UNIVERSITY OF TARTU

Faculty of Science and Technology
Institute of Chemistry

ISOTOPIC STABILITY OF MASS REFERENCE MATERIALS AND
POSSIBLE USE AS ISOTOPICREFERENCE MATERIALS

Margarita Esmeralda Gonzales Ferraz

Master® s Thesi s
(30 ECTS)

Applied Measurement Science

Supervisors:

Kalle Kirsimae
Holar Sep

Department of Geology, University of Tartu

Tartu-Estonia

2020
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1. INTRODUCTION

Stable isotope research hdsvelopedto the point wherdhousands of isotope ratio mass
spectrometers are in operation in laboratories all ovewdnkl. Stableisotope measurements
have an extremely wide range of applicati@mlare being made to resolve problems in many
diversefields including geochemistry, climatology, hydrology, plant physiology, ecology,

archaeology, meteorology, meteoritics, palaeobiglbggteriology and the origin of lifd].

Natural Isotope variation or fractionation depends on thermodynamic equilibria and kinetic
processes affecting the individual isotope. In both cases, fractionation is a function of slight
variation in the physical and emmical propertieof the isotopes ands proportionalto

differences in their massgs.

The primary standard acceptddr relative nitrogen(N) isotoperatio measurements is
atmospherimitrogen (N) gas, which is widespread and homogeneous and, by convention, has
au'®N value of @ [3]. Theprimary standard fotarbon (C) isotopeatio measurements since
1993should be reported liative to VPDB (Vienna PDB) havingi&®C value of  [4]. These
standards are available to investigators for use in calibrating the working standards with

individual mass spectrometer laboratories.

Isotope ratio analysis involves precise measurement, usually by mass spectrortretmnare

abundant light isotope relative to the less abundant heavy igéfope

The old laborious extraction techniques forstable isotope analysis were developed by
analytical chemists who were very concerned about reproducible, quantitative chemical

reactions.

The application of multicollectelCP-mass spectrometry now enables investigations of stable
isotope compositions witadequate precisions for a wide range of transition and heavy elements

that could not be measured bef{@g

In any isotopic analysis, very precise and analytical techniques are required. Isotopic
composition is measured by determining the ratios of the two stables isotopes present in the
sample It has been found that measuring the absolute isotopic composition is not as reliable
and or convenient as measuring isotopic differences between a samh@egemen standard.

This is because while obtaining high precision in absolute isotopic composition of a sample is
not difficult over short term, but it is difficult over long term. In contrast, analysis based on the
measurement of the differences betwaeatefined standard and sample provide high precision

and repeatabilitpver short and long term perioffy. Because of instrumental requirements,



carbon and nitrogen must be converted to @ N for stable ratio measurements. Most of

the error associated with isotopic measurements results from sample prepdfation

Stable isotope ratio maspectrometry laboratory at Department of Geology, Tartu University
has been iperation for more than 10 years. While primarily aimed at Carbon and Oxygen
isotope composition of carbonate phases via phosphoric(ldgitis)  dissolution method.

Then since 2014, the laboratory has been measuring C and N isotope composition of solid
organic and inorganic geological, archaeologiaatibiological materials. In element analyser
attached to isotope ratio magsectrometer the element composition of the C and N are
analysed along with their isotopic compositions using bcation against the known

composition of respective reference materials.
1.1.0BJETIVE

The aim of this workwas to study and analyse the stability and {targh within laboratory
reproducibilityof the >N andiit3C composition of the different standard reference materials
for the Acetanilide, Aspartic Acid and Nico@mide - routinely used for the calibration of C
and N abundance (ma$%$s) in data collectedvith the Elemental analyserattachedwith the
Continuous Flowlsotope Ratio Mass Spectrometer ((BFVIS) from the geology department
of University of Tartu.This gudy estimates theaggsibility to use the Efaental analyser

referencamaterials as secondary isotope stadslar



2. LITERATURE REVIEW
2.1.STABLE ISOTOPES

Isotopes are atoms of an element that share the same number of protons but a different number
of neutrons. In the scientific nomenclature, isotopes are specified in the fgrm wher e fi mo
indicates the mass number (the sum of protons and neutronsimthé re us) and fAno

the atomic numbd¢2l. of an el ement AEO

Stable isotopes arthose isotope®f an element that are stable and do not decay through
radioactive processes over tifdé. Although they do not emit radiation, their unique properties
enable them to be used in a broad variety of applications, including, a@itemanagement,
environmental studies, nutrition assessment studies and foreBghty out of the first 82
elements in the periodic table have stable isotopehle isotopes can be used by measuring
their amounts and proportions in samples. Naturally occurring stable isotopes of water and other
substances are used to trace the origstoty, sources and interactions in wat€rand N

cycles. Variations instable isotopesatios in nature are small thean be used as tracers. For

this purpose, theyare separated using highly sophisticated technigues, such as mass

spectrometry7].

Classical stable isotope geochemistry concenostlyfor variationsn the stable isotope ratios
of only five elemats:Carbon , NitrogenHydrogen, Oxygen andSulphur[1]. Most elements

corsist of more than one stable isotdpg

Of the five nitrogen isotopes,., . , ., . and ., three are highly unstable with half
livesfor ., ., . of10 minutes, seven seconds, and four seconds. The only two stable
nitrogen isotopes are. (99.635%)and . (0.365%)[8].

The elementCarbonexist astwo stable isotopes # (98.89 %) (reference mass for atomic
weight scale) # (1.11%) [4].

2.2.1SOTOPIC FRACTIONATION PROCESS

The partitioning of isotopes between two phases of the same substanddfesiémt isotope
rati os I s cal |l ed Ffriascatiomeat f o ac tdivcenvastgi soelpue )l
di sequilibrium (unidirectional) process resu

for di ff e[f].elhete are svo differpnefsactionation processes



A. Equilibrium isotope distribution (Isotope exchange reactionk They are mainly dven

by changes in the internal energy of a molecule like vibrations of the atoms within a

molecule.

| sotopic equilibrium exchange reactions 1in
among phases or cheneigcuaill i opa awimg s .t hhet fiosromac
reactions rates of the | ighter i sotopi c sy
spe¢gil.esFor example during equilibrium, vol a
CQ, the heavier i sotope tends to concentr a

i sotope has a hi9% Equi V appooessesrtgke masesirualose or
semiclosed systeni8]. For isotope exchange reactions in geochemistry, the equilibrium
constant K is often r epThe taetidnatioryfactorhselefihed act i ¢
as the ratio of the numbers of any two isotopes in one chemical compound A divided by the

corresponding ratio for another chemical compound B1)Eq.
U AB= Ra/Rs ( EY .

The equilibrium fractionation factdr «q is related to the equilibrium constantfét two
substanceas shown in (E®), where n is the number of atoraschanged in the reaction
[10].

6 8 & ( E2) .

It has become common practice in recent yec:«

value (or isotope enrichment factor) which is defined as3jEq.

R L P (Eq3)
because U T 1000 approxi mates t healkltlhcti ona

B. Kinetic fractionation processeswhich depend primarily on differences in reaction rates
of isotopic moleculesAre common innature and in the laboratorjl0]. Kinetic
fractionation processes are also associated with incomplete and unidirquiimeskes like
evaporation, dissociation reactions, biologically mediated reactions and diffdgpn
Kinetic fracti orpagtuiidn bcrainu m essyuslttem ni nnowmhi c h
dependent. Ad ea 1nsloe optehe elaicg sl sfoatsotpeirc atlhlayn
mol ecules can diffuse out of a system and |
[5][20]. I n the case of evaporation or subl i me

i sotopically |l ighter product can escape, wt



[18].s Dudrui anl g reevaacpt darattgircerat er aver a

| i ghtberearkolt dhoc wlughpalbleew® gqtuh an

product and
velocities of
fral@lti onation bet wee

resulting in a isotope

The degree of isotopic fractionation associated with a reaction is commonly expressed with

%, (Eq4) which is the ratio of rate constants for molecules containing the different isotopes:
° — (Eq4)

where % and %k are the rate constants for molecules containing the light and heavy

isotopes, respectivefjL1].

Molecules containing the elavy isotopes are more stable and have higher dissociation
energies than those containing the light isotépe.n et isar ef facte i n high

processes ocfdd.rring on Earth

2.2.1. I1SOTOPIC FRACTIONATION PROCESSES OF NITROGEN
2.2.1.1.NITROGEN

No other essential element for life takes as many forms in soil as Kaastbrmations among
these forms are mostly mediated by microbek e most i mportant N f or ms
N2; di srsiotlfveeddai t(t V t,ammoni.uym

. (, and

and -No;r gminn ecr al fi
organi3B8 N compounds

In nature, N has nine different oxidation states (Table 1), as different types of chemical species,

and redox reactions between these species are keyooemts for the N cycld4].

Table 1.Main forms of Nitrogen in soil and their oxidation stdtb4.

Name Chemical Formula Oxidation State
Nitrate . +5

Nitrogen dioxide (g) NO2 +4

Nitrite . +3

Nitric oxide (g) NO +2

Nitrous oxide (Q) N20 +1

Dinitrogen (g) N2 0

Ammonia(g) NH3 -3

Ammonium . ( -3

Organic N Rnh3 -3

Gases (g) occuyoth free in the soil atmosphere as well in dissolved in soil w

N is a trace phase in rocks and the major component of%iris the less abundant isotope
consequentlys more practical to measure the difference or ratio of two isotopes instead of the

absolute quantity of eacfihe ratio of*>N/**N in the air is 272+03 and this ratio is constant



and allow aiN to be used as standard. Solid refee samples are used frdtMfiST and IAEA

[1].

| sotopic compositions are expressed in terms
t housand or peg rN-vatue in thé sanple isTthHere calculated by the following
equation (EQ5) [12][15]:

1 . p OOEO

PZP MM P ZPTTT (Eq5)

where Ramplis RstandardiS @ ratio of heavy isotope to light isotope, in the examined sample and

the standard one, respectively. A positive U
of the sample in the heavy isotope of a given element. A suitable value ipigsstiadies is

i sotopic fractiarEg6i on, U} /s, expressed

“b - zpmimmm . DOT AGA.OO DA OO OEABA

| f, /%0, then the product is enriched'N, ,i<f0i dlepl et ed; begawegd f ac
i s r el at=5- nwheheis pnd p réfer to substrate and product, respectively. This value

is useful to describe quantitative changes in biogeoclknuocesses and theoretical
modelling ofN cycle[11][15].

N isotopic fractionation occurs during the transformation from the reactant to the piduict.

most significant fractionation effects in the low temperatligystem are going to be kinetic
[1].
2.2.1.2 BIOLOGICAL NITROGEN ISOTOPIC FRACTIONATION

The size of the largest N reservoir, the Earth atmosphere, and its long residence time of
approximately 17 million yearsuggest that the global-&ycle was likely to be balanced at
geological time scales. After the industrial revolution, human activities, such as mining, fossil
fuel burning, land use change, and artificial fertilization, have resulted in perturbations and

numerous flux changes of thedycle[16].

Today, the Earthoés at mos phaedraoutil% otherpad@3]. 78 % N
N is capallreaensf obmedgbi ochemically or c hemi
summar i z e-dy gMgare 1) RBhotdautotrophic plants, heterotrophic organisms and
nitrifying bacteria form thé\-cycle[18].
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Figure 1.a)Nitrogen Cycleb) Simplified diagranof the diagram of nitrogerycle. Note that
nitrification is generally thought of a thera@rsion of nitrate to N and/or NO gas, but that

nitrite is an intermediate phase. Nuemb is parenthesis indicate average fractionations

(i*>Nproduct U°N source) associated with each prodé$i 9.

Mayor biochemical Ncycle processes include:

A. Nitrogen Fixation

Is a conversiom f at
organixmsgi nbl

are recognized.

mo s p b eal\WwHici chh

bacteri a

can

be

met abol

- Nitrogen-Fixing Symbiosis: N-fixing bacteria can transform atmospherig iNto

fixed N and form symbiotic associations (with groups of plants and some fungi)

Comprises the mutualistic Rhizobium (leguminous plaftsnkia (dicotyledonous

species), certaiAzospirillumspecies (cereal grass¢2)].

- Non-Symbiotic Nitrogen Fixation: Biological fixation of atmospheric Ns catalysed

zed

ar e. Tviokihds ofM-fexingobbcteda a n d

by the nitrogenase enzyme complex and synthetized by limited number of bacteria

(prokaryote$y [21].

- N2Fi xation

b High tempertaturesioccygrring in lightnistyikes produce

NO in the atmosphere from molecular oxy@®a) and N. The NO is oxidized to NO

and then to Nitric acid (HN§ which is removed by wet and dry deposition thus

introducing N into ecosystenfia1][22].

10
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N fixation is generally consided as a single process in terms of isot@ictionation, because

d™N values are measured on the product plant or bacteragardless of the pathway from

N2(g) to organic matter. N isotope fractionat@ssociated with fixation is generally smidl].
Fixation commonly pr odWNoaussslightlydeasnhancd ,maging r i al s
from-3 to +1a [11].

B. Assimilation or Immobilization

|l s the process of ingestion by pN,amtus/hpfassi m
./ and(.ln the presence o0f orn/ siuointsa balree . rfeedduucct ead:
ions, which are coi5.dheee 168 oaogampipc ematabée
assimilat,jdn afm/d Hi gher pl ant s show much
aver a0g.iZnsgnd assi mi |l ation f or -2a7q@Bal]i ¢ pl ant s i

C. Dissimilation

|l s the wuse by bacteria in analfkmomobi)c ac@esndant i
alternative of electrond radouaepi on teadéfei nr

produdionrgsNHMi s process i s general [1%]. referred
D. Mineralization (Ammonification)

|l s the decomposition of complex zordadihe con
mi neralizati on i's in soils generally a sl ow
range of conditions especially concerning so
abovel[l5.0 C

The mNOBkhais theasdmpoésent in the soil sol uf
ions. Temperature and humidity play an i mpor
stronger temperature changes decreas,e omi ner
temperature chanbessnaeeat nbtsieowvwedecreases in
accumul at [18].nMM hef fractionation associated witdl

soil ammoni uam[li s s mal | 0N1
E. Nitrification

Nitrification i's the( prmo/cand oOhédicbhawvweusalbine
condi fl2][@3lfi®]) The opti mum temperature i3®AC.ni tr
Nitrification is also sensbeiliow [BH HAcklorpmH,ng
to Parnf2k)tét. @pH. oMpittirnoas-Ammaasa Oxi di zi ng Bact el

11



the range of 8. 2NiNt rOo Ha datmddrt & . OXNi0d i4z ifrog Bact ¢

NOB rmo sensitive for pH ranges.

Ni trificatsitepprsocsesas tcvaari ed out by three mi

ammonia oxidizers, (2) autotrophic nitrite o

The f i rTshte SAtmenpo:ni & a@ xtAeuwltadati roomphi ¢ ammoni a o0Xi
nitrite I ncluded in Nihire®sgmomnmna@s ,of Nibtarca sea d cac
Ni trosovi br i[14][15].Ni t r osol obus

Nitrosoomowe(st e/ ( EfFy. andditho INss toxic conditic
2. ( +382 / + 2#H 0H+ Energy Eq5)

Since there i*peprbdbddotiong nfteHfication, thi
environments.
The secofud osttreopp:hi ¢ -Mii tt mo & ®ic thedd tedai /z [@] €G] ..

Aut otcr mphiri fiers can be considered fAkeystone

negative i mpalfl.s Aoyt ogalolpthtiantnsi tri fiers are
compounds, and ar.e( poadl comp@ae teidt @ o[&3hfearer ot r o
2ND- ;0 2N® Energy 6)

Esti mates for .t(hteo /frrancg e-lothr&t8m[h.n o f
F. Denitrification

The denitrification is.dan etfpaciyecoémehldodfoo
./ intcgaN. This is a reductive process and ¢t}
st agk®, /,. / tonitricoxide (NO), NO to BD and NO to N>[15].

Denitrifiers are commonly found in many nat
freshwater sedi ment |, as wel | i n wastewater t

heterotrophic and aut oRtsreoupdnointo nlaasct eRailas.t oThh &

Paracoccus, Rhodi bacter, Rubr ianveaeeptarnepaues a
the dominant denitri flvYlers i n various environ
Denitrification has | arge i sotopaf NJSgasalot i ona

shallow aquifers, Blgasproduced by denitrification can be lostdiffusion to the atmosphere.
This is aRayleigh fractionation process with large coefficiat of fractionation Measured

fractionations for soil samples are often small&to-14a [1].

12



Denitrification is a process, in which we can see a large isotopic fractionation of N dhd O

has a disti nct tPNwaluesin hittatese with decreasing t doreentiations,

t h &N value grows exponentially1][15].

G.Anaerobic ammoni um oxi di

Zi

ng (anammoX)

Is an autotrophic biological process running under anaerobic conditions, in which a complete

conversion of. ( to N2 (without supplying an external orgarfizsource). Microorganisms

responsible for an Anammox process belong to three groups of ba®eoieadia (B.

anammoxidans and B. fulgiyakuenenia (K.Stuttgartiensis and Scalindua (S. wagneri, S.

brodae, S. sorokiniif15].

We can observe the values of N Isotopic fractionation for the differagesif the Ncycle in

the table 2.

frac

Table2 The values of Nit rggfay microbial sulturegli]i c
Process Reaction aslp b ]
N2 fixation N2 © Norg 2to+2p ]
. ( assimilation . (9 Norg +14to 2P
. ( oxidation (nitrification) (9. +14 to +3%
Nitrite oxidation (nitrification) .o . -12.8
Nitrate reduction (denitrification) |. / © . / +13to 3Q
Nitrite reduction(denitrification) .l o +5to +2%P
Nitrous oxide reduction N.OY N +4 10 +13P
(denitrification)

Nitrate reduction (nitrate [ © . +5to +1(
assimilation)

2.2.1.3. ANALYTICAL METHODS

N2 is used for'>N/*N isotope ratio measurements, the standard is atmospheri¢aNous

preparation procedures have been described for the different nitrogen compounds. In the early

days ofN isotope investigations, the extraction and combustion techniques potentially involved

chemical treatments that could have introduced isotdgictionations. More recently,

simplified techniques for combustion have come into routine use, so that a precision of 0.1

0.

H>O and N in an elemental analyzer. The ogenically purified N is trapped for analysis.

v v

2 & U*N determinations can be achieved. Orgasicompounds are combusted to £O

More recently methods have been described that are based on the isotope anak®is of N

Measurements of bulie®N values yield qualitative rather quantitative information onNhe

cycle, special techniquese necessary f@a separate analysis of nitrate and nitrite in samples

containing both specig¢$1]. Coplen et. al[26] developeda method to measure2R generated

by denitrifying bacteria lacking XD reductase.

13



2.2.2. ISOTOPIC FRACTIO NATION PROCESSES OF CARBON
2.2.2.1.CARBON

The most important C forms in the biosphere are gaseousa@® CH, dissolved CQ
(carbonate speciesgolid carbonate minerals, and organic compoyibds he broad spectm
of C-bearing compounds involved in low amigh temperature geological settings can be

assessebased ortarbon isotopéractionationg11].

Thethreemajor reservoirgor C on the Eartlare sedimentary orgamcatter, the biosphere and
sedimentary carbona{d$. However, the abundance GO, in the atmosphere is minuscule
compared to the major reservoiReservoirs, their abundance, fluxes, and iié€ values are

given in Table 31].

Table 3.Mass and Carbon isotope composition of major carbon reseftbirs

Reservoir Mass/16°%g C Uu*Cp (PDB) average
Atmosphere (290 PPM) 775 -6 TO-7

Ocean (TDC) 35 000 0

(DOC) 1 000 -20

(POC) 3 -22

Land plants 1600 -25 (12 for G plants)
Sedimentary inorganic C | 60 000 000 Oto1l

(carbonates)

Organic carbon 15 000 000 -23

Continental silicic crust 7 000 000 -6

Mantle 324 000 000 -5t0-6

2.2.2.2.CARBON CYCLE

The global atmospherid'C value is related to the overall glot@icycle[1]. The C-cycle is
the biogeochemical cycle by whi€his exchange among the biosphere, pedosphere, geosphere,
hydrosphere and atmosphere of the Edrtie C-cycle comprises a sequence of events that are
key to make Earth capable of sustaining life. It describes the movern@ras it is recycled
and reused throughout the biosphere, as well astemgprocesses & sequestratiofFigure

3). Mayor biochemical €ycle processes include photosynth@sishemosynthesis, whereby

CQOz is converted into organic matter; respiration, whereby organic compounds are oxidized to

COz:and methanogenesasdfermentation, which may be considered reduction of ©@Ha.
The most important factor affecting-i€otopic compositions of natural cooynds in the
biosphere is the effect of absorption and photosynthetic fixation ebg Plantg[5].

14
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Figure 3. a) Movement of carbon between land, atmosphre, and ocean in billions of tons per
year. Yelow numbers are natural fluxes, red are human contributions, white are stored carbon.
b) Carbon cycle showing fluxes aiéfC values of different reservoirs. Abundance shown in
bold in10%g. Flux shown in italics in 18g/yrs.i3C values are in parentheg&}27].

Important biochemical transformations@fnclude:

- Respiration:@ r g Y.CO

. Oxidation: CHY C0

- FermentationC-or g Y«CH

- Methanogenesis: G& C H

- Fixation:CQY C-org

- Photosynthesis or ChemosynthgSis

2.2.2.3.0RGANIC CARBON SYSTEM (PHOTOSYNTHETIC PAHWAYS)

The different photosynthetic pathways were recognized by stable isotope geochemists based on

distinct d'°C values in plantfil]:

A. Photosynthesisconverts CQto carbohydrates via metabolic pathways that provide energy
to an organismrlhe formation of reduced organic carbon occurs by reduction etiGing
photosynthesis Terrestrial plants derive their carbon from photosynthetic fixation of
atmospheric C@ as does marine plankton. Other aquatic plants fix carbon from dissolved
bicarbonateHICOzs) [1]. The selective eichment of one stable isotope over another creates

distinctisotopic fractionationshat can be measured and correlated with among oxygenic

15



phototrophsThe degree of carbon isotope fractionation is influenced by several factors,
including the metabolismanatomy, growth rate, and environmental conditions of the
organism. Understanding these variationifractionation across species is useful for
biogeochemicastudies, including the reconstructionpafleoecology, plant evolutipand

the characterizain offood chaing28]. Photosynthesis by upland trees and northern grasses

o

invol ves a net fractionation of about 19

Q

involve s a small fractionati on of about 6
fractionation of C isotopes include microbial decay processes, such as the formatian of CH

during anaerobic decomposition and of Z&iDring aerobic respiratidid].

. Rubisca The large fractionation ot°C in photosynthesis is due to the carboxylation
reaction, whib is carried out by the enzyme ribules®&-bisphosphatecarboxylase
oxygenas@CsH12011P»), or Rubigo processRubiscocatalyzes the reaction between afive

C molecule, ribulosel,5bisphosphate (RuBPand CQ to form two molecules of3-
Phosphoglyceric aci(PGA). PGA reacts with NADPKNicotinamide adenine dinucleotide
phosphate)to produce3 phosphoglyceraldehidfl][29]. Isotope fractionation due to
Rubiscocar boxyl ati on i s predicted .tHowevere a 2.
fractionation values vary between organi sm
cocolithophoricalget o a 29a de pl espinachnRbiscbcauseas a kircetici n
isotope &fect becausé’CO, and *CO, compete for the same active site &fd has an

intrinsically lower reaction ratg30].

Cs pathway : Cz plantsinclude rice, barley, wheat, cotton, spinach, pottGeplantsdo
not grow well in very hot or arid regiongsescarbon fixation(one ofone of the three
metabolic photosynthesis pathways which also incldgd@and CAM). These plants are
called "G" due to the threearbon compound3-PGA) produced by the CCfixation
mechanism in these plants. Thisr@echanism is the first step of the CalMdenson cycle,
which converts C@andRibulose 1,5 bisphospate(RuBinto 3 PGA[1].

The isotope fractionations ins€arbon fixation arise from the combined effects oh@Q&s
diffusion throudn the stomataof the plant, and the carboxylation ViRubisca Stomatal
conductancediscriminates against the heavi€iC by 4 . bikcd carbdxydation
contributes a | ar géd&he widd ranger of vaiiatioa in idetanvaloes 2 7 a
expressed in €plants is modulateby the stomatal conductance or the rate of &@ering,

or water vapor exiting, the small pores in the epidermis of §3&hf
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Rubiscoenzyme catalyzes the carboxylation of &d the Ecarbon sugaiRuBP, into 3

phosphoglyceratea 3carbon compound through the following reactifi.11)
CO+H0O + R WwkBisk2(3¥phosphoglycerate) ( Eq.11)

The producB phosphoglycerate is depleted*C due to thekinetic isotopic effecof the
above reactionThe typical range of €plants is-33 to-2 3 a , w ioverall *& n

fractionation for G photosynthesis ranges betwesri 27 toi2 6 d1].

. Ca (dicarboxilic acid pathway): Cs plants which use £photosynthesis include grass,
maize, sugar cane, millet and sorghum.pantshave developed thes@arbon fixation
pathway C4 plants have high water efficiency, and so are tolerant to high temperatures and

aridity conserve water loss, thus are more prevalent in hot, sunny, and dry ¢8&]ate

Isotopic fractionation differs betwee@s carbon fixationand G, due to thespatial

separation in g€plants of CQ capture (in the mesophyll cells) and the Calvin cycle (in the

bundle sheath cells). Is@lants, carbon is convertedliccabonée fixed into oxaloacetate

via the enzymghosphoenolpyruvate (PEP) carboxilasel is then convertetd malate.

The malate is transported from tmesophyll to bundle sheeglls, which are impermeable

to CO:[29. Thed®C values of C4 plants ar eplanfs,out 13
ranging from16to-9 a, av elB®gd i2d1y.

. CAM (CrassulaceanAcid Metabolism): Plants that us€rassulacean acid metabolism
also known as CAM photosynthesis, are included in this group epiphytes (orchids,
bromeliads) and xerophytes (sulemts, cacti)Separate their chemical reactions between
day and night. This strategy modulates stomatal conductance to increasaisgater
efficiency, scarewell adapted for arid climateb Crassulacean acid metabolism, isotopic
fractionation combines the effects betG pathway in the daytime and the gathway in

the night. This process alone is similar to that efpants and yields characteristia C
fractionation values of approximatelyl 1 & .During the day, CAM plants have
approximately-2 8 a f r a c t iractersstic iofo@ plantsc These combined effects
providel’i*3C values for CAM plants in the range-df0 to-2 0 §33].

. Aquatic photosynthesis:aquatic organisms derive their carbon from dissolved carbon in
water. Plankton get a significant portion of their carbon froissdlved CQ. The d*3C

values of algae range fror82to-1 0 a, p | a n-BlttoeIn8 & ,r okme |-3D tof r om <
104&. Mo swaterpwlanktom have @3C value of-22to-1 74. |t has been

that there is a temperatudependent fractionation of th3C value of planktonWhen
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molecular CQi s sufficiently abundant, there 1is

between C@and cells over all reasonable temperatures. The aveti@ealue of marine
plantsis ~2 0 41].
2.2.2.4.CARBONATE SYSTEM

The fractionation during carbonate precipitation is small and relatively insensitive to
temperature (unlike the oxygen isotope fractionation), sodtit values of ancient marine
carbonategFig 4) reflect thed*C value of dissolved inorganic carbonrfravhich they formed
Locally, and on relatively short timescales, téC value of dissolved inorganic carb
related to productivity, ocean circulation, weathering, and input of carbon sources. Over the 10
100 million years scale, the glot#fC valueof dissolved inorganic carbon varies in relation

to the relative proportions of the two major carbon reservoirs, organic carbon and carbonate in

the crus{1].

‘amb  Ord Sil Dev Carb Perm Tri Jur Cret  Tert

6F ‘ s -

3"C (%o vs PDB)

_()IIIllllIllIllllllllllllllll

500 300 100
Age (Ma)

Figure 4. Secular variations af'3C variations in marine carbonates Data from low magnesium
carbonate shells. The shaded arefd. is 1h unce

The inorganic carbonate system is comprised of multiple chemical species linked by a series of

equilibria (Eq.7, 8, 9):

CO:(aq) +HO H2COs (Eq.7)
(#/P ( P (#I (Eq.8)
(#1P ( #/ (Eq.9)

The carbonatet#t /  ion can combine with divalent cations to form solid minerals, like calcite
and aragonite (Eg. 10).
#A #I #A#I (Eq.10)
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An isotopic fractionation is associated with each of these equilibri&Qhiifferences between

the species depend only on temperature, although the relative abundances of the species are
strongly dependent on pH. The major problem in the experimestatnination of the
fractionation factor is the separation of the dissolved carbon ph@&eaq ( #/ , #/ )

because isotope equilibrium among these phases is reached within seconds. Another complicate
factor is the shell carbonaf@ecipitated by marine organisms which is frecuently not in

equilibrium with the ambient dissolved bicarbonidtg].
2.2.2.5ATMOSPHERIC CO 2

The average global'®C value of CQin the atmosphere has changed frém 7 & in 195

i7.9a, to8laastobdaw as a result of fossil fu

referred to as the Suess Effect, although this term originally was used in the context of changing
DCvalus due t o t he 0 fossifiels)gvariations indhec dafuesof the
atmospheric Cob e f or e K e edttherMgudas Loaslserdatoryhave been measured
using G plants and particularly ice cores (F&). Ancient variations in atmosgric d*°C are

more difficult to determine but can be estimated from marine carbonates. The global

atmospherid*3C value is related to the overall global carbon cjt]e

ST T T T T T T T T T T T 1

@ ice cores

. 0o~ -
_ 80 o ¢, plants +3.28 8%
as) 0o j
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» (o}
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Figure 5. Variations ind**C value of atmospheric G@s a function of age, data from direct
measurements of atmospheric £®easured*>C values of maize (plant) and ice core air

inclusions[1].
2.2.2.6 ANALYTICAL METHODS

The gases used C/AC measurements are €@ CO obtained during pyrolysis. For €the
following preparation methods exist:
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- Carbonates are reacted with 100 % phosphoric aciE@@) at temperatures between
20 and 90 °C (depending on the type of carbonate) to liberate CO

- Organic compounds are mgrally oxidized at high temperatures (85000 °C) in a
stream of oxygen or by an oxidizing agent like CuO. For the analysis of individual
compounds in complex organic mixtures, a gas chromatogiamhjpustionisotope
ratio massspectrometry (GEC-IRMS) system is used. This device can measure
individual carbon compounds in mixtures of stimogram samples with a precision of
better tHhAn NO.5 &

2.3.PRINCIPLE OF ISOTOP E RATIO MASS SPECTROMET RY

Mass spectrometry methods are the most effective way of measuring isotope abundances. A

mass spectrometer separates charged atoms and molecules based on thiiijnases

An Isotope ratio mass spectrometer consist of an inlet system, souoe, an anahg for ion
separation, a dettr for ion registration. The inlet system is designed to handle pure gases like
CO, N2. Neutral molecules from the inlet system are introduced in the ion source where they
are ionized trough interaction with the electron beand accelerated to sevekilovolts and
theions pass though the magnetic field before reaching the Faraday cup detectd@suig

7) [4]. The strength of the magnetic field and the accelerating voltage determine the trajectory
of the ions and which ions enter the Faraday cups. Multiple collectors allow simultaneous

measurement of ion intensiig4].

ANATOMY OF GAS-IRMS

-
SAMPLE |
PREPARATION - 1
@

HEAVY MASSES

On-Line or Off-line

Dual Inlet or Cont. Flow

SAMPLE REFERENCE

Gas Comparison

(ref. gas calibrated //’/
To international -
Standard)

IONIZATION SOURCE VACUUM SYSTEM DETECTORS

LIGHT MASSES

Figure 6. Anatomy of IRMS[35]
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Produced ions are

separated on m/z ratio
by Magnetic sector MS

Multicollector(each ion

is collected

simultaneously for
isotopic precision)

Use of Faraday cups
which are very stable

Comparison with

reference standard in

Figure 7. Principle of CFIRMS [35]

2.4.CALIBRATION

The terminology calibration is more generally applied to calibration ofi-$eale rather than

m/z scale. Calibration of the magnet is typically performed following software installatipn

order to be used

Refemaneag i als for isotope ratio measurands a8
- Primary (calibration material s)
- Secondary (reference material s)
2.4.1. Primary (calibration) materials
The primary materials currently kept and di
Agency drlAEIA)stde dAt nt Fabperesent, a | aborator:
primary material will be available for sever
Table4d. The reference maisalesaelcaibrad@phi nst whi ch @
Primary Nature Isotopic aa Scale
reference ratio
material
VSMOW?2 Water 2H/*H 0.00+0.3* VSMOW
180/4%0 0.00+0.02 VSMOW
1'0/*%0 0.00+0.03 VSMOW
NBS-19 Calcium Bcrc +1.95* VPDB
carbonate | *¥0/*°0 -2.20* VPDB
*Therearenaincertainties -gatussofdNB#9. e d
241.1At mosphericscalei trogen

The primary reference material for relative N isotopa t i 0

me a SN) is &mospherics

(i

N> wh i ¢ h PNhcarsensus value of O for all N isoteqatio analysis as it does not vary
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around the world or over tim&@he i*°N scale is determined by analysing reference materials
IAEA-N-1 and IAEA-N-2, which have been assigned values of +8.4and ®0.3& ,
respectively26].

2.4.1.2TheViennaP e e d e e B ¥PD8)misdale e (

Al | c atrvbad nuaetse must be referenced to the inter
PDBs PDB is exhaustew&€=0Hoaukely=dOr ,a sV DReRE vdintphs ct
not exi st. | nst aarede |sa taendd atrad st eiX$ BDBiI Aatheaalvi r PD
identical, but the use of VPDB as a refereri

cali brated through NBS19. PDB dcCorediascteadd so fb ed
from the Peedee f orQaa biiosnant d pne Sroautt iho SCaa rod i cheat.

CQand commonly are measuredaw]l.th a standard

VPDB has isotopic ratios characteristli€c of m
with respect to organic car bolh€ cwanpwas desf. ilrc
and organic matderiedlasi apeetex yYyPOB8s®n a scal e
valud46o0®3iN® LSVEC lithium carbonate. Il n orde
hi storical data, the VPBB sabhlLesi g¥M]stalbonat

2.4.1.3.Secondary (reference) materials

These are natural or synthetic compounds which have been carefully calibrated versus the

primary calibration materials. Thev al ues of these materials are
contrast to the calibrationhméalieluadsSanhidalvlee u
6l i st some of the mat &MNi al@[34l.i stri buted by I

Table 5. Secondary reference materials®™N me as uf34.ment s

Description | NIST RM | Nature ut Na SD

USGS32 8558 Potassium +180 1
nitrate

USGS26 8551 Ammonium +53.7 0.4
sulphate

USsGS41 8574 L-glutamic +47.6 0.2
acid

IAEA-N-2 8548 Ammonium +20.3 0.2
sulphate

IAEA-NO-3 | 8549 Potassium +4.7 0.2
nitrate

USGS35 8569 Sodium +2.7 0.2
nitrate

IAEA-600 Caffeine +1.0 0.2
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IAEA-N-1 8547 Ammonium +0.4 0.2

sulphate

USGS34 8568 Potassium -1.8 0.2
nitrate

USGS40 8573 L-glutamic -4.5 0.1
acid

USGS25 8550 Ammonium -30.4 0.4
sulphate

Table 6. Secondary reference materials #65C measurement§4].

Description | NIST RM | Nature ut €a SD

USGS41 8574 L-glutamic +37.626 0.049
acid

IAEA-CH-6 8542 Sucrose -10.449 0.033

USGS?24 8541 Graphite -16.049 0.035

IAEA-CH-3 Cellulose -24.724 0.041

USGS40 8573 L-glutamic -26.389 0.042
acid

IAEA-600 Caffeine -27.771 0.043

NBS-22 8539 0] -30.031 0.043

IAEA-CH-7 | 8540 Polyethylene | -32.151 0.050

LSVEC* 8545 Lithium -46.6 0.2
carbonate

*|tisrecommendedthat € val ues of bot hmatra
are exrpealestsiedle t o VPDB on a sca
-46a 6t o LSV Lithium carbonate.

2.4.2. Sample preparation

It is fundamentally important thaamples and reference materials are prepared and analysed in

an ldentical Treatment (IT) Principeo det er mi ne the i sotope rat
Sspecies, a separation step is necessar-y befo
l' inefpeation processes, or -IbRYMS8loupl ing techn

2.4.3. Validation

The validity depends on both accuracy and precision of the values obtaiigtNfandU'C.

First, the measurement thfe samplesvith the mass spectrometer must be demonstrated to be
correct; second, the techniques used for sample preparation must be both accurate and precise.
Accuracy in stable isotope mass spectrometry is only relative because samples are compared to
a standard8].

To achieve accreditation to | SO/ 1 EC 17025
standar ds, anal ytical techniques must be val
nature of the samples to be analysed, the eq
be defined in the validation plan.
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Parameters whiscskdshoel ddlee asse

Lineatrhitsy:should be determined wusing real
Refers to the ability of the Unvead sulerse niematt |

independent of the material analysed.

St abitlhiet ys:it antdiaornd ddeetveirami ned over 10 pul ses
determined over a significant period.

Repeat amiel idtay:;, one system, one analyst, se

Wi t Hiabor atory repgrsedwreaialdi Idiatyyss, di fferent ¢
mesaur efieemt. sl 1, Eq. 12)

301 0 1 AR N (Eq.11)

mr

Where:
K: number of samples

S1, s22 Within group standard deviation

Ny, re: numbers ofneasurements

23%$071 1T 1AA = (Eq.12)

Reproduci lfiskevey al days, di fferent-t pegstons
values should be a standam@df@e,vidn.tf5odn equal
and equal taé& owBThreBN. t han 0. 3

S e | e c The mboratgry shall use test and for calibration methods, including methods for
sampling, which meet the needs of the customer and which are appropriate for the tests and
for calibrations. When the customer does not specify the method to be usedotamigb

shall select appropriate methods that have been published either in international, regional
or national standards. or by reputable technical organizations. or in relevant scientific texts

or journals, or as specified by the manufacturer of thepegmt

Robustntesese effects of wvarying instifeument pe

2.4.4. Uncertainty

The | RMS craait umeals uireot opi c ratio variations

Large errors are typically introduced by sample treatment prior to IRMS analysis. The basic
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rule for combining uncertainties is the square root of the sum of the square8)(Bjislnot
possible to use simple rules for combining uncertainties, as this requires the uncertainty

components to be expressed in the same units as the measurement result.

5A0 O@ (oY) EOQ@ (Eq.13)

For i ssodes that ardidefined by two points or where it is recommended to use two or

more reference materials RM1 and RM&s usedhe (Eqg.14)

The equation for calculating thigre samplefor two reference materials RM1 and RM2 can be

written as in (Eq.4):

] 1 1 . (Eq.14)

Since thekvyb @ chagsinyagpear twice in (Eq2) is not possible to use the simple
rules for combining uncertainties. The straightforward approach is to use a sprebdsbeet

calculation such as Kragt¢sd4].
3. EXPERIMENTAL PROCEDURE

This section specifies samplasdprocedures thoroughly.

3.1.MATERIALS AND EQUIPMENT
3.1.1. Samples used

- Historical data (204-2020) collected from the IRMS Laboratory from the Department of
Geology of University of Tart(ANEX 1).

- PN338 36700 Acenhilide STD Thermoscientifid hermofisher BN 200689

- PN338 40022 Aspartic Aci8TD Thermoscientific Thermofisher BN200865

- PN338 40019 Nicotinamide STD Thermoscientific Thermofisher BN200844

The mas$n of reference materials are specified in the table:

Table 7: Mass % Reference matesgsamples)

STD N% C% 0% H%
Acetanilide 10.36 71.09 11.84 6.71
CsHoNO
Aspartic Acid 10.52 36.09 48.01 5.30
C4H7NO4
Nicotinamide 22.94 59.01 13.10 4.95
CsHsN20O
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3.1.2. Equipment

The personal from the IRMS Lab used this equipment for me&S@eandii* N of the three

standards mentioned in the table 7.
The analytical apparatus consistdair units:

- An automated samplextraction: constructed to hold13samples and is furnished with
a CTC an analytical combiPAL, robotic sampling arm by which the sample is send to

the IRMS through a volatile water removal unit and water removal unit

- Computer software: Thermo Scientific ISODAT 3.0 Software, which congrthe
Delta V Plus IRMS with Flash HT Element analyser connected via CONFLO IV.
Software acquires the data from the IRMS and calculates delta values

- IRMS: Thermo Scientific Delta V Plus CGRMS. It has a universal triple collector,
consisting of two wide cups with a narrow cup in the middle. It is capable of
simultaneously measuneass chargém/z) of the of CQ and N molecule 44,45, 46 and
28,29 simultaneously. The ion beams for these m/z esmlare as follows m/z
28=No="*N1N; m/z 29=N=1*N'N; m/z 44=CQ=C®0¥0; m/z=45= CQ-13C'®0*0
primarily, and m/z 46= C@'C0'0 [36].

- Elemental analyser Combustion (for C and N analysis)Solid substances and non
volatile liquids can be introduced using tin (for C/N analysis. The analyser consists of
two reactor systesy a combustion reactor followed by areduction reactor.
Combustion takes place in an @&mosphere, in quartz reactor to produce,GTDX
and BHO. The reactor contains (Chromium oxide). @ and CQOs+Ag and its
temperatur@arearound 900L05CC but at combustion of tin capsules raises to 3800
It is recommended to use quartz inserts or ash crucibles to collect the ash from tin
capsuleg34].

3.2.METHODOLOGY

From therepeatability of thelata obtainediuring the 20142020(6 years)from the IRMS of
the Department of Geology which provideasured/alues fori* € andit N for the three
samples use@reobtained thexpanded uncertaies (U) which arecalculated using Excel by

means of the Kragten spreadshaaigested bZarter et.a[34]. Uncertainties of the different

measurementdor (' € andiit N Aspartic acid, Nicotinamide and Acetanilide are quantified
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by means of a Kragtespreadsheet approach, including the consideration of correlations

between individual input parameters to the model equéEqri2).

The values of the parameters required to calculate the result and the associated standard
uncertainties are entered infeetspreadsheet in column B and C, respectively. The formula

used to calculate the result is entered ihB8] Column B is then copied into columns D to H

(one column for each parameter used in the calculatiGntof ue ( sampl e) . The wun
in cdl C3 is added to cell D3, the uncertainty in the cell C4 is added to cell E4, and so on (cells
highlighted in turquoise color). Cells D8 to H8 show recalculated values for(samgle),

including the effect of the uncertainty in the individual parameters. Row 9 shows the differences
between the recalculated values and the original calculatidiirte(sample) in cell B8. The

standard uncertainty i@true(sample) (cell C8) is tdined by squaring the differences in row

9, summing then and then taking the square root.

The analysis of stability was caad out using the progra®@l MACROS 202GandExcel, using
the Control charts WizardAnd for the analysis of reproducibility wasagsPooled standard
deviation(Eg.11)and Relative standard deviati(tag.12)

The personal of the IRMS Lab of Geology follows finocedureof Révész et.a[36] to obtain

the readings ofi*®N, and thel3C, of total N and C of the three solid samples. A Flash HT
combustion elemental analyser (EA) was used to converfNaatC in the solid samples into

N2 and CQ gas The gas is then introduced into the IRMS through a Thermo scientific
CONFLO IV interface. The CONFLO/linterface is used for introducing sample, &hd CQ
reference gases and helium for sample dilution iredRMS. The IRMS is a Therm8cientific

Delta VPIusCFIRMS. It has universal triple collector, two wide cups with a narrow cup in the
middle, it is capable of measuring mass charge (m/z) 28,29 or with a magnet current change
44,45,46, simultaneously.

4. RESULTS
4.1.ANALYSIS OF UNCERTAINTY

ASPARTIC ACID U'N.

Calculation of uncertainty it r ue ( s amp | e ) -pant scadeicalilgratidn usingma t wo
Kragten spreadshe®MS used for scale calibration:IAEAN1 and IAEAN2.

Referencai®®N values for RMsl AEAN1=+0 .l AERAN2E+20. 3N0. 24

Measuredi®™N v al ues for RMs: | AIEARNAZ=02 B.7BNDONR.90&5 3
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Measuredi'®N values for sample7 . 06 8 N 0. 62 8 &

Table8: Cal c ul a¥Nirue fAsparfic agid) using the Kragten spread sheet.
F

1 A B C D E G H

2 Parameter| G*N ( 84 )| u ( &)

3 Utrue|04 0.2 0.6 0.4 0.4 0.4 0.4
(IAEAN1)

4 Utr ue|203 0.2 20.3 20.5 20.3 20.3 20.3
(IAEAN2)

5 dr aw | 0.378 0.299 0.378 0.378 0.677 0.378 0.378
(IAEAN1)

6 dr aw | 20.341 0.1853 20.341 20.341 20.341 20.526 20.341
(IAEAN2)

7 dr aw |-7.068 0.628 -7.068 7.068 7.068 7.068 -6.440
(sample)

8 utrue|-7.0 0.8 -6.7 -7.1 -7.4 -7.0 -6.4
(sample)

9 Diference | 0.3 -0.1 -0.4 0.1 0.6

10 Squared | 0.08 0.01 0.17 0.005 0.39

Diferences
11 SumSQ 0.65
12 Unc.contr.| 0.001% | 1% 27% 1% 60%

From the Tabl@: Result=0""N =-7 . 0 N 1K=3, dorm.

Standard uncertainty:0.8a | evel of confidenc
Expanded uncertainty: U=u*k 1. 6 a

K=coverage factor k=2 level of confidence 95%

The measurement result meansftiiowing: T h e t r &°MW in Aspdrtio &id is in the

range-8.66 -54a, with the approxi mate probability 9
ASPARTIC ACID U'3C.

Calculation of uncertainty il t r(saraple) arising from twpoint scale calibration using a
Kragten spreadshe®MS used for scale calibration:IAEACH3 and IAEACHS.

Referencai*3C values for RMs: IAEACH3:24.724+00413 ,IAEACH6=-1 0. 449 . 3 NO. 0 3
Measuredi*3C values for RMs:IAEANCH324.672+0.1763 , IAEACH6=-10.467%0.17354&

Measuredi3C values for sample:1.962 14.20%
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Table9: Cal c ul a¥irue MAsparfic adid) using the Kragten spread sheet.
C F

1 A B D E G H

2 Parameter | G*C( a)u ( a)

3 Utrue |-24724 |0.041 -49 24724 | -24.724 | -24.724 | -24.724
(IAEACH3)

4 Utrue |-10.449 |0.033 -10.449 | -10.416 | -10.449 | -10.449 | -10.449
(IAEACHS)

5 ur aw -24.672 | 0.176 -24.672 | -24.672 | -24.496 | -24.672 | -24.672
(IAEACH3)

6 Ur aw -10.467 | 0.173516 | -10.467 |-10.467 |-10.467 | -10.2935 | -10.467
(IAEACHS)

7 Ur aw 1.962 14.205 1.962 1.962 1.962 1.962 16.167
(sample)

8 Utrue |20 14.3 2.0 2.1 2.2 1.7 16.3
(sample)

9 Diference | -0.04 0.1 0.2 -0.3 14.3

10 Squared | 0.001 0.004 0.02 0.10 203.78

Diferences

11 SumSQ 203.91

12 Unc.contr. | 0.001% | 0.002% | 0.01% | 0.1% 99.9%

From the Tabl®: Result= i**C =2.0+28.6 , k=2, norm.

Standard uncertainty: 14.3a | evel of confiden

Expanded uncertainty: U=u*k: 28.6a
K=coverage factor k=2 level of confidence 95%

Themeasurement result means YNClnespértcladidasvinitteg: Th
range2 6. 5é8,0.wWi th the approxi mate probability !

NICOTINAMIDE U*N.

Calculation of uncertainty ifi t r(saraple) arising from twpoint scale calibration using a
Kragten spreadshe®MS used for scale calibration:IAEAN1 and IAEANZ.

Referencéi™®™N val ues for RMs: | ABEENRE+=20. aNO. 24,
Measuredi*>N values for RMs:IAEAN1=+0.38\ 0 . 2 I8BA2=+20.3+0.180694

Measuredi®N values for sample2.06% 0.3204874
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Table10: Ca |l c u | a¥N irue Nicatirfamidd using the Kragten spread sheet.

1 A B C D E F G H

2 Parameter| "N ( 8 )| u ( &)

3 dtrue|04 0.2 0.6 0.4 0.4 0.4 0.4
(IAEAN1)

4 dtrue|203 0.2 20.3 20.5 20.3 20.3 20.3
(IAEAN2)

5 dr aw |0.383 0.29 0.382 0.382 0.672 0.382 0.382
(IAEAN1)

6 adr aw |20.34 0.18069 20.34 20.34 20.34 20.52069 | 20.34
(IAEAN2)

7 adr aw |-2.067 0.320487 | -2.067 -2.067 -2.067 -2.067 -1.747
(sample)

8 atrue|-20 0.5 -1.8 -2.1 -2.4 -2.0 -1.7
(sample)

9 Diference | 0.2 -0.02 -0.3 0.02 0.3

10 Squared | 0.05 0.001 0.11 0.0005 0.10

Diferences
11 SumSQ 0.26
12 Unc.contr. | 19% 0.2% 41% 0.2% 39%

From the Table @ Result= G"N: -2.0+10a , K=2, norm.

Standard uncertainty:0.5a | evel of confidenc
Expanded uncertainty: U=u*k: 1.0a

K=coverage factor k=2 level of confidence 95%

The measurement result meaHN inNitognaniideis ihtbewi n g :
range-3 é-1 a, wi toimaterpmbalailipy ©5%

NICOTINAMIDE U*3C.

Calculation of uncertainty iit r ue (s amp | e )poinagcalescalibrgtionfusing m t wo
Kragten spreadshe®MS used for scale calibration:IAEACH3 and IAEACHS.

Referenceai*3C values for RMSIAEACH3=-2 4 . 72 4 NOAEACHA=3 0. 449 . 3NO. 03:
Measuredi*3C values for RMs:IAEANCH3=24.656+0.16938 , IAEACH6=-10.474+0.16764&

Measuredi*C values for sample34.418 0.193 .
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Table11: Ca |l c u |l a% irue (Nicatifamide) using the Kragten spread sheet.
F

1 A B C D E G H

2 Parameter | G*C ( 4)u ( &)

3 Utrue |-24724 |0.041 -24.683 | -24.724 | -24.724 | -24.724 | -24.724
(IAEACH3)

4 dtrue |-10.449 | 0.033 -10.449 | -10.416 | -10.449 | -10.449 | -10.449
(IAEACHS®6)

5 dr aw -24.664 | 0.171 -24.664 | -24.664 | -24.835 | -24.664 | -24.664
(IAEACH3)

6 ar aw -10.474 | 0.169259 | -10.474 | -10.467 | -10.467 | -10.2935 | -10.467
(IAEACHS®6)

7 ar aw -34.418 | 0.193 -34.418 | -34.418 | -34.418 | -34.418 | -34.225
(sample)

8 Gtrue |-345 0.4 -34.5 -34.6 -34.2 -34.4 -34.3
(sample)

9 Diference | 0.1 0.02 0.3 0.1 0.2

10 Squared | 0.005 0.001 0.08 0.01 0.04

Diferences
11 SumSQ 0.14
12 Unc.contr. | 3% 0.4% 59% 10% 27%

From the table 1 Result (it3C=-34.5:0.74 , K=2, norm

Standardincertainty:0.4a | evel of confidence 68%
Expanded uncertainty: U=u*k: 0.7a

K=coverage factor k=2 level of confidence 95%

The measurement result me a i€ inNidoenaniideid ihtbewi n g :
range-3 5. 86 . 3 a, wit h prodamlity@3%p r oxi mat e

ACETANI LI DE U*N.

Calculation of uncertainty iit r ue (s amp | e )poinagcalescalibrgtionfusing m t wo
Kragten spreadshe®MS used for scale calibration:IAEAN1 and IAEANZ.

Referencai*®N values for RMsl AEAN1 =+0 .| AEAN2EF +20. 3NO. 24
Measuredi™>™N val ues for RMs: | AIEARNAZ=9V2 B.82AN00 2DLH9 4

Measuredi®N values for sample: +1.08413+ 0.3897 &
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Table12: Ca |l c u |l aWN irue fcetrilidelusing the Kragtespread sheet.

1 A B C D E F G H

2 Parameter| G*N ( a4 ) u ( &)

3 Utrue|04 0.2 0.6 0.4 0.4 0.4 0.4
(IAEAN1)

4 dtr ue|203 0.2 20.3 20.5 20.3 20.3 20.3
(IAEAN2)

5 dr aw |0.382 0.292 0.382 0.382 0.674 0.382 0.382
(IAEAN1)

6 adr aw |20.324 0.147949 | 20.324 | 20.324 20.324 | 20.324 20.324
(IAEAN2)

7 dr aw |1.08413 | 0.399387 | 1.084 1.084 1.084 1.084 1.484
(sample)

8 dtrue|ll 0.5 1.3 1.1 0.8 1.1 1.5
(sample)

9 Diference | 0.2 0.01 -0.3 -0.01 0.4

10 Squared | 0.04 0.00005 | 0.08 0.00003 | 0.16

Diferences
11 SumSQ 0.28
12 unc.contr. | 13% 0.02% 29% 0.01% 57%

From the table 2: Result= (it°*N=1.1+1.1a , K=2, norm.

Standard uncertainty:0.5a | evel of confidenc
Expanded uncertainty: U=u*k: 1. 1a

K=coverage factor k=2 level of confidence 95%

Themeasurement result means PNiireAcdtanilidéisointhen g : T h

range 2.2¢é0.05 a, with the approximate proba
ACETANI LI DE G*3C.

Calculation of uncertainty ifi t r(saraple) arising from twpoint scale calibration using a
Kragten spreadshed®MS used for scale calibration:IAEACH3 and IAEACHS®6.

Referenceit®C values for RMs: IAEACH3=2 4 . 72 4 NOAEACHE=4 0. 449. 3NO. 03
Measuredi**C values foRMs:IAEANCH3=24.666+0.1681 , | A E A €1Bl44¢0.17283a

Measuredi3C values for sample26.888 0.38216% .
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Table13: Ca |l c u |l a¥C true fcetmriide)iusin

the Kragten spread sheet.

1 A B C D E F [€ H
2 Parameter | G*C( a)u ( &)
3 Utrue |[-24724 |0.041 -24.683 | -24.724 | -24.724 | -24.724 | -24.724
(IAEACH3)
4 Utrue |[-10.449 |0.033 -10.449 | -10.416 | -10.449 | -10.449 | -10.449
(IAEACH®6)
5 uraw -24.664 | 0.168 -24.664 | -24.664 | -24.496 | -24.664 | -24.664
(IAEACH3)
6 uraw -10.477 | 0.17283 | -10.477 | -10.477 | -10.477 | -10.3042 | -10.477
(IAEACH®6)
7 uraw -26.888 | 0.382168 | -26.888 | -26.888 | -26.888 | -26.888 | -26.506
(sample)
8 dtrue |-27.0 0.4 -26.9 -27.0 -27.2 -26.9 -26.6
(sample)
9 Diference | 0.05 -0.01 -0.2 0.03 0.4
10 Squared | 0.002 | 0.00003 | 0.04 0.001 0.15
Diferences
11 SumSQ 0.19
12 Unc.contr. | 1% 0.01% 21% 0.4% 78%
From the table 3: Result i'3C=-27.0t0.93 , K=2, norm
Expandedst andard uncertainty:0.4a | evel of conf
uncertainty: U=u*k: 0.9a
K=coverage factor k=2 level @bnfidence 95%
The measurement result me an' intAbetanilideslinitewi ng:
range2 7 . @&la, with the approximate probability

4.2.ANALYSIS OF STABILITY

8'3C (vs %o VPDB)

The

ASPARTICACID - X Chart
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Figure 8. Stability Control chartIRMS resultsi**C for Aspartic acid
Figure 8 shows ¥YNCGtheW€ls=35f1074 +2AN4c1054 #1d a mi d e

13.0335 average=1.9615-10 =9.1104 20 =20.1824LCL=-31.2543.
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ASPARTIC ACID - X Chart
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Figure 9. Stability Control chartIRMS resultst'®N for Aspartic acid

The Figures 8 and9 representhe analysis ofstability for Aspartic acidshowing that foki*3C

have more stable measurements (blue points) with festablemeasurements (regointg
between 204- 2 0 2 0 . 1>NFO®.7 % af thevaluesare unstablebetween 204 and 2020all

points are in red after stability analysis
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Figure 10. Stability Control chartl RMS

r &3 folNicatinamide

The Figure 0 shows values foNicotinamidet*3C the UCL=-34.1254, +8 =34.2230, +fi
-34.3207 average=34.4184-10 =34.5160, # =34.6137LCL=-34.7113
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NICOTINAMIDE - X Chart
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Figure 11. Stability Control chartt RMS r &N farINicaginamide

TheFigure 10 and 11 representheanalysis obtability for Nicotinamideshowing that fofit3C
values are more stableetween the end of 2012019 and 202@blue points)with several
unstable points anoutlinerscoming out from theipper and lowecontrol limits, butit is more
unstable at 2@ and at the beginning of 20M8ith more outlinersF o N, 89.7 % of the
values are unstable between 2@hd 2020vhich are represented with red points in the Figure
11.
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Figure 12. Stability Control chartl RMS r &G folAtetanilide

TheFigure s h ows v afCutlee JCLE=2615024)+20 =2-26.6308,+10 -26.7595,
average=26.8881,10 =27.0167, & =27.1454 L CL=-27.2740
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ACETANILIDE - X Chart
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Figure 13. Stability Control chart IRMS resultsi*°N for Acetaniide

TheFigure 12 and B representhe analysis ofstability for Acetanilide showing that fofi*3C

values are more stabbetween the beginningof 2019 and the beginning of 202out several
unstable points appearing in red during 2015, 2016, 2018 andR@26é°N, 89.7% of values
are unstable between 2015 and 202@ch is showed in the Figure With the points in red

4.3.ANALYSIS OF WITHIN LAB REPRODUCIBILITY (Srw)

For calculate wihin-laboratorylong termreproducibilitywas used the Pooled Standard

Deviation(Eg. 11) and Relative Pooled Relati8tandard Deviation (Ec2)

ASPARTICACID !N (& vs Air)

Table 13:Pooled standard deviatidor As p ar t i°N(aave Airl

Date 2014 2015 2016 2017 2018 2019 2020
SD 0 0.23977 [ 0.20336 | 0.59060 | 0.48667 | 0.58522 | 0.5527
DF(n-1) [0 1 2 1 12 10 7
(n1ps2 [0 0.51906 | 0.05749 | 0.082711 | 2.842222 | 3.42485 | 2.135016
Rep.Pooled 0.52 a

Table 14: Relative pooled standadeviationfor As par t N (dave Al U
Date 2014 2015 2016 2017 2018 2019 2020
Mean -7.681 -8.050 7.271 -6.659 -6.926 -7.439 -6.57034
RSD 0 -0.02978 | -0.02797 | -0.08869 | -0.07026 | -0.07867 | -0.08406
n1*RSD? | 0 0.000887 | 0.001565 | 0.007866 | 0.059244 | 0.061894 | 0.049457
RSDPooled| g g7
% RSD
Pooled 7.00%

ASPARTICACI BC@ia vs VPDB)

Table 15: Pooled standardeviationfor As p a r t i'3€ (&aws VRDB)i
Date 2014 2015 2016 2017 2018 2019 2020
SD 0 18.62056 | 0.125105 | 0.101973 | 10.97966 | 15.84421 | 15.05951
DF(nl) |0 2 2 1 15 29 14
(s> |0 693.4502 | 0.031302 | 0.010399 | 1808.293 | 7280.126 | 3175.046
Rep.Pooled 14.34 a
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Table 16: Relative poled standardeviationfor As p a r t i*3€ (&aws VRDB)i

Date 2014 2015 2016 2017 2018 2019 2020
Mean 10.829 -0.141 10.999 10.561 6.246 -1.618 1.425
RSD 0 -132.008 | 0.011374 | 0.009656 | 1.757917 | -9.7944 | 10.56655
n-1* RSD? | 0 34852.19 | 0.000259 | 9.32E05 | 46.35409 | 2781.977 | 1563.129
RSDPooled 24.%
% RSD
Pooled 249600%

ACETANILIDEUSN (& vs Air)

Table 17: Pooled standard deviatidor Acetalnide G*°N (& vs Air)
Date 2016 2017 2018 2019 2020
SD 0.145977 0 0.393737 0442301 0.432684
DF (n-1) 3 0 7 9 7
(n-1)*s? 0.063928 0 1.085202 1.760671 1.310509
Rep.Pooled 0.40 a

Table 18: Relative pooled standard deviatifum Acetdinide G*°N (& vs Air)
Date 2016 2017 2018 2019 2020
Mean 1.079 1.426 1.076 0.930 1.245
RSD 0.135281 0 0.366004 0.47582 0.347413
(n-1)* RSD? | 0.054903 0 0.937714 2.037644 0.844869
RSD Pooled 0.39
% RSD Pooled | 39.00%

ACETANILI DEU*C(a vs VPDB)

Table 19: Pooled standard deviatidor Acetanilidei**C (& vsVPDB)
Date 2015 2016 2017 2018 2019 2020
SD 0.100064 | 0.040804 | O 0.840635 | 0.150244 | 0.111261
DF (n-1) 4 3 0 10 30 13
(n-1)*s? 0.040051 | 0.004995 [0 7.066669 | 0.677201 | 0.160928
Rep.Pooled | 0.36 a

Table 20: Relative poled standardeviationfor As p a r t i*3€ (&aws VRDB)i
Date 2015 2016 2017 2018 2019 2020
Mean -26.686 -26.569 -26.802 -27.140 -26.927 -26.775
RSD -0.00374974 | -0.00154 0 -0.03097 -0.00558 -0.00416
(n-1) * RSD? | 5.62421E05 | 7.08E06 0 0.009594 | 0.000934 | 0.000224
RSD Pooled | 0.013426
% RSD 1.00%
Pooled

NICOTINAMIDE &N (& vs Air)

Table 21: Pooled standard deviatidor Nicotinamidel*>N (& vs Air)
Date 2015 2016 2017 2018 2019 2020
SD 0 0.131844 | 0.20598 0.409438 | 0.242778 | 0.291379
DF (n-1) 0 3 3 20 11 9
(n-1)*s? 0 0.052149 | 0.127284 | 3.352795 | 0.648354 | 0.764068
Rep.Pooled | 0.33 a

37



Table 22: Relative pooled standard deviatifum Nicotinamidel™®N (& vs Air)

Date 2015 2016 2017 2018 2019
Mean -0.262 -0.112 -0.097 -0.293 -0.159 -0.160
RSD 0 -1.17244 -2.13325 -1.39727 -1.53164 -1.82536
(n-1)*RS? | 0 4,123837 13.65228 39.04715 25.80497 29.9876
RSD Pooled | 1.564663
% RSD 156.00%
Pooled
NICOTINAMIDE @3C (a vs VPDB)

Table 23: Pooled standard deviatidor Nicotinamideli**C (& vs VPDB)

Date 2015 2016 2017 2018 2019

SD 0.064737993| 0.093116631| 0.091873978| 0.205618 0.203853 0.090415
DF (n1) 5 5 3 21 36

(n-1)*s? 0.020955039| 0.04340013 | 0.02532284 | 0.887858 1.496018 0.122624
Rep.Pooled | 0.17 a

Table 24 Relative poled

standardeviationfor Nic

otinamidel3C (& vs VPDB)

Date 2015 2016 2017 2018 2019

Mean -34.229 -34.252 -34.332 -34.319 -34.538 -34.433
RSD -0.00189132 | -0.00272004 | -0.00267604 | -0.00599 -0.0059 -0.00263
(n-1) * RSP | 1.78855E05 | 3.69931E05 | 2.14836E05 | 0.000754 0.001254 0.000103
RSD Pooled | 0.005073

% RSD 1.00%

Pooled

5. DISCUSSION

- Fortheanalyss of theuncertainty:

Calculations of unceratinty arepresented in tables 8 to 1BetKragterspreadsheevas

used to obtaingf theuncertinty of the Aspartic acid*®Nis=-7 . O N1 . 6

2. 0N28. 64a.

34 . 5N @For Acktanlid e

For

t he

&C=asn d

Niscaeft o WNe&d .doeN 1t. hoed , YGalisude

vIaN£1u. elsN 1f. olr

From these results we observe that the uncertainties ofifNiotide and Acetanilide are

+1 4 for G*™N andit3C. This relatively low uncertainty is important for the precision of

t h ®N Ua R°d and it is a further demostration of the consistency of the fractionation

- For theanalysis ofstability:

Using wizard tool in QI Macros 2020ve could obtain the stability XCharts that are

represented in the Figures 8 to 13, we could obseerg large stability for the
measurements af>C for Nicotinamide(-34.1254 te34.7113 and Acetanilidg-26.5022
to -27.2740) but for Aspartic acid+35.1774 t031.2543) measuremerdsemore unstable

for

for

dCumRT . ONO . ® & .

and outliners come out from the upper and control limits with means that some of these

measurementgvere possibly manipulated or sonwher parametes areaffecting these

values, for the valuesi*™N in all three samplethe valuesvere unstable tichare indicated

with red pointsafter usingheanalysis stability tool in QI Macros 2020
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- Forprecision (reproducibilityanalysis:

Within-laboratory long term reproducibility calculations are represented in the tables 13 to
24. For the Aspartic acidthe %RSD pooledii®N= 7%, U3C=2496% For Acetalinide
UtN=39%, i'3C= 1%. For Nicotinamidei*®N=156% andi*C= 1%. For these results we
can observe that for Nicotinamide and Acetalinideifi€=1% whichmeans that there is
good precisionn these measuremts using the Delta YIlusCHIRMS but for there is not

precision fori*>N in the three samples
The general pattern for € Srw< W

Aspartic acidi'®N= 0.63 < 0.52< 0.8j'3C=14.21 < 14.34 < 14.3
Nicotinamidet*>N=0.32 < 0.33 < 0.5j'3C=0.19 < 0.17 < 0.4
Acetanilideti'®N=0.40 < 0.40 < 0.5J'3C=0.38 < 0.36 < 0.4

This patter shows good results f8fC Aspartic acidfor Aspartic Acid, Nicotinamide and
Acetanilide but not foii*>N which confirms the stability of the three samples only for

carbon.
6. CONCLUSIONS

- From the samples analysed using the combustion method the measurement unfmrtainty
Nicotinamide arefor U*N=-2 . ON1. 0 &, ®Ca 4. 5 Npor A&ktaniide the
val ue®Nadreors 0. 1N1. 1%Cas-2arn 0 NiodThaSedvalues shows that
Nicotinamide and Acetalinide have significantly smaller uncertainties in comparison with
Aspartic acidvhich values are fai'®N=-7 . ON1. 6 &C and2 fON2&. 64 .

- The analysis of stability of the Acetalini¢6.5022 to-27.2740) Nicotinamide(-34.1254
to -34.7113) Asparticacid (+35.1774 t0-31.2543)s hows mor e st@butl i ty
f o ¥N tiiere is unstability during the years 262@R0.

- Forwithin labreproducibility(Srw) analysis fo6RSD pooledortheAs par t i'®WN=ac i d
7%, i3C=2496%, forAcetalinide i°N = 3 9 %C= 1%and br Nicotinamidei**N=156%
a n d°C=01%. These resultshowst hat for NicotinamP@Es and A
which means that there good long term reproducibilyn these measuremis using the
Delta VPlusCHIRMS.

- Itis possible that this large variability in Carbon and Nitrogen isotope values, results from
fractionation that happened during samplgpration before the sample enter intoDiedta
V Plus CFIRMS.
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SUMMARY

ISOTOPIC STABILITY OF MASS REFERENCE MATERIALS AND PGBBLE USE AS
ISOTOPICREFERENCBEVATERIALS,

Margarita Esmeralda Gonzales Ferraz
Natural isotope variation ofractionation depends on equilibm and kinetic processes

affecting the individual isotope.

The purpose of the of thisork is todetermine the stabilitpnd reproducibilityof historical

data oftil ®N/"*“N) a b b r e ¥N, antl thad 'CCLE), alib b r e v i L¥CtobtotalNaasid U

C in three solid sampledAépartic acid, Nicotinamide anficetanilide). These three samples

contain N andC. The primary reference material for relatiMeisotoperatio measurements

(Git°N) used were atmospheric nitroggas (N), which is widespread and homogeneous and by
convention,has&°N consensus value of O0&. The Cori mar
isotoperatio measurement@it3C) is the L-SVEC lithium carbonate which have consensus
valueof-4 6. 6 NOA on t he Vi e(YiRDB scéle Ehd sceondBre references t e
used were IAEAN1 (+0.4+02), IAEAN2 (+20.3+0.Z4 ) for U'>N and IAEACH3 ¢
24.724+0.044 ), IAEACHG6 (-10.449+0.033 ) for G'3C.

T h €°N U a @ data were provided for the Laboratory of Isotope Ration Mass Spectrometry

(I RMS) of the Department of>NGa d3d om@aguretdants ver s i
were made with Belta V PlusCFIRMS, which alternately measurége isotopeamount ratios

of the sample Bland CQ gases and one or more injections of the working refereaan\

CQO; gases.

From the data and results obtained for uncertainties for the data provided for tf202Qe

obtaired the following resultsfor Aspartic acidi™>N (-7 . ON1,. #C 4) (2. ON28. 6 a)
Nicoti MfN@Ed.deNW. 6C@ %, 580. 74&) wicde™o(rl.Alcfelt.al &
Wc (27. 0N0. 934) . These uncertainties pmssobably

happening during sample preparation and transformation to gas before entering the IRMS.

From the analysis of thetabilitywe can conclude that tespartic acid+35.1774 t631.2543)
Nicotinamide(-34.1254 te34.7113)and Acetanilid€-26.5022 to27.2740)are morestablefor
Ut3C, but unstablefor N during during 20142020. Lastly there is a goodong-term

reproducibility (Srw) only for Acetanilide and Nicotinamide with ®SD pooled of 1% for
utsC.

Keywords: Nitrogen, CarboyFractionation, CHRMS.
CERCS code:
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Kokkuvote

MASSIETALONMATERJALIDE ISOTOOPSTABIILSUS JA
ISOTOOPMATERJALIDENA KASUTAMISE VOIMALUS,

Margarita Esmeralda Gonzales Ferraz

Isotoopide fraktsioneemine looduslikes protsessides0ltub erinevates tasakaalu ja

kineetilisetest protsessidest.

Kaesoleva to6 eesmargiks oli selgitada kolme Tartu Ulikooli geoloogi osakonna isotoopsuhte
massispektroskoopia laboris elementanalttisi C ja N referentsmaterjalide isotoopkoostise
stabiilsus ja vbimalik kasutatavus isotoopsuhte referentsmaterjalidenaadeskitagteni

tabelit Kasutatud materjalid olidhspataamhapg nikotiinamiid ja atsetaliniidLammastiku
isotoogkoostisg 1N) peamine etaloanonhomogeenne atmosfasimmastikugaas (N mille
puhul on kokEk®N «pme ek huaSiséikutisatanpide sulite modtmiste

( 1C) puhul on orgaanilise siisinikanaterjalide puhubn L-SVEC liitiumkarbonaat, mille

konsensus vaartus Viini Peedee Beldadirskaalal on-46,6a . Teisesedrgaaniliste ainete

isotoopkoostise referentsmaterjalid owiited ol id | AEAN1 IAEAND , 4 NO,

(+20, 3N¥N,jRIABACHB (24, 724 N 0, 04 116,349+0,03AE KT H6 (
puhul.

Kasutatud andmed saaBartu Ulikooli geoloogia osakonnisotoopide massispektromeetria
laborisf(IRMS) kusU®N j a mddtndis€d tehti Delta V Plus GRMS iga. Aastate2014
2020 saadud andmete anallts naitabaggarhanmhappeldmmastiku ja susiniku stabiilsete
isotoopide koostis on vastavalt®N (-7, O N1 ,js6U*G ) ( 2, 0 N RiBotiirGuiigi
vaartused ofi*>N (-2,0+1, 0 j& §3C (-3 4, 5 NOVjinTageya sarnaselt @tseetaahiidi
UN vaartusedl , 1 N1 ja I*3C &&artused2 7 , 0 N G\sp&rtaamhappe suurtes piirides
varieeruv isotoopkoostis voiblla tingitud fraktsioneerimisg proovide ettevalmistamise ja

termilise lagundamise kaigus

Stabiilsuse analluusipdhjal vOib jareldada, et asagiinhape (+35.1774 -Buiz543),

~

£

nikotiinamiid (-34.1254 kuni34.7113) ja atseetniiliid26.5022 kuni2 7. 2740) on U0U13C

stabiilsemad, aastatel 202020. LOpuks on heaikaajaline reprodutseeritavus (SRW)

atseetniiliidi ja nikotiinamiidi puhul , kusj

Marksdnad: lammastik, susinik, fraktsioneerimine, TRMS.

CERCS-kood:
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ANNEX 1.

date

Identifier 1

4/24/2014 Acetanilide
4/16/2015 Acetanilide
4/16/2015 Acetanilide
5/6/2015 Acetanilide
5/6/2015 Acetanilide
5/6/2015 Acetanilide
9/13/2016 Acetanilide
9/19/2016 Acetanilide
9/20/2016 Acetanilide
9/21/2016 Acetanilide
2/1/2017 Acetanilide
4/12/2018 Acetanilide
5/9/2018 Acetanilide
5/9/2018 Acetanilide
5/10/2018 Acetanilide
10/4/2018 Acetanilide
10/4/2018 Acetanilide
11/1/2018 Acetanilide
11/2/2018 Acetanilide
11/20/2018 Acetanilide
11/29/2018 Acetanilide
11/30/2018 Acetanilide
3/6/2019 Acetanilide
3/6/2019 Acetanilide
3/8/2019 Acetanilide
3/8/2019 Acetanilide
3/22/2019 Acetanilide
3/25/2019 Acetanilide
3/25/2019 Acetanilide
3/28/2019 Acetanilide
3/28/2019 Acetanilide
4/2/2019 Acetanilide
4/2/2019 Acetanilide
4/6/2019 Acetanilide
4/6/2019 Acetanilide
4/11/2019 Acetanilide
4/30/2019 Acetanilide
4/30/2019 Acetanilide
4/30/2019 Acetanilide
4/30/2019 Acetanilide
8/6/2019 Acetanilide
8/6/2019 Acetanilide
8/6/2019 Acetanilide
8/6/2019 Acetanilide
8/6/2019 Acetanilide
8/6/2019 Acetanilide
8/13/2019 Acetanilide
8/13/2019 Acetanilide
10/29/2019 Acetanilide
10/29/2019 Acetanilide
10/30/2019 Acetanilide
10/30/2019 Acetanilide
11/12/2019 Acetanilide
1/30/2020 Acetanilide
1/30/2020 Acetanilide
2/4/2020 Acetanilide
2/4/2020 Acetanilide
2/14/2020 Acetanilide
2/21/2020 Acetanilide
3/28/2020 Acetanilide
3/28/2020 Acetanilide
4/2/2020 Acetanilide
4/2/2020 Acetanilide
4/6/2020 Acetanilide
4/6/2020 Acetanilide
4]7/2020 Acetanilide
4/7/2020 Acetanilide

EA-IRMS

Row

O OO0 NOUIONOOOOOAU U WwNOOWwWwNN

REFERENCE
Ampl. 29 d 15N/14Iref
4769 1.843
6066 2.041
8864  5.281
8008  4.323
8325  4.084
8607  4.443
6477  4.826
5083 3.204
5189  4.712
4994  4.893
4087 5.896
12389  3.773
3184 5.754
3036 3.457
3696 3.978
6356 3.180
5488 3.981
5845  4.232
5647 2.235
4833 2.032
4755 1.969
5449 2.272
5406 0.651
5540 0.558
5763 0.952
6087 1.991
7855 1.703
5641 1.778
5753 2.156
5771 2.060
6197 3.625
4309 2.841
4445 2.546
4872 2.961
4445 2.546
4872 2.961
5582 2.392
5624 1.122
5711 0.694
6158 0.686
5547 0.535
5721 0.473
6946 1.781
5476 2.764
4988 2.810
6697 1.665
6861 1.959
6087 1.991
7855 1.703
5641 1.778
5753 2.156
5771 2.060
6197 3.625
5906 2.127
5290 2.300

MATERIAL ISOTOPE
calcN Ampl. 44 d 13C/12Qef

8161 -26.724

8572 -26.914

10592 -26.667

9603 -26.843

12092 -26.710

9848 -26.806

1.203 -27.005
1.183 -27.083
0.889 -27.119
1.041 -27.076
1.426 7482 -48.459
1.138 9449 -26.352
1.177 9805 -26.381
1.361 9507 -26.424
8449 -26.533

12957 -29.098

6164 -26.690

1.740 5608 -26.782
0.932 6812 -26.673
1.117 10974 -26.368
0.481 9598 -26.473
0.661 10176 -26.472
1.339 10198 -26.324
1.135 8945 -26.587
0.435 7961 -26.344
0.741 9085 -26.273
0.722 10417 -26.443
10770 -26.398

11123 -26.354

10947 -26.183

13820 -25.866

10401 -26.144

10810 -26.146

10698 -26.188

12024 -26.730

8387 -26.372

8641 -26.336

9380 -26.308

8641 -26.336

9380 -26.308

7819 -26.524

9520 -26.373

9697 -26.426

7819 -26.524

9520 -26.373

9697 -26.426

8010 -26.345

8010 -26.345

1.969 9210 -26.152
0.700 9472 -26.341
0.745 9713 -26.464
0.743 10389 -26.400
0.767 9632 -26.522
0.326 11872 -26.223
1.660 14301 -26.092
1.587 11895 -26.179
1.139 10800 -26.326
1.039 14355 -26.257
1.255 14767 -26.118
10947 -26.183

13820 -25.866

10401 -26.144

10810 -26.146

10698 -26.188

12024 -26.730

1.391 12902 -26.150
1.566 11763 -26.252

DATA

calcC
-27.755
-26.80C
-26.552
-26.74¢
-26.61F
-26.711
-26.50¢
-26.58¢
-26.59¢
-26.57€
-26.802
-26.622
-26.734
-26.777
-27.122
-29.581
-27.16¢
-27.247
-27.122
-26.76€
-26.7217
-26.671
-27.07¢
-27.342
-27.124
-27.052
-26.771
-26.99¢
-26.954
-26.88t
-26.56¢
-26.742
-26.811
-26.64¢
-26.857
-27.013
-26.944
-26.91€
-26.944
-26.91€
-27.03€
-26.884
-26.937
-27.03€
-26.884
-26.937
-26.81€
-26.81€
-27.001
-27.161
-26.877
-26.813
-26.96¢
-26.86¢
-26.737
-26.82¢
-26.97C
-26.694
-26.641
-26.88E
-26.56¢
-26.742
-26.811
-26.64¢€
-26.857
-26.747
-26.84¢
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1/30/2014 Aspartic Acid
10/8/2015 Aspartic Acid
10/16/2015 Aspartic Acid
10/16/2015 Aspartic Acid
9/13/2016 Aspartic Acid
9/19/2016 Aspartic Acid
9/20/2016 Aspartic Acid
2/1/2017 Aspartic Acid
4/27/2017 Aspartic Acid
3/5/2018 Aspartic Acid
3/7/2018 Aspartic Acid
3/7/2018 Aspartic Acid
3/13/2018 Aspartic Acid
4/12/2018 Aspartic Acid
5/9/2018 Aspartic Acid
5/10/2018 Aspartic Acid
5/10/2018 Aspartic Acid
10/3/2018 Aspartic Acid
10/4/2018 Aspartic Acid
10/11/2018 Aspartic Acid
11/1/2018 Aspartic Acid
11/1/2018 Aspartic Acid
11/2/2018 Aspartic Acid
11/20/2018 Aspartic Acid
11/29/2018 Aspartic Acid
3/6/2019 Aspartic Acid
3/6/2019 Aspartic Acid
3/6/2019 Aspartic Acid
3/8/2019 Aspartic Acid
3/22/2019 Aspartic Acid
3/25/2019 Aspartic Acid
3/25/2019 Aspartic Acid
3/28/2019 Aspartic Acid
4/2/2019 Aspartic Acid
4/2/2019 Aspartic Acid
4/6/2019 Aspartic Acid
4/6/2019 Aspartic Acid
4/11/2019 Aspartic Acid
4/11/2019 Aspartic Acid
4/30/2019 Aspartic Acid
4/30/2019 Aspartic Acid
8/6/2019 Aspartic Acid
8/6/2019 Aspartic Acid
8/6/2019 Aspartic Acid
8/6/2019 Aspartic Acid
8/6/2019 Aspartic Acid
8/6/2019 Aspartic Acid
8/13/2019 Aspartic Acid
8/13/2019 Aspartic Acid
10/29/2019 Aspartic Acid
10/29/2019 Aspartic Acid
10/30/2019 Aspartic Acid
10/30/2019 Aspartic Acid
11/12/2019 Aspartic Acid
11/12/2019 Aspartic Acid
1/30/2020 Aspartic Acid
1/30/2020 Aspartic Acid
2/4/2020 Aspartic Acid
2/4/2020 Aspartic Acid
2/4/2020 Aspartic Acid
2/14/2020 Aspartic Acid
2/14/2020 Aspartic Acid
2/21/2020 Aspartic Acid
3/28/2020 Aspartic Acid
4/2/2020 Aspartic Acid
4/2/2020 Aspartic Acid
4/6/2020 Aspartic Acid
4/6/2020 Aspartic Acid
4/7/2020 Aspartic Acid
4/7/2020 Aspartic Acid

W WWbABANMOD

ArNDMBEAAMNPABEADPDPMNOVWOODDMO D

~ 8

4958

5659
6299
8237
8626
8689
4839
6741

4393
1135
4219
4331
4173
4343
4727
5602
6220
4763
4827
1138
4170
4845
5510
5146
5813
4695
5190
4711
5950
5857
5217
6733
7022
5976
5279
5614
7547
4407
4407

7040
5024
5559
6287
6996
3907
7419
7376
5067
6274
3911
6880
5725
7600
5217
6733
7022
5976
5279
6869
8011

-6.175

-6.737
-6.402
-3.244
-4.021
-4.051
-2.784
-4.225
-3.658
-2.712
-3.596
-1.979
-5.322
-3.161
-2.746
-2.869
-3.534
-3.205
-2.476
-4.971
-5.021
-4.127
-5.081
-3.889
-6.185
-5.804
-6.537
-6.628
-7.473
-7.528
-7.163
-6.475
-6.242
-6.372
-3.600
-6.547
-5.567
-6.023
-5.503
-5.503

-5.755
-7.378
-7.605
-7.442
-7.864
-8.106
-7.634
-6.170
-5.161
-5.496
-3.592
-5.668
-6.272
-6.165
-6.475
-6.242
-6.372
-3.600
-6.547
-5.932
-6.130

-7.681

-8.220
-7.881
-7.501
-7.114
-7.198
-6.241
-7.077
-7.299
-5.825
-6.693
-6.485
-7.391
-6.841

-7.266

-7.467
-6.541
-6.590
-7.038
-7.141
-7.466
-7.110
-6.728
-7.463
-8.234
-7.487

-6.17082
-7.79236
-7.63887
-7.46031
-7.74762
-7.99296

-6.44478
-6.36698
-6.70319
-5.31525
-6.54296
-6.99637

-6.969

-6.73
-6.934

4648

10936
6205

4717
4902
4241
4303
4284
4558
4919
5369
5846
4459
4526
4365
3916
4427
5045
4709
5175
4510
4482
4709
5949
5874
5060
6582
6637
20220
5227
5557
7275
4413
4413
5423
5423
11976
4889
11976
4889
4274
4274
5832
4473
4898
5479
18137
3658
7749
7928
5655
6934
4603
7960
6473
8490
5060
6582
6637
20220
5227
7721
8952

10.049
10.627
10.684
-21.626
10.569
10.725
10.691

10.689
10.858
10.906
-21.363
10.920
10.606
10.802
10.657
10.608
10.834
10.790
10.872
10.719
-21.733
10.726
10.732
10.745
-21.143
11.075
10.820
11.095
10.517
10.865
10.602
10.568
-21.286
10.853
-24.936
10.695
10.645
10.899
10.691
10.691
-21.556
-21.556
-20.966
10.633
-20.966
10.633
-21.404
-21.404
11.181
10.773
10.742
10.684
-20.793
-21.478
11.150
11.101
10.763
-21.296
10.926
-21.257
10.851
11.060
10.568
-21.286
10.853
-24.936
10.695
11.150
11.229

10.828
10.443
10.775
-21.641
10.858
11.067
11.07t
10.633
10.48¢
10.485
10.837
-21.512
10.698
10.591
10.482
9.770
9.722
10.57¢
10.367
9.862
10.093
-22.22C
10.157
9.974
10.052
-21.81€
10.88¢
10.63C
10.398
10.263
9.960
9.699
9.807
-21.97¢
10.163
-25.00E
10.493
9.868
10.45C
9.594
9.594
-22.03¢
-22.03¢
-21.44¢
10.333
-21.44¢
10.333
-21.901
-21.901
10.567
10.977
10.154
10.097
-21.27€
-21.95€
10.352
10.303
9.685
-21.99¢
9.846
-21.70€
10.328
10.432
9.807
-21.97¢
10.163
-25.00=
10.493
10.288
10.36€
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4/24/2014 CH 3
4/16/2015 CH 3
5/6/2015 CH 3
5/6/2015 CH 3
10/16/2015CH 3
9/13/2016 CH 3
9/19/2016 CH 3
9/20/2016 CH 3
9/21/2016 CH 3
9/21/2016 CH 3
11/23/2016 CH 3
2/1/2017 CH 3
4/27/2017 CH 3
3/5/2018 CH 3
3/7/2018 CH 3
3/7/2018 CH 3
3/13/2018 CH 3
4/12/2018 CH 3
5/10/2018 CH 3
10/3/2018 CH 3
10/4/2018 CH 3
10/11/2018CH 3
10/11/2018CH 3
11/1/2018 CH 3
11/1/2018 CH 3
11/2/2018 CH 3
11/20/2018CH 3
11/20/2018CH 3
11/29/2018CH 3
11/30/2018CH 3
11/30/2018CH 3
3/6/2019 CH 3
3/6/2019 CH 3
3/8/2019 CH 3
3/22/2019CH 3
3/22/2019CH 3
3/22/2019CH 3
3/25/2019 CH 3
3/25/2019CH 3
3/28/2019CH 3
3/28/2019 CH 3
4/2/2019 CH 3
4/2/2019 CH 3
4/2/2019 CH 3
4/6/2019 CH 3
4/6/2019 CH 3
4/6/2019 CH 3
4/11/2019 CH 3
4/11/2019 CH 3
4/30/2019 CH 3
4/30/2019 CH 3
4/30/2019 CH 3
4/30/2019 CH 3
8/6/2019 CH 3
8/6/2019 CH 3
8/6/2019 CH 3
8/6/2019 CH 3
8/6/2019 CH 3
8/13/2019CH 3
8/13/2019CH 3
8/13/2019CH 3
10/29/2019CH 3
10/29/2019CH 3
10/30/2019CH 3
10/30/2019CH 3
11/12/2019CH 3
1/30/2020 CH 3
1/30/2020 CH 3
1/30/2020 CH 3
2/4/2020 CH 3
2/4/2020 CH 3
2/4/2020 CH 3
2/14/2020CH 3
2/14/2020CH 3
2/21/2020CH 3
2/21/2020CH 3
2/21/2020CH 3
3/28/2020CH 3
3/28/2020CH 3
4/2/2020 CH 3
4/2/2020 CH 3
4/6/2020 CH 3
4/6/2020 CH 3
4/6/2020 CH 3
4/7/2020 CH 3
4/7/2020 CH 3

36

©

83

33

©

©

43
83

42
72
15
11
45
45
43

43
76

45

50

49

50

86

40
70

51

50
86

©

©

83

42
72

68

5315
4975
6075
6911

7210

4638
4958
4829
5032
29632
5234
10259
9911
10781
10929
9996
11597
11970
11466
9648
11409
11593
11138
12735
10776
11023
13557
4727
11636
11277
13796
9701
11600
11368
11317
9925
10484
11954
9267
10982
9932
10204
9932
10204
10451
8993
10451
8993
9591
8090
9433
8090
9137
10835
9894
9504
9211
12032
12465
12195
10817
13406
12717
11397
10294
11316
14123
11520
13796
9701
11600
11317
9925
10484
11954
10348
11726

-23.416
-24.801
-24.700
-24.672
-24.607
-25.090
-25.105
-25.196
-25.100
-25.055
-24.522

-24.462
-24.488
-24.442
-25.047
-24.429
-24.435
-22.794
-24.512
-24.249
-24.233
-24.192
-24.218
-24.326
-24.192
-24.179
-24.255
-24.385
-24.295
-24.221
-23.908
-24.108
-23.987
-24.137
-23.938
-24.639
-24.059
-24.062
-23.713
-23.968

-24.47
-23.821
-23.773
-23.987
-24.469
-25.133
-24.075
-23.854
-23.873

-23.91
-23.873

-23.91
-24.139
-24.279
-24.139
-24.279
-24.255
-24.102

-24.07
-24.102
-23.844
-23.929
-24.187
-24.218
-24.308
-23.937
-23.995
-24.062
-24.016
-23.871

-24.02
-24.198
-24.207
-24.144

-23.93
-24.098
-23.713
-23.968

-24.47
-23.773
-23.987
-24.469
-25.133
-24.137
-24.007

-24.724
-24.724
-24.724
-24.724

-24.724
-24.724
-24.724
-24.724
-24.724
-24.724

-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724
-24.724

-24.48¢€
-24.692
-24.60€
-24.57¢€
-24.632
-24.60E
-24.61¢
-24.682
-24.60€
-24.562
-24.637
-24.662
-24.618
-24.67C
-24.59¢
-25.20€
-24.60¢
-24.692
-24.72E
-24.68¢
-24.77¢
-24.58¢€
-24.54¢€
-24.694
-24.80z
-24.64¢<
-24.59¢
-24.67¢
-24.6682
-24.52C
-24.69¢
-24.622
-24.82¢
-24.761
-24.46C
-24.261
-24.96¢
-24.67¢€
-24.681
-24.41¢
-24.674
-25.072
-24.42E
-24.44¢
-24.432
-24.917
-25.20¢€
-24.724
-24.724
-24.513
-24.55C
-24.513
-24.55C
-24.637
-24.77¢€
-24.637
-24.77¢€
-24.754
-24.58E
-24.69¢
-24.58E
-24.67¢
-24.6882
-24.611
-24.641
-24.76¢
-24.591
-24.64¢<
-24.71¢€
-24.687
-24.544
-24.691
-24.64C
-24.64¢
-24.67¢
-24.46C
-24.627
-24.41¢
-24.674
-25.072
-24.44¢
-24.432
-24.917
-25.20¢€
-24.74¢
-24.62C
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1/30/2014 CH 6
4/24/2014CH 6
4/16/2015CH 6
5/6/2015 CH 6
5/6/2015 CH 6
10/8/2015 CH 6
10/16/2015CH 6
9/13/2016 CH 6
9/19/2016 CH 6
9/20/2016 CH 6
9/21/2016 CH 6
9/21/2016 CH 6
11/23/2016 CH 6
2/1/2017 CH 6
4/27/2017 CH 6
3/5/2018 CH 6
3/7/2018 CH 6
3/7/2018 CH 6
3/13/2018 CH 6
4/12/2018 CH 6
5/9/2018 CH 6
5/10/2018 CH 6
10/3/2018 CH 6
10/4/2018 CH 6
10/11/2018CH 6
10/11/2018CH 6
11/1/2018 CH 6
11/1/2018 CH 6
11/2/2018 CH 6
11/20/2018 CH 6
11/20/2018 CH 6
11/29/2018 CH 6
11/30/2018 CH 6
11/30/2018 CH 6
3/6/2019 CH 6
3/6/2019 CH 6
3/8/2019 CH 6
3/22/2019 CH 6
3/22/2019 CH 6
3/22/2019 CH 6
3/25/2019 CH 6
3/25/2019 CH 6
3/28/2019 CH 6
3/28/2019 CH 6
4/2/2019 CH 6
4/2/2019 CH 6
4/2/2019 CH 6
4/6/2019 CH 6
4/6/2019 CH 6
4/6/2019 CH 6
4/11/2019CH 6
4/11/2019CH 6
4/11/2019CH 6
4/30/2019 CH 6
4/30/2019 CH 6
4/30/2019 CH 6
4/30/2019 CH 6
8/6/2019 CH 6
8/6/2019 CH 6
8/6/2019 CH 6
8/6/2019 CH 6
8/6/2019 CH 6
8/13/2019 CH 6
8/13/2019 CH 6
8/13/2019 CH 6
10/29/2019CH 6
10/29/2019CH 6
10/30/2019CH 6
10/30/2019CH 6
11/12/2019CH 6
1/30/2020 CH 6
1/30/2020 CH 6
1/30/2020 CH 6
2/4/2020 CH 6
2/4/2020 CH 6
2/4/2020 CH 6
2/14/2020 CH 6
2/14/2020 CH 6
2/21/2020 CH 6
2/21/2020 CH 6
2/21/2020 CH 6
3/28/2020 CH 6
3/28/2020 CH 6
4/2/2020 CH 6
4/2/2020 CH 6
4/6/2020 CH 6
4/6/2020 CH 6
4/6/2020 CH 6
4/7/2020 CH 6
4/7/2020 CH 6

5868
30504
6397
6767
6251

6680

5909
4670
5200
5828
6316
7754
5011
11128
13863
16686
13294
14048
12756
13947
12195
10859
9447
11987
10760
11737
10794
10147
10588
3782
11930
12934
10009
9398
10508
9280
14860
8774
11781
13810
11784
10871
10133
9102
11730
9102
11730
9793
9770
10216
9770
10216
8463
2961
8463
10817
9936
10880
9612
11896
12099
11396
13041
13141
16129
15219
13791
12617
12650
13628
11591
10009
9398
10508
14860
8774
11781
13810
10766
16965

-10.914

-9.353
-10.567
-10.539
-10.632
-10.231
-10.673
-10.996
-10.965
-11.015
-10.995
-10.984
-10.347

-10.362
-10.230
-10.160
-10.278
-10.487
-10.273
-10.292
-10.623
-10.394
-9.995
-9.783
-9.652
-9.936
-9.813
-9.961
-9.908
-9.995
-10.182
-10.295
-10.109
-9.896
-9.997
-9.782
-10.130
-10.052
-10.600
-9.864
-9.762
-9.820
-9.844
-9.740
-9.854
-9.367
-10.024
-10.248
-11.287
-9.747
-9.724
-9.776
-9.828
-9.662
-9.828
-9.662
-10.035
-10.032
-10.027
-10.032
-10.027
-9.979
-10.629
-9.979
-9.509
-9.904
-9.872
-10.067
-9.957
-9.771
-9.938
-9.824
-9.778
-9.507
-9.706
-10.001
-9.916
-9.892
-9.765
-9.968
-9.820
-9.844
-9.740
-9.367
-10.024
-10.248
-11.287
-9.934
-9.588

-10.449
-10.449

-10.449
-10.449

-10.449
-10.449
-10.449
-10.449
-10.449
-10.449

-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449
-10.449

-10.331
-10.59¢
-10.493
-10.44¢
-10.542
-10.307
-10.652
-10.59C
-10.53€
-10.5523
-10.542
-10.531
-10.474
-10.447
-10.532
-10.48¢
-10.281
-10.40C
-10.682
-10.432
-10.631
-10.44¢
-10.45¢
-10.53¢
-10.407
-10.27¢€
-10.472
-10.351
-10.4623
-10.46¢&
-10.552
-10.62¢
-10.68¢
-10.341
-10.39¢
-10.502
-10.52¢
-10.42%
-10.347
-10.69€
-10.59¢
-10.49¢
-10.54¢
-10.572
-10.37¢
-10.592
-10.10¢€
-10.371

-9.838
-10.911
-10.44¢
-10.423
-10.47<
-10.654
-10.49C
-10.654
-10.49C
-10.452
-10.45C
-10.44&
-10.45C
-10.44&
-10.53¢
-10.793
-10.53¢
-10.2523
-10.271
-10.363
-10.557
-10.507
-10.4823
-10.65C
-10.53€
-10.615
-10.34¢€
-10.544
-10.477
-10.392
-10.461
-10.334
-10.537
-10.54¢
-10.572
-10.37¢
-10.10€
-10.371

-9.838
-10.911
-10.647
-10.302
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5/6/2015 Nicotinamide
5/6/2015 Nicotinamide
5/6/2015 Nicotinamide
10/8/2015 Nicotinamide
10/8/2015 Nicotinamide
10/16/2015 Nicotinamide
9/13/2016 Nicotinamide
9/19/2016 Nicotinamide
9/20/2016 Nicotinamide
9/21/2016 Nicotinamide
11/23/2016 Nicotinamide
11/23/2016 Nicotinamide
2/1/2017 Nicotinamide
2/1/2017 Nicotinamide
4/27/2017 Nicotinamide
4/27/2017 Nicotinamide
3/5/2018 Nicotinamide
3/5/2018 Nicotinamide
3/7/2018 Nicotinamide
3/7/2018 Nicotinamide
3/13/2018 Nicotinamide
3/13/2018 Nicotinamide
4/12/2018 Nicotinamide
4/12/2018 Nicotinamide
5/9/2018 Nicotinamide
5/10/2018 Nicotinamide
10/3/2018 Nicotinamide
10/3/2018 Nicotinamide
10/11/2018 Nicotinamide
11/1/2018 Nicotinamide
11/2/2018 Nicotinamide
11/2/2018 Nicotinamide
11/20/2018 Nicotinamide
11/20/2018 Nicotinamide
11/29/2018 Nicotinamide
11/29/2018 Nicotinamide
11/30/2018 Nicotinamide
11/30/2018 Nicotinamide
3/6/2019 Nicotinamide
3/6/2019 Nicotinamide
3/6/2019 Nicotinamide
3/8/2019 Nicotinamide
3/8/2019 Nicotinamide
3/22/2019 Nicotinamide
3/22/2019 Nicotinamide
3/25/2019 Nicotinamide
3/25/2019 Nicotinamide
3/25/2019 Nicotinamide
3/25/2019 Nicotinamide
3/28/2019 Nicotinamide
3/28/2019 Nicotinamide
4/2/2019 Nicotinamide
4/2/2019 Nicotinamide
4/2/2019 Nicotinamide
4/6/2019 Nicotinamide
4/6/2019 Nicotinamide
4/11/2019 Nicotinamide
4/11/2019 Nicotinamide
4/30/2019 Nicotinamide
4/30/2019 Nicotinamide
4/30/2019 Nicotinamide
4/30/2019 Nicotinamide
4/30/2019 Nicotinamide
4/30/2019 Nicotinamide
8/6/2019 Nicotinamide
8/6/2019 Nicotinamide
8/6/2019 Nicotinamide
8/6/2019 Nicotinamide
8/13/2019 Nicotinamide
8/13/2019 Nicotinamide
10/29/2019 Nicotinamide
10/29/2019 Nicotinamide
10/30/2019 Nicotinamide
10/30/2019 Nicotinamide
11/12/2019 Nicotinamide
1/30/2020 Nicotinamide
1/30/2020 Nicotinamide
2/4/2020 Nicotinamide
2/4/2020 Nicotinamide
2/14/2020 Nicotinamide
2/14/2020 Nicotinamide
2/21/2020 Nicotinamide
2/21/2020 Nicotinamide
3/28/2020 Nicotinamide
3/28/2020 Nicotinamide
4/2/2020 Nicotinamide
4/2/2020 Nicotinamide
4/6/2020 Nicotinamide
4/6/2020 Nicotinamide
4/7/2020 Nicotinamide
4/7/2020 Nicotinamide
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15773
14740
18926
18729
12746
14896
14750
14256
14191
17543
17309

8776

8234
10122
10141
10943
13718
10819
10121
12800
12986

8148

8142

9605

7819
14528
12583
11962
15736
14016
11921
12768
13678
11032
11383
11424
13400
11277
13391
11680
12301
14610
12895
13173
13943
12826
15975
14907
13214

8522
12375

2981
12885
10076

9981
12885
10076

11331
13250
10937
11534
13158
13381
13502
13034
12029
13386
16210
12942
14745
12895
13173
13943
12826
14907
13214
13240
14183

1.125
4.046
3.091
2.878
3.37
2.797
2.948
3.403
3.561
2.581
2.616
3.135
3.196
3.995
3.817
3.963
3.959
1.963
1.994
3.208
3.599
3.306
3.279
4.21
1.814
2.426
2.522
2.152
2.113
2.926
2.894
2.938
2.98
1.114
0.803
0.862
1.012
1.23
-0.207
-0.191
-0.292
-0.26
0.142
0.068
0.627
0.551
0.528
0.552
0.561
0.752
0.814
1.267
0.955
1.235
0.99
1.362
1.235
0.99
1.362

0.729
-0.036
-0.332
-0.274
-0.417
-0.458

0.565

0.966

1.146

0.422

0.518

0.668

0.674

0.627

0.551

0.528

0.552

0.752

0.814

0.733

0.687

-0.262
-0.058
-0.042
-0.310
-0.041

-0.007

0.152
-0.283
-0.248
-0.564
-0.504

0.760

0.586
-0.558
-0.562
-0.103
-0.072
-0.355

-0.445
-0.472
-0.626

0.125
-0.594
-0.500

0.089

0.050
-0.585
-0.617
-0.625
-0.583

0.214
-0.098
-0.039
-0.530
-0.310
-0.145
-0.129

0.307
-0.457
-0.292
-0.226
-0.198
-0.623

0.420
-0.218
-0.538
-0.219
-0.246
-0.052
-0.046

-0.014
-0.060

9057
9680
7706

8961
5550
11327
11171

6775
6313
7081
7084
7597
9398
7607
7407
8595
8679
5519
5521
6478
5326
9359
8214
7737
10156
9025
7774
8363
9228
7605
6993
7125
9436
8010
9523
8393
8811
10265
8623
8806
9412
8716
10628
10040
9029
6166
8598
7154
9029
7257
7154
9029
7257
6532
8209
6532
8209
6214
6214
6944
8234
6914
7289
8402
10254
10383
10260
9526
10783
12976
10463
11797
8623
8806
9412
8716
10040
9029
10661
11438

-34.345
-34.316
-34.437
-34.192
-34.252
-34.164
-34.787
-34.688
-34.702
-34.875
-34.164
-34.214
-34.296
-24.520
-34.121
-34.123
-34.022
-34.102
-34.124
-34.123
-34.079
-34.097
-33.986
-33.914
-34.001
-34.044
-33.947
-33.937
-34.070
-34.258
-34.196
-34.325
-33.998
-34.081
-34.102
-34.157
-34.013
-34.274
-33.750
-34.001
-34.145
-33.945
-33.997
-33.978
-34.115
-33.946
-34.013
-34.046
-33.866
-33.835
-33.816
-33.727
-33.831
-33.689
-33.947
-33.834
-34.046
-33.889
-33.907
-33.829
-34.017
-33.907
-33.829
-34.017
-34.069
-33.976
-34.069
-33.976
-33.966
-33.966
-33.705
-33.859

-34.22
-34.091
-34.115
-33.942
-33.906
-33.902
-33.935
-33.995
-33.853
-33.931

-33.83
-33.835
-33.816
-33.727
-33.831
-33.947
-33.834
-33.893
-33.925

-34.248
-34.219
-34.340
-34.143
-34.203
-34.221
-34.247
-34.164
-34.155
-34.355
-34.270
-34.320
-34.359
-34.450
-34.258
-34.260
-34.153
-34.232
-34.305
-34.304
-34.247
-34.265
-34.309
-34.237
-34.361
-34.573
-33.964
-33.955
-34.239
-34.691
-34.621
-34.749
-34.322
-34.404
-34.265
-34.320
-34.120
-34.378
-34.613
-34.868
-35.014
-34.741
-34.793
-34.321
-34.458
-34.484
-34.550
-34.583
-34.404
-34.525
-34.506
-34.306
-34.410
-34.268
-34.461
-34.347
-34.658
-34.880
-34.415
-34.338
-34.523
-34.415
-34.338
-34.523
-34.624
-34.530
-34.624
-34.530
-34.396
-34.396
-34.602
-34.887
-34.596
-34.468
-34.515
-34.555
-34.519
-34.457
-34.490
-34.414
-34.272
-34.433
-34.332
-34.525
-34.506
-34.306
-34.410
-34.461
-34.347
-34.435
-34.467
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