, NAPRd three
phase (aqueougasNAPL) systemgZHOU et al.,2014).

Abriola and Ihder suggested a method to simulate transportation ohgoeous
phase, solute component of water phase and mobile fraction of gas(Abeséa,
LM. Pinder, 1985) Simulation of organic components mufthase flow was
formulated with finite element model by Kaluarachi et{kdluarachchi, J.J. and
Parker 1989) With an assumption of the first order decKwptyal et al. used a two
dimengonal finite element program to mufpphase and muktomponent transport
simulation (Katyal et al.,1991) As gasoline fractions show different magjon
behavior, Fagerlund and Niefiagerlund F, 2004)sed a partially coupled, fraction
by-fraction method to model spill scemarDistribution of contaminants in soil, was

modeled by Pollard etl. (2008) National Risk Management Research Laboratory of
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the USEPA developed a mathematical model, NAPL simulatintolate subsurface
flow andtransportation of contaminanHOU et al, 2014)

Chen et alsimulated transportation of pollutants ubsurface basesh a Monte Carlo
method. Pollutant transportation in heterogeneous porous media, distribution of
pollutant concentrations were considered in the rese@hghsite which was located

in western Canada with three leaking underground stoeausUST) was selected

for simulation.The simulated area was supposed to be 300 nt. After simulation,

it was observed that concentration of pollutants were high in two zonesavaatbse

to the UST 2 and UST 3, so they were considered as polkgantesSandy loam,
clay and silty clay were three soil types of the area. Simulation results from one Monte
Carlo showed that groundwates drinking water supply of the aredhas been
contaminated byollutants.Moreover, it was investigated that thencentraions are

in the range of €0.005 mg/L(Chen et al., 2001)

Zhou et alused column test data testpossibility of NAPL simulator under water
table fluctwation conditiongo obtainresidual saturatiarAn acrylic column with an
inner diameter and length of 3.5 cm and 50 cm respectively was used in thes test.
the sandy porous medium, toyoura sand with the density of 2.64°gichaniformity
coefficient d 1.68 was usedsodium chloride solution with 0.05 mol/L concentration
was ugd as initial pore water and iaffin was utilized as LNAPL sampl&and was
poured into the column by usirignnel in uniform layers. At the same time in each
step of filling column, water table kept 5 cm above the sand lepebair of
tensiometer and an electrical conductivity probe were used in order to measure
capillary pressure. Hydrophobic and hgghilic tensiometers were usen measure
pore LNAPL and water pressures. gy the test, porous medium was isolated from
the airand there was always 1 cm layer of water above the sandAdackthe same
volume of LNAPL infiltrated into the sand pack from the top of sartere was
alwayslcm layer of LNAPL over the sand during water table fluctuatidhthe first
step, relations of saturatiarapillary pressure were measured under water table
fluctuation.Test was lasted for 313 hours and consistedwr periods first falling

of watertable(0-89" hour), first rising of water table (88150" hour), second falling

of water table (150-216" hour) and second rising of water tab® @"-313" hour)

So, there were two imbibdn and drainage processes during 313 hduds0.22, 0.5

0.3 and 0.47 were water saturationsyt83", 150", 216" and 318 hour respectively.
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The LNAPL saturations of the ise time intervals were 0.0, 0.78, 0.5, 0.7 and 0.53
(0.78 and 0.7 were initial LNAPL saturat®m the two imbibition processg The
results demonstrated that, hystergdsyed an important role on theigration of
LNAPL during thedrainage and imbibitioprocesses he secondtspwas to simulate
entrapment and release of LNAPL with the simulator. 44 cm and 3.5 cm were length
anddiameter of simulated areespectively which was discretized into #rectangle

mesh elements and 225 nodes. The simulation was considered as four steps the same
as column test because of water table chamgesder to fit he Sp relation data, Van
Genuchten mode(Van Genuchtan M, 1980)as usedln order to calculate the
difference between NAPL simulator data and those measured in column test, water
saturations a86", 150", 200" and 308 hour wereselectedecause they were stable

for along time7.63%, 13.40%, 46.04% and 36.55% were simulation errors at selected
times respectivelyit was obvious that error of the first falling of water table was small
and then it got bigger by rising water tadle order tofind the reasomf differences
between origindNAPL simulation and column test, simulation was repeated for many
times. It was found that the residual saturation is the function of time and space, and
incomplete imbibition process was the main reason of this big differeGagslary
pressure was natlose to ero or infinite in two imbikion and drainage processes
because iy are incomplete and this is because of water table fluctugugit.could

be concluded that NAPL simulator is not suitable for the cases that water table
fluctuates(ZHOU et al, 2014)
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CHAPTER 3

STATEMENT OF THE PROBLEM

This experimental study was conductedo understand the mechanism of
contamination of sand padly petroleum productahich are diesel oil, ecane and
gasoline The amount of contaminant components were determined by gas
chromatography. Concentrati@i eachcomponentwas calculated bygravimetic
calculatiors. Moreover,an attempt was made to ube NAPL simulatomwvasused in

order to obdin the saturation profiles of air, watedamollutant.
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CHAPTER 4

EXPERIMENTAL SET UP AND PROCEDURE

A model was constructéd meet the goals given in te@atement of the problem (Fig

4-1). Theproposedexperimendl setup is composed of degiglass cylinder (Fig: 4-
1(a))which is characterized by an inner diameter of 4.8 centimeter and length of 49
centmeter. Three ports were located at the distance of 5, 15 ad 25 centimeters from
the bottom of the cylinder fahe pumpose of sample collectioffrig: 4-1(b)). These
intervals were considered to diagnose penetration depth of contaminant in the column.
Thecolumn was filled with Midyat unconsolidated limest¢B2 cm)at the lower part

(Fig: 4-1(c)) and the upper pafFig: 4-1(d)) was filled with the contaminant. The
experiment conducted in tweeparate mode#n the first experiment, no rainfall was
simulated. But in the second one, sand pack was subjectednfallréihat was
simulated by placingpecific amount of water (63.3 évat top of the column which
wassupplied by ISCO pumafter contaminant percolation has finish&tiree valves

(Fig: 4-1(e))were considered in the system. One is located at the bottom of the column
(which is open during the experimemt)order to show when contaminant reaches the
bottom of column and collect it in the measurement cylindibe otherwo valves

were adjuste at the top of column in order to adjust rainfall from IS@Enp(Fig:4-

1(f)). During the experimentsamples wereollectedin different time intervals and
wereanalyzel by gas chromatography to determthe composition of hydrocarbon
fractions.A sieve which was smaller than size of the grains was located at the bottom
of the sand pack to prevent any séwss during the experime(ig: 4-1(g)).
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Figure 4-1: Experimental Setup.

Table 4-1: Dimensions of core holder

Lc(cm) 49
IDc(cm) 4.8
Ac(cm?) 18.1
Ve(cmd) 886.7
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Figure 4-2: Experimenal Set Up

4.1  RockProperties

Rock properties such as porosity and permeability ataynportant role in fluid flow
in the porous media. Sueasurement of these propertiethisfirst step to initialize
the experimens. Porosity andpermeabilitymeasurements of theand packsample

were done in a Plexiglas cylinder.

4.1.1 Porosity measurement

In order to measure porosity porous mediumthe crushed limestorveas packed in

the Plexiglas cylinder. Then, it had been vacuumed and veeighfterwards, the
column was exposed to a certain pressure by injecting water until the soil was
saurated. Then the saturated sand paek weigled again. The difference between
the two measurements is the weight of the water which is in the pores.
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Since the density of wer is equal to 1 gr/ctnthe volume of water can be determined

which is the pore volume of the pack. The porositthe pack was found as 40.1%.

4.1.2 Permeability measurament

The other property that was measured in the laboratory was permeability. It was done
by injecting water in a packed samml the cylinder with a constant flow raté 1
cm¥secandinitial pressuref 5.355 atmafter the sand paskassaturated with water.

Final pressuravas notedas 1 atmand by ugg Darcy equatiorpermeabilitywas
calculated as 785nillidarcy. The calculation process porosity and permeability

is explained in detail in Appendix A.

Properties of the crushed limestone which was packed in the cylinder are shown in
Table (42).

Table 4-2: Properties of the limestone packed cofum

Grains i ze ( Om) 88-297
Permeability (mD) 785.1
Porosity,0 40.1%
Vs (Volume of cylinder filled with sand pack (é 579.2
Pore volume (cr) 232.3
Limestonedensity,} s (—) 2.32

4.2 Contaminant Characteristics

In this experiment, the applied contarantin threeexperimentsverediesel oil with

a density of 0.834@r/cntat 15%C and API gravity of 38and gasolinevith a density
of 0.73 gr/cm. Accordirg to thre American Petroleum Institutié,can be classified as
light hydrocarbonThe chemicatompositionof the diesel was determined by using
gas chromatography.

Contaminants properties which were utilized in this study are listed in TaB)e (4
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Table 4-3: Properties of fluids used as contaminant.

Water saturation (%) 533
Water densityjw — 1.00
Density of diesel ojljg — at 25JC 0.8430
API gravity of diesel oil 36
Density of decane— at 25JC 0.73
Density of gasolingg — at 25JC 0.72
Contaminant Volume (c# 54.3
Gasdine viscosity (cpat20 AC 0.6
Diesel viscosity (cpit25 AC 4.746

In order to observe changes in sand paaknples were collected frattme ports and

analyzed in laboratory by gas chromatography.

4.3 Sample Cdlection

Three ports which can be opened and closed were designed to get samples from inside
the sand pack. In order to collect samples, test tubes with 0.25 inch (0.635 cm) in
diameterand 8 cm in length were used. Tubes were pushed into the sand pack from
the ports and then pulled back and samples were collected separately in a small glass
jars with lids. A total of 33 samples were collected from three ports at 11 time intervals

duringthe first and second experiments

4.4 Experimental Procedure

Thelimestone was crushed to 86 to 297em size.lt has been assumed that during
experimen no chemical reaction was acdng between the materials irhe
circulating fluid. Unconsolidated limeste was packed in a cylinder and was fully

saturated with water and therspliaced with air. Sincthe crushed limestona the
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system was water wet, when air was injected into the system, water from larger pores
was coming outThe remaining water saturati in smaller pores is defined as
irreducible water saturatiamhich was 53.3%Then,54.3 cm?® contaminant wasu at

the top of sangack

4.4.1 Experiment 1

In the first experiment diesel oil was used as contamiB&rgample were collected
during the experiment. 18 sanhgs were collected during first day 30", 60", 90",
120", 180", 240" andthree were collected a#40" minutebefore rainfall simulation
from three portsThen the rate ofortaminant dowmward movementvas calculated
for each ime intervalin each experimenContaminant downward movemeate of
each experiment is mentioned in AppendixIBere was no rainfall simulation in the
first day of experiment.nl the seond day, 63.3 cAwater was put at the top of shn
pack after aldiesel movedn the sand packh order to simulate rainfallral observe
the effect of it orcontaminanmovemenin the system. 182amples were collected at
1500", 1560", 1629" and 1688 minutes.

4.4.2 Experiment 2

Decanewas used as contaminant in the secerperimeh This experiment was the
same as first experiment. 54.3 Tdecane s used as contaminant andsk8nples
werecollected in the firstay at 3¢", 60", 90", 120", 180" and 248 minutes, 3 were
collected at 1440minutefrom three portsn the second day before rainfall simulation
andat 1500, 1560", 1620" and 1688 minute12 were collecteafter placing63.3
cm® waterat the top of sand padiom ports

4.5 Dry and Wet System Cases
Third and fourth experiments were done in order to @a®phe contamation and
movement of contamimas in both dry and wet systems. They were done in the same

sand pack wh the same amount of contamimavhich was diesel oil in both of them

4,51 Experiment 3

Third experiment was designed to be at dry stateatdimn. Unlike the other
experimentssand column was not saturated with water. The third experiased

for 5 days. In total, 56amples were collected in five days at Bferent time intervals
from three ports. 1@vere collected in the first day of experiment at"360", 90",
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120", 180", and 248 minutes. In the s®nd diy 10samples were collected at 1440
1500", 1560", 162¢" and 1688 minutes. 1Gsamples were collected in the third day
at 288", 294", 3000" and 3068 minutes from first and second ports the fourth
day of experiment 18amples were collected from all ports at 4324880", 4440
and 4508 minutes and at least, Eamples were collected at 576®820", 5880

and 5948 minutes from first and secombrts at the same time.

4.5.2 Experiment 4

In this experiment, the sand pack wi&¥%saturated with wateand then displaced
with air. Thenas beforethe same amount of diesel (4.3 cn¥) was put at theolp

of column. Number ofamples antime of sample collections were the same as third
experiment.It is important to note thaalkane lydrocarbonswere identified with
Simulated Distillation (SIMDIS) GCin the first, second, third and the fourth

experiments

4.5.3 Experiment 5

The fifth experiment was done in order toserve downward movemebéhavior of
gasoline in sand paclSubjected to benzerfene of the components of gasolitie)

long time can cause diseases like cancer and aplastic anemia. Nausea, sleeping
disorders, unaasciausness and even death affeas of inhaling toluene in high
levels for a short time. So, isivery important to follow behavior of pollutant
components after seapage of contaminant.

Sand pack was fully saturated with water and displaced with air. Bde® cni of
gasoline was put at the top of sand pack. In total 33 samples were collected in two
days. 18 samples were collected df, 380", 90", 120", 180" and 248 minutes in the

first day of experimentn the secod day of experiment, 15 samplegre collected

at 1446", 1500", 156", 1620" and 1688 minutes from three ports. Samples were
analyzed irdetailed hydrocarbon analysis gas chromatography. As the GC gives mass
percent of each component in gasoline, in this experiment samples were not put in the
oven.

Summaryof all experimentatonditiorsis shown in Table (4).
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Table 4-4. Experimental Conditions.

_ _ Downward
_ _ Duration | Rainfall No. of
Experiment | Contaminant _ _ _ movement
(min) Simulation _ _ Samples
Time (min)
Ex.1 Diesel Oil 1680 Yes 400 33
Ex.2 Decane 1680 Yes 45 33
Ex.3 (Dry) Diesel Oil 6000 No 285 50
Ex.4 (Wet) | Diesel Oil 6000 No 390 50
Ex.5 Gasoline 1680 No 40 33

4.6 Analysis of Samples

After collecting samples, constant volume of hexane (3 mL) was used as solvent to
extract contaminant from the samples. Then the mixture of hexane and contaminant
was analyzed in gashromatographyTheywere analyzed by gashromatogranior
determining the composition of #gocarbon fragbns. On the other hand, the
remaining part of samples which ke mixture of soil, water and remaining hexane
and contaminantvere put in oven in order to separate and calculate the amount of

contaminat, water anccrushed sandf each sampla the first four experiments

4.6.1 GasChromatography

Gas chromatography is used in order to separate and analyze components which can
be vaporized without decomposition. It consists of sample injection port, casier g
columns and detectors. There are mobile phase (carrier gas) and stationary phase
(layer of liquid) in the gas chromatograpl®eparating the compounds in a mixture is
acconplished between a liquid stationary phase and a gas mobile @es@hase

pases through the column in an oven in which the temperature can be controlled.
Components of a mixture separate based on boiling point (or vapor pressure)
differences in gas chromatography.

In this study, ampleanalysis were done with an Agilent 7890A wilkinee detects

with four detector signals. &kimum temperature ramp rate is $2nin for column
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oven. The range of temperature is betweéts td 450C and the carrier gas is helium.
Gas chromatograplives some information about the/drocarboncomponets.

Figure @-3) showsa gas chromatograpi one of the samples that was collected from
the first port (the port which is near to the surface of sand pack) after 90 minutes of

putting contaminant at the top of it

FID1 A, Front Signal (07052015\07052015 2015-05-07 14-06-27\NUMUNE 7-00.0)
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Figure 4-3. An example ofjas &iromatogran{port:1, Time:90 minute)

In the figure each peak ieelated to a specific componenY-axis in the gas
chromatograplefers to the signal of each peak whereasx$ refers to the retention
time of each component .From the ghsoenatography, it can be observed tihasel

oil consists of many hydracbons which were in the range@f to Csowith different
proportions as (mg) in liter of solution. In order to have a good compar&taedn

our samplesamount of each component as milligramas calculated, which is
explained in detéin Appendix C

Table (45) shows the components and their fractions of diesel oil in the sample from

the first port at 90 minute

Table 4-5: Alkane Component®f diesel oll

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
9.844 8318.41406 207.72818 0.62318454 C1o
10.993 9475.02832 247.22218 0.74166654 C11
12.014 1.14E8%4 291.82268 0.87546804 C12
12.946 1.48E% 384.46987 1.15340961 Ci3
13.82 1.53E% 387.49534 1.16248602 C1a
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Table 4-5 Continued.

14.639 1.63E% 406.25474 1.21876422 Cis
15.409 1.38E% 344.95555 1.03486665 Cie
16.142 2.00E% 502.12732 1.50638196 Ci7
16.836 1.91E% 474.20575 1.42261725 Cis
17.498 1.03E% 256.10309 0.76830927 Cio
18.129 8710.84473 216.78505 0.65035515 C20
18.731 7174.77344 181.95845 0.54587535 Ca
19.304 5729.40137 144.64727 0.43394181 Ca2
19.858 4392.25049 110.86068 0.33258204 Ca3
20.392 3117.14673 79.17785 0.23753355 Caa

20.9 2300.35547 57.90555 0.17371665 Cas
21.39 1361.78162 35.14948 0.10544844 Cas
21.867 766.6601 20.25855 0.06077565 Co7
22.327 321.06772 8.60193 0.02580579 Cas
22.773 188.91063 5.38965 0.01616895 Ca9

23.2 100.47388 0 0 Cao
23.613 81.76646 3.06989 0.00920967 Caz
24.016 29.33337 0 0 Ca2

On the other hand, beside th@mples, compositional fraction of det itself in gas
chromatographin three different volumes, namely1Q 0.5 and 1 milliliterwere
analyzed Concentration of components in three different volumes of diesel oil are
listed in the Table ). As the concentration of components are close in three
different volumes, the average of concentrations were calculated and utilized as

reference concentiah for each component.
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Table 4-6: Components' concentration in 0.1, 0.5 and 1 mL diesel oil.

Component sd Conce
Component | 0.1 mL Diesel| 0.5 mL Diesel| 1 mL Diesel | Average
Cio 0.011 0.008 0.007 0.009
Cu 0.015 0.010 0.009 0.011
Ci2 0.015 0.010 0.008 0.011
Ca7 0.031 0.021 0.019 0.024
Cis 0.026 0.0178 0.0172 0.020
Cae 0.0018 0.00126 0.0011 0.0014
Car 0.0008 0.000677 0.0006 0.0007
Cas 0.0004 0.0003 0.0003 0.0004
4,6.2 Oven

To have a betteromparison and analysis of the samples, total amount of contaminant

in each sample should be calculated. The weight of each sample was measured after
collected from the pts. Each sample consists of samditer (which was used to

saturate sangdhexane (Wich was used as solvent) and contaminant. For this purpose,

all the samplegin the first, second, third and fourth experimemigje put in oven in

two steps. Firs all of themwere putinh e oven f or 7.9hempurposet es a'
of this step wasot evaporate hexanehich has boiling poit o f . T® 8vApor&te

water of the sampl es , Cfa6b0lmnwesrAglaspamnt i n ov
of water, sandand contaminant were obtained which are described in detail in

Appendix C.

4.7 Evaporation Rate

As it is mentioned beforeevaporation is the predominant process after spillage of
petroleum prodcis. Evaporation of a componesta function of its vapor pressure.
The lower the vapor pressure, the higher the evaporation rate of the compotignt.
study, gasoline is more volatile in comparison to diesel oilifSarder to investigate
whether evaporation of gasolineals any impact in the experimentasults an
experiment was conducted. 54.3%gasoline poured in a beaker whiclopen to the
atmosphere3 samples were collected from theaker at 60, 120" and 24 minutes.

27



Samples were analyzed in GC. Concentration of components in samples were
compaed with thecomponents concentration in gasoline whicls waalyzed before

separatelyResultare mentioned in the Appendix F
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CHAPTER 5

NON-AQUEOUS PHASE LIQUID (NAPL) SIMULATION

NAPL simulator is a thredimensonal three phase simulator which has the main
objective of developing a mathematical transport model in order to analyze NAPL
movement in granular soilffiltration, dissolution and consequently advection and
transport as a vapor phase are the threile bagration mechanisms of organic fluids.
According to the NAPL documentation which was prepared by the United States
Environmental Protection Agency in the National risk Management Laboratory in
Oklahoma(1997) multiphase flow, interphase mass transfad aonstiuent mass
transport are three fundamental gioal processes that have been identified.

Entrapment and release of fluid, advective and dispersive transport in water and gas
phase, hysteresis in the-dkp. where k represents relative permeability and p
represents capillary pressure have been quantified by simulator.

Using NAPL simulator in addition to a speedipre and posfprocessing software
(which is excel here) for data input and output visualization véllan effective
engineering tool to be used for analysis. A set of nonlinear partial differential balance
equations was defed in order to describe the physical problem nratieally

(Guarnaccia, George, & Fishman, 1997)

5.1 Limitations and Capabilities of Model

Similar to other simiators, NAPL has its lintations and also capabilities which are
listed below:

It can be applicable ione, two and three spatial dimenss. Rectangular elements
areused by the finite element mesh order to quantify water, NAPL and gpbase

advectionDa c y 6 s fordifflusienprcc e sses Fickébés | aw ar e
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that water phase is incompressible and consists of water and dissolved WX -

phase also is considere@ttompressible, could be dissolved into the aqueous phase
(water) and vaporize into the gpbase Characterization of ggshase is defined as
incompressible, consists of gas and dissolved NAPL. Moreover, its properties depend
on contaminant concentration. Besides, porous medium consideretkfooming

and mostly heterogeneous and isotropic; consissil and adsorbed contaminant
and may be saturated by one, two or three phases

During the simulation, temperature is considered constant, in other word isothermal
conditions are dominaniVettability plays an important role in defining relationships
between relative permeability, saturation and capillary pressure. \Watemore
wettability in comparison to NAPL and gas has lower in comparison to water and
NAPL. As a boundry condition, Drichletboundary conditiorwas considered for
transportation of@ntaminant. The code was written in FORTRAN77.

Mathematical model consists of two major mass balance equations, in which the
distribution of primary variables in time and space is defined and the constitutive
equations in which the inter relationship betwe@rimary (which are advanced in time

and space by solving mass balance equations) and secondary variables (which are

functions of primary variables) were defined.

5.2 Mass Balance
The conservation aghass of each phase is desalibg mass balance equaticarsd it

can be generated for all specéss

1 3 m6 nNE 3 m$ El— 3{m m1 m(5-1)

In the above equatiompU) pair, r epnesedt fBomsitgofepshase.
porous mediunmi s d e f bynequationwvhyere®s h o wphasdsaturation. Mass
concentration of specie®i n-phke is shown by and \ represents the mass

vel oci ty Mofr emphplease disfirsion coefficieimdicated withDYand

decay coefficient for specig8 n  tphaserepiesented by% source of mass for

speciesi n  tphaseand the point source(+) or sink ({dhase maseepresented

by” §and0 , respectively

Mass balance equations for water, NAPL and gas phase are:

3C



For water phase:

ng 3 m O m1l % %y Y%y (5-2)

For NAPL phase:

ng 3 mO m 1 % % (5-3)

And for gas phase:

ng 3 mO M1l % %y (5-4)

where,0 ,O04 , 0 andO; represent dissoulution mass transfer of the NAPL from

NAPL phase to water phase, volatilization mass transfer of the NAPL from water to
the gas phase; volatilization mass transfer of NAPL from NAPIsplagas phase
and adsorption mass transfer of the MAfrom the wateiphase to the soil phase,

respetively.

And for saturation:

Nk e N (5-5)

5.3 Boundary Condition

Three typesof boundary conditios were defined for the simulator. First type
boundary condition is Drichlet in which function value is determined at the node. In
the secondype boundary contion (Neuman) the values of deatives of the solution

are specified oflte domain.Mixed boundary condition (third type) is the linear
combination of Drichlet and Neuman abtions which is defined the nodé this
survey, the type of boundary condition is Drichlet which was applied to a noég in x

plane (x is vertical and ig horizontal axis).
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In order to represent initial condition of the experiment, water drainage was simulated
in NAPL simulator.The conditions in the experimental work and simulation work
were not similarln the experimentsand pack was fully saturated with watdnere

is no flow from the two sides of the column. The column was open to the atmosphere
from the bottomWater was displaced with constant pressure air (2 atmosphere) which
is imposed from the top of the sandcchan the simulation, the water in the column
was drained under thiefluence of the gravity

Column.Figure (51) shows th@ne dimen®nal grid structure which was considered

in the simulator.

'II' il
No-flow" No-flow"
1217 1229

Figure 5-1:1-D grid constrution.
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5.4 Simulation Parameters

The water saturation profile at different depth is obtained with NAPL simulator. In the
second step, NAPL spivas simulated in the sand pack.

Table (51) shows the parameters that was utilizeditoulate mgration of LNAPL

in the column.
Table 5-1: Parameters utilized in Simulation
Parameter Value
Element number 32
Nodes number 122
Mesh size (dx) 0.53

Simulation time(s)

Initial time:3600 (s)
Time step:3600 (s)
Final time:86400 (s)

Intrinsic permeability(k/crf) 7 75E9
Porosity 0.4
Sandbulk density 2.32
NAPL densityg.cnt®) 0.843
Air density (gtn?®) 0.00129
Water density(g/m®) 1.0
Contaminant rate (cffsec) 0.141

After simulating water drainage in the columext step is to simulate contaminant in
the porous media. Spillage of contaminardesined for the simulator specified with
a constant ratevhich is not the case in the experimental mod#, simulation of

contaminant movement in the porous mextiald not done in this study.
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CHAPTER 6

RESULTS AND DISCUSSION

6.1 Experimental Results

As it was described in chaptieur, the amount of watesandandcontaminant of all
samples werecalculated. As the gas chromatogram gives information about the
amount of each component of contaminant, the concentrati@acbfe®mponent was
obtained by diiding milligram of each component to the total amourtamtaminant

in samplelt is importanto note that, GC identified only alkanes which exist in diesel
oil. Aromatics alsgresentin diesel oil which were not identified by GBased on
the results obtained from gas chromatography, it was obvious that #ilkane
components of diesel oil ctlulbe divided intothree classe The first class involves
components containing hydrocarbons betweejt@Cis. This class of hydrocarbon
components has moderate level of concentration in diesel oil. The second class, having
the highest concentration in did oil, is related to the components containing
hydrocarbons & and Cis. Finally, the third class involves components containing
hydrocarbons between§lo Cs2, which has the lowest amount in diesel oil.

From all the hydrocarbons existing in all threlasses, to have a more efficient
discussion 8 hydrocarbonsvere take into considerationThese hydrocarbons are
Cio, Ci1, Ci2, Ci7, Cis, Cos, &7 and Cs. Concentration of each hydrocarbon was
calculated in each sample byidiing the amount of hydrodaon (which was obtaed
from gas chromatograph) kptal amount of contaminant in sample (which was
calculated after separation stages by vaporization process in Besiges, 0.10.5,

and 1 mL of diesel oil weranalyzed separately in gas chromatogramihthe agrage
concentration of all eightomponents were calculated to have more reliable

comparing results.
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When it comes to gasoline analysis experitngamples were analyzedth Detailed
Hydrocarbon Analysis (DHA) GC.®ong gasoline componentsjuene and énzene
are more dangerous pollutants which have double fionitheir chemical structures
and categorized as aromatic hydrocarboRseir percolation behavior are also

analyzed in this study.

6.1.1 Contaminant Depth

The goal of first experiment wde investigate the behavior of contaminant (which
was diesel o)l Figure (61) shows the concentration of selected components of
sampleswhich were collected at 80 120" and 248" minutesfrom three different
ports. The ports were located at 7, 17 aRd cm from the top of sand pack.
Concentration of components at"a@inutes $ shown by gregeries while green and
blue serie showconcentration 0120" and 248" minutes of expément. Moreover,

the red serieshows concentration of ogponents in died oil which wereanalyzed

in gas tiromatograpy sepaately. Considering Kure (61), there is an obvious
incrementin concerration of all components wittime in all three ports

In all series, Cos, Co7 and Gs have thelowest and Ci7 and Gg have highest
concentrations.

In the first port which is the nearest port to the top of sand gadkentration of all
components are high in comparison to the second and thisiyoch arelocated in

the middle and bottom of the colurmaspectivelyAt all the time stepsgsoncentration

of all the hydrocarbons is significaint the first port unlike the second and the third
ones.In the second port,oncentration of all components were increased tiitle,
butthe level of thisncremenis less compredto the first port.

Components concentration are negligible in the third port at the same time steps with
regards to the first and second portgalt ke corcluded thatliesel could not reach to
the third port in the first day of experimeht.orderto see the concentration changes,
secondary Yaxis with lower scale were considered in the second and third ports. The
related x and y axis is shown for each series with the series color.
Moreover,percentage of the water, contaminandl dexane conterdf each sample
(which were obtained after putting in ovémshown in the text box on the higcorner

of each figure. They havieeen shown with the same color of the series which are

collected at the specific tim&hey were obtained by calculating taeaunt of water,
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contaminant and hexane to the total amount of liuatter, contaminant and hexane)

in the sample

0.026 -
= 0.024 Cyy w(%) cont(%) hex(%)
gg 0.022 4%  T1%  245%
= 0.02 ' .
22 0018 502%  62.45% 32.54% | —®—Time: 60 min
c : . .
3 S 0016 103%  84% 57% | —@—Time:120 min
g ‘e 0.014 —e— Time: 240 min
o g 0.012 —&— Diesel
£6 001|Cy
o 0O
S 0.008
0.006
0.004 |C1o
0.002
0
Component
0.026 C - 0.0012
> 0.024 C 8 | w(%) cont(%) hex(%)
E o022 465% 57% 38.35% | 0.001
S 00622 26% 604%  37%
€ oo1s 10.75% 52.7%  36.55% || 00008
;@
Q < 0.014 c.. C
c 11 1 I 0.0006
gg 0.012 l
OX oo01| Cig
g 0.008 L 0.0004
£ 0.006
3 0.004 c 5 - 0.0002
C 12
oo Cu 4O 3 .
0 0
—e—Diesel —@—Time: 60 min —®—Time: 120 min —&— Time: 240 min
__ 0026 c : 0.00012
25 0024 Ciz W(%) cont®%) hex%)
:é 0.022 P — 256% 51.6%  45.84% f 0.0001
g E 0.02 0, 0/,0, 0/40,
3 8 oo1s 1.8% 91%%  7.2%%
<IN 0.75% 0 o, [ 0.00008
< £ 0.016 .75% 82.8% 16.45%
]
: 8 0.014
Q_ C -
g S 0012 c 0.00006
89 on 10
0.008 I 0.00004
0.006
0.004 c - 0.00002
0.002 C 26 C,. Cog :
0 0
—&— Diesel —@—Time: 60 min —@&—Time: 120 min —&—Time: 240 min

Figure 6-1: Diesel cacentration in three por{éirst day results of first experiment).
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On the other hand, amount of each component in each sample to the original amount
of each component in pure diesel oil was calculated for eaah ditep. With this
calculation proportion of each component to its original amount at different depth and
time intervals could be obtaine@hese calculationand resultsare mentioned in
Appendix E.It can be concluded that in the first port, concentnadicall components
between the first and second hour of the experiimmentase®5%in average. In the
second and third ports, it is %/and 41% respectively. Wittime, this increment
decreases in the first port and increases in the second and tsd por

Figure (62) shows concentration of componentghree portafter 24 hours (1440
minutes) In comparison to theesults of the first dgyconcentration of althe
componentsvasincreasd with time in he first port which is showby pink seriesn
Figure (6-2). The @ncentration of selected hydrocarbons in the second(gen
series) are higher in comparison to the first day of experiment. Moreover,
concentration increment in the second port is more percepbbipared tdhe first

port because of masnovement othe contaminant withtime. The concentration of

the components in th#hird port (indicated with the navy blue seriesgsincreased

in thesecond daystill, concentration of componentss not considerable cqrared

to the increment observed in the first gand is shown with secondaryaxis
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Figure 6-2: Diesel concentration in three pofsecond day results of first
experiment).
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6.1.2 Decaneas the Contaminant

Seconl experiment was done witledane as contaminant to understidmedmpact of
contaminant typgon movement ipporous mediaFirst of all, it is notewathy thatthe
downward movementate of etcane(which is the lightest hydrocarbon present in
diesel oi) was higher thadiesel oil asa mixturehydrocarbonThe same amount of
contaminants (54.3 cihwas placed ahe top of sad pack in both experiments. Time
needed to infiltratelbthe decanen the sand pack watb minuteswhere itwas 4@
minutesfor diesel oil which could be observed in Figure-3 The downward

movementate of decaneas 9times more than diesel oil

Downward Movement Rate vs. Time

—&— Decane
—@— Diesel Oil

Rate(cn?/min)

Mﬁ °

0 50 100 150 200 250 300 350 400 450
Time (min)

Figure 6-3: Downward movementate of decane and diesel 4. time

The downward movementate of contamiants in all experiments are givan

Appendix B.

Figure (64) shovs the changes of thedtoncentration in diesel oil and decane in the
first port. It is obvious that {gconcentration in the experiment which was done with
decane(which is a lighter hydrocarbon)at the same time intervas higher in

comparison to thexperiment which was done with diesel oil.
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Figure 6-4: Concentration changes ofd¥s. time in diesel and decaimethe first
port

Figure (65(a)) shows concentration ofiéin dieseloil versus distancé@.here are four
different series in the figure. Grey, green and blue series indicate concentratign of C
at 60", 120" and 248 minutes respectively for all thports. Moreover, concentration
of Cio in pure diesel was shown by red sexidt can be concluded thahe
concentration of @in the first port is higher thamothsecond anthird pors. On the
other hand, it is noticeable thae concentration o€10 at 240" minute is hgher than
the 120" and they both are higherath 64" minute. ThereforeCio concentration was
increased withime in allthe ports.

Figure(6-5(b)) showsconcentration of eécane (@) versus distancdt was expected
that the concentration of écane in the first porio be higher tharthe second and
accordngly thethird port. But the results show that maximum concentratifouisd
to bein the second port.

Theconcentration of @canean the firstport is lower tha the second port which is not
expectedActually, it is expected that concentratiail increase with time in all three
ports like diesel oiin the first experimenilhe contimous increasef the contaminant
concentratiorwith timeis reasonabl@ thethird port Though in the firstand second
ports, concentration aneased between BGnd 120" minute and then decreasatl
240" minute unexpectedly. Based on these resulow level of concentration in the

first port can bexplaired by fingeringphenomenorViscous fingering is a condition
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by which the interface of oil and water bypaes$he section of porous medium creating
fingeredprofile. It means that the contaminant doeshate gpiston likemovement
because of instability between displacing and displaced pHasesates channels in

porous medium andllows the displacing pisa bypass the displaced phase.
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Figure 6-5: Concentration of ¢ in diesel (a) andetane (b) vs. time.
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6.1.3 Weathering Effects

As it was explained befe, rainfall was simulated in the first experiment in order to
investigate weathering effects othe movement of contaminant. Therefore
concentration of selected comqants atspecified time steps ithree different ports

were calculated in the first arfdurth experiments. Rainfall simulatiornvhich was

done in the first experimeng the only difference betwedhetwo experimens.

Rainfall effects on components concentration are shown separately in the first, second
and third portsn Figures [6-6), (6-7) and(6-8)], respectively.

6.1.3.1 First Port Results With and Without Rainfall Simulation

Figure (66(a)) shows concentration of componerts the fird port of fourth
experimentwhich was donevithout rainfall simulation at 1500(navy blue seris),
1560" (blue serig), 1620" (green seri® and 168t (pink series) minutes. The
concentration was increasdxetween 1500 and560 minutes, thernt started to
decrease tilll620" minute which is turn to beincreased agaitill 1680" minute
These are theconsequenceof diesel fingering in the first portComponents
concentration results after réatl simulation is shown in igure (66(b)) which is
related tothe first experimentThe ®ncentrationof all compmentswas increased
between 1500and1560" minutes in the first port. Then, they all were decreastd
time between 1560 1620" and 168 minutes. This is also because of fingering
phenomenoiin the first port.By comparing the results of two experiments, it can be
concluded that after plawy water on the top of sand pack to simulate rain in the first
experiment, water as a driving force, pustdewn the contaminantTherefore the

concentration of diesel components have decreased after rainfall simulation.
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Figure 6-6: Diesel concentration in ther$t port without (a) and with rainfall
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6.1.3.2 Second Port With and Without Rainfall Simulation

Impact of rainfall simulation on the concentrationcgimponents in the second port is
shown in kgure (6-7(a)) and kgure (67(b)). In Fgure (a), concentration of
components & shown adifferent times which areelated to the results of fourth
experiment.There was no rainfall simulation in this experimeRkuctuation of
concentrations are obvious at 180@inute.Behavior of concentrations at different
times GC resultglustratedthat concentration of components have not increased with
time continuously They havedecreased and increased again with time in the second
port like as the fst port which is explainable Hyngering phenomenonFigure (6

7(b)) is related to the second port resulttheffirst experimentt the same time steps
andafter placng water on the top of sand pack to simulate rairalithe same athe

first port, concentrationrof components des na follow continuousincreasing
behaviorwhich indicateshe occurrace of thefingering phenomenoragain in the
second port during thexperimentMoreover, concentration ofi€shows a sudden
dropat 168" minuteand the only reason behind tigfingering By comparing two
figures, it is obvious that concentration of #lle componentsare significantly
increasd after rainfall simulationThis increment is more sensible and @ws in the
concentration of lighter hydrocarbons in comparison to heavier @v®r, pustes

down the componesas a driving forceThereforejt hasincreased ithesecond port
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Figure 6-7: Diesel concentration in the second port with@)tand with rainfall
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6.1.3.3 Third Port With and Without Rainfall Simulation

Figure (68(a)) and (63(b)) showthe concentration of components in the thpart
without (fourth experiment)and with rainfall simulation (first experiment)
respectivelyln figure (68(a)), behavior othe components concentration are not the
same as pure diesélor example, G concentation shows sudden drop at all time
periods. Alsg C;7concentratiorat 1508 minuteis lowerthanCis, unlike pure diesel

It can be concludethat viscoudingering has happeneth geneal, concentration of
componentslecreased wittime as a result dingeringphenomenon

In Figure (6-8(b)), concentration of componenssincreased between 1500 dfsb0
minutes, concentration ofi6; Ci1, and Go, is decreased between 1560 &arGP0
minutes. Then, they adireincreased until 1680minute.

In general, variation dhe concentration of thHegghter hydrocarboslike Ci2, Ci17 and

Cig are more perceptiblend sensiblén comparison to the heavier ones likg,C>7
and Gs. It means that, the heavieghe component, the lesthe displacement
magntude. k can be explained by viscodimgering in the other words fingering
occurs in selective components.

By comparing two figures,jt is obvious that concentration of all components
(especially lighter hydrocarbonsjcreased significantly after rainfall simulatidn
some cases, rainfall increases the concentration of components even 1000 times more
than their concentration without rainfall simulation. This increment is more significant
and obvious in the seconddhthird ports. It shows that rainfall plays an important role

in the movement of contaminant in porous medium.
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6.1.4 Wet and Dry System
Behavior of diesel oil percolation in dry angét porous medium were analyzedhe

third and fourthexperiments wich lasted for 5 daydn dry systemsand packvas

not saturated with water before putting contaminant. It means that there is no water in
the sand pack. In the wet system, there is water in the sand pack as residual water
saturation.

Figure (69) shows the downward movemeate of the contaminandigsel oil) in dry

and wet systems. It is olous that generally downward movemeate of contaminant

in wet system is higher than dry system.
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Figure 6-9: Downward movementateof diesel oilin dry and vet systems vs. time

Results offirst and second por@nalysisat different time stepare shown in fgures
(6-10), (611) and (€12). Concentration ofhe components in dry systeare shown
with orange series while blue serigglicate concentration of components in wet
systens. Frontvelocity ofthecontaminanas (cniminute) s calculated in each system

and is written at the top of each sesidt was calculated by dividing downward

movement rate to the area times porositly (A
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6.1.4.1 First Port, First Day of Experiments

Figure (610) shows concentration of diesel oil in the first port at difat time steps
in first day ofthird and fourthexperimens.

In Figure (610(a)), which shows concentration of components &tréhute ofthe
expeiment, front velocity of diesel oiin the wet system (0.082 cfmin) is higher
than the dry system0(707 cnimin). This is becausein the porous media,
contaminant has thll up available pores prior to any migration.H&h there isvater
in the systemit occupies some of the pore spa@ssthe sants water wet, adsption
of contaminant has decreas@tiereforedownward movemerateis increasedand
consequentlyfront velocity of contaminant would be highetlmewet systemOn the
other hand, by comparing two serié¢ds obvious that concentration of components
in thewet system is higher thahedry system. It is expected that concentratiothef
components ithedry systento be higher in comparison the wet systembecause
wettability of water is higher than diesel oil. Therefonden there is navater in the
sand packdownward movememate of contaminant will be reducdde tothehigher
adsorpion rate of contaminant in porous medidBy comparing two series,
concentration of athecomponents are close to each other in both dry and wet systems
exceptfor Ci7which is very high in wet system in comparisoritedry systemAlso,
the concentration of & is higher in the wet systein comparison tdéhedry system.
It can be concluded that at the"a@inute of experimenadsorpion of contaminant
was low.

Figure (610(b)) shows concentration tlie selected components at 12finute of
experiment in both dry and wet systefont velocity inthewet system (0.05 cc/min)
is higher tharthedry system (0.0436 cimin). Concentration of althe components
isincreasd in dry system in comparison to t8&" minute (figure (610(a))) but they
all are decreased ithe wet system which shows that coniaeant moves down with
time in the first portConcentratin of the components at 240minute in wet and dry
systemis shownin Figure (610(c)). Front velocity of contaminant ithe wet system
(0.027 cndmin)) is higher thanhe dry system (0.026 chmin) but their difference is
getting lowerwith thetime. Concentration of athe componentsre increased ithe
dry system althaghit is more sensible for lighter hydrocarbons like,@:7 and Gs
than Ge and Gs which are heavierOn the d¢her hand concentration ofthe
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componentgontinwusly decreased ovehetime inthewet systenbecause of fluid

downward movement
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Figure 6-10: Concentration of diesel oil idry and wet sand pack first portat
different times
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Moreover,another calculation of components concentratierevdone in dry and wet
systemsWith this calculation, ratio afach componerni the collected sample to the
original amount of component ipure diesel oil cold be obtained For each
component this ratio was calculated as percentage for dry and wet systems. -Table (6
1) shows these values for'§0120" and 248 minute of the dry and wet systems.
Moreover, proportion of the mass percentage of components gystgm to the wet
system was calculated. It is obvious that¢bacentratiorof eady component in the

dry system is fjher thandry system except 80minute. This is because, in dry
system, contaminant continues to occupy available pores yet. Occupatipores is

prior to downward movement. Concentration of components in dry system gets higher
with time in all three ports.

Concentration of all components at different time intervals were calculated for dry and

wet systenseparately. Theesults are alinentioned in Appendix E.
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Table 6-1: Concentratiorof components in dry and wet system.

Time: 60 min
Component Wet System(%o) Dry System(%) Dry/Wet
Cio 297 14.26 0.48
Cu 26.% 12.713 0.48
Cr2 33.66 16 0.47
Ci7 56.98 13.43 0.23
Cis 29.78 14.13 0.47
Cas 106.37 15.03 0.14
Co7 33.54 14.6 0.43
Cos 27.16 3.54 0.13
Time: 120 min
Component Wet System(%) Dry System(%) Dry/Wet
Cio 25.07 27.37 1.09
Cu 22.28 23.64 1.06
C12 29 47.87 1.65
Ci7 46.9 24.55 0.52
Cis 25.71 26.37 1.02
Coe 27.39 28.96 1.05
Co7 40.57 27.42 0.67
Cas 22.21 24.05 1.08
Time: 240 min
Component Wet System(%) Dry System(%) Dry/Wet
Cio 16.97 21.42 1.26
Cu 15.37 18.60 1.21
Cr2 19.71 23.93 1.21
Cu7 17.50 19.91 1.13
Cis 18.41 21.54 1.17
Coa6 18.94 23.43 1.23
Co7 18.16 20.97 1.15
Cos 18.95 16.77 0.88
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6.1.4.2 Second Port, Third Day of Experiments

Figure (611) shows concentration of diesel oil in the second port at different time
steps in the third day of thaird and fourth experiments. Since the total amount of
component is infiltrated into the sand pack in the second day of the experiments, front
velocity of contaminant from the third day, is a fixed value for both dry and wet
systems after third day of tlexperiment.

Figure (611(a)) shows concentration of contaminants at #88hute of experiment

for wet and dry systems. Front velocity of contamina both systems is 0.0026
(cm/min). As this time stepcomponents concentratiam dry sand paclare3 to 5

times highethanthe wet system.

Concentration of the components in dry and wet systems at"3@@@ute of
experiments is shown in Figure {B1(b)). Front velocitym both experiments is 0.0025
(cmymin). Concentration of the componeimsdry systems 3.5 to 11 times higher
thanthe dry system. By comparing concentrations between2&8® 3008 minutes,

it can be concluded that concentrations in the dry system are increased with time while
they are decreased in the wet systéhis is because thdownward movementte in

the wet system is higher and the adsorption rate is lower in comparison to dry system.
Concentration of the selected components at 81fihute in the dry and the wet
systems is shown in Figure-{d(c)). Front velocity m bothexperiments is 0.0024
(cm/min). Concentrations in the dry systeare 5 to 10 timedigher than the
concentrations irwet system. By compary two figures (611(b)) and (611(c)),
concentration oll components in dry systedecreased between 3d0and 3128
minutes of the experinm¢ while in the wet system ihcreased at the same time
intervals which is related to the fingering phenomenon in the dry system.
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Figure 6-11: Concentratiorof diesel oil in dry and wet sand pack in second port at
different times.
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6.1.4.3 Second Port, Fourth Day of Experiments

Figure (612) is related to the concentration of diesel oil in the second port at different
time st@s in fourth day othethird and fourth egeriments.

Concentration of contaminants at 4320inute of experiment for wand dry systems
are shown in fgure (612(a)). Front velocity of contamim&in both systems is 0.0017
(cm/min). Components concentration tine dry system are3 to 4 timeshigher in
comparison tahewet system.

Concentration of components both dry and wet systems at 44%@ninute of
experimentsare shown in igure (612(b)). Front velocity in both geriments is
0.00165(cnymin). Concentration of components is 1.5 to frBeshigher inthedry
system. Comparing concentrations between #32@ 4448 minutes, it is obvious
that concentrations ithedry systemareincreased with time while theare decreased
in thewet sysem. This is becausgownward movemenmtate inwet system is higher
and adsoron is lower in comparison to dry system.

Components concentration at 4%6@inute inbothdry and wet systenmare shown in
Figure (612(c)). 0.00164 (crtmin) is the front velocity in both experiments. Dry
system concentratis are0.5 to 1.5 timesigher in comparison tthe wet system.
But, comparing two (6L2(b)) and (612(c)) figures, concentration of all compongnt
decreased ithedry sand packvhile inthewet system theincreased at the same time
intervals which is rated to the fingering ithedry system.
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Figure 6-12: Dry and wet systems in second port.
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6.1.5 Gasolineas the Contaminant

As it was discussed befardifth experiment was done with gasolires the
contaminantGasoline componentse tabulated in Appendix.0The same amount of
gasoline as the contaminant (54.3°cmvas placed at the top of sapdck. Al the
gasolinemovedinto the sand packr 40 minutes, while this time for diesel oVias
400 minutes for diesel oiFigure (613) shows the percolation rate of gasoline and

diesel oil versus timédownward movemerate of gasoline was times more than

diesel oil.
Downward Movement Rate vs. Time
4
3.5
3
g ..
cE —&— Diesel Oil
% 2 —&— Gasoline
§ 15
1
> \’\o\ﬁ
0 — @
0 50 100 150 200 250 300 350 400 450
Time (min)

Figure 6-13: Downwardmovementate of diesel oil and gasolins. time

In order to investigate the impact of evaporaiiothis experiment, evaporation rate

of gasoline was analyzed which is described in chapter four. GC gives mass percent
of each component in gasoline. Saes are collected from the beaker that was open

to atmosphere at 80 120" and 248 minutes. Results are shown in Appendix F
Based on the gas chromatography results, there is a decrease in tpencerssof 4
pentane only. Whenpentaneevaporated, it does not appear in the @8llts. So,

mass percerdf other componenisicreasedDuring this study, where hexane is used

as solvent in all the collected samples, contaminant movement is studied. The lighter

components do not appear in tB€ results. Therefore, dimethylbenzene and toluene
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are used for understanding the gasoline movement in the pack. The first three data
points show higher concentration than the original gasoline. The reason attributed to

the mass percent calculation of tenponents. (Figure {64) and Figure (4.6)).

In all analysis bcollected samples, benzene diot appear ithe GC resultsOn the

other hand, dimethylbenzene, which consists of benzene and two methyl groups is one
of the components that exists in sgine as 1limethylbenzane, 154
dimethylbenzane and Xd@methylbenzene. These three components are isomeric
forms of dimethylbenzene. Therefoia order to have better analysis, mass percent

of three isomers in each spla were added and consideredimsethylbenzeneMass

percent otwo pollutants versus time alculated and shown in this survey.

6.1.5.1 Toluene

Concentration of toluene in three ports in the first day (a) and second day (b) of
experimentis shown in figure (6L4). Navy blue, green and pumplseries show
concentration of toluene in the first, second and third pespectively.

Figure (614(a)) shows concentration of toluene at"36d", 90", 120", 180" and
240" minute of the experimentn the first port, toluene concentratihdecreased
with time which shows that it moves downwardpidly. Consquently, the
concentrationd decreased. In comparison to the second port, concentratienfirst
portis higher until 128 minute,laterit decreasedn the second porgyfeen sees),
toluene concentration &gnificantlylow until 60" minutewhich indicates that itds

not reach there yet. Adr 60 minutes, concentratiosincreased ithesecond port till
120" minute then it$ decreased again until ¥8finute andncreasd again. These
concentration fluctuations are the results of fingephgnomenonConcentrations in
the thrd port are negligible which amxpected because there is no enough time for
toluene to reach to the lower part of sand pack.

In the second day @xperiment (lgure (614(b))), concentration of toluengecreased

in comparison to the first day tfie experiment. It can be concluded tivathe first
port, theconcentration in the second day is more stablettigtfirst day. Fingering is
obvious agai in the port in the second day. In the second port, average amount of
concentrations in second day is higher thiea first day. Like asthe first port,
concentrations ithe second port does not obey incregsam decreasing pattern, ¢ i

decreased arttien increased with time which is a result of fingeringhe third port,
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there is a sensible increment of concentration in the second day in comparison to the

first day. Fingering occurs in this port like abefirst and second ports.
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Figure 6-14: Concentratiorof toluenein Gasolinevs. time.

Figure (615 shows mass percent of toluene versus distafyedt is mentioned
before, first second and third ports were located at 7, 17 and 27 cmthernop of
sand packrespectively. Mass percent of toluene at different time intearalshown
in the figure with different seriesAt 60" minute, concentration of toluene in the
second anthethird ports are negligible. After 1 hour (I2finute),concentration of
toluenen the second poincreasedbut still it is lower than ta first port concentration.
In the third port, concentration is negligghwhich shows that toluene hag neacled

to thethird port.Concentration of toluengecreased ithe first pot with time. In the
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second port, itd increased from 60 to 240mtes of experiment, then & decreased
till 1680 minute. Concentration in the third port, is negligible in the fiosir hours
of experiment (unti240" minute). Then, itis increasedwvith time, decreased and
increased agaiwhich is believed to be due timgeringphenomenon

Toluene
14
Port:1

12
S : Port:2 —e— Time:60 min
S 10 —e— Time:120 min
O
o 8 —e— Time:240 min
o Port:3 o .
A — —&— Time:1500 min
S —&— Time:1560 min

4 —@— Time:1680 min

2

0

5 7 9 11 13 15 17 19 21 23 25 27 29
Time(min)

Figure 6-15: Toluene concentratioim Gasolinevs. distance.

6.1.5.2 Dimethylbenzene

Figure (616) showsconcentration of dimethylbenzene in three ports atrdiffietime

steps. In figure (@6(a)) which is related to dimethgbncentrationn the first day of
experiment. ©ncentration in the first port (navy blue segyi@s higher than
dimethylbenzene caentration in pure gasolinentil 120" minutewhich isdue tothe

mass percent calculatiangfter that time, concentratiodecreased which shows
movement of contaminant to the second and third port. In the second port (green
series) concentrationncreased, decreased and again increased with time as the result
of fingering. Concentration of dimethylbenzene in the third port is negligible in the
first day of experimentn the second dayigure (6-16(b))), cancentration in the first

port decreasedn comparison to thérst day. In the second portpncentration in
1440" minute is higher thanoncentratiorof dimethylbenzen@ pure gasoline which

is believed to be due ® meaurement error. Concentratidecreased in comparison

to the first dayesults in the secondp and also fingering phenomenisrobvious in

the second port. In comparison to the first day, concentration of third port in second
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day of experiment is higher in which fingering is obvious like as firstthedecond

ports.
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Figure 6-16: Dimethylbenzene concentration in Gasoline vs. time.

Mass percent of dimethylbenzene versus distamahown in figure (6.7). Mass
percent of dimethylbenzene at different time intenaatsshown in the figure with
differert series. At 60) minute concentration of dimethylbenzene in the second and
third ports are negligible. After 1 hour (I20minute), concentration of
dimethylbenzene in the second pantreased but still its lower tlanthe first port
concentration. 1 the third port, concentration is negligible which shows that
dimethylbenzenbasnat reactedto the third portConcentration oflimethylbenzene
decreaed in the first port wit time. In the second port,ificreased fron60 to 240
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minutes of experiment, thémcreased andecreased till 1680minute. Concentration
in the third port, is negligible in the first four hourstbe experiment (uriti240"
minute) Then, itincreased with timéhendecreased and increased again
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Figure 6-17: Dimethylbenzene concentratiomGasolinevs. distance.

6.2 Numerical Simulation Results

The first step was to simulate water drainage in the sand pack cdfigare (618)
shows thesaturation profile of water in different depth in the sand dtse 86400
secondsWater saturation is between 01221. The water saturation in the upperdes
(which are close to the top of the sand pak)wer in comparison to the nodekizh

are at the bottom of the column. The average amount of water saturation which is
obtained from the simulator is %d. Average amount of water saturation which is
obtaned from experimental work is 53@& The water saturation in the higher depth

are high in thesimulation results to the experimahtesults Although the average
amount of water saturation obtained from simulator and experimental work are close
to each other, there is no information about the water saturation profile at different

depth in experirantal work.
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Figure 6-18:1-D water saturatioprofile vs. depthat the end othefirst day.

As it mentioned before, three types of boundary conditions were identified for the
simulator which are DrichletNeuman and mixed boundary conditions.drder to
simulate downward movemeat the contaminant and obtain the saturation profile of
the contaminant, wateand air there are limitationsf the implementationof the
boundary conditions. This is because tlead of contaminant (which was placed at
the top of the sand pack) is changed with time. On the other handatéhef
contaminant downward movemeadso change with time, so a constant head or rate
could not be defined for the simulator. Therefore, gethiboundary condition should

be defined for the simulator. As the main focus of this study was theireeptal

work, the numerical work could be consider as the fututememendation.
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CHAPTER 7

CONCLUSIONS

In this survey, behavior ofiquid hydrocarbons percolation through sand was
investigated with anx@erimental model. Diesel oil,edane and gasoline were used
as contaminant in five different experimgrnimpacts of rainfall and sand moisture in
the component movement were analyzédter discussing the result, it was

investigated that results could be considered as different aspects:

x Infiltration Depth
V The more the Depth, The Less the ConcentraGmmcentratiorof the
components in the first port (which is the nearest port teofhnef the
sand pack) was high in comparison to the second and the third ports
(which are located at the middle and bottom of the plexiglass cylinder,

respectively).

x  Time
V As the time passes, the concentration of the pollutant in all the ports
increases.
V In some cases, fluctuation of the components concentration
occursThese abnormalities could be attributed to the fingering

phenomenon.

x  Type of Contaminant
V The lighter the contamant, the faster the downward movemesie.
A Infiltration rate of decane ist8mes more than diesel oil.

A Infiltration rate of gasoline is 10 times more than diesel oil.
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x Rainfall Simulation

Vv

Vv

In the first port, components concentration was decreased with time
which indicated that water carried pollutant downward with itself.
Componets concentration was increased after rainfall simulation in
the second and third portéh some cases, rainfall increases the
concentration of components even 1000 times more than their

concentration without rainfall simulation

x  Soil Moisture (Wet and Dry Systems)

V Downward movementate in the wet system is high in comparison to

the dry systenwhich conforms the results obtained by Amro et al.
(Mohammed Musa Amro et al., 2013)

Contaminant front velocity is high in the wet system in compaitigon

the dry systemThis is because, in the dry system, pore spaces just fill
up with one phase (contaminant) while in wet system pores filled up
with water and contaminant (two phases). So, in wet system, number
of available pore spaces is low in compamigo the dry system in
which adsorption is prior to infiltration.

In all three ports, concentration of the contaminant components was
high in the dry system in comparison to the wet system at different time
stepsComparing the results of concentratioriiree ports at different
time steps indicates that fingering phenomenon was occurred in all
three ports in both systems.

It proves that adsorption rate in the dry system is higher than the wet

system.

x  NAPL Simulator
V The saturation profile of water wadbtained which represents initial

condition of this survey.

V The saturation profile of the contaminant, air and water after simulating

contamination could not obtained because of the limitations of the

implementation of the boundary conditions.
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APPENDIX A

POROSITY AND PERMEABILITY MEASUREMENTS

A.1 Porosity measurement
As thevolume of cylindemwas known(which is our bulk volume)we can calulate

porosity of porous media:

fn =t (A-1)
Aa  An Ea (A-2)
z T (A-3)
MH
I n the equations above, O0A06 and 0I6 ar e

represents porosity of the porous media. Measuaganpeters are listed in the table

below:
Table A-1: Core holder specifications

Meyilinder(QF) 960
Msand(Qr) 514
Mwater (QF) 150
Vwater(C®) 150
Ve (cm?) 331.17
I (%) 40.1
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A.2 Permeability measurement

Int he equati on®alrewea,eseqnd,

6LO6 are

ar ea

pressureMeasured parameters are listed'able(A-2):

> |

fdmdv & at e
and gPéngtsh doff feykehoceebeaawden i

- (A-4)
Table A-2: Permeability measurement
time(sec) q(iFJLJL @P(atm A P P(e*L)
B —

0 0 0 0 0
8.15 0.6135 2.04 0.0339 0.04165
8.6 0.5814 1.7 0.03213 0.03469

13.78 0.36284 1.36 0.02005 0.02776
24.4 0.20492 1.02 0.01132 0.02082
45.42 0.11008 0.68 0.00608 0.01388
So, by drawing- vs——, permeability which is the gpe of trend lingcan easilybe
obtaired
PERMEABILITY
0.04
0.035 y = 0.7851x
0.03
0.025
<\E 0.02
S 0.015
0.01
0.005
0
0 0.005 0.015 0.02 0.025 0.03 0.035 0.04 0.045
qP/(e t)

Figure A-1. Permeabilityneasurement
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APPENDIX B

DOWNWARD MOVEMENT RATE OF CONTAMINANTS IN
EXPERIMENTS

For all experiments, infiltration rate of contaminants were noticed as the volume of
contaminant that wgsercolated in sand pack at different time steps and calculated as

cm® per minute.

B.1 First Experiment Downward MovementRate
First experiment was lasted for 1680 minutes and diesel oil was used as contaminant.

Table B-1: Rate of disel downward movememt sand pack

Time (min) | Amount of diesel infiltrated in sand pack | Rate (cn¥/min)
(cmd)
30 18.1 06
60 24.7 0.41
90 25.3 0.3
120 27.1 0.23
180 31.7 0.17
240 36.2 0.15
400 54.3 0.135
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B.2 Second ExperimentDownward MovementRate
Duration of second xperiment was1680 minutes and etane was used as

contaminant.

Table B-2: Rate of @cane downward movementsand pack

Time (min) Amount of Decaneinfiltrated in sand Rate (cn/min)
pack (cny)
1 9.05 9.05
5 27.15 5.43
10 36.2 3.62
30 45.25 1.51
45 54.3 1.21

B.3 Third Experiment Downward MovementRate
In the third experiment, diesel oil was used as contaminant and in was lasted for 6000
minutes. In this experiment, sand pack was not saturated with avatehe system

was dry.

Table B-3: Rate of diesetlownward movemernt sand pack (Dry System)

Time (min) | Amount of diesel infiltrated in sand pack | Rate (cn¥/min)
(cm?)

10 12.7 1.267
15 18.1 1.21
30 25.3 0.844
45 29 0.643
60 30.8 0.513
90 34.4 0.4

120 38 0.316
180 45 .25 0.251
285 54.3 0.185
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B.4 Fourth Experiment Downward Movement Rate
Fourth experiment was lasted for 6000 minutes and diesel oil was used as contaminant.

Table B-4: Rate of diesel downwamiovemenin sand pack

Time (min) | Amount of diesel infiltrated in sand pack Rate
(cmd) (cm3/min)

30 32.6 1.068
60 36.2 0.6
90 39.9 0.44
120 43.5 0.37
180 45.3 0.2%2
240 47.06 0.19
390 54.3 0.14

B.5 Fifth Experiment Downward MovementRate
In thefifth experiment, gasoline was used as contaminant and it was lasted for 1680

minutes.

Table B-5: Rate of gasolindownward movemernh sand pack

Time Amount of gasolineinfiltrated in sand pack | Rate (cm¥/min)
(min) (cmd)

5 18.1 3.6

10 30.8 3.08

15 36.2 241

20 38 1.9

30 45.25 15

40 54.3 1.35
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APPENDIX C

CALCULATION OF AMOUNTS OF COMPONENTS IN SAMPLES

C.1 Diesel Oil Calculations

As it mentioned in chapter 4, gas chromatography gives information ab@umthet

of each component asilligram per liter of solutionIn order to have better analysis

on the components, amount of each component as milligram was calculated by
multiplying amount of each component as milligram per liter of solution by the total
volume d the solution which is constant (3mL) for all samples. It should be noted that

these are only the hydrocarbons which could be identified by gas chromatogram.

C.2 Gravimetric Calculations

As it was eplained in chapter 4, amount @fater, sandand contamiant were
calculated after putting samples in oven in two steps. In the first step, samples were
put in oven f or Th& mostwdlatileicorepsnerd is heSafeAvithGhe
boiling point of 68A C. The purpihese of
samples. It is important to notice thatwas assumed that all the contaminant was
solved in hexaneSo, there is no contaminant in samples after gas chromatograph
analysis. Tietemperaturén ovenadjusted at 5% because it is important keep the

waterof sampls in themas well as possiblm the first step Then weight of each
sample was measured again and the difference was milligram of hexaaeh
samplewhich was evaporated in this stdgext step was to evaporate water of
samplesFor this pupose allsamplesve r e put i n o vrmimutesartd 100 A
weighted agaimat the end of step.nEweightdifferencebetweerthefirst and second

stepis related to the weight of water of sampksstlast, the remaining amount of each
sampe at the end of sead step was related to the savelght of each samplés the

total weight of samples were known, amount of contaminant was easily caldyated
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suliracting total amount of samples (after sample collectiog) the amount of water
andsand
For example for the sample that was collected from the first port"anBtutes:
Total weight of samplafter sample collectiorl.071 gr
Wei ght of sample after putting in oven at
So the difference is the weight aéXane which is:
Weight of hexanep8t x p T X L T Wgr
Wei ght of sample after putting in oven at
So the difference is the weight of water which is:
Weight of water in the sampi&o ¢ o o X L T8t p @Qr
So the weight of sampl&hich is measured at the end of secstap is related to the
amaunt of sample sando:
Weight of sand0.895 gr
Weight of contaminant would be:
0 QWQ 0 QWQ 0 QWQ 0 QWQ
0 Q@WQ P8I X p TAI P ¢ T WU
T ¢ gr
So, the total amount of contaminant in the sample that was collected from the first port
at 90" minutes is 164 milligram.
So in different samples at different times, we can obtain the amount af@aplbnent

as milligram to the total amount of diesel oil which is in the sample.

C.3 Gasoline Calculations

Gas chromatographyanalysis of gasoline samples gives information about the
constitutivecomponents of contaminant and also mass, mole aodyeopecent of

them As the results of diesel oil analyzed by concentration of each component as
(milligram to the total amount of components in each samatelysis of gasoline
were discussed by mass percent of each component.

As it mentioned before, hexameas utilizedassolvent in all experiment sampless

it is one of the constitutive compants of gasolinanass percent of hexane in each
sample was very higm comparison to the other componer@s, in order to have

more reliabé sample analysis, massngent of each component recalculated without
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consideringhexane as theonstitutivecomponent of samples by extracting mass
percent of itHere is the calculation method of one of the sampleshwas collected
from the first port at 30 minute

Hexanemass percent: 95.03%

Mass percent of 115: 0.1352%

Mass percent of 120: 0.2435%

Toluene mass percent: 0.55%

Sum of the mass percent of other components was:

100-(Hexane mass percent+ Mass percent of 115+ Mass percent ef 120)
100-(95.03+0.1325+0.2435) 44647 %

S0, mass percent of other components can be recalculated on the basis of 4.4647%:
New mass percent of Toluene: (100*0.55/4.4647)= 12.32%

So, mass percent of toluene without considering hexane in the sample is 12.32%.
Mass percent of each componegttalculated by this way and added as a new column

with corrected mass percent name as a coliamall samples results in Appendix D.
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APPENDIX D

GAS CHROMATOGRAPHY RESULTS

D.1 Diesel Oiland DecaneResults

Gas chromatogram armmbmponents of each contaminamteach sample are listed
below.

It is important to note that all these results were obtained with gas chromatoigraphy
the Petroleum Research Center in the Middle East Technical University, Ankara,

Turkey. Results of the first, second, third and the fourth experiments are shown below.

The first experiment was done with diesel oil as the contaminant. In total 33 samples

were collected during 1680 minutes.

In the second experiment, decane was utilaethe contaminant. The experiment was

lasted for 1680 minutes. 33 samples were collected during the experiment.

In the third experiment, diesel oil was used as the contaminant. It was lasted for 5
days. The experiment was conducted in the dry sand p@camples were collected

during 5 days in this experiment.
In the fourth experiment, diesel oil was utilized as the contaminant. It was lasted for 5
days. There was irreducible water saturation in the sand pack in this experiment 50

samples were collededuring the experiment.

The fifth experiment was done with gasoline and lasted for 1680 minutes, 33 samples

were collected.
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D.1.1 Experiment 1

=

Figure D-1: Ex:1, Port:1, Time:30min, r:024 gr @schromatogram.

Table D-1: Ex:1, Porti, Time: 30min, m:1.024 gr

Ret.Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name

9.839 3600.29541 84.65083 0.25395249 Cio
10.986 4289.4668 111.92065 0.33576195 Ci1
12.007 5233.83643 134.64175 0.40392525 Ci2
12.939 6755.12793 175.63225 0.52689675 Cis
13.813 8587.82031 217.89202 0.65367606 Cia
14.629 7810.52588 197.77759 0.59333277 Cis

154 6612.56396 166.18127 0.49854381 Cie
16.132 9490.23535 238.32143 0.71496429 Ci7
16.827 9148.16602 227.19346 0.68158038 Cis
17.489 4894.80566 122.02081 0.36606243 Cio
18.123 4087.49072 101.79227 0.30537681 C20
18.724 3301.47803 83.72834 0.25118502 Ca1
19.302 2612.3064 65.87187 0.19761561 C22
19.856 1988.7959 50.19734 0.15059202 Ca3
20.388 1477.83716 37.78833 0.11336499 Caa
20.899 1035.15649 26.05741 0.07817223 Cas
21.394 615.54114 16.62465 0.04987395 Cae
21.867 286.39743 7.56789 0.02270367 Co7
22.33 151.74782 4.23432 0.01270296 Cas
22.774 80.79269 2.30503 0.00691509 Co9

23.2 45.4124 0 0 Cao
23.621 39.50166 1.48308 0.00444924 Ca1
24.026 18.24621 0 0 Cs2
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Figure D-2: Ex:1, P:2 T:30 min, m=1.294 gyas chromatogram.

Table D-2: Ex:1, P:2 T:30 min, m=1.294 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
9.841 98.40465 0 0 Cio
10.985 69.83201 1.82205 0.00546615 Cu
12.004 99.79209 3.40512 0.01021536 Ci2
12.935 141.81421 3.68715 0.01106145 Cis
13.804 184.68523 5.93468 0.01780404 Cia
14.622 178.52361 11.1338 0.0334014 Cis
15.394 143.91223 5.42478 0.01627434 Cie
16.124 235.66655 5.91812 0.01775436 Ci7
16.819 206.17783 5.85761 0.01757283 Cis
17.48 126.78706 3.16063 0.00948189 Cio
18.113 96.36149 2.52428 0.00757284 C20
18.716 75.45518 1.91361 0.00574083 Ca1
19.296 58.70596 1.33714 0.00401142 C22
19.853 43.64754 1.10167 0.00330501 Czs
20.384 32.10338 1.28624 0.00385872 Coa
20.897 24.17798 6.09E01 0.001825857 Cas
21.393 12.85933 1.66355 0.00499065 Cas
21.881 0 0 0 Cor
22.342 0 0 0 Cos
22.787 0 0 0 C29
23.218 0 0 0 Cao
23.633 0 0 0 Ca1
24.038 0 0 0 Ca2
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Figure D-3: EX:1, P:3 T:30 minm=1.062 grgas chromatogram

Table D-3: EX:1, P:3 T:30 min, m=0D62 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
9.882 39.88624 0 0 Cio
10.988 13.41067 3.50E01 0.001049733 Ci1
12.005 24.85686 1.48962 0.00446886 Ci2
12.938 40.86136 1.06239 0.00318717 Cis
13.806 63.02987 2.8661 0.0085983 Cia
14.623 66.71003 8.39935 0.02519805 Cis
15.394 50.5713 3.10511 0.00931533 Cis
16.125 88.14729 2.21358 0.00664074 Ci7
16.82 69.74959 2.48068 0.00744204 Cis
17.479 45.41352 1.1321 0.0033963 Cio
18.114 33.3103 9.56E01 0.002868174 C20
18.715 27.81034 7.05E01 0.002115882 Ca1
19.295 20.9745 3.84E01 0.001150758 C22
19.853 15.17704 3.83E01 0.001149207 Ca3
20.386 10.72591 7.46E01 0.002239488 Coa
20.901 10.15869 2.56E01 0.000767157 Cas
21.404 0 0.00E+00 0 Cos
21.881 0 0.00E+00 0 Co7
22.342 0 0.00E+00 0 Cos
22.787 0 0.00E+00 0 Coo
23.218 0 0.00E+00 0 Cao
23.633 0 0.00E+00 0 Ca1
24.038 0 0.00E+00 0 Ca2
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Figure D-4: EX:1, P:1 T:60 min, m=0.923 ggas chromatogram

Table D-4: EX:1, P:1 T:60 min, m=0.923 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name

9.847 8773.83398 219.60832 0.65882496 Cio
10.995 1.00E+04 261.48325 0.78444975 Cu
12.015 1.20E+04 306.95698 0.92087094 Ci2
12.949 1.56E+04 406.81612 1.22044836 Cis
13.823 1.97E+04 498.49779 1.49549337 Cia
14.641 1.74E+04 431.16057 1.29348171 Cis
15.412 1.39E+04 348.44449 1.04533347 Cis
16.144 2.16E+04 543.37458 1.63012374 Ci7
16.84 2.06E+04 510.38412 1.53115236 Cis
17.498 1.14E+04 283.65335 0.85096005 Ci9
18.13 9136.15332 227.36339 0.68209017 C20
18.733 7496.7041 190.12289 0.57036867 Ca1
19.307 6024.12646 152.09558 0.45628674 C22
19.861 4636.3916 117.02282 0.35106846 Cas
20.393 3329.67139 84.5437 0.2536311 Caa
20.903 2304.51318 58.01021 0.17403063 Cas
21.393 1447.66858 37.28155 0.11184465 Cas
21.87 690.38965 18.24315 0.05472945 Co7
22.327 380.50632 10.13515 0.03040545 Cas
22.771 180.88986 5.16081 0.01548243 Ca9

23.2 111.90244 0 0 Cso
23.613 90.89415 3.41259 0.01023777 Csi
24.018 41.42773 0 0 Cs2
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Figure D-5: EX:1, P:2 T:60 min, m=1.027 ggas chromatogram

Table D-5: EX:1, P:2 T:60 min, m=1.027 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
9.886 23.54859 0 0 Cio
10.988 13.81962 3.61E01 0.001081743 Cu
12.006 16.09312 1.2656 0.0037968 Ci2
12.938 22.77722 5.92E01 0.001776612 Cis
13.806 32.73285 2.1019 0.0063057 Cia
14.623 35.62893 7.63925 0.02291775 Cis
15.393 25.76165 2.48855 0.00746565 Cise
16.125 50.58819 1.27038 0.00381114 Ca7
16.82 36.56176 1.6592 0.0049776 Cis
17.48 24.20387 6.03E01 0.001810107 Cio
18.114 25.01795 7.50E01 0.00224943 C20
18.718 15.85241 4.02E01 0.001206093 Ca1
19.294 15.10162 2.35E01 0.000705501 C22
19.862 0 0.00E+00 0 Cos
20.397 0 0.00E+00 0 Coa
20.91 0 0.00E+00 0 Cos
21.404 0 0.00E+00 0 Cos
21.881 0 0.00E+00 0 Co7
22.342 0 0.00E+00 0 Cos
22.787 0 0.00E+00 0 Coo
23.218 0 0.00E+00 0 Cso
23.633 0 0.00E+00 0 Cs1
24.038 0 0.00E+00 0 Ca2
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Figure D-6: EX:1, P:3 T:60 min, m=0.962 ggas chromatogram

Table D-6: EX:1, P:3 T:60 min, m=0.962 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name

9.883 20.4714 0 0 Cio
10.985 0 0 0 Cu
12.006 15.20288 1.24284 0.00372852 Ci2
12.938 21.49218 5.59E01 0.001676379 Cis
13.806 31.55403 2.07216 0.00621648 Cia
14.621 34.05901 7.60086 0.02280258 Cis
15.393 24.58415 2.45929 0.00737787 Cis
16.125 46.26381 1.16179 0.00348537 Ca7
16.818 32.19675 1.55116 0.00465348 Cis
17.48 21.21128 5.29E01 0.001586304 Cio
18.115 20.7077 6.43E01 0.001927812 C20
18.718 12.83624 3.26E01 0.000976614 Ca1
19.296 12.20305 1.62E01 0.000485742 C22
19.862 0 0.00E+00 0 Cas
20.397 0 0.00E+00 0 Caa
20.91 0 0.00E+00 0 Cos
21.404 0 0.00E+00 0 Cas
21.881 0 0.00E+00 0 Co7
22.342 0 0.00E+00 0 Cos
22.787 0 0.00E+00 0 Cao
23.218 0 0.00E+00 0 Cso
23.633 0 0.00E+00 0 Ca1
24.038 0 0.00E+00 0 Cs2
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Figure D-7: EX:1, P:1 T:90 min, m=1.071 ggas chromatogram

Table D-7: EX:1, P:1 T:90 min, m=1.071 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name

9.844 8318.41406 207.72818 0.62318454 Cio
10.993 9475.02832 247.22218 0.74166654 Ci1
12.014 1.14E+04 291.82268 0.87546804 Ci12
12.946 1.48E+04 384.46987 1.15340961 Cis
13.82 1.53E+04 387.49534 1.16248602 Cia
14.639 1.63E+04 406.25474 1.21876422 Cis
15.409 1.38E+04 344.95555 1.03486665 Cis
16.142 2.00E+04 502.12732 1.50638196 Ci7
16.836 1.91E+04 474.20575 1.42261725 Cis
17.498 1.03E+04 256.10309 0.76830927 Cio
18.129 8710.84473 216.78505 0.65035515 C20
18.731 7174.77344 181.95845 0.54587535 Ca1
19.304 5729.40137 144.64727 0.43394181 C22
19.858 4392.25049 110.86068 0.33258204 Cas
20.392 3117.14673 79.17785 0.23753355 Caa

20.9 2300.35547 57.90555 0.17371665 Coas
21.39 1361.78162 35.14948 0.10544844 Co2s
21.867 766.6601 20.25855 0.06077565 Cor
22.327 321.06772 8.60193 0.02580579 Cas
22.773 188.91063 5.38965 0.01616895 Ca9

23.2 100.47388 0 0 Cao
23.613 81.76646 3.06989 0.00920967 Ca1
24.016 29.33337 0 0 Cs2
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Figure D-8: EX:1, P:2 T:90 min, m=1.193 ggas chromatogram

Table D-8: EX:1, P:2 T:90 min, m=1.193 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
9.845 18.31917 0 0 Cio
10.986 13.64201 3.56E01 0.001067841 Cu1
12.003 21.97147 1.41586 0.00424758 Ci2
12.934 35.38336 9.20E01 0.002759886 Cis
13.804 46.27914 2.44358 0.00733074 Cia
14.621 52.77176 8.05848 0.02417544 Cis
15.392 38.59082 2.80738 0.00842214 Cis
16.122 68.24972 1.71391 0.00514173 Ci7
16.817 52.48468 2.05333 0.00615999 Cis
17.476 34.08893 8.50E01 0.00254937 Cio
18.11 26.38346 7.84E01 0.002351319 C20
18.716 21.36172 5.42E01 0.001625256 Ca1
19.295 16.37081 2.67E01 0.000801726 C22
19.852 11.86032 2.99E01 0.000898065 Cos
20.397 0 0.00E+00 0 Caa
20.91 0 0.00E+00 0 Cos
21.404 0 0.00E+00 0 Cos
21.881 0 0.00E+00 0 Co7
22.342 0 0.00E+00 0 Cos
22.787 0 0.00E+00 0 Co9
23.218 0 0.00E+00 0 Cao
23.633 0 0.00E+00 0 Ca1
24.038 0 0.00E+00 0 Ca2
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Figure D-9: EXl P:é T:anmin, ];n:O.514 ggxés chFomathrarﬁ

Table D-9: EX:1, P:3 T:90 min, m=0.914 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) Amount (mg) Name

9.88 19.43359 0 0 Cio
10.988 11.08292 2.89E01 0.000867525 Cu
12.003 17.617 1.30455 0.00391365 Ci2
12.935 28.52357 7.42E01 0.002224824 Cis
13.804 38.07319 2.2366 0.0067098 Cia
14.621 42.08706 7.79718 0.02339154 Cis
15.391 30.39466 2.60369 0.00781107 Cis
16.123 54.87651 1.37807 0.00413421 C17
16.817 39.99496 1.74418 0.00523254 Cis
17.479 26.87751 6.70E01 0.00201006 Cio
18.113 18.64376 5.91E01 0.00177381 C20
18.715 16.8621 4.28E01 0.001282911 Ca
19.296 12.65258 1.73E01 0.000519822 C22
19.862 0 0.00E+00 0 Cas
20.397 0 0.00E+00 0 Caa

20.91 0 0.00E+00 0 Cos
21.404 0 0.00E+00 0 Cas
21.881 0 0.00E+00 0 Co7
22.342 0 0.00E+00 0 Cos
22.787 0 0.00E+00 0 Ca9
23.218 0 0.00E+00 0 Cao
23.633 0 0.00E+00 0 Cai1
24.038 0 0.00E+00 0 Cs2
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Table D-10: EX:1, P:1 T:120 min, m=1.341 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
9.853 1.80E+04 459.80247 1.37940741 C1o
11.002 1.96E+04 510.92787 1.53278361 Ci1
12.025 2.35E+04 601.22206 1.80366618 Ci2
12.962 3.17E+04 824.54299 2.47362897 Cis
13.838 3.80E+04 959.86802 2.87960406 Cia
14.657 3.31E+04 815.8744 2.4476232 Cis
15.426 2.72E+04 678.94295 2.03682885 Cis
16.161 4.21E+04 1056.99395 3.17098185 Ci7
16.854 3.96E+04 981.56423 2.94469269 Cis
17.513 2.11E+04 525.89668 1.57769004 Cio
18.145 1.73E+04 430.06002 1.29018006 C20
18.743 1.43E+04 363.85217 1.09155651 Ca1
19.319 1.17E+04 294.79826 0.88439478 C22
19.869 9233.85059 233.06298 0.69918894 Cas
20.398 6266.40918 158.69088 0.47607264 Cos
20.906 4495.27734 113.15709 0.33947127 Cas
21.395 2760.11011 69.86188 0.20958564 Cas
21.871 1326.68372 35.05686 0.10517058 Cor
22.327 681.79663 17.90694 0.05372082 Cas
22.767 379.59653 10.82994 0.03248982 Ca9
23.197 207.87169 0 0 Cao
23.61 159.12112 5.97414 0.01792242 Csa1
24.023 73.36368 0 0 Cs2
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Figure D-11: EX:1, P:2 T:120 min, m=0.918 ggas chromatogram

Table D-11: EX:1, P:2 T:120 min, m=0.918 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
9.841 26.53353 0 0 Cio
10.985 27.01832 7.05E01 0.002114883 Ci1
12.003 39.84813 1.87283 0.00561849 Ci2
12.934 58.96224 1.53301 0.00459903 Cis
13.803 69.58409 3.03142 0.00909426 Cia
14.62 78.64104 8.69113 0.02607339 Cis
15.392 80.31298 3.84424 0.01153272 Cie
16.121 106.82632 2.68265 0.00804795 Ci7
16.816 116.23717 3.63136 0.01089408 Cis
17.475 54.00238 1.34621 0.00403863 Cio
18.111 60.4456 1.63097 0.00489291 C2o
18.714 34.69844 8.80E01 0.002639949 Ca
19.293 28.49192 5.74E01 0.001720701 C22
19.849 19.45498 491E01 0.001473135 Ca3
20.381 14.3742 8.39E01 0.002515824 Caa
20.902 12.37208 3.11E01 0.000934305 Coas
21.404 0 0.00E+00 0 Cos
21.881 0 0.00E+00 0 Cor
22.342 0 0.00E+00 0 Cas
22.787 0 0.00E+00 0 Coo
23.218 0 0.00E+00 0 Cao
23.633 0 0.00E+00 0 Csa1
24.038 0 0.00E+00 0 Ca2
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Figure D-12 EX:1, P:3 T:120 minm=0.945 grgas chromatogramag

Table D-12 EX:1, P:3 T:120 mi, m=0.945 qgr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name

9.84 24.2893 0 0 Cio
10.984 30.52664 7.97E01 0.0023895 Cu
12.001 42.92948 1.95159 0.00585477 Ci2
12.932 63.0743 1.63992 0.00491976 Cis
13.802 72.18944 3.09713 0.00929139 Cia
14.618 82.7356 8.79126 0.02637378 Cis
15.39 63.49743 3.42635 0.01027905 Cise
16.121 110.61115 27777 0.0083331 Ca7
16.816 116.59143 3.64013 0.01092039 Cis
17.475 56.54895 1.40969 0.00422907 Cio
18.109 60.7974 1.63972 0.00491916 C20
18.713 34.47965 8.74E01 0.002623302 Ca1
19.293 28.47377 5.73E01 0.001719324 C22
19.85 20.25693 5.11E01 0.001533858 Cas
20.384 15.5126 8.67E01 0.002602053 Coa
20.897 17.13688 4.31E01 0.001294131 Cas
21.404 0 0.00E+00 0 Cas
21.881 0 0.00E+00 0 Ca7
22.342 0 0.00E+00 0 Cos
22.787 0 0.00E+00 0 Ca9
23.218 0 0.00E+00 0 Cso
23.633 0 0.00E+00 0 Ca1
24.038 0 0.00E+00 0 Cs2
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Flgure D 13 EX 1 P 1 T 180 m|n m= 1 209 ,gyas chromatogram

Table D-13: EX:1, P:1 T:180 min, m=1.209 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name

9.851 1.55E+04 394.34649 1.18303947 Co
11 1.74E+04 453.22827 1.35968481 Cu
12.022 2.08E+04 533.39165 1.60017495 Ci2
12.959 2.70E+04 702.55357 2.10766071 Cis
13.834 3.44E+04 870.18077 2.61054231 Cia
14.653 2.95E+04 728.68612 2.18605836 Cis
15.423 2.44E+04 608.07452 1.82422356 Cis
16.156 3.62E+04 909.25312 2.72775936 Ca7
16.849 3.60E+04 892.12068 2.67636204 Cis
17.51 1.96E+04 488.1651 1.4644953 Cio
18.139 1.54E+04 384.25921 1.15277763 C20
18.742 1.29E+04 327.99963 0.98399889 Ca1
19.313 1.03E+04 260.64581 0.78193743 C22
19.863 7900.12939 199.39977 0.59819931 Cas
20.396 5791.07568 146.68959 0.44006877 Caa
20.903 4178.48389 105.18262 0.31554786 Cas
21.393 2434.97681 61.7907 0.1853721 Cas
21.868 1279.58875 33.8124 0.1014372 Ca7
22.321 652.59912 17.15379 0.05146137 Cas
22.767 350.26901 9.99322 0.02997966 Cao
23.2 216.26605 0 0 Cao
23.613 165.56657 6.21614 0.01864842 Cs1
24.02 66.70582 0 0 Cs2
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Figure D-14: EX:1, P:2 T:180 min, m=0.82 ggas chromatogram

Table D-14: EX:1, P:2 T:180 min, m=0.82 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
9.839 37.77409 0 0 Cio
10.984 38.55321 1.00593 0.00301779 Cu
12.002 54.96132 2.25915 0.00677745 Ci2
12.934 74.21361 1.92954 0.00578862 Cis
13.801 130.25313 456171 0.01368513 Cia
14.62 90.76283 8.98757 0.02696271 Cis
15.39 108.83521 4.55306 0.01365918 Cis
16.121 120.83014 3.03432 0.00910296 Ci7
16.816 120.61771 3.73979 0.01121937 Cis
17.476 65.80154 1.64034 0.00492102 Ci9
18.108 47.80602 1.3166 0.0039498 C20
18.712 38.19342 9.69E01 0.002905854 Ca1
19.293 29.48388 5.99E01 0.001795908 C22
19.848 21.51473 5.43E01 0.001629099 Ca3
20.384 14.49663 8.42E01 0.002525097 Caa
20.901 11.0223 2.77&01 0.000832374 Cas
21.404 0 0.00E+00 0 Cae
21.881 0 0.00E+00 0 Cor
22.342 0 0.00E+00 0 Cas
22.787 0 0.00E+00 0 Co29
23.218 0 0.00E+00 0 Cao
23.633 0 0.00E+00 0 Ca1
24.038 0 0.00E+00 0 Ca2
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Figure D-i5: EXl P:§ T:1§b miann=1.23915 grzas cﬁromé}ogré}n

Table D-15: EX:1, P:3 T:180 min, m1.215 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
9.844 24.8081 0 0 C1o
10.984 21.45676 5.60E01 0.001679547 Cu
12.002 36.7206 1.79288 0.00537864 Ci2
12.934 54.56527 1.41869 0.00425607 Cis
13.802 79.90519 3.29175 0.00987525 Cia
14.618 77.59949 8.66566 0.02599698 Cis
15.39 69.71939 3.58097 0.01074291 Cis
16.12 113.38042 2.84724 0.00854172 Ca7
16.815 111.32273 3.50972 0.01052916 Cis
17.474 59.4524 1.48207 0.00444621 Cio
18.109 43.68298 1.21405 0.00364215 C20
18.713 35.4454 8.99E01 0.002696778 Ca
19.291 27.97699 5.61E01 0.001681662 C22
19.848 20.31577 5.13E01 0.001538313 Cas
20.381 14.5168 8.42E01 0.002526627 Caa
20.897 10.58825 2.67E01 0.000799596 Cas
21.404 0 0.00E+00 0 Cas
21.881 0 0.00E+00 0 Co7
22.342 0 0.00E+00 0 Cos
22.787 0 0.00E+00 0 Cao
23.218 0 0.00E+00 0 Cso
23.633 0 0.00E+00 0 Csa1
24.038 0 0.00E+00 0 Cs2
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Figure D-16: EX:1, P:1 T:240 min, m=1.399 gyas chromatogram

Table D-16: EX:1, P:1 T:240 min, m=1.399 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
9.851 1.88E+04 481.9484 1.4458452 Cio
11.002 2.08E+04 542.56245 1.62768735 Cu
12.023 2.50E+04 639.77656 1.91932968 C12
12.96 3.14E+04 815.35855 2.44607565 Cis
13.837 3.13E+04 790.61479 2.37184437 Cia
14.655 3.39E+04 836.35572 2.50906716 Cis
15.424 2.85E+04 711.25467 2.13376401 Cie
16.159 4.18E+04 1048.5524 3.1456572 Ca7
16.85 4.18E+04 1035.33316 3.10599948 Cis
17.513 2.33E+04 580.86758 1.74260274 Ci9
18.141 1.85E+04 461.43304 1.38429912 C20
18.742 1.57E+04 397.86366 1.19359098 Ca1
19.316 1.23E+04 310.09321 0.93027963 C22
19.868 9675.83301 244.21865 0.73265595 Cos
20.394 6657.49561 168.56508 0.50569524 Caa
20.903 4797.10645 120.75486 0.36226458 Cas
21.391 2647.5769 67.06833 0.20120499 Cas
21.864 1372.19861 36.25956 0.10877868 Co7
22.327 789.88049 20.69497 0.06208491 Cas
22.764 391.86063 11.17984 0.03353952 Coo
23.193 222.08904 0 0 Cso
23.61 168.94684 6.34305 0.01902915 Csa1
24.01 79.48637 0 0 Ca2

97




Figure D-17: EX:1, P:2 T:240 min, m=0.925 ggas chromatogram

Table D-17: EX:1, P:2 T:240 min, m=0.925 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name

9.833 486.37967 3.42089 0.01026267 Cio
10.979 594.48492 15.51128 0.04653384 Ci1
11.998 727.6153 19.45356 0.05836068 Ci2
12.93 963.00647 25.03801 0.07511403 Cis

13.8 1021.83258 27.05055 0.08115165 Cia
14.616 1099.53345 33.65748 0.10097244 Cis
15.387 930.86243 24.98177 0.07494531 Cie
16.119 1434.5144 36.02393 0.10807179 Ci7
16.813 1382.61096 34.97718 0.10493154 Cis
17.473 793.54584 19.78201 0.05934603 Cio
18.106 596.02759 14.95205 0.04485615 C20
18.71 504.30136 12.78952 0.03836856 Ca1
19.287 383.46719 9.54452 0.02863356 C22
19.843 301.96909 7.62172 0.02286516 Cos
20.375 203.62706 5.61689 0.01685067 Coa
20.889 153.45474 3.86283 0.01158849 Coas
21.382 80.64251 3.34621 0.01003863 Cos
21.863 42.35592 1.11923 0.00335769 Co7
22.321 25.94209 9.89E01 0.00296748 Cas
22.769 12.80407 3.65E01 0.001095906 Coo
23.218 0 0 0 Cao
23.633 0 0 0 Csa1
24.038 0 0 0 Cs2
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Figure D-18: EX:1, P:3 T:240 min, m=1.757 ggas chromatogram

Table D-18: EX:1, P:3 T:240 min, m=1.757 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
9.884 13.12594 0 0 Cio
10.985 0 0 0 Ci1
12.002 0 0 0 Ci2
12.937 0 0 0 Cis
13.802 14.23577 1.63533 0.00490599 Cia
14.62 20.11315 7.2598 0.0217794 Cis
15.39 17.25409 2.27712 0.00683136 Cis
16.121 37.3168 9.37E01 0.00281133 Ci7
16.815 34.79996 1.61559 0.00484677 Cis
17.475 17.12814 4.27E01 0.001280943 Cio
18.109 11.56369 4.15E01 0.001245519 C20
18.714 10.39232 2.64E01 0.000790674 Ca1
19.306 0 0.00E+00 0 C22
19.862 0 0.00E+00 0 Cos
20.397 0 0.00E+00 0 Coa
20.91 0 0.00E+00 0 Cos
21.404 0 0.00E+00 0 Cos
21.881 0 0.00E+00 0 Co7
22.342 0 0.00E+00 0 Cos
22.787 0 0.00E+00 0 Coo
23.218 0 0.00E+00 0 Cao
23.633 0 0.00E+00 0 Ca1
24.038 0 0.00E+00 0 Ca2
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Table D-19:EX:1, P:1 T:1440 min, m=1.125 gr.

Figure D-£9: EX:ml, P:1“T:14ZO min, m25125,&yas cﬁromgfogram

RetTime (min) | Area (pA*s) | Amount (mg/L) Amount (mg) Name
9.844 1.02E+04 256.81735 0.77045205 Cio
10.991 1.17E+04 304.86725 0.91460175 Cu
12.012 1.39E+04 357.35721 1.07207163 Ci2
12.946 1.78E+04 463.61178 1.39083534 Cis
13.82 2.19E+04 552.58744 1.65776232 Cis
14.64 1.96E+04 485.0519 1.4551557 Cis
1541 1.69E+04 421.41234 1.26423702 Cis
16.141 2.42E+04 607.96326 1.82388978 Ca7
16.836 2.36E+04 584.04253 1.75212759 Cis
17.496 1.25E+04 311.00678 0.93302034 Cio
18.126 1.01E+04 250.91868 0.75275604 C20
18.725 8413.30371 213.36865 0.64010595 Ca1
19.305 6673.30225 168.50159 0.50550477 C22
19.858 5138.59033 129.69835 0.38909505 Cazs
20.385 3672.19336 93.19175 0.27957525 Coa
20.896 2665.97729 67.10915 0.20132745 Coas
21.387 1561.85168 40.11606 0.12034818 Cos
21.86 722.32788 19.0871 0.0572613 Co7
22.323 404.94122 10.76545 0.03229635 Cos
22.763 195.17792 5.56845 0.01670535 Coo
23.193 111.57903 0 0 Cso
23.607 82.98897 3.11579 0.00934737 Cs1
24.007 46.45087 0 0 Ca2
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Figure D-20: EX:1, P:2 T:1440 min, m=1.315 ,ggas chromatogram

Table D-20: EX:1, P:2 T:1440 min, m=1.315 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
9.844 1.12E+04 283.91154 0.85173462 Cio
10.991 1.27E+04 332.43357 0.99730071 Cu
12.012 1.53E+04 391.68785 1.17506355 Ci2
12.948 1.96E+04 508.91382 1.52674146 Cis
13.82 2.50E+04 631.99405 1.89598215 Cia
14.638 2.16E+04 535.43999 1.60631997 Cis
1541 1.87E+04 465.59615 1.39678845 Cie
16.141 2.69E+04 676.50605 2.02951815 Ci7
16.836 2.57E+04 637.85744 1.91357232 Cis
17.498 1.38E+04 343.27161 1.02981483 Cio
18.126 1.12E+04 277.80604 0.83341812 C20
18.727 9406.11816 238.54728 0.71564184 Ca1
19.303 7660.58984 193.45238 0.58035714 C22
19.855 5793.2041 146.22084 0.43866252 Cas
20.384 4147.41455 105.1902 0.3155706 Caa
20.894 2961.11133 74.53839 0.22361517 Cas
21.386 1845.26648 47.15161 0.14145483 Cas
21.86 827.75232 21.87288 0.06561864 Ca7
22.32 449.98367 11.92732 0.03578196 Cas
22.76 228.2085 6.51082 0.01953246 Cao
23.19 132.45366 0 0 Cao
23.607 107.15276 4.02301 0.01206903 Csi
24.013 47.2309 0 0 Cs2
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Figure D-21: EX:1, P:3 T:1440 min, m=1.046 ,ggas chromatogram

Table D-21: EX:1, P:3 T:1440 min, m=1.046 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) Amount (mg) Name
9.885 13.64196 0 0 Cio
10.985 0 0 0 Cu
12.002 0 0 0 Ci2
12.937 0 0 0 Cis
13.808 0 0 0 Cia
14.753 17.57478 7.19773 0.02159319 Cis
15.398 0 0 0 Cise
16.124 18.09 4.54E01 0.001362843 Ca7
16.909 13.28342 1.08301 0.00324903 Cis
17.489 0 0 0 Cio
18.121 0 0 0 C20
18.725 0 0 0 Ca1
19.306 0 0 0 C22
19.862 0 0 0 Cazs
20.397 0 0 0 Caa
20.91 0 0 0 Cos
21.404 0 0 0 Cas
21.881 0 0 0 Co7
22.342 0 0 0 Cos
22.787 0 0 0 Cao
23.218 0 0 0 Cso
23.633 0 0 0 Cs1
24.038 0 0 0 Ca2




Figure D-22: EX:1, Port:1 T:1500 min, m=3.591 ggas chromatogram

Table D-22 EX:1, Port:1 T:1500min, m=3.591 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) Amount (mg) Name

9.841 6671.40918 164.76424 0.49429272 Cio
10.988 7883.56738 205.69783 0.61709349 Ci1
12.007 9632.26758 247.07461 0.74122383 Ci2
12.942 1.28E+04 332.44079 0.99732237 Cis
13.812 1.61E+04 406.50904 1.21952712 Ci4a
14.63 1.42E+04 354.26859 1.06280577 Cis
15.401 1.14E+04 284.3928 0.8531784 Cie
16.133 1.76E+04 442.76841 1.32830523 Ci7
16.827 1.63E+04 405.04867 1.21514601 Cis
17.488 9378.66895| 233.79739 0.70139217 Cio
18.121 7274.76172 181.06657 0.54319971 C20
18.718 6110.40674 154.96519 0.46489557 Ca1
19.297 4985.76855 125.85414 0.37756242 C22
19.85 3755.44702 94.78772 0.28436316 Ca23
20.382 2631.02905 66.90428 0.20071284 Caa
20.891 2104.09473 52.96519 0.15889557 Cos
21.384 1157.18628 30.07056 0.09021168 Cas
21.857 635.08405 16.78173 0.05034519 Co7
22.317 324.87988 8.70027 0.02610081 Cas
22.767 169.32249 4.83079 0.01449237 C29
23.19 87.32596 0 0 Cao
23.608 68.31434 2.56484 0.00769452 Ca1
24.007 26.29942 0 0 Ca2
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Flgure D 23 EX ll P: 2 T: 1500 m|n m= 1 551,g;as chromatogram

Table D-23: EX:1, P:2 T:1500 nm, m=1.551 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) Amount (mg) Name
9.865 3.29E+04 850.12436 2.55037308 Cio
11.016 3.43E+04 894.57664 2.68372992 Ci1
12.04 3.97E+04 1015.42687 3.04628061 Ci2
12.979 5.59E+04 1454.00227 4.36200681 Cis
13.859 8.83E+04 2228.00501 6.68401503 Cis
14.678 5.86E+04 1438.76129 4.31628387 Cis
15.448 5.23E+04 1301.23412 3.90370236 Cis
16.183 7.30E+04 1833.72251 5.50116753 Ci7
16.875 7.09E+04 1755.06074 5.26518222 Cis
17.535 3.72E+04 927.36316 2.78208948 Cio
18.163 3.21E+04 797.90041 2.39370123 C20
18.761 2.50E+04 633.02817 1.89908451 C21
19.331 2.05E+04 518.69767 1.55609301 C22
19.881 1.61E+04 405.48523 1.21645569 Ca23
20.407 1.14E+04 288.28525 0.86485575 Cas
20.909 8249.43652 207.65842 0.62297526 Coas
21.395 4933.01416 123.8025 0.3714075 Cas
21.868 2463.26123 65.09027 0.19527081 Co7
22.323 1384.85413 36.04233 0.10812699 Cos
22.765 655.48682 18.70113 0.05610339 Ca9
23.193 373.08633 3.19061 0.00957183 Cso
23.61 306.84555 11.5204 0.0345612 Csi
24.01 147.00218 0 0 Cs2
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Figure D-24: EX:1, Port:3 T:1500 min, m=1.401 ggas chromatogram

Table D-24: EX:1, Port:3 T:15 min, m=1.401 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) Amount (mg) Name

9.85 1.60E+04 407.82427 1.22347281 Cio
10.999 1.79E+04 468.31779 1.40495337 Cu
12.02 2.13E+04 544.30434 1.63291302 Ci2
12.956 2.81E+04 729.44187 2.18832561 Cis
13.83 4.45E+04 1122.74953 3.36824859 Ci4a
14.649 3.04E+04 750.21639 2.25064917 Cis
15.419 3.39E+04 843.34978 2.53004934 Cis
16.152 3.80E+04 955.23292 2.86569876 Ci7
16.846 3.63E+04 898.38392 2.69515176 Cis
17.506 2.25E+04 560.70917 1.68212751 Cio
18.136 1.57E+04 389.58452 1.16875356 C20
18.736 1.32E+04 333.82701 1.00148103 Ca1
19.311 1.09E+04 274.14697 0.82244091 C22
19.863 8205.6875 207.11208 0.62133624 Ca3
20.388 5782.4165 146.47096 0.43941288 Cas
20.896 4335.64258 109.13869 0.32741607 Cas
21.387 2561.30542 64.92671 0.19478013 Cae
21.86 1220.99731 32.26415 0.09679245 Cor
22.323 656.41071 17.25211 0.05175633 Cas
22.767 344.61008 9.83177 0.02949531 Co29
23.187 168.87845 0 0 Cso
23.607 141.09879 5.2975 0.0158925 Ca1
24.003 66.50138 0 0 Ca2




Figure D-25: EX:1, Port:1 T:1560 min, m=2.151 ggas chromatogram

Table D-25: EX:1, Port:1 T:1560min, m=2.151 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) Amount (mg) Name
9.841 6130.29932 150.64879 0.45194637 Cio
10.988 7164.63623 186.93949 0.56081847 Cu
12.007 8570.07715 219.92286 0.65976858 Ci2
12.94 1.13E+04 294.06015 0.88218045 Cis
13.813 1.41E+04 356.56919 1.06970757 Cis
14.63 1.28E+04 318.66552 0.95599656 Cis
15.401 1.03E+04 258.45693 0.77537079 Cie
16.133 1.55E+04 388.50323 1.16550969 Ca7
16.824 1.50E+04 371.11339 1.11334017 Cis
17.485 7996.7168 199.34722 0.59804166 Cio
18.118 6589.88037 164.03209 0.49209627 C20
18.718 5535.37549 140.3819 0.4211457 Ca
19.296 4410.15039 111.30709 0.33392127 C22
19.848 3437.92725 86.7735 0.2603205 Cos
20.378 2250.07153 57.28581 0.17185743 Caa
20.892 1708.68726 43.01182 0.12903546 Coas
21.381 1019.35114 26.64891 0.07994673 Cas
21.858 527.29144 13.93337 0.04180011 Co7
22.32 270.16675 7.28894 0.02186682 Cos
22.763 160.2191 457107 0.01371321 Cag
23.19 73.13493 0 0 Cao
23.607 58.65981 2.20236 0.00660708 Cs1
24.013 23.24991 0 0 Ca2
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Figure D-26: EX:1, Port:2 T:1560 min, m=1.502 ggas chromatogram

Table D-26:EX:1, Port:2 T:1560 min, m=1.502 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) Amount (mg) Name
9.861 2.55E+04 655.07115 1.96521345 Cio
11.012 2.92E+04 760.59156 2.28177468 Cu
12.033 3.44E+04 879.36324 2.63808972 Ci2
12.972 4.86E+04 1263.93643 3.79180929 Cis
13.849 5.78E+04 1460.07678 4.38023034 Cia
14.67 4,98E+04 1223.45677 3.67037031 Cis
15.438 4.28E+04 1066.18825 3.19856475 Cis
16.174 6.27E+04 1574.32984 4.72298952 Ci7
16.864 5.88E+04 1457.14351 4.37143053 Cis
17.524 3.25E+04 809.1972 2.4275916 Cio
18.154 2.60E+04 646.81906 1.94045718 C20
18.752 2.16E+04 546.6396 1.6399188 Ca1
19.323 1.65E+04 416.63114 1.24989342 C22
19.872 1.31E+04 330.84203 0.99252609 Cas
20.398 9504.52539 240.4473 0.7213419 Caa
20.907 6794.99316 171.04654 0.51313962 Cas
21.393 4277.40088 107.52742 0.32258226 Cas
21.867 2142.98755 56.62722 0.16988166 Co7
22.323 1144.65125 29.84629 0.08953887 Cas
22.76 548.38446 15.64548 0.04693644 C29
23.193 314.53131 1.33151 0.00399453 Cao
23.607 262.84061 9.86825 0.02960475 Csa1
24.007 116.16904 0 0 Ca2
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Figure D-27:EX:1, Fort3 T:1

Table D-27:EX:1, Port:3 T:1560 min, m=1.568 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name

9.854 2.07E+04 529.42756 1.58828268 Cio
11.004 2.29E+04 598.46348 1.79539044 C11
12.025 2.75E+04 703.08124 2.10924372 C12
12.963 3.79E+04 984.12595 2.95237785 Cis
13.838 4.60E+04 1162.74529 3.48823587 Cia
14.659 3.95E+04 973.54869 2.92064607 Cis
15.427 3.36E+04 837.58993 2.51276979 Cie
16.16 4.92E+04 1236.14132 3.70842396 Ca7
16.853 4.69E+04 1160.83035 3.48249105 Cis
17.515 2.54E+04 634.02165 1.90206495 Cig
18.145 2.04E+04 507.46484 1.52239452 C20
18.743 1.67E+04 424.26249 1.27278747 Ca
19.316 1.37E+04 346.38605 1.03915815 C22
19.864 1.07E+04 268.82684 0.80648052 Cas
20.392 7495.64355 189.72676 0.56918028 Caa

20.9 5460.40186 137.45162 0.41235486 Cos
21.389 3426.45703 86.40341 0.25921023 Ca6
21.863 1596.8252 42.19519 0.12658557 Co7
22.32 849.73572 22.23894 0.06671682 Cos
22.76 504.10687 14.38224 0.04314672 Cao
23.19 233.90826 0 0 Cao
23.603 211.0016 7.92198 0.02376594 Csi1
24.007 68.23561 0 0 Cs2
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Figure D-28: EX:1, Port:1 T:1620 min, m=1.564 ggas chromatogram

Table D-28 EX:1, Port:1 T:1620min, m=1.564 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) Amount (mg) Name
9.837 2341.05151 51.80206 0.15540618 Cio
10.982 2715.98853 70.8655 0.2125965 Cu
12.001 3301.07959 85.23655 0.25570965 Ci2
12.933 4012.50366 104.32445 0.31297335 Cis
13.803 6094.26514 154.99557 0.46498671 Cia
14.62 4800.40234 124.16376 0.37249128 Cis
15.389 3961.02539 100.28624 0.30085872 Cie
16.122 5967.32471 149.85312 0.44955936 Ca7
16.815 5635.4917 140.24627 0.42073881 Cis
17.475 3245.36377 80.90248 0.24270744 Cio
18.108 2584.18359 64.40178 0.19320534 C20
18.71 2108.55469 53.47477 0.16042431 Ca1
19.287 1709.22815 43.04923 0.12914769 C22
19.843 1263.92712 31.9016 0.0957048 Cas
20.374 907.88635 23.39813 0.07019439 Caa
20.887 670.35834 16.87455 0.05062365 Cas
21.379 378.03906 10.72885 0.03218655 Cas
21.86 180.91451 4.78056 0.01434168 Co7
22.317 97.15295 2.82605 0.00847815 Cas
22.76 48.33704 1.37906 0.00413718 Ca9
23.19 27.44224 0 0 Cso
23.605 21.71488 8.15E01 0.002445831 Csi
24.038 0 0 0 Cs2




Table D-29: EX:1, Port:2 T:162 min, m=1.77 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) Amount (mg) Name
9.858 2.57E+04 660.80031 1.98240093 Cio
11.009 2.81E+04 732.98773 2.19896319 Ci1
12.032 3.37E+04 861.35858 2.58407574 Ci2
12.97 4.66E+04 1211.53101 3.63459303 Cis
13.848 5.66E+04 1429.12397 4.28737191 Cia
14.667 4.82E+04 1185.2489 3.5557467 Cis
15.436 5.58E+04 1389.45407 4.16836221 Cis
16.169 6.96E+04 1747.26761 5.24180283 Ci7
16.863 5.79E+04 1435.00692 4.30502076 Cis
17.523 3.03E+04 754.6089 2.2638267 Cio
18.149 2.58E+04 641.66251 1.92498753 C20
18.75 2.10E+04 533.09834 1.59929502 Ca
19.324 1.70E+04 429.96186 1.28988558 C22
19.872 1.31E+04 331.77288 0.99531864 Ca23
20.395 9225.76465 233.40911 0.70022733 Caa
20.903 7128.39746 179.43914 0.53831742 Cas
21.392 4022.05518 101.18866 0.30356598 Cas
21.863 1999.3938 52.83284 0.15849852 Cor
22.323 1053.98242 27.50749 0.08252247 Cos
22.76 537.32892 15.33007 0.04599021 Co9
23.19 312.01862 1.25174 0.00375522 Cso
23.607 245.12614 9.20317 0.02760951 Csi
24.007 94.85694 0 0 Cs2

11C




Figure D-30: EX:1, Port:3 T:1620 min, m=1.227 ggas chromatogram

Table D-30: EX:1, Port:3 T:162 min, m=1.227 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
9.854 1.85E+04 472.88572 1.41865716 Cio
11.002 2.46E+04 641.72417 1.92517251 C11
12.024 2.45E+04 628.30709 1.88492127 Ci2
12.96 3.45E+04 897.19832 2.69159496 Cis
13.835 4.21E+04 1062.25466 3.18676398 Cia
14.654 3.49E+04 860.35345 2.58106035 Cis
15.425 4.04E+04 1005.20965 3.01562895 Cis
16.156 5.08E+04 1274.88407 3.82465221 Ca7
16.85 4.22E+04 1044.38094 3.13314282 Cis
17.509 2.26E+04 563.3054 1.6899162 Cio
18.14 2.27TE+04 564.82101 1.69446303 C20
18.738 1.54E+04 389.73872 1.16921616 C21
19.313 1.26E+04 318.95487 0.95686461 C22
19.862 9457.63086 238.71121 0.71613363 Cozs
20.39 6493.56348 164.4261 0.4932783 Caa
20.899 5162.59229 129.95503 0.38986509 Cas
21.39 2933.11304 74.15654 0.22246962 Cas
21.86 1450.47058 38.32785 0.11498355 Co7
22.317 743.68988 19.50348 0.05851044 Cas
22.76 360.20493 10.2767 0.0308301 Coo
23.193 235.54045 0 0 Cso
23.603 179.74716 6.74854 0.02024562 Csi
24.004 74.03304 0 0 Ca2
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Flgure D 31 EX 1, Fort:1 T: 1680 m|n m=1.27 ggas chromatogram

Table D-31: EX:1, Port:1 T:1680min, m=1.27 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) Amount (mg) Name
9.838 2358.54004 52.25827 0.15677481 Cio
10.983 2728.84473 71.20094 0.21360282 Ci1
12.001 3275.97314 84.59478 0.25378434 Ci2
12.933 4407.95654 114.60617 0.34381851 Cis
13.802 5454.42236 138.85643 0.41656929 Cia
14.618 4918.08594 127.04176 0.38112528 Cis
15.389 4277.91943 108.16157 0.32448471 Cie
16.12 6246.0752 156.85318 0.47055954 Ci7
16.814 5890.65674 146.56222 0.43968666 Cis
17.476 3199.54443 79.76027 0.23928081 Cio
18.109 2582.88281 64.36942 0.19310826 C20
18.71 2189.19067 55.51977 0.16655931 Ca1
19.289 1696.91589 42.73807 0.12821421 C22
19.841 1266.62317 31.96965 0.09590895 Ca3
20.373 899.72766 23.19214 0.06957642 Coa
20.886 655.31006 16.49575 0.04948725 Cas
21.377 364.15549 10.3842 0.0311526 Cae
21.855 188.21013 4.97334 0.01492002 Co7
22.317 93.17159 2.72335 0.00817005 Cos
22.76 45.98011 1.31182 0.00393546 Co29
23.193 28.10567 0 0 Cao
23.603 21.35789 8.02E01 0.002405622 Ca1
24.038 0 0 0 Ca2




Figure D-32 EX1, Port:2 T:1680 min, m=1.406 ggas chromatogram

Table D-32 EX1, Port:2 T:1680 min, m=1.406 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) Amount (mg) Name
9.854 1.89E+04 484.11238 1.45233714 Cio
11.002 2.47E+04 644.35391 1.93306173 Ci1
12.023 2.52E+04 644.09519 1.93228557 Ci2
12.96 3.31E+04 859.56081 2.57868243 Cis
13.837 4.17E+04 1051.96432 3.15589296 Cia
14.655 3.63E+04 893.61769 2.68085307 Cis
15.424 2.97E+04 740.83543 2.22250629 Cis
16.158 4.52E+04 1135.38232 3.40614696 Ci7
16.85 4.30E+04 1064.84568 3.19453704 Cis
17.511 2.29E+04 571.0064 1.7130192 Cio
18.14 1.90E+04 471.56393 1.41469179 C20
18.739 1.55E+04 393.27622 1.17982866 Ca1
19.313 1.25E+04 316.76777 0.95030331 C22
19.863 9908.74512 250.09736 0.75029208 Cas
20.392 6729.26514 170.37713 0.51113139 Caa
20.899 4983.05859 125.43573 0.37630719 Cas
21.388 2909.38086 73.5674 0.2207022 Cas
21.863 1378.77539 36.43335 0.10930005 Co7
22.323 769.16376 20.16058 0.06048174 Cas
22.757 405.44046 11.56727 0.03470181 Ca9
23.193 237.03914 0 0 Cao
23.607 174.67188 6.55799 0.01967397 Csa1
24.01 72.14011 0 0 Ca2
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Figure D-33: EX:1, Fort:3 T:1680 mfﬁ, mﬁ.678“ggasdz:hrorﬁatog'fam

Table D-33: EX:1, Port:3 T:168 min, m=1.678 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) Amount (mg) Name
9.861 2.47E+04 636.27545 1.90882635 Cio
11.01 3.26E+04 851.35437 2.55406311 Ci1
12.031 3.23E+04 827.74146 2.48322438 Ci2
12.971 4.50E+04 1168.87106 3.50661318 Cis
13.847 5.40E+04 1363.55433 4.09066299 Cia
14.666 4.52E+04 1111.56225 3.33468675 Cis
15.436 3.86E+04 960.37869 2.88113607 Ci6
16.168 5.58E+04 1400.45007 4.20135021 Ci7
16.861 5.69E+04 1408.05801 4.22417403 Cis
17.522 2.84E+04 708.6926 2.1260778 Cio
18.149 2.40E+04 597.13606 1.79140818 C20
18.75 2.00E+04 507.34864 1.52204592 C21
19.321 1.62E+04 408.10619 1.22431857 C22
19.871 1.23E+04 311.164 0.933492 Ca23
20.395 8403.27832 212.64286 0.63792858 Caa
20.902 6471.97949 162.9155 0.4887465 Cos
21.393 3541.14575 89.25047 0.26775141 Cas
21.863 1873.96228 49.51838 0.14855514 Co7
22.32 1047.10876 27.33018 0.08199054 Cos
22.763 479.72601 13.68665 0.04105995 Ca9
23.19 335.62061 2.00109 0.00600327 Cso
23.603 226.02356 8.48597 0.02545791 Ca1
24.01 96.55173 0 0 Cs2
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Figure D-34: EX:2, Port:1 T:30 min, m=1.625 glecanegas chromatogram

Table D-34: EX:2, Port:1 T:30 min, m=1.629r.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name

8.909 172.54901 4.40877 0.01322631 | Cs

10.143 2.15E+06 5.60E+04 167.8569 Cio
11.008 2632.99829 68.70012 0.20610036 | Caz
12.016 1484.9281 38.81202 0.11643606 | Ci2
12.945 333.62561 8.67421 0.02602263 | Cis
13.812 230.0992 7.08019 0.02124057 | Caa
14.627 93.94395 9.06537 0.02719611 | Cis
15.397 78.62717 3.80235 0.01140705 | Cis
16.127 48.79333 1.22531 0.00367593 | Ca7
16.755 87.33485 2.91596 0.00874788 | Cis
17.489 0 0 0 Cio
18.056 42.79049 1.19185 0.00357555 | C20
18.725 0 0 0 Ca1
19.243 29.61521 6.02E01 0.001805865 | C22
19.862 0 0 0 Cozs
20.397 0 0 0 Caa
20.718 90.64846 2.28184 0.00684552 | Cazs
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Figure D-35: EX:2, Port:2 T:30 min, m=1.314r, decanggas chromatogram

Table D-35: EX:2, Port:2 T:30 min, m=1.314 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.903 63.03008 1.61047 0.00483141 | Cs
10.02 6.68E+05 1.74E+04 52.2168 Cio

11.003 885.84149 23.11335 0.06934005 | Cu1
12.016 522.91595 14.22103 0.04266309 | Ci12
12.946 164.86298 4.28641 0.01285923 | Cis
13.813 148.96613 5.03372 0.01510116 | Cis
14.628 92.28759 9.02486 0.02707458 | Cis
15.397 78.88143 3.80866 0.01142598 | Cis
16.126 43.21552 1.08524 0.00325572 | Cu7
16.755 87.47852 2.91952 0.00875856 | Cis
17.489 - 0 Cio
18.057 37.49653 1.06018 0.00318054 | Cz0
18.524 69.43685 1.76098 0.00528294 | Cz1
19.243 30.09077 6.14E01 0.001841919 | C22
19.862 0 0 0 Cas
20.397 0 0 0 Caa
20.72 96.85648 2.43811 0.00731433 | Cazs
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Figure D-36: EX:2,

Table D-36: EX:2, Port:3 T:30 min, m=1.171 gr.

Port:3 T:30 min, m=1.171 gdecangyas chromatogram

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.958 0 0 0 Cs
9.862 50.00272 0 0 Cio

11 24.31099 6.34E01 0.001902966 Cu
12.016 45.76957 2.02419 0.00607257 Ci2
12.945 81.98763 2.13167 0.00639501 Cis
13.812 110.57639 4.06539 0.01219617 Cia
14.626 94.49983 9.07896 0.02723688 Cis
15.397 79.32516 3.81969 0.01145907 Cise
16.123 40.94526 1.02823 0.00308469 Ci7
16.754 89.98994 2.98168 0.00894504 Cis
17.489 0 0 0 Cio
18.054 41.66124 1.16376 0.00349128 C20
18.524 77.44751 1.96414 0.00589242 Ca1
19.242 31.51551 6.50E01 0.001949937 C22
19.862 0 0 0 Cas
20.397 0 0 0 Caa
20.719 100.65182 2.53365 0.00760095 Cas
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Figure D-37: EX:2, Port:1 T:60 min, m=1.091 gdecanayas chromatogram

Table D-37: EX:2, Port:1 T:60 min, m=1.091 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.908 101.19713 2.58567 0.00775701 Cs
10.069 1.11E+06 2.90E+04 87.12 Cio
11.006 1429.94202 37.31001 0.11193003 Ci1
12.017 817.39197 21.74843 0.06524529 Ci2
12.947 216.84784 5.63801 0.01691403 Cis
13.814 172.25958 5.62126 0.01686378 Cia
14.628 90.43818 8.97963 0.02693889 Cis
15.399 76.03384 3.7379 0.0112137 Cie
16.128 40.86052 1.0261 0.0030783 Ci7
16.754 84.56793 2.84747 0.00854241 Cis
17.489 0 0 0 Cio
18.055 36.22711 1.02861 0.00308583 C20
18.526 73.33118 1.85974 0.00557922 Ca1
19.245 29.30182 5.94E01 0.001782105 C22
19.862 0 0 0 Ca3
20.397 0 0 0 Caa
20.719 96.6047 2.43178 0.00729534 Coas

11€




3000

L

40 an

Figure D-38: EX:2, Port:2 T:60 min, m=0.989 gdecangyas chromatogram

Table D-38 EX:2, Port:2 T:60 min, m=0.989 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
8.907 93.10555 2.37893 0.00713679 Cs
10.059 1.01E+06 2.64E+04 79.2903 Cio
11.005 1313.17395 34.2633 0.1027899 Cu
12.016 753.91443 20.12582 0.06037746 Ci2
12.946 207.67947 5.39963 0.01619889 Cis
13.813 169.42171 5.54968 0.01664904 Cia
14.627 92.94995 9.04106 0.02712318 Cis
15.397 17.73724 3.78023 0.01134069 Cise
16.127 42.54827 1.06848 0.00320544 Ca7
16.755 87.48815 2.91975 0.00875925 Cis
17.489 0 0 0 Cio
18.054 38.16273 1.07675 0.00323025 C20
18.525 75.13441 1.90547 0.00571641 Ca1
19.241 30.65062 6.28E01 0.001884366 | C22
19.862 0 0 0 Cozs
20.397 0 0 0 Caa
20.717 96.91223 2.43952 0.00731856 Cas
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Figure D-39: EX:2, Port:3 T:60 min, m=1.147 gdecanggaschromatogram

Table D-39: EX:2, Port:3 T:60 min, m=1.147 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.958 0 0 0 Cs
9.861 66.56485 0 0 Cio

11.002 25.31977 6.61E01 0.001981929 Ci1
12.017 46.00159 2.03012 0.00609036 Ci2
12.945 83.46002 2.16995 0.00650985 Cis
13.814 112.7986 4.12144 0.01236432 Cia
14.628 95.90232 9.11326 0.02733978 Cis
15.398 81.58221 3.87578 0.01162734 Cie
16.127 44.7183 1.12298 0.00336894 Ci7
16.755 90.751 3.00052 0.00900156 Cis
17.489 0 0 0 Cio
18.054 40.83059 1.1431 0.0034293 C20
18.524 76.71831 1.94564 0.00583692 Ca1
19.243 33.32654 6.96E01 0.002087244 C22
19.862 0 0 0 Ca3
20.397 0 0 0 Caa
20.717 101.24458 2.54857 0.00764571 Coas
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Figure D-40: EX:2, Port:1 T:90 min, m=1.096 gdecanayas chromatogram

Table D-40: EX:2, Port:1 T:90 min, m=1.096 gr.

Area Name
Ret Time (min) (pA*s) Amount (mg/L) | Amount (mg)

8.906 93.66181 2.39314 0.00717942 Cs
10.056 1.01E+06 2.64E+04 79.0758 Cio
11.005 1302.57629 33.98679 0.10196037 Ci1
12.016 752.13098 20.08023 0.06024069 Ci2
12.945 207.05495 5.3834 0.0161502 Cis
13.813 170.28009 5.57133 0.01671399 Cia
14.626 95.98875 9.11537 0.02734611 Cis
15.397 81.38145 3.87079 0.01161237 Cie
16.125 49.30617 1.23819 0.00371457 Ci7
16.754 89.31769 2.96504 0.00889512 Cis
17.489 0 0 0 Cio
18.052 35.59886 1.01298 0.00303894 C20
18.524 74.16314 1.88084 0.00564252 Ca1
19.242 32.93767 6.86E01 0.00205776 C22
19.862 0 0 0 Ca3
20.397 0 0 0 Caa
20.717 95.46627 2.40312 0.00720936 Cas
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Figure D-41. EX:2, Port:2 T:90 min, m=0.821 gdecanayas chromatogram

Table D-41: EX:2, Port:2 T:90 min, m=0.821 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.905 94.10767 2.40453 0.00721359 Cs
10.058 1.02E+06 2.67E+04 79.9989 Cio
11.004 1326.66699 34.61536 0.10384608 Cu
12.016 766.61945 20.45058 0.06135174 Ci2
12.945 215.06482 5.59165 0.01677495 Cis
13.812 179.73335 5.80978 0.01742934 Cia
14.626 105.82985 9.35604 0.02806812 Cis
15.397 93.12203 4.16257 0.01248771 Cise
16.125 66.46031 1.66897 0.00500691 Ca7
16.754 105.0051 3.35334 0.01006002 Cis
17.489 0 0 0 Cio
18.053 32.45209 9.35E01 0.002804139 C20
18.716 12.69667 3.22E01 0.000965997 Ca
19.242 37.42737 7.99E01 0.002398152 C22
19.862 0 0.00E+00 0 Cas
20.397 0 0.00E+00 0 Caa
20.717 98.27522 2.47383 0.00742149 Coas
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Figure D-42: EX:2, Port:3 T:90 min, m=1.125 gdecangyas chromatogram

Table D-42. EX:2, Port:3 T:90 min, m=1.125 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.958 0 0 0 Cs
9.859 81.82298 0 0 Cio
11.001 26.67322 6.96E01 0.002087871 Ci1
12.016 49.48483 2.11916 0.00635748 Ci2
12.944 89.18314 2.31875 0.00695625 Cis
13.812 119.97852 4.30255 0.01290765 Cis
14.626 104.52458 9.32412 0.02797236 Cis
15.396 88.70308 4.05275 0.01215825 Cie
16.123 49.40253 1.24061 0.00372183 Ci7
16.752 99.38033 3.21411 0.00964233 Cis
17.489 0 0 0 Cio
18.052 43.26111 1.20356 0.00361068 C20
18.725 0 0 0 Ca1
19.241 35.46946 7.50E01 0.002249712 C22
19.862 0 0 0 Cas
20.397 0 0 0 Caa
20.715 102.80188 2.58777 0.00776331 Cas

12¢




EEEEEEEERERN
[ T T T PO FEVIT PUT FPU TN PO

FIDT A, Front Signai | 7

5

D=

03- C1t

5- C8

o

;?@.&?Mt

§ 20150707 1520 26WMUMUNET0-00.5)

40 a5

Figure D-43: EX:2, Port:1 T:120 min, m=0.935 gdecanegas chromatogram

Table D-43: EX:2, Port:1 T:120 min, m=0.935 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.905 64.41364 1.64582 0.00493746 Cs
10.022 6.80E+05 1.77E+04 53.1798 Cio
11.003 901.46527 23.52101 0.07056303 Ci1
12.016 533.0556 14.48022 0.04344066 Ci2
12.945 169.67468 4.41151 0.01323453 Cis
13.813 154.08049 5.16272 0.01548816 Cia
14.626 100.15508 9.21726 0.02765178 Cis
15.396 84.11329 3.93868 0.01181604 Cis
16.126 51.46201 1.29233 0.00387699 Ci7
16.752 94.34082 3.08937 0.00926811 Cis
17.489 0 0 0 Cio
18.054 35.25006 1.0043 0.0030129 C20
18.725 0 0 0 Ca1
19.241 34.1544 7.17E01 0.00215001 C22
19.862 0 0 0 Ca3
20.397 0 0 0 Caa
20.717 93.13919 2.34454 0.00703362 Cas
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Figure D-44: EX:2, Port:2 T:120 min, m=1.003 gdecanegas chromatogram

Table D-44: EX:2, Port:2 T:120 min, m=1.003 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.908 104.77001 2.67696 0.00803088 Cs
10.073 1.16E+06 3.03E+04 91.0173 Cio
11.006 1482.50928 38.68159 0.11604477 Cu
12.017 858.08185 22.78855 0.06836565 Ci2
12.946 229.5457 5.96815 0.01790445 Cis
13.813 182.06149 5.8685 0.0176055 Cia
14.626 103.24781 9.2929 0.0278787 Cis
15.397 84.85643 3.95715 0.01187145 Cise
16.126 51.4687 1.2925 0.0038775 Ca7
16.753 95.45404 3.11693 0.00935079 Cis
17.489 0 0 0 Cio
18.054 36.15249 1.02675 0.00308025 C20
18.725 0 0 0 Ca1
19.242 34.31472 7.21E01 0.002162163 C22
19.862 0 0 0 Cozs
20.397 0 0 0 Caa
20.719 96.50517 2.42927 0.00728781 Cas
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Figure D-45: EX:2, Port:3 T:120 min, m=0.795 gdecanegas chromatogram

Table D-45: EX:2, Port:3 T:120 min, m=0.795 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.958 0 0 0 Cs
9.864 66.44654 0 0 Cio

11.004 25.65019 6.69E01 0.002007792 Cu
12.018 47.27007 2.06255 0.00618765 Ci2
12.947 86.20729 2.24138 0.00672414 Cis
13.814 117.66032 4.24407 0.01273221 Cia
14.627 101.23242 9.24361 0.02773083 Cis
15.398 85.3219 3.96872 0.01190616 Cie
16.126 47.25959 1.1868 0.0035604 Ci7
16.753 95.53166 3.11885 0.00935655 Cis
17.489 0 0 0 Cio
18.054 42.38249 1.1817 0.0035451 C20
18.725 0 0 0 Ca1
19.242 34.12577 7.16E01 0.002147838 C22
19.862 0 0 0 Cas
20.397 0 0 0 Caa
20.716 101.24506 2.54858 0.00764574 Cas
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Figure D-46: EX:2, Port:1 T:180 min, m=1.246 ggaschromatogram

Table D-46. EX:2, Port:1 T:180 min, m=1.246 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.908 89.42757 2.28495 0.00685485 Cs
10.059 9.85E+05 2.57E+04 77.0697 Cio
11.007 1257.45654 32.80952 0.09842856 Cu
12.018 739.91809 19.76804 0.05930412 Ci2
12.948 207.28244 5.38931 0.01616793 Cis
13.814 171.98518 5.61434 0.01684302 Cia
14.628 98.40128 9.17437 0.02752311 Cis
15.397 83.15045 3.91476 0.01174428 Cis
16.125 49.01648 1.23092 0.00369276 Ca7
16.753 93.26182 3.06267 0.00918801 Cis
17.489 0 0 0 Cio
18.055 37.47531 1.05965 0.00317895 C20
18.524 70.73743 1.79396 0.00538188 Ca1
19.242 32.94009 6.86E01 0.002057943 C22
19.862 0 0 0 Cozs
20.397 0 0 0 Caa
20.719 92.46177 2.32749 0.00698247 Cas
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Figure D-47: EX:2, Port:2 T:180 min, m=0.940 gdecanegas chromatogram

Table D-47: EX:2, Port:2 T:180 min, m=0.940 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.911 88.80292 2.26899 0.00680697 Cs
10.058 9.75E+05 2.54E+04 76.3026 Cio
11.008 1241.95264 32.40499 0.09721497 Cu
12.019 735.24384 19.64856 0.05894568 Ci2
12.948 206.65001 5.37287 0.01611861 Cis
13.814 171.11049 5.59228 0.01677684 Cia
14.628 97.17825 9.14446 0.02743338 Cis
15.398 81.95091 3.88495 0.01165485 Cise
16.127 46.23952 1.16118 0.00348354 C17
16.754 93.2532 3.06245 0.00918735 Cis
17.489 0 0 0 Cio
18.055 38.83186 1.09339 0.00328017 C20
18.523 71.19894 1.80567 0.00541701 Ca
19.243 33.03782 6.88E01 0.002065353 C22
19.862 0 0 0 Cas
20.397 0 0 0 Caa
20.715 96.6551 2.43304 0.00729912 Coas
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Figure D-48: EX:2, Port:3 T:180 min, m=1.068r, decaneggas chromatogram

Table D-48: EX:2, Port:3 T:180 min, m=1.062 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.958 - 0 0 Cs
9.866 60.90078 0 0 Cio
11.007 25.78745 6.73E01 0.002018535 Ci1
12.021 47.82611 2.07676 0.00623028 Ci2
12.949 87.40149 2.27242 0.00681726 Cis
13.816 118.08466 4.25478 0.01276434 Cis

14.63 101.76584 9.25665 0.02776995 Cis
15.398 86.77907 4.00493 0.01201479 Cie
16.129 45.77944 1.14963 0.00344889 Ci7
16.755 98.17241 3.18421 0.00955263 Cis
17.489 0 0 0 Cio
18.054 43.85173 1.21825 0.00365475 C20
18.525 72.34816 1.83481 0.00550443 Ca1
19.244 35.51805 7.51E01 0.002253396 C22
19.862 0 0 0 Cas
20.397 0 0 0 Cos
20.717 96.33783 2.42506 0.00727518 Cas
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Figure D-49: EX:2, Port:1 T:240 min, m=1.025 gdecaneggas chromatogram
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Table D-49: EX:2, Port:1 T:240 min, m=1.025 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.912 65.04512 1.66196 0.00498588 Cs
10.03 7.01E+05 1.83E+04 54.8037 Cio
11.008 912.32288 23.8043 0.0714129 Cu
12.02 548.71417 14.88048 0.04464144 Ci2
12.95 173.00002 4.49797 0.01349391 Cis
13.815 156.66902 5.22801 0.01568403 Cia
14.631 100.56802 9.22736 0.02768208 Cis
15.399 86.84457 4.00656 0.01201968 Cise
16.128 54.9 1.37866 0.00413598 Ca7
16.755 96.03848 3.13139 0.00939417 Cis
17.489 0 0 0 Cio
18.055 35.92852 1.02118 0.00306354 C20
18.526 67.20036 1.70426 0.00511278 Ca1
19.243 33.95742 7.12E01 0.002135073 C22
19.862 0 0 0 Cazs
20.397 0 0 0 Caa
20.718 84.34641 2.1232 0.0063696 Coas
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Figure D-50: EX:2, Port:2 T:240 min, m=1.092 gdecaneggas chromatogram

Table D-50: EX:2, Port:2 T:240 min, m=1.092 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.915 82.91889 2.11865 0.00635595 Cs
10.057 9.31E+05 2.43E+04 72.8223 Cio
11.01 1181.70264 30.83295 0.09249885 Cu
12.021 708.72406 18.97066 0.05691198 Ci2
12.95 201.38153 5.23589 0.01570767 Cis
13.816 167.14545 5.49226 0.01647678 Cia
14.631 96.38554 9.12508 0.02737524 Cis

154 81.41018 3.87151 0.01161453 Cise
16.13 49.17947 1.23501 0.00370503 Ca7
16.757 93.31422 3.06396 0.00919188 Cis
17.489 - 0 Cio
18.056 38.13088 1.07596 0.00322788 C20
18.527 66.20492 1.67901 0.00503703 Ca1
19.244 33.67822 7.05E01 0.002113908 C22
19.862 0 0 0 Cozs
20.397 0 0 0 Caa
20.719 85.30187 2.14726 0.00644178 Cas
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Figure D-51: EX:2, Port:3 T:240 min, m=1.161 gdecanegas chromatogram

Table D-51: EX:2, Port:3 T:240 min, m=1.161 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.958 0 0 0 Cs
9.869 109.10319 0 0 Cio
11.01 23.91561 6.24E01 0.001872015 Cu
12.023 45.93243 2.02835 0.00608505 Ci2
12.95 84.63704 2.20055 0.00660165 Cis
13.818 113.98985 4.15149 0.01245447 Cia
14.631 95.0731 9.09298 0.02727894 Cis
15.401 81.34097 3.86979 0.01160937 Cie

16.127 42.59284 1.0696 0.0032088 Ca7
16.756 92.19078 3.03616 0.00910848 Cis
17.489 0 0 0 Cio
18.054 42.12995 1.17542 0.00352626 C20
18.526 68.85905 1.74633 0.00523899 Ca
19.244 33.08345 6.90E01 0.002068815 C22
19.862 0 0 0 Cas
20.397 0 0 0 Caa
20.719 93.25822 2.34754 0.00704262 Cas
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Figure D-52: EX:2, Port:1 T:1440 min, m=1.114 gdecanegas chromatogram

Table D-52 EX:2, Port:1 T:1440 min, m=1.114 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.926 48.97747 1.25142 0.00375426 Cs
10.029 5.88E+05 1.53E+04 45.9996 Cio
11.019 797.05591 20.79676 0.06239028 Cu
12.029 479.37552 13.10804 0.03932412 Ci2
12.958 169.43408 4.40526 0.01321578 Cis
13.825 165.73819 5.45677 0.01637031 Cia
14.637 120.96247 9.72612 0.02917836 Cis
15.405 100.28268 4.34052 0.01302156 Cise
16.135 78.69328 1.97617 0.00592851 Ci7
16.762 110.67154 3.4936 0.0104808 Cis
17.489 0 0 0 Cio
18.061 27.84083 8.20E01 0.002460063 C20
18.718 16.38609 4.16E01 0.001246695 Ca1
19.246 44.54822 9.79E01 0.002938029 C22
19.862 0 0.00E+00 0 Cas
20.397 0 0.00E+00 0 Caa
20.721 88.75812 2.23426 0.00670278 Cas
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Figure D-53: EX:2, Port:2 T:1440 min, m=1.255 gdecanegas chromatogram

Table D-53: EX:2, Port:2 T:1440 min, m=1.255 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
8.937 56.13329 1.43425 0.00430275 Cs
10.064 8.21E+05 2.14E+04 64.1925 Cio
11.026 1079.48083 28.16578 0.08449734 Cu
12.036 641.93567 17.26341 0.05179023 Ci2
12.964 200.79106 5.22054 0.01566162 Cis
13.829 174.49889 5.67775 0.01703325 Cia
14.641 111.24632 9.4885 0.0284655 Cis
1541 86.11422 3.98841 0.01196523 Cise
16.138 60.41395 1.51713 0.00455139 Ci7
16.765 105.25342 3.35949 0.01007847 Cis
17.489 0 0 0 Cio
18.065 35.42857 1.00874 0.00302622 C20
18.725 0 0 0 Ca
19.251 40.13472 8.68E01 0.002603415 C22
19.862 0 0 0 Cas
20.397 0 0 0 Caa
20.723 90.27102 2.27234 0.00681702 Coas
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Figure D-54: EX:2, Port:3 T:1440 min, m=1.27 gdecaneggas chromatogram

Table D-54: EX:2, Port:3 T:1440 min, m=1.27 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
8.942 54.77046 1.39943 0.00419829 Cs
10.085 9.80E+05 2.56E+04 76.6641 Cio
11.03 1255.83948 32.76733 0.09830199 Cu
12.039 749.31769 20.00831 0.06002493 Ci2
12.965 216.48027 5.62845 0.01688535 Cis
13.832 174.20503 5.67033 0.01701099 Cia
14.644 105.538 9.3489 0.0280467 Cis
15.412 77.00865 3.76212 0.01128636 Cise
16.141 57.37621 1.44085 0.00432255 Ca7
16.768 97.36008 3.16411 0.00949233 Cis
17.489 0 0 0 Cio
18.067 34.26326 9.80E01 0.00293928 C20
18.535 70.64928 1.79173 0.00537519 Ca1
19.255 37.79372 8.09E01 0.002425929 C22
19.862 0 0 0 Cas
20.397 0 0 0 Caa
20.727 89.7073 2.25815 0.00677445 Cas
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Figure D-55; EX:2, Port:1 T:1500 min, m=1.293 gdecanegas chromatogram

Table D-55: EX:2, Port:1 T:1500 min, m=1.293 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.958 0 0 0 Cs
9.949 1.14E+05 2955.1578 8.8654734 C1o
11.029 182.27122 4.75582 0.01426746 Ci1
12.042 138.54123 4.39562 0.01318686 Ci2
12.969 108.16491 2.81227 0.00843681 Cis
13.834 122.25385 4.35994 0.01307982 Cia
14.646 105.17893 9.34012 0.02802036 Cis
15.415 99.45523 4.31996 0.01295988 Cie
16.144 58.01446 1.45688 0.00437064 Ci7
16.77 99.12897 3.20789 0.00962367 Cis
17.489 0 0 0 Cio
18.067 35.05711 1.00E+00 0.002998515 C20
18.54 73.61401 1.86691 0.00560073 Ca
19.255 37.98552 8.13E01 0.00244047 C22
19.862 0 0 0 Ca3

20.397 0 0.00E+00 0 Caa
20.729 105.93474 2.66664 0.00799992 Cas
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Figure D-56:EX:2, Port:2 T:1500 min, m=1.164 gdecanegas chromatogram

Table D-56: EX:2, Port:2 T:1500 min, m=1.164 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.952 88.4864 2.2609 0.0067827 Cs
10.086 9.28E+05 2.42E+04 72.5958 Cio
11.036 1193.82312 31.1492 0.0934476 Ci1
12.044 709.9826 19.00283 0.05700849 Ci2
12.971 208.25514 5.4146 0.0162438 Cis
13.836 178.69911 5.78369 0.01735107 Cis4
14.649 105.95216 9.35903 0.02807709 Cis
15.416 93.30598 4.16714 0.01250142 Cie
16.144 47.65935 1.19683 0.00359049 Ci7
16.772 94.0242 3.08154 0.00924462 Cis
17.489 0 0 0 Ci9
18.069 36.19765 1.02787 0.00308361 C20
18.537 71.17179 1.80498 0.00541494 Ca1
19.258 34.63362 7.29E01 0.002186343 C22
19.862 0 0 0 Ca3
20.397 0 0 0 Caa
20.728 98.44652 2.47814 0.00743442 Cas




SAARRARAEE

N E .

FID1 A, Front Signal (0807201510807 2015 201507

12-12-22WUMUNE24-00.D)

5

40 45

Figure D-57: EX:2, Port:3 T:1500 min, m=1.267 gdecanegas chromatogram

Table D-57: EX:2, Port:3 T:1500 min, m=1.267 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.956 108.03728 2.76044 0.00828132 Cs
10.114 1.20E+06 3.12E+04 93.6804 Cio
11.04 1554.86353 40.56946 0.12170838 Cu
12.047 891.36639 23.63937 0.07091811 Ci2
12.973 241.81042 6.28703 0.01886109 Cis
13.838 195.31248 6.20274 0.01860822 Cia
14.65 111.01677 9.48289 0.02844867 Cis
15.417 99.62323 4.32413 0.01297239 Cis
16.146 56.82965 1.42712 0.00428136 C17
16.773 96.35319 3.13918 0.00941754 Cis
17.489 0 0 0 Cio
18.071 32.74905 9.42E01 0.002826297 C20
18.539 67.26052 1.70578 0.00511734 Ca1
19.257 34.38631 7.23E01 0.00216759 C22
19.862 0 0 0 Cas
20.397 0 0 0 Caa
20.731 91.66702 2.30748 0.00692244 Cas
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Figure D-58: EX:2, Port:1 T:1560 min, m=1.721 gdecanegaschromatogram

Table D-58 EX:2, Port:1 T:1560 min, m=1.721 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
8.953 17.02407 4.35E01 1.30E03 Cs
9.969 1.51E+05 3929.45496 1.18E+01 Cio
11.038 209.06105 5.45482 1.64E02 Cu
12.05 117.61324 3.86066 1.16E02 Ci2
12.978 22.92854 5.96E01 1.79E03 Cis
13.844 15.50607 1.66737 5.00E03 Cia
14.657 10.29993 7.01982 2.11E02 Cis
15.425 14.43046 2.20695 6.62E03 Cise
16.15 16.22826 4.08E01 1.22E03 Ca7
16.843 16.74861 1.16878 3.51E03 Cis
17.489 0 0 0 Cio
18.121 0 0 0 C20
18.725 0 0 0 Ca1
19.306 0 0 0 C22
19.862 0 0 0 Cozs

20.397 0 0 0 Caa
20.91 0 0 0 Cas
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Figure D-59; EX:2, Port:2 T:1560 minm=1.231 grdecanegas chromatogram

Table D-59: EX:2, Port:2 T:1560 min, m=1.231 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
8.961 86.38692 2.20726 0.00662178 Cs
10.102 9.93E+05 2.59E+04 77.7006 Cio
11.044 1272.08728 33.19127 0.09957381 Cu
12.051 701.92596 18.79689 0.05639067 Ci2
12.978 123.8387 3.21979 0.00965937 Cis
13.843 58.77827 2.75885 0.00827655 Cia
14.626 0 0 0 Cis
15.398 0 0 0 Cise
16.131 0 0 0 Ca7
16.826 0 0 0 Cis
17.489 0 0 0 Cio
18.121 0 0 0 C20
18.725 0 0 0 Ca
19.306 0 0 0 C22
19.862 0 0 0 Cas
20.397 0 0 0 Caa
20.91 0 0 0 Coas
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Figure D-60: EX:2, Port:3 T:1560 min, m=1.367 gdecanegas chromatogram

Table D-60: EX:2, Port:3 T:1560 min, m=1.367 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.97 128.95721 3.29497 0.00988491 Cs
10.206 2.32E+06 6.04E+04 181.3248 Cio
11.053 2833.88477 73.94164 0.22182492 Ci1
12.055 1566.08203 40.88648 0.12265944 Ci2
12.98 278.50742 7.24115 0.02172345 Cis
13.843 131.58488 4.5953 0.0137859 Cis
14.626 0 0 0 Cis
15.398 0 0 0 Cie
16.151 13.25344 3.33E01 0.000998472 Ci7
16.845 13.10387 1.07856 0.00323568 Cis
17.489 0 0 0 Ci9
18.121 0 0 0 C20
18.725 0 0 0 Ca1
19.306 0 0 0 C22
19.862 0 0 0 Ca3
20.397 0 0 0 Caa
20.91 0 0 0 Cas
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Figure D-61. EX:2, Port:1 T:1620 min, m=1.226 gdecanegaschromatogram

Table D-61: EX:2, Port:1 T:1620 min, m=1.226 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name

8.96 16.26214 4.16E01 1.25E03 Cs
9.973 1.45E+05 3779.20958 1.13E+01 Cio
11.042 198.90646 5.18986 1.56E02 Ci1
12.054 105.2752 3.54528 1.06E02 Ci2
12.984 19.32412 5.02E01 1.51E03 Cis
13.85 11.17129 1.55804 4.67E03 Cia
14.792 16.43868 7.16994 2.15E02 Cis
15.398 0 0 0 Cie
16.131 0 0 0 Ci7
16.826 0 0 0 Cis
17.489 0 0 0 Cio
18.121 0 0 0 C20
18.725 0 0 0 Ca1
19.306 0 0 0 C22
19.862 0 0 0 Ca3
20.397 0 0 0 Caa
20.91 0 0 0 Cas
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Figure D-62 EX:2, Port:2 T:1620 min, m=1.542 gdecanegas chromatogram

Table D-62 EX:2, Port:2 T:1620 min, m=1.542 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name

8.972 73.33337 1.87373 0.00562119 Cs
10.117 1.04E+06 2.72E+04 81.6927 Cio
11.053 1325.89417 34.59519 0.10378557 Ci1
12.059 743.94507 19.87098 0.05961294 Ci2
12.985 132.62759 3.4483 0.0103449 Cis
13.85 65.29449 2.92322 0.00876966 Cis
14.796 12.79655 7.08087 0.02124261 Cis
15.398 0 0 0 Cie
16.131 0 0 0 Ci7
16.826 0 0 0 Cis
17.489 0 0 0 Ci9
18.121 0 0 0 C20
18.725 0 0 0 Ca1
19.306 0 0 0 C22
19.862 0 0 0 Ca3
20.397 0 0 0 Caa
20.91 0 0 0 Cas
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Figure D-63: EX:2, Port:3 T:1620 min, m=1.416 gdecanegas chromatogram

Table D-63: EX:2, Port:3 T:1620 min, m=1.416 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.981 172.99376 4.42014 0.01326042 Cs
10.198 2.01E+06 5.23E+04 156.8934 Cio
11.06 2516.07251 65.6493 0.1969479 Ci1
12.063 1385.44629 36.26906 0.10880718 Ci2
12.988 249.42772 6.48508 0.01945524 Cis
13.852 124.16371 4.40811 0.01322433 Cia
14.797 11.72326 7.05463 0.02116389 Cis
15.398 0 0 0 Cie
16.161 11.70955 2.94E01 0.000882162 Ci7
16.852 12.59254 1.06591 0.00319773 Cis
17.489 0 0 0 Cio
18.121 0 0 0 C20
18.725 0 0 0 Ca1
19.306 0 0 0 C22
19.862 0 0 0 Ca3
20.397 0 0 0 Caa
20.91 0 0 0 Coas
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Figure D-64: EX:2, Port:1 T:1680 min, m=1.464 gdecanegas chromatogram

Table D-64: EX:2, Port:1 T:1680 min, m=1.464 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
8.977 16.65753 4.26E01 1.28E03 Cs
9.987 1.43E+05 3720.4335 1.12E+01 Cio
11.056 190.05122 4.95881 1.49E02 Cu
12.067 108.52728 3.62841 1.09E02 Ci2
12.996 19.17664 4.99E01 1.50E03 Cis
13.808 0 0 0 Cia
14.802 10.79336 7.03188 2.11E02 Cis
15.398 0 0 0 Cie
16.131 0 0 0 Ca7
16.826 0 0 0 Cis
17.489 0 0 0 Cio
18.121 0 0 0 C20
18.725 0 0 0 Ca1
19.306 0 0 0 C22
19.862 0 0 0 Cas
20.397 0 0 0 Caa
20.91 0 0 0 Cas
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Figure D-65: EX:2, Port:2 T:1680 min, m=1.494 gdecanegas chromatogram

Table D-65: EX:2, Port:2 T:1680 min, m=1.494 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
8.986 53.90223 1.37725 0.00413175 Cs
10.074 5.54E+05 1.44E+04 43.3482 Cio
11.062 717.52368 18.72161 0.05616483 Ci1
12.07 408.1236 11.2867 0.0338601 Ci2
12.997 73.4391 1.9094 0.0057282 Cis
13.861 29.82319 2.0285 0.0060855 Cia
14.806 11.60066 7.05163 0.02115489 Cis
15.398 0 0 0 Cis
16.131 0 0 0 Ci7
16.826 0 0 0 Cis
17.489 0 0 0 Cio
18.121 0 0 0 C20
18.725 0 0 0 Ca1
19.306 0 0 0 C22
19.862 0 0 0 Cas
20.397 0 0 0 Coa
20.91 0 0 0 Cas
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Figure D-66: EX:2, Port:3 T:1680 min, m=1.218 gdecanegas chromatogram

Table D-66: EX:2, Port:3 T:1680 minm=1.218 gr.

Ret Time (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
8.994 110.89034 2.83334 0.00850002 Cs
10.158 1.31E+06 3.42E+04 102.6126 Cio
11.068 1612.66589 42.07763 0.12623289 Cu
12.073 921.38385 24.40668 0.07322004 Ci2
12.998 163.34462 4.24693 0.01274079 Cis
13.861 77.85519 3.24004 0.00972012 Cis
14.807 16.78694 7.17846 0.02153538 Cis
15.398 0 0 0 Cie
16.131 0 0 0 Ci7
16.826 0 0 0 Cis
17.489 0 0 0 Ci9
18.121 0 0 0 C20
18.725 0 0 0 Ca1
19.306 0 0 0 C22
19.862 0 0 0 Cas
20.397 0 0 0 Caa
20.91 0 0 0 Cas
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Figure D-67: EX:3, Port:1 T:30 min, m:1.324 ggas chromatogram
Table D-67: EX:3, Port:1 T:30 min, m:1.324 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name

9.739 110.59465 0 0 Cio
11.243 - 0 0 Cu

11.9 - 0 0 Ci2
12.835 104.69672 2.433 0.007299 Cis
13.705 184.62192 5.64985 0.01694955 Cia
14.521 279.69644 18.18127 0.05454381 Cis
15.291 237.57568 6.47105 0.01941315 Cis
16.022 312.09402 7.08866 0.02126598 C17
16.717 269.7413 6.73971 0.02021913 Cis
17.377 145.79854 3.44269 0.01032807 Ci9
18.01 175.50273 0 0 C20
18.612 89.76704 2.27172 0.00681516 Ca
19.189 1.05E+02 0 0 C22
19.747 5.02E+01 1.25296 0.00375888 Ca23
20.277 62.60585 2.18E02 6.54951E05 Coa
20.795 36.2684 8.86E01 0.002656752 Cazs
21.266 33.3314 1.1389 0.0034167 Cas
22.042 - 0 0 Co7
22.494 - 0 0 Cos
22.936 - 0 0 Cao
23.362 - 0 0 Cso
23.776 - 0 0 Csi
24.179 - 0 0 Cs2
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Figure D-68: EX:3, Port:2, T:30 min, m:1.11 gigas chromatogram

Table D-68: EX:3, Port:2, T:30 min, m:1.11 gr.

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
9.739 97.23327 0 0 Cio
11.243 0 0 0 Cu
11.904 34.7446 1.97966 0.00593898 Ci2
12.836 95.17734 2.21179 0.00663537 Cis
13.705 165.5997 5.21932 0.01565796 Cia
14.52 254.90445 17.66489 0.05299467 Cis
15.291 217.88947 6.0295 0.0180885 Cise
16.02 304.9274 6.92589 0.02077767 Ca7
16.714 263.76801 6.60485 0.01981455 Cis
17.377 142.86227 3.37335 0.01012005 Cio
18.007 172.02547 0 0 C20
18.613 80.51271 2.03753 0.00611259 Ca1
19.188 101.65264 0 0 C22
19.746 42.64349 1.06493 0.00319479 Cas
20.277 60.42939 0 0 Caa
20.853 46.04908 1.1244 0.0033732 Cas
21.26 31.81267 1.10235 0.00330705 Cas
21.884 43.03207 1.10077 0.00330231 Ca7
22.494 - 0 0 Cos
22.936 - 0 0 Ca9
23.362 - 0 0 Cso
23.776 - 0 0 Csi
24.179 - 0 0 Cs2
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Figure D-69: EX:3, Port:3 T:30, min, m:1.453 ggaschromatogram

Table D-69: EX:3, Port:3, T:30min, m:1.453 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name
9.738 92.76509 0 0 Cio
11.243 0 0 0 Ci1

11.9 0 0 0 Ci2
12.836 44.03049 1.02321 0.00306963 Cis
13.704 68.50694 3.02183 0.00906549 Cia

14.52 109.45444 14.63538 0.04390614 Cis
15.291 89.42429 3.14809 0.00944427 Cie
16.02 100.00372 2.27141 0.00681423 Ci7
16.717 85.71653 2.58499 0.00775497 Cis
17.375 42.86901 1.01225 0.00303675 Cio
17.952 84.75189 0 0 C20
18.611 28.74778 7.28E01 0.002182548 Ca1
19.146 58.93818 0 0 C22
19.745 15.58792 3.89E01 0.001167825 Cas
20.24 36.85049 0 0 Caa
20.791 14.23833 3.48E01 0.001042995 Coas
21.255 22.76821 8.85E01 0.002654043 Cas
22.042 - 0 0 Cor
22.494 - 0 0 Cas
22.936 - 0 0 Co29
23.362 - 0 0 Cao
23.776 - 0 0 Csa1
24.179 - 0 0 Ca2
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Figure D-70. EX:3, Port:1, T:60 min, m:0.989 ggas chromatogram

Table D-70: EX:3, Port:1, T:60 min, m:0.989 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name

9.746 7473.68945 171.27553 0.51382659 Cio
10.894 8539.94336 198.36045 0.59508135 Cu1
11.915 1.02E+04 234.26632 0.70279896 Ci2
12.849 1.30E+04 302.99272 0.90897816 Cis
13.722 1.25E+04 283.91668 0.85175004 Ci4a
14.539 1.43E+04 309.74765 0.92924295 Cis
15.31 1.18E+04 266.10724 0.79832172 Cis
16.041 1.86E+04 421.38694 1.26416082 Ci7
16.734 1.68E+04 380.9238 1.1427714 Cis
17.394 9634.24805 227.48985 0.68246955 Ci9
18.025 7804.43359 190.35183 0.57105549 C20
18.626 6319.93994 159.93793 0.47981379 Ca
19.201 4552.70068 111.85345 0.33556035 C22
19.756 3705.76587 92.5435 0.2776305 Ca3
20.285 2613.20117 64.16049 0.19248147 Caa
20.794 1975.16089 48.22853 0.14468559 Cas
21.287 1153.28162 28.09265 0.08427795 Cae
21.761 567.14209 14.50764 0.04352292 Cor
22.665 157.59085 191 0.00573 Cas
22.936 - 0 0 Co29
23.362 - 0 0 Cao
23.776 - 0 0 Ca1
24.179 - 0 0 Ca2
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Figure D-71 EX:3, Port:2, T:60 min, m:1.023 ggas chromatogram

Table D-71: EX:3, Port:2, T:60 min, m:1.023 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name

9.738 88.42827 0 0 Cio
10.9 0 0 0 Cu
11.903 33.55784 1.95259 0.00585777 Ci2
12.835 109.21437 2.53799 0.00761397 Cis
13.705 196.96942 5.92931 0.01778793 Cia
14.52 295.52313 18.51091 0.05553273 Cis
15.289 251.09947 6.77438 0.02032314 Cise
16.02 343.97424 7.81277 0.02343831 C17
16.714 297.7782 7.3727 0.0221181 Cis
17.376 160.66005 3.7936 0.0113808 Cio
18.006 182.05464 0 0 C20
18.609 93.2201 2.35911 0.00707733 Ca
19.188 106.50444 0 0 C22
19.744 51.86607 1.29524 0.00388572 Cas
20.273 63.26721 3.85E02 0.000115387 Caa
20.793 46.98043 1.14715 0.00344145 Cas
21.259 33.35911 1.13957 0.00341871 Cas
21.887 35.65474 9.12E01 0.002736171 Co7
22.494 - 0 0 Cos
22.936 - 0 0 Ca9
23.362 - 0 0 Cso
23.776 - 0 0 Csi
24.179 - 0 0 Cs2
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Figure D-72: EX:3, Port:3, T:60 min, m:1.797 gyas chromatogram

Table D-72 EX:3, Port:3, T:60 min, m:1.797 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name

9.737 105.44929 0 0 Cio
10.885 15.63872 3.63E01 0.001089738 Cu
11.901 26.27823 1.78656 0.00535968 Ci2
12.834 46.29256 1.07577 0.00322731 Cis
13.703 74.76278 3.16342 0.00949026 Cia
14.519 121.07085 14.87733 0.04463199 Cis
15.289 97.36596 3.32621 0.00997863 Cise
16.019 104.45998 2.37262 0.00711786 Ca7
16.713 84.63982 2.56068 0.00768204 Cis
17.373 40.19301 9.49E01 0.002847186 Cio
17.949 84.74965 0 0 C20
18.61 23.62972 5.98E01 0.001793982 Ca1
19.141 55.40899 0 0 C22
19.743 11.60014 2.90E01 0.000869064 Cozs
20.238 34.76721 0 0 Caa
20.793 10.37849 2.53E01 0.000760251 Cas
21.251 21.81579 8.62E01 0.00258528 Cas

21.8 0 0 0 Ca7
22.494 0 0 0 Cas
22.936 0 0 0 Ca9
23.362 0 0 0 Cao
23.776 0 0 0 Csi
24.179 0 0 0 Cs2
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Figure D-73: EX:3, Port:1, T:90 min, m:1.167 gyas chromatogram

Table D-73: EX:3, Port:1, T:90 min, m:1.167 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
9.751 1.34E+04 308.92521 0.92677563 Cio
10.9 1.48E+04 342.99457 1.02898371 Ci1
11.922 1.84E+04 420.23574 1.26070722 Ci2
12.859 2.32E+04 540.26857 1.62080571 Cis
13.733 3.63E+04 823.26241 2.46978723 Cia
14.551 2.50E+04 532.29512 1.59688536 Cis
15.319 2.05E+04 460.1967 1.3805901 Cis
16.051 3.18E+04 723.20254 2.16960762 Ci7
16.746 2.92E+04 659.95287 1.97985861 Cis
17.403 1.63E+04 384.61158 1.15383474 Cio
18.036 1.32E+04 325.38029 0.97614087 C20
18.637 1.08E+04 272.39516 0.81718548 C21
19.21 8802.96094 219.48356 0.65845068 C22
19.762 1.64E+04 410.50219 1.23150657 Ca23
20.29 4772.96533 118.4711 0.3554133 Caa
20.802 3485.31738 85.1028 0.2553084 Coas
21.288 2040.26367 49.43957 0.14831871 Cas
21.763 993.44568 25.4126 0.0762378 Co7
22.22 550.9295 11.87138 0.03561414 Cos
22.66 269.26901 6.69204 0.02007612 Ca9
23.09 157.77313 1.64821 0.00494463 Cso
23.909 42.62107 1.08251 0.00324753 Csi
24.179 0 0 0 Cs2

154




T36- C10

FID1 A, Front Signal (12102015112102015 2015-10-12 15-42-38IWUMUNES-00.0)

1%

20 25 30

Figure D-74: EX:3, Port:2, T:90 min, m:1.2 ggas chromatogram

Table D-74: EX:3, Port:2, T:90 min, m:1.2 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name

9.736 92.21798 0 0 Cio

10.9 0 0 0 Cu1
11.901 32.60652 1.93089 0.00579267 Ci2
12.833 117.30418 2.72598 0.00817794 Cis
13.702 238.50473 6.86938 0.02060814 Cia
14.518 346.21249 19.5667 0.0587001 Cis
15.289 297.29288 7.81048 0.02343144 Cie
16.019 400.2995 9.09209 0.02727627 Ci7
16.713 355.35745 8.67266 0.02601798 Cis
17.373 199.1227 4.70181 0.01410543 Cio
18.005 207.04953 5.35E01 0.001605795 C2o
18.608 118.43412 2.9972 0.0089916 Ca1
19.187 119.75671 0 0 C22
19.741 67.1666 1.67734 0.00503202 Ca3
20.276 71.85603 2.54E01 0.000763326 Caa
20.786 42.0937 1.02782 0.00308346 Cas
21.267 33.15788 1.13473 0.00340419 Cas
21.766 14.46552 3.70E01 0.001110096 Co7

22.3 - 0 0 Cas

22.7 - 0 0 C29
23.362 - 0 0 Cao
23.776 - 0 0 Ca1
24.179 - 0 0 Ca2
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Figure D-75: EX:3, Port:3, T:90 min, m:1.803 ggas chromatogram

Table D-75: EX:3, Port:3, T:90 min, m:1.803 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name

9.736 104.74378 0 0 Cio

10.9 0 0 0 Ci1
11.901 25.45473 1.76778 0.00530334 Ci2
12.833 46.91309 1.09019 0.00327057 Cis
13.701 81.0691 3.30615 0.00991845 Cia
14.517 131.83571 15.10155 0.04530465 Cis
15.287 114.57121 3.71212 0.01113636 Cie
16.016 132.04262 2.99911 0.00899733 Ci7
16.713 117.92514 3.31216 0.00993648 Cis
17.373 60.87231 1.43735 0.00431205 Cio
18.005 96.9087 0 0 C20
18.609 35.83329 9.07E01 0.002720484 Ca1
19.14 60.28066 0 0 C22
19.741 18.23197 4.55E01 0.001365912 Ca3
20.236 41.59716 0 0 Coa
20.79 13.91461 3.40E01 0.00101928 Cas
21.25 22.77603 8.85E01 0.002654607 Cae

21.8 0 0 0 Co7

22.3 0 0 0 Cas

22.7 0 0 0 Co29
23.362 0 0 0 Cao
23.776 0 0 0 Ca1
24.179 0 0 0 Ca2
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Figure D-76: EX:3, Port:1, T:120 min, m:1.352ggas chromatogram

Table D-76: EX:3, Port:1, T:120 min, m:1.352gr

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name

9.75 1.42E+04 328.6994 0.9860982 Cio
10.901 1.59E+04 368.4219 1.1052657 Cu
11.922 3.07E+04 701.38461 2.10415383 Ci2
12.86 2.51E+04 584.27685 1.75283055 Cis
13.733 3.88E+04 880.20383 2.64061149 Ci4a
14.551 2.70E+04 575.17713 1.72553139 Cis
15.322 2.16E+04 485.5489 1.4566467 Cie
16.054 3.39E+04 769.90054 2.30970162 Ci7
16.746 3.15E+04 710.80399 2.13241197 Cis
17.406 1.74E+04 410.7029 1.2321087 Cio
18.034 1.43E+04 351.58899 1.05476697 C20
18.635 1.17E+04 295.49377 0.88648131 Ca1
19.21 9385.6543 234.23921 0.70271763 C22
19.759 7157.50537 178.74324 0.53622972 Ca3
20.288 5277.00391 131.14593 0.39343779 Caa
20.798 4022.97021 98.23095 0.29469285 | Cgzs
21.288 2235.15405 54.12998 0.16238994 Cae
21.76 1065.3186 27.25112 0.08175336 Co7
22.218 593.97046 12.9614 0.0388842 Cas
22.664 298.1282 7.40927 0.02222781 Co29
23.093 159.98578 1.70416 0.00511248 Cao
23.508 95.48011 2.42504 0.00727512 Ca1
23.911 45.33072 0 0 Ca2
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Figure D-77: EX:3, Port:1, T:180 min, m:1.257 ,gyas chromatogram

Table D-77: EX:3, Port:1, T:180 min, m:1.257 gr.

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
9.748 1.34E+04 308.98571 0.92695713 C1o
10.899 1.49E+04 346.49803 1.03949409 Cu
11.921 2.86E+04 652.98194 1.95894582 Ci2
12.856 2.36E+04 548.9081 1.6467243 Cis
13.731 3.76E+04 853.28591 2.55985773 Cia
14.549 2.52E+04 537.97565 1.61392695 Cis
15.318 2.90E+04 652.4667 1.9574001 Cis
16.051 6.18E+04 1404.7885 4.2143655 Ci7
16.745 2.98E+04 673.81905 2.02145715 Cis
17.405 1.69E+04 398.46695 1.19540085 Cio
18.034 1.32E+04 324.26745 0.97280235 C20
18.634 1.10E+04 278.34356 0.83503068 Ca1
19.208 8966.21973 223.61779 0.67085337 C22
19.76 6798.9585 169.78931 0.50936793 Ca3
20.288 4656.09082 115.53211 0.34659633 Coa
20.798 3657.18115 89.29929 0.26789787 Coas
21.287 2157.39551 52.25857 0.15677571 Cae
21.757 1002.55902 25.64572 0.07693716 Cor
22.223 543.08417 11.67269 0.03501807 Cas
22.667 285.5687 7.09713 0.02129139 Co9
23.093 152.60474 151751 0.00455253 Cao
23.495 94.78943 2.4075 0.0072225 Ca1
23.911 47.40651 0 0 Ca2
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Figure D-78. EX:3, Port:1, T:240 min, m:1.001 ,gyas chromatogram

Table D-78: EX:3, Port:1, T:240 min, m:1.001 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
9.745 1.12E+04 257.32832 0.77198496 Cio
10.896 1.25E+04 289.84973 0.86954919 Cu
11.916 1.53E+04 350.67842 1.05203526 Ci2
12.853 1.95E+04 452.42553 1.35727659 Cis
13.725 3.16E+04 716.88674 2.15066022 Cia
14.543 2.12E+04 454.22545 1.36267635 Cis
15.313 2.39E+04 537.7238 1.6131714 Cie
16.044 2.75E+04 624.61972 1.87385916 Ca7
16.738 2.57E+04 580.59751 1.74179253 Cis
17.398 1.42E+04 335.93194 1.00779582 Ci9
18.029 1.12E+04 274.50902 0.82352706 C20
18.629 9103.60938 230.3839 0.6911517 Ca
19.204 7423.64111 184.55479 0.55366437 C22
19.755 5521.93066 137.8983 0.4136949 Cozs
20.284 4125.85889 102.19861 0.30659583 Caa
20.796 3137.09351 76.60004 0.22980012 Cas
21.287 1805.58972 43.79169 0.13137507 Cas
21.76 815.07202 20.84975 0.06254925 Ca7
22.217 439.15063 9.04055 0.02712165 Cos
22.659 242.3533 6.02312 0.01806936 Coo
23.087 132.16666 1.00068 0.00300204 Cso
23.501 76.74107 1.9491 0.0058473 Csi
24.179 0 0 0 Cs2
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Figure D-79: EX:3, Port:1, T:1440 min, m:0.932 ggas chromatogram

Table D-79: EX:3, Port:1, T:1440 min, m:0.932 gr.

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
9.723 4093.34399 92.45683 0.27737049 | Cuo
10.873 4597.92725 106.79777 0.32039331 Ci1
11.893 S5772.42773 132.84244 0.39852732 Ci2
12.828 7262.35352 168.76675 0.50630025 Cis
13.698 9342.02539| 212.90893 0.63872679 | Cua
14.514 8140.82324 181.91687 0.54575061 Cis
15.285 7128.12793 161.0229 0.4830687 Cie
16.017 1.01E+04 229.45959 0.68837877 Ci7
16.711 9823.04883 222.42434 0.66727302 Cis
17.371 5591.33398| 132.02605 0.39607815 | Cuo
18.002 4254.00439 101.64626 0.30493878 C20
18.604 3402.89038 86.11652 0.25834956 Ca1
19.181 2811.99292 67.77319 0.20331957 C22
19.736 1998.07227 49.89754 0.14969262 Ca3
20.267 1482.93103 35.7381 0.1072143 Coa
20.779 974.46008 23.7939 0.0713817 Cozs
21.273 615.48566 15.14956 0.04544868 Cas
21.75 288.51553 7.3803 0.0221409 Co7
22.207 163.72351 2.06531 0.00619593 Cas
22.657 80.66885 2.00483 0.00601449 | Ca9
23.08 41.26172 0 0 Cao
23.491 30.60092 7. 7701 0.002331642| Ca
24.179 0 0 0 Ca2
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Figure D-80: EX:3, Port:2, T:1440 min, m:1.336,@as chromatogram

Table D-80: EX:3, Port:2, T:1440 min, m:1.336 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) Name

9.732 3544.91016 79.66913 0.23900739 C1o
10.881 4205.71729 97.68776 0.29306328 Cu1
11.899 5070.21387 116.82662 0.35047986 C12
12.833 6389.78857 148.48959 0.44546877 Cis
13.703 8187.62256 186.78139 0.56034417 C1a
14.52 7180.58789 161.91659 0.48574977 Cis
15.291 6537.57861 147.77715 0.44333145 Cis
16.022 9387.46094 213.21954 0.63965862 Ci17
16.715 9070.46582 205.4333 0.6162999 Cis
17.376 5118.1167 120.85215 0.36255645 Cio
18.008 3892.73193 92.62006 0.27786018 C20

18.61 3172.78979 80.29339 0.24088017 Co1
19.186 2559.74731 61.38553 0.18415659 C22
19.739 1942.78333 48.51682 0.14555046 Cos
20.272 1343.16394 32.22344 0.09667032 Coa
20.785 897.69971 21.9196 0.0657588 Cas
21.277 586.36993 14.44884 0.04334652 Cos
21.753 278.11758 7.11432 0.02134296 Co7
22.213 161.38515 2.00609 0.00601827 Cos
22.657 82.78891 2.05752 0.00617256 C29
23.085 41.19152 0 0 Cso
23.493 34.95018 8.88E01 0.002663037 Ca1
24.179 0 0 0 Ca2
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Figure D-81: EX:3, Port:1, T:1500 min, m:1.028 ggas chromatogram

Table D-81: EX:3, Port:1, T:1500 min, m:1.028 gr.

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name

9.733 4941.42578 112.23135 0.33669405 Cio
10.883 5786.94238 134.41547 0.40324641 Cu
11.902 6927.2749 159.18173 0.47754519 Ci2
12.835 8658.23438| 201.20504 0.60361512 Cis
13.706 1.11E+04 251.66629 0.75499887 Cia
14.523 9589.72266 212.09529 0.63628587 Cis
15.293 8634.75586 194.81585 0.58444755 Cis
16.024 1.25E+04 284.69097 0.85407291 Ci7
16.719 1.21E+04 272.84279 0.81852837 Cis
17.38 6748.1167 159.34072 0.47802216 Cio
18.009 5204.66113 125.39791 0.37619373 C20
18.611 4148.21191 104.97828 0.31493484 Ca1
19.187 3407.85083 82.86221 0.24858663 C22
19.741 2548.8877 63.65297 0.19095891 Cas
20.272 1799.75708 43.70518 0.13111554 Caa
20.784 1226.5968 29.95045 0.08985135 Coas
21.277 793.46301 19.43293 0.05829879 Cas
21.75 376.75659 9.63753 0.02891259 Co7
22.21 192.37755 2.79098 0.00837294 Cas
22.657 104.18066 2.58916 0.00776748 Cao
23.083 54.93443 0 0 Cso

23.5 36.35736 9.23E01 0.002770257 Cs1
24.179 0 0 0 Cs2
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Figure D-82: EX:3, Port:2, T:1500 min, m:1.325 ggas chromatogram

Table D-82 EX:3, Port:2, T:1500 min, m:1.325 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
9.739 6769.60352 154.85853 0.46457559 C1o
10.89 7694.18994 178.71582 0.53614746 Cu1

11.909 9399.66113 215.57092 0.64671276 C12
12.843 1.18E+04 274.64448 0.82393344 Ci3
13.715 1.54E+04 351.00287 1.05300861 Cis
14.532 1.34E+04 291.33095 0.87399285 Cis
15.303 1.19E+04 268.07065 0.80421195 Cis
16.035 1.68E+04 382.35218 1.14705654 Ci7
16.727 1.67E+04 377.38156 1.13214468 Cis
17.388 9121.50879 215.38273 0.64614819 Cio
18.019 7126.14795 173.40523 0.52021569 C20
18.619 5860.82666 148.3192 0.4449576 Co1
19.197 4641.49805 114.10208 0.34230624 C22
19.747 3570.8855 89.17516 0.26752548 Cos
20.28 2590.46362 63.58872 0.19076616 Coa
20.79 1846.68713 45.09152 0.13527456 Cxs
21.282 1116.27124 27.20193 0.08160579 Cos
21.757 527.59637 13.49605 0.04048815 Co7
22.216 290.7706 5.2828 0.0158484 Cos
22.661 156.06825 3.87871 0.01163613 C29
23.088 81.19801 0 0 Cso
23.503 48.9317 1.24279 0.00372837 Cs1
24.179 0 0 0 Ca2
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Figure D-83: EX:3, Port:1, T:1560 min, m:1.075 ggas chromatogram

Table D-83: EX:3, Port:1, T:1560 min, m:1.075 gr.

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name

9.74 8017.26904 183.95005 0.55185015 C1o
10.89 9173.4668 213.07553 0.63922659 Cu1
11.911 1.10E+04 251.76124 0.75528372 C12
12.845 1.43E+04 331.68404 0.99505212 Cis
13.717 1.78E+04 405.07083 1.21521249 Cis
14.533 1.52E+04 329.18914 0.98756742 Cis
15.304 1.37E+04 308.49745 0.92549235 Cis
16.036 1.93E+04 438.29818 1.31489454 Ci7
16.731 1.87E+04 423.10148 1.26930444 Cis
17.389 1.06E+04 250.01749 0.75005247 Cio
18.021 8260.61426 201.74926 0.60524778 C2o
18.622 6767.10254 171.25421 0.51376263 Co1
19.195 5338.7041 131.75755 0.39527265 C22
19.751 4017.16846 100.32011 0.30096033 Co3
20.281 3023.20288 74.47062 0.22341186 Coa
20.791 2127.01929 51.93653 0.15580959 Cos
21.283 1266.8584 30.82609 0.09247827 Cos
21.76 637.45001 16.30614 0.04891842 Co7
22.22 319.2453 6.00393 0.01801179 Cas
22.658 173.23347 4.30531 0.01291593 C29
23.087 92.65279 1.46E03 4.39047E06 Cso

235 48.28149 1.22627 0.00367881 Cs1
24.179 0 0 0 Ca2
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Figure D-84: EX:3, Port:2, T:1560 min, m:1.261 ggas chromatogram

Table D-84: EX:3, Port:2, T:1560 min, m:1.261 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
9.737 5325.729 121.19205 0.36357615 C1o
10.886 6201.25439 144.03885 0.43211655 Cu
11.905 7375.00879 169.39346 0.50818038 Ci12
12.839 9515.05957 221.11644 0.66334932 Cis
13.71 1.23E+04 279.85745 0.83957235 Cius
14.527 1.07E+04 235.22916 0.70568748 Cis
15.298 9312.0918 210.00818 0.63002454 Cis
16.029 1.36E+04 308.61599 0.92584797 Ci7
16.723 1.32E+04 297.78245 0.89334735 Cis
17.384 7222.03223 170.53111 0.51159333 Cio
18.014 5564.46191 134.38734 0.40316202 C20
18.619 4607.9043 116.61165 0.34983495 Co1
19.192 3739.82959 91.26896 0.27380688 C22
19.747 2834.71948 70.791 0.212373 C23
20.279 2050.00464 49.99805 0.14999415 Coa
20.79 1440.01233 35.16153 0.10548459 Cos
21.282 867.39215 21.21217 0.06363651 C2s
21.757 392.83221 10.04875 0.03014625 Co7
22.217 240.897 4.01974 0.01205922 Cos
22.66 127.07341 3.15811 0.00947433 C29
23.09 64.82388 0 0 Cso
23.498 36.547 9.28E01 0.002784705 Ca1
24.179 0 0 0 Cs2
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Figure D-85: EX:3, Port:1, T:1620 min, m:1.222,gyas chromatogram

Table D-85: EX:3, Port:1, T:1620 min, m:1.222 gr.

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
9.737 9675.90234 222.62401 0.66787203 Cio
10.888 1.10E+04 256.26738 0.76880214 Ci1
11.909 1.31E+04 300.71639 0.90214917 Ci2
12.844 1.70E+04 395.8735 1.1876205 Cis
13.717 2.18E+04 495.46645 1.48639935 Cis
14.534 1.87E+04 401.80101 1.20540303 Cis
15.304 1.54E+04 347.15985 1.04147955 Cis
16.036 4, 74E+04 1077.14007 3.23142021 Ci7
16.73 2.28E+04 515.54747 1.54664241 Cis
17.389 1.31E+04 308.20741 0.92462223 | Cuo
18.019 1.00E+04 245.93801 0.73781403 C20
18.62 8060.98193 203.99826 0.61199478 | Ca1
19.195 6428.32129 159.35013 0.47805039 C22
19.747 4914.3833 122.72611 0.36817833 Cas
20.278 3616.57617 89.39191 0.26817573 Coa
20.789 2633.49854 64.3035 0.1929105 Coas
21.277 1570.21472 38.12694 0.11438082 Cas
21.751 749.86432 19.18172 0.05754516 Co7
22.212 378.7392 7.51062 0.02253186 Cos
22.656 198.85365 4.94204 0.01482612 Ca9
23.083 100.27431 1.94E01 0.000582582| Cso
23.497 76.91203 1.95344 0.00586032 Csi
24.179 0 0 0 Cs2
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Figure D-86: EX:3, Port:2, T:1620 min, m:1.09 ,gyas chromatogram

Table D-86: EX:3, Port:2, T:1620 min, m:1.09 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name

9.733 5532.02539 126.00222 0.37800666 Cio
10.881 6439.34277 149.56901 0.44870703 C11
11.901 7765.52832 178.30027 0.53490081 C12
12.836 9949.92969 231.2222 0.6936666 Ci3
13.706 1.33E+04 302.77159 0.90831477 Cus
14.523 1.09E+04 239.18742 0.71756226 Cis
15.295 8982.79102 202.62212 0.60786636 Cis
16.024 1.38E+04 314.01976 0.94205928 C17
16.717 1.33E+04 301.4556 0.9043668 Cis
17.378 7821.78613 184.69287 0.55407861 Cio
18.01 5956.69336 144.18703 0.43256109 C20
18.611 4915.67432 124.40035 0.37320105 Co1
19.188 3838.14966 93.75874 0.28127622 C22
19.742 2954.05371 73.77111 0.22131333 Cos
20.273 2049.28491 49.97995 0.14993985 Coa
20.783 1593.12537 38.90017 0.11670051 Cos
21.273 865.72119 21.17196 0.06351588 Cos
21.75 447.74298 11.45338 0.03436014 Co7
22.21 208.89366 3.20925 0.00962775 Cos
22.647 115.24362 2.86411 0.00859233 C29
23.083 57.35774 0 0 C30
23.497 50.08276 1.27202 0.00381606 Ca1
24.179 0 0 0 Cs2
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Figure D-87: EX:3, Port:1, T:1680 min, m:1.204,gras chromatogram

Table D-87: EX:3, Port:1, T:1680 min, m:1.204 gr.

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
9.736 8843.93555 203.22523 0.60967569 C1o
10.887 1.02E+04 237.66538 0.71299614 Cu1
11.907 1.22E+04 278.46381 0.83539143 C12
12.842 1.58E+04 367.4665 1.1023995 Cis
13.715 2.04E+04 463.60301 1.39080903 Cus
14,531 1.73E+04 373.57048 1.12071144 Cis
15.302 1.43E+04 321.58203 0.96474609 Cis
16.033 2.18E+04 494.85763 1.48457289 C17
16.727 2.13E+04 480.48409 1.44145227 Cis
17.387 1.21E+04 285.9188 0.8577564 C1o
18.018 9289.48242 227.45498 0.68236494 C20
18.62 7575.36475 191.7088 0.5751264 Ca1
19.194 5971.53711 147.7829 0.4433487 C22
19.746 4461.68359 111.42091 0.33426273 Cos
20.276 3291.32837 81.21305 0.24363915 Coa
20.786 2294.11572 56.01662 0.16804986 Cos
21.276 1378.65552 33.51671 0.10055013 Cos
21.752 668.11249 17.09049 0.05127147 Co7
22.21 336.2579 6.43478 0.01930434 Cos
22.653 176.40816 4.38421 0.01315263 C29
23.083 90.31674 0 0 Ca0
23.497 70.31821 1.78597 0.00535791 Cs1
24.179 0 0 0 Cs2
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Figure D-88: EX:3, Port:2, T:1680 min, m:1.05,gyas chromatogram

Table D-88: EX:3, Port:2, T:1680 min, m:1.05 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
9.732 4646.42773 | 105.35295 0.31605885 Cio
10.881 5416.68555 | 125.81537 0.37744611 Ci1
11.9 6546.55762 | 150.49848 0.45149544 Ci2
12.834 8365.11426 | 194.39334 0.58318002 Cis
13.704 1.13E+04 256.50234 0.76950702 Cis
14,521 9286.06543 | 205.77057 0.61731171 Cis
15.292 7791.01416 | 175.89112 0.52767336 Cie
16.023 1.19E+04 270.89664 0.81268992 Ci7
16.716 1.13E+04 254.99305 0.76497915 Cis
17.375 6735.65137 | 159.04638 0.47713914 Cio
18.007 5076.0835 122.18547 0.36655641 C2o
18.608 4228.76074 | 107.01672 0.32105016 Ca1
19.187 3279.56372 | 79.61357 0.23884071 C22
19.738 2455.12427 | 61.31143 0.18393429 Ca3
20.271 1755.33777 | 42.58819 0.12776457 Cos
20.781 1205.84155 | 29.44366 0.08833098 Ca2s
21.274 737.64258 18.0895 0.0542685 Cos
21.75 390.63287 9.99249 0.02997747 Co7
22.21 185.98303 2.62904 0.00788712 Cas
22.657 104.47379 2.59645 0.00778935 Coo
23.085 48.21193 0 0 Cao
23.493 42.67044 1.08376 0.00325128 Csa1
24.179 0 0 0 Ca2
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Figure D-89: EX:3; Port:1, T:2880 min, m:1.367,gyas chromatogram

Table D-89: EX:3; Port:1, T:2880 min, m:1.367 gr.

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name

9.73 9063.21777 208.33819 0.62501457 Cio
10.881 1.03E+04 239.06431 0.71719293 Ci1
11.902 1.26E+04 288.64279 0.86592837 Ci2
12.837 1.58E+04 367.38387 1.10215161 Cis
13.709 2.57E+04 583.10309 1.74930927 Cis
14.526 1.73E+04 372.26231 1.11678693 Cis
15.296 1.49E+04 335.0412 1.0051236 Cie
16.029 2.24E+04 508.7382 1.5262146 Ci7
16.722 2.09E+04 471.503 1.414509 Cis
17.381 1.22E+04 289.15271 0.86745813 Cio
18.012 9690.70117 237.47921 0.71243763 C20
18.612 7788.78467 197.10979 0.59132937 Ca
19.189 6235.75 154.47361 0.46342083 C22
19.739 4652.57568 116.18803 0.34856409 Cas
20.27 3346.19849 82.59284 0.24777852 Caa
20.78 2483.36279 60.63756 0.18191268 Cazs
21.273 1403.47266 34.11398 0.10234194 Cas
21.747 708.85278 18.13264 0.05439792 Co7
22.207 356.11975 6.93778 0.02081334 Cos
22.643 187.36853 4.6566 0.0139698 Ca9
23.077 100.2838 1.94E01 0.000583302| Cao
23.776 0 0 0 Csi
24.179 0 0 0 Cs2
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Figure D-90: EX:3; Port:2, T:2880 min, m:1.323,gyas chromatogram

Table D-90: EX:3; Port:2, T:2880 min, m:1.323 gr.

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
9.723 3683.25391 82.89486 0.24868458 Cio
10.871 4293.06836 99.7167 0.2991501 Cu
11.891 5221.73438 120.28244 0.36084732 Ci2
12.824 6574.43066 152.78041 0.45834123 Cis
13.695 1.05E+04 238.60012 0.71580036 Cia
14.512 7483.35107 168.2227 0.5046681 Cis
15.282 6348.40576 143.5341 0.4306023 Cise
16.011 9476.31934 215.2378 0.6457134 Ca7
16.706 8890.97559 201.38096 0.60414288 Cis
17.367 5287.30664 124.84717 0.37454151 Cio
17.999 4032.67261 96.1164 0.2883492 C20
18.6 3198.32056 80.9395 0.2428185 Ca1
19.178 2524.90112 60.50311 0.18150933 C22
19.73 1919.521 47.93589 0.14380767 Cozs
20.263 1433.38794 34.49227 0.10347681 Caa
20.774 974.49414 23.79473 0.07138419 Cas
21.267 582.13501 14.34691 0.04304073 Cas
21.74 275.65887 7.05142 0.02115426 Ca7
22.2 154.16745 1.8233 0.0054699 Cas
22.643 75.97573 1.8882 0.0056646 Co9
23.077 41.59275 0 0 Cso
23.776 0 0 0 Csi
24.179 0 0 0 Cs2
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Figure D-91: EX:3; Port:1, T:2940 min, m:1.089 ggas chromatogram

Table D-91: EX:3; Port:1, T:2940 min, m:1.089 gr.

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
9.723 5268.85986 119.86605 0.35959815 Cio
10.873 6216.11914 144.38412 0.43315236 Cu1
11.893 7465.16699 171.44975 0.51434925 Ci12
12.826 9345.22461 217.16971 0.65150913 Ci3
13.697 1.52E+04 346.07481 1.03822443 Cis
14.513 1.07E+04 236.1467 0.7084401 Cis
15.283 9053.82227 204.21532 0.61264596 Cis
16.016 1.34E+04 303.88909 0.91166727 Ci7
16.71 1.27E+04 287.94679 0.86384037 Cis
17.369 7455.96338 176.05484 0.52816452 C1o
18 5563.2124 134.35612 0.40306836 C2o
18.603 4501.84277 113.92757 0.34178271 Co1
19.178 3565.83252 86.8628 0.2605884 Ca2
19.731 2797.46606 69.86067 0.20958201 Cos
20.262 2032.13586 49.54871 0.14864613 Coa
20.775 1450.14587 35.40896 0.10622688 Czs
21.266 858.80267 21.00545 0.06301635 Cos
21.74 391.50183 10.01472 0.03004416 Co7
22.2 213.24251 3.31939 0.00995817 Cas
22.643 107.23022 2.66495 0.00799485 C29
23.071 59.26916 0 0 Cso
23.776 0 0 0 Ca1
24.179 0 0 0 Cs2
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Figure D-92: EX:3; Port:2, T:2940 min, m:1.18 ,gyas chromatogram

Table D-92 EX:3; Port:2, T:2940 min, m:1.18 gr.

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name

9.722 4086.86987 92.30587 0.27691761 Cio
10.871 4772.32568 110.84859 0.33254577 Cu
11.891 5807.50049 133.64236 0.40092708 C12
12.824 7314.44775 169.97735 0.50993205 Cis
13.694 1.19E+04 270.38969 0.81116907 Ci4
14.512 8257.78809 184.35307 0.55305921 Cis
15.281 7026.59863 158.74564 0.47623692 Cis
16.012 1.04E+04 235.26204 0.70578612 Ci7
16.707 9933.42285 224.91625 0.67474875 Cis
17.366 5788.19287 136.67441 0.41002323 Cio
17.997 4354.54395 104.15819 0.31247457 C20
18.598 3538.01465 89.53609 0.26860827 Ca
19.177 2840.12231 68.48551 0.20545653 C22
19.731 2109.80664 52.68787 0.15806361 Cas
20.26 1515.87646 36.56657 0.10969971 Caa
20.773 1111.83618 27.14828 0.08144484 Cas
21.265 649.28351 15.96297 0.04788891 Cas
21.74 313.99051 8.03196 0.02409588 Car

22.2 172.70212 2.2927 0.0068781 Cas
22.643 81.41246 2.02331 0.00606993 Ca9
23.07 49.07683 0 0 Cso
23.776 - 0 0 Csi
24.179 - 0 0 Ca2
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Figure D-93: EX:3; Port:1, T:3000 min, m:1.105,gras chromatogram

Table D-93: EX:3; Port:1, T:3000 min, m:1.105 gr.

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
9.727 7019.21582 160.67868 0.48203604 C1o
10.877 8442.83887 196.10496 0.58831488 Cu1
11.897 1.02E+04 234.39975 0.70319925 C12
12.83 1.27E+04 294.49519 0.88348557 Cis
13.703 2.08E+04 472.55796 1.41767388 C1a
14.52 1.43E+04 310.02888 0.93008664 Cis
15.289 1.25E+04 280.89815 0.84269445 Cis
16.021 1.84E+04 418.06589 1.25419767 C17
16.715 1.69E+04 382.77604 1.14832812 Cis
17.375 1.01E+04 238.6505 0.7159515 Ci9
18.005 7690.65039 187.50902 0.56252706 C20
18.606 6333.7207 160.28667 0.48086001 Co1
19.182 5006.05713 123.33387 0.37000161 C22
19.735 3740.77612 93.41781 0.28025343 Co23
20.266 2672.93774 65.66266 0.19698798 Coa
20.777 1940.29907 47.37729 0.14213187 Cos
21.265 1171.53955 28.53206 0.08559618 Cos
21.74 533.70636 13.65235 0.04095705 Co7
22.2 308.96237 5.74351 0.01723053 Cos
22.645 150.25594 3.73425 0.01120275 C29
23.07 87.2026 0 0 Cso
23.776 0 0 0 Ca1
24.179 0 0 0 Ca2
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FID1 A, Front Signal (15102015115102015 2015-10-15 10-49-03\INUMUNE?28_1-00.D)

Figure D-94: EX:3; Port:2, T:3000 min, m:0.918 ggas chromatogram

Table D-94: EX:3; Port:2, T:3000 min, m:0.918 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name

9.72 4030.15552 90.98348 0.27295044 Cio
10.87 4642.1333 107.82456 0.32347368 Cu1
11.889 5716.70605 131.57156 0.39471468 C12
12.821 7197.84717 167.26772 0.50180316 Ci3
13.692 1.17E+04 266.04993 0.79814979 Cis
14.508 8111.18213 181.29949 0.54389847 Cis
15.28 6911.38086 156.16136 0.46848408 Cis
16.009 1.02E+04 232.63676 0.69791028 Ci7
16.703 9534.43457 215.9083 0.6477249 Cis
17.363 5682.1875 134.17134 0.40251402 Ci9
17.996 4222.10156 100.84919 0.30254757 C2o
18.596 3492.87109 88.39365 0.26518095 Cx1
19.173 2772.69922 66.77815 0.20033445 C22
19.727 2105.59375 52.58266 0.15774798 Cos
20.257 1515.64612 36.56077 0.10968231 C2s
20.768 1061.74341 25.92514 0.07777542 Cos
21.261 631.79749 15.54214 0.04662642 Cos
21.737 297.82852 7.61853 0.02285559 Co7
22.194 167.7291 2.16675 0.00650025 Cos
22.64 84.17565 2.09199 0.00627597 C29
23.07 46.89608 0 0 Ca0
23.776 0 0 0 Ca1
24.179 0 0 0 Ca2

17¢




FID1 A, Front Signal (15102015115102015 2015-10-15 10-49-03INUMUNEZ8_2-00.0)
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Figure D-95: EX:3; Port:1, T:3060 min, m:1.066,gyas chromatogram

Table D-95: EX:3; Port:1, T:3060 min, m:1.066 gr.

RetTime (min) | Type | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name

9.713 MM 4925.39258 111.85751 0.33557253 C1o
10.863 MM 5698.21631 132.35459 0.39706377 Cu1
11.883 MM 6952.59375 159.75919 0.47927757 C12
12.817 MM 8618.61426 200.28432 0.60085296 Ci3
13.688 MM 1.42E+04 322.88048 0.96864144 Cus
14.505 MM 9869.00977 217.91243 0.65373729 Cis
15.274 MM 7983.08691 180.19922 0.54059766 Cis6
16.007 MM 1.24E+04 281.96266 0.84588798 C17

16.7 MM 1.16E+04 263.32161 0.78996483 Cis
17.361 MM 6950.31787 164.11522 0.49234566 Ci9
17.992 MM 5131.23828 123.56348 0.37069044 C20
18.592 MM 4304.27783 108.92782 0.32678346 Co1
19.169 MM 3348.97168 81.3712 0.2441136 C22
19.724 MM 2542.65674 63.49736 0.19049208 Cos
20.254 MM 1847.28088 44.90024 0.13470072 Coa
20.767 MM 1258.20984 30.72236 0.09216708 Cos
21.256 MM 757.95148 18.57827 0.05573481 Cos
21.733 MM 363.88071 9.30816 0.02792448 C27
22.189 MM 191.63615 2.7722 0.0083166 Cos
22.635 MM 99.59964 2.47531 0.00742593 Co9
23.066 MM 55.7339 0 0 Cso
23.776 - 0 0 0 Ca1
24.179 - 0 0 0 Cs2

17¢




FID1 A, Front Signal (15102015115102015 2015-10-15 10-49-03\NUMUNE29-00.D)

Figure D-96: EX:3; Port:2, T:3060 min, m:1.447 gyas chromatogram

Table D-96: EX:3; Port:2, T:3060 min, m:1.447 gr.

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name

9.724 4103.73584 92.69913 0.27809739 Cio
10.872 4777.71289 110.97372 0.33292116 C11
11.891 5873.24609 135.14186 0.40542558 C12
12.823 7445.4502 173.02166 0.51906498 Ci3
13.695 1.21E+04 275.1898 0.8255694 C1a
14.51 8451.84277 188.39495 0.56518485 Cis
15.281 6920.9585 156.37618 0.46912854 Cis
16.01 1.07E+04 243.8706 0.7316118 C17
16.704 1.00E+04 226.50411 0.67951233 Cis
17.365 5968.55127 140.93314 0.42279942 C19
17.995 4434.11621 106.14626 0.31843878 C20
18.598 3610.72412 91.37614 0.27412842 Co1
19.174 2898.1001 69.9537 0.2098611 C22
19.727 2167.03125 54.11693 0.16235079 Co23
20.258 1518.3241 36.62812 0.10988436 Co4
20.772 1118.16187 27.30274 0.08190822 Co2s
21.263 658.94824 16.19557 0.04858671 Cos
21.737 323.12915 8.26573 0.02479719 Co7

22.2 171.10381 2.25222 0.00675666 Cos
22.643 87.08517 2.1643 0.0064929 C29
23.07 52.3241 0 0 Cso
23.776 0 0 0 Ca1
24.179 0 0 0 Cs2




FID1 A, Front Signal (15102015\15102015 2015-10-15 10-43-03\NUMUNE30-00.0)
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Figure D-97: EX:3; Port:1, T:3120 min, m:1.186,gyas chromatogram

Table D-97: EX:3; Port:1, T:3120 min, m:1.186 gr.

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name

9.723 5144.4458 116.96512 0.35089536 C1o
10.872 5873.99658 136.43751 0.40931253 Cu1
11.892 7200.8125 165.42046 0.49626138 C12
12.825 9150.86035 212.65296 0.63795888 Cis
13.696 1.49E+04 339.8035 1.0194105 Cus
14.512 1.02E+04 225.1506 0.6754518 Cis
15.282 8402.79492 189.61308 0.56883924 Cis
16.012 1.30E+04 296.1675 0.8885025 C17
16.706 1.20E+04 271.91149 0.81573447 Cis
17.365 7131.26953 168.38797 0.50516391 C1o
17.997 5321.35352 128.31341 0.38494023 C20
18.598 4259.52197 107.79519 0.32338557 Co1
19.176 3471.86279 84.48319 0.25344957 C22
19.729 2590.40942 64.68988 0.19406964 Cos
20.261 1912.18286 46.5323 0.1395969 Coa
20.769 1358.12939 33.16215 0.09948645 Cos
21.26 761.93317 18.6741 0.0560223 Cos
21.737 389.00317 9.9508 0.0298524 Co7

22.2 201.59528 3.02442 0.00907326 Cos
22.643 102.73604 2.55326 0.00765978 Co9
23.07 55.43322 0 0 Cso
23.776 0 0 0 Ca1
24.179 0 0 0 Ca2

17¢




FID1 A, Front Signal (15102015\15102015 2015-10-15 10-49-03INUMUNE31-00.0)

Figure D-98: EX:3; Port:2, T:3120 min, m:1.314 ggas chromatogram

Table D-98: EX:3; Port:2, T:3120 min, m:1.314 gr.

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name
9.721 4814.22705 109.26549 0.32779647 Cio
10.87 5568.23926 129.33557 0.38800671 Cu1
11.89 6832.61133 157.02268 0.47106804 C12

12.823 8646.64844 200.9358 0.6028074 Ci3
13.694 1.40E+04 318.45866 0.95537598 Cis
14.51 9797.39551 216.42081 0.64926243 Cis
15.28 8070.50049 182.15987 0.54647961 Cis
16.01 1.24E+04 280.76141 0.84228423 Ci7
16.704 1.15E+04 259.51378 0.77854134 Cis
17.363 6995.36768 165.17897 0.49553691 C1o
17.994 5173.44873 124.61808 0.37385424 C20
18.597 4204.20703 106.39534 0.31918602 Cx1
19.173 3391.9126 82.4586 0.2473758 C22
19.728 2581.04346 64.45599 0.19336797 Cos
20.259 1826.96289 44.38932 0.13316796 C2s
20.768 1284.95752 31.37548 0.09412644 Cxs
21.259 767.34064 18.80424 0.05641272 Cos
21.737 367.68536 2 9.40549 0.02821647 Co7
22.197 193.90982 2.82979 0.00848937 Cos
22.637 101.04726 2.51129 0.00753387 C29
23.07 56.4159 0 0 Cao
23.776 0 0 0 Ca1
24.179 0 0 0 Ca2




FID1 A, Front Signal (15102015\15102015 2015-10-15 10-49-03INUMUNE32-00.0)
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Figure D-99: EX:3; Port:1, T:4320 min, m:0.926,gras chromatogram

Table D-99: EX:3; Port:1, T:4320 min, m:0.926 gr.

RetTime (min) Area (pA*s) | Amount (mg/L) | Amount (mg) | Name

9.72 4521.66113 102.4438 0.3073314 Cio
10.869 5150.83643 119.6404 0.3589212 Cu1
11.888 6211.38281 142.85395 0.42856185 C12
12.821 7820.47461 181.73669 0.54521007 Ci3
13.692 1.26E+04 286.18948 0.85856844 Cus
14.507 8895.68945 197.63961 0.59291883 Cis
15.277 7271.8877 164.24736 0.49274208 Cis
16.008 1.13E+04 255.54817 0.76664451 Ci17
16.703 1.06E+04 240.45131 0.72135393 Cis
17.364 6281.90869 148.33233 0.44499699 Ci9
17.995 4626.26855 110.94708 0.33284124 C20
18.594 3849.35522 97.41515 0.29224545 Co1
19.173 2981.01611 72.05339 0.21616017 C22
19.724 2276.38672 56.84784 0.17054352 C23
20.256 1610.66479 38.95017 0.11685051 Coa
20.77 1176.85986 28.736 0.086208 Cos
21.259 707.64789 17.36762 0.05210286 Cos
21.737 320.78168 8.20568 0.02461704 Co7
22.197 166.25438 2.12941 0.00638823 Cos
22.64 86.82214 2.15776 0.00647328 C29
23.07 55.94155 0 0 Cao
23.776 0 0 0 Ca1
24.179 0 0 0 Ca2

18C




Figure D-100 EX:3, Port:2, T:4320 min, m:1.595 gyas chromatogram

Table D-100 EX:3, Port:2, T:4320 min, m:1.595 gr.

RetTime (min) | Area (pA*s) | Amount (mg/L) | Amount (mg) | Name

9.72 6590.09473 150.67297 0.45201891 C1o
10.868 7511.42822 174.47074 0.52341222 Ci11
11.89 9229.96973 211.70067 0.63510201 C12
12.824 1.16E+04 268.97665 0.80692995 Ci3
13.695 1.89E+04 428.22951 1.28468853 Cus
14.512 1.29E+04 282.05413 0.84616239 Cis
15.281 1.06E+04 237.97807 0.71393421 Cis
16.012 1.63E+04 369.14188 1.10742564 C17
16.706 1.55E+04 351.67828 1.05503484 Cis
17.367 9115.83789 215.24883 0.64574649 Ci1o
17.999 6831.96729 166.05528 0.49816584 C20
18.598 5558.51855 140.66873 0.42200619 C21
19.173 4537.91895 111.47913 0.33443739 C22
19.727 3403.71558 85.00045 0.25500135 Cos
20.257 2504.18384 61.41908 0.18425724 Coa
20.768 1765.55017 43.11036 0.12933108 C2s
21.261 1051.34119 25.63926 0.07691778 Cos
21.733 489.23816 12.51484 0.03754452 Co7
22.193 259.93723 450194 0.01350582 Cos
22.637 130.49359 3.24311 0.00972933 Co9
23.063 78.60258 0 0 Cso
23.776 0 0 0 Ca1
24.179 0 0 0 Cs2
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