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Carbon Isotopes
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Discoveryof *4C

MARTIN DAVID KAMEN

Obituary

Martin Kamen

Scientist, caliscoverer of the isotope

that gavearchaeologycarbondating,

and innocent victinof America's
Communistwitchhunts

(PearceWright, TheGuardian

Monday9 Septembef002

The American scientist Professor Martin
Kamen was the co-discoverer of the
radioactive isotope carbonl4. The finding
transformed biochemistry as a tracer
following chemical processesin plants,
while its usein the carbondating of fossils
and ancient artefacts between 500 and
50,000 yearsold revolutionisedarchaeology

27 AUGUST 1913 - 31 AUGUST 2002



http://www.guardian.co.uk/theguardian

Science 10 May 1963:
Vol. 140 no. 3567 pp. 584-590
DOI: 10.1126/science.140.3567.584

Sam Ruben and Martin Kamen co-
discovered the isotope carbonl4 on
February27, 1940 at the University of
CaliforniaRadiationLaboratory,Berkeley
when they bombarded graphite in the
cyclotron in hopes of producing a
radioactive isotope of carbon that could
be used as a tracer in investigating:
chemical reactions in photosynthesis
Their experiment resulted in production
of carbon14.

Ruben S, KameMD§194O
Radioactiveearbono long-half life.
PhysRev 57: 549

Martin Kamen hasbeen named one
of two winners of this year'€1995)
EnricoFermi AwardThe82-year old
Kamenis joined by 83/earold
physicistUgoFanqg who won for his
pioneering contributions to the theory
of atomic and radiation physics.

Early History of Carbon-14

Discovery of this supremely important tracer was expected
in the physical sense but not in the chemical sense.

When, how, and why was carbon-14
discovered? As T, S. Kuhn has re-
marked (/), discovery is seldom a
single event that can be attributed
wholly to a particular individual, time,
or place. He notes that some dis-
coveries, such as those of the neutrino,
radio waves, and missing isotopes or
1 s, are pr and present
few problems, as far as establishment
of priority is concerned. Others, such
as the discoveries of oxygen, x-rays,
and the electron, are wunpredictabl

Himtahl

Martin D. Kamen

and philosophers. Perhaps the novelists
will dig into the record of these excit-
ing times for fresh insights into the
age-old drives of mankind.
Carbon-14, the long-lived carbon
isotope, is the most important single
tool made available by tracer method-
ology, because carbon occupics the
central position in the chemistry of
biological systems. Thus it plays, and
will continue to play, an essential role

These put the historian in a “bind”
when he tries to decide when, how,
who, and where the discovery was
made. Much more rarely does he have
a basis for an answer to the question
“Why?"

I propose in this account of the
“prenatal” history of carbon-14 to pro-
vide the answers to my leading ques-
tions (2). These make a story which
is a fragment of the whole record.
That record must be constructed by
future historians who seck to probe
the cvents of a period in which there
has been an unparalleled impact of
intellectual curiosity and scientific crea-
tivity on the structure of society.

The tremendous outburst of tech-
nology in the past half century, the
result of the rise of nuclear science,
has crowned man’s quest for the phi-
lospher’s stone so successfully as to be
hardly credible even to the most opti-
mistic alchemist. Tracer methodology,
an offspring of nuclcar science, has
provuded essential suppon for the ever-

idening and deep g knowledge of
nu-ucture and function m biological sys-
tems, expressed as the dynamic science
of molecular biology.

These develop have p
but unknown, implications for the
future of our social structures. They
obviously bring with them an un-
exampled load of grist for the mills
of cultural historians, social scientists,

584

- q

By 1933, such data—binding en-
ergies, angular distributions in scatter-
ing experiments, and so on—had dem-
onstrated that nuclear forces could be
described as analogous to saturation
exchange forces like those postulated
previously for chemical. beading. The
so-called “alpha-particle” model of the

already ined the seeds
of what was to be the full-fledged
modern “shell” theory of nuclei, to be
developed later by Maria Mayer,
Eugene Feenberg, and others,

As to my part in this, I was a young,
cager student and had just begun
doctoral research, using the Wilson
cloud chamber to study the angular
distribution of neutrons scattered in
collisions with protons and other nuclei.
These researches were part of a general
program initiated in the laboratory of
W. D. Harkins in the chemistry depart-
ment at the University of Chicago (4).
My decision to work in this field was
largely a result of the influence of
D, M. Gans, Harkins' associate and
an assistant professor in the depart-

Most significantly for this history,

in the eclucidation of biochemical ment (5).
mechani: knowledge of which is
essential in the further develop of

imilar work was also under way at

molecular biology. Obviously, the cir-

sur ding its discovery
are valid objects of interest for the
historian (3).

Initial Phases, 1934-36

In the carly 1930%, nuclear physics,
immersed in the great traditions of the
Cambridge school led by Ernest
Rutherford, was concerned primarily
with observations of processes asso-
ciated with the scattering of elementary
nuclear particles by various atomic
nuclei. Reports in those times show
P i 'ing determinati of range-
cnergy relations for the fundamental
projectiles (protons, deuterons, alpha
particles). The energies used did not
exceed approximately 10 Mev, because
of the limitations set by the relatively
primitive accelerators and by the radia-
tion characteristics of the naturally
radioactive materials that were avail-
able. The rationale for such work,
which often involved tedious attention
to detail and much labor, was that
if enough precise facts were put to-
gether, accurate binding energies for
nuclei could be deduced. From these
energics, it was reasoned, there could
be derived a solid basis for further
attack on the problem of the nature
of nuclear forces.

Yale, where F. N. D. Kuric, investigat-
ing neutron-induced disintegration of
light elements, had obtained certain
anomalous results for the angular dis-
tributions of protons in collisions with
neutrons. In 1934 he proposed a
radical interpretation (6) of certain
events he noted in the cloud chamber.
When nitrogen was exposed to fast
neutrons, for instance, he noted that
in some cases the ejected nucleus pro-
duced a very long, thin track, This
he ascribed to a proton, rather
than to an alpha particle. Thus, he
supposed that the wusual reaction,
N*(n,He')B", was accompanied by a
less frequent but readily observable
reaction, N*(n,H)C". (As far as |
am aware, this is the first suggestion
in the literature that C* might exist.)
Kurie also suggested, however, that the
tracks he was observing might arise
from H’, or even H', and thus that the
reactions N*(n,H')C"” and N"(n,H")C"
were also possibilities. In fact, he felt
the reactions with emission of H' and
H' were the more likely because they
resulted in nuclei of known stability.

m author s professor of chemistry at the
hool of Science and Engineering, Univenity of
Cal“emln San Diego. This article is adapted
froe & paper which he prosented at a meeting of
the American Chemical Society in Los Angeles In
April 1963, when ho received the Soclety’s 1963
Award for Nuclear Applications in Chemistry.
This paper i also being ted in the May
issue of the Jowrmal of Chemical Education.

SCIENCE, VOL. 140



After discoveryof radioactivecarbonl4, Rubenand Kamenfound that it had a
half-life of about5,700yearsandthat someof the nitrogenin the atmospherewas
turned into carbonl4 when hit with cosmic rays Thus, an equilibrium was
reached,the newly formed carbon14 replacingthe carbon14 that decayed,so
that there wasalwaysa smallamountin the atmosphere

Ruben S, KamaviD (1940)Radioactivecarbonof long-halflife. Phys Rev 57:549
Rubenand Kamenhad to abandon attempts to experiment withCin 1942.

Willard Libby,a chemistat the Universityof Chicagogxperimentedwith carbon14
further. Througha seriesof tests, he calculatedthe | (i 2 Yiali-ife to be 5,568
years Hetheorizedthat, by analyzinghe amountof carbon14 in plant matter, one
couldform a solid estimateof the A (1 Sag&®Namely he figured that plantswould
absorb some of this trace carbonl4 while they absorbed ordinary carbon in
photosynthesis Oncethe plant died, it couldn't absorb any more carbon of any
kind, and the carbon14 it containedwould decayat its usualrate without being
replaced By finding the concentrationof carbon14 left in the remainsof a plant,
you could calculatethe amount of time sincethe plant had died. He continuedto
refine the conceptfor the next decade,calculatingthe age of an ancientEgyptian
bargeusingwood samples Thescienceof archaeologywas revolutionizedand, for
his efforts, Libbyreceivedthe NobelPrizein Chemistryfor 1960

Arnold, J.R., Libby, W.F: Age determinations by radiocarbon content: checks with samples of known ages.
Science 110 (1949), p.6680




Nastajanjel“C (produkcija)

Kozmogeni antropogeniizotop/radionuklid
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Radiocarbon production

Cosmogenicadionuclide- the primary natural source of*Con Earth iswuclear
reactionbetweenneutronsfrom cosmicrayswith nitrogenin the atmosphere
(Thehighest rate of“Cproduction takes place at altitudes of 9 to k)

Formation oft4C m Decay of4C

of KR X @9O

"N+ n—="C+p "N+ e+V

v\__/
® @

@ Mol “C = 10™ Mol*C

Mol *C > 10" Mol*C \

for dead organisms, in which tHéCthen decays

Iiving organisms

(o)

Doug McDougall (2008)\ature's Clocks: How Scientists Measure the Age of Almos
EverythingBerkey& Los Angeles, California: University of California Pred$. p.




4 Ceasing of radiocarbon uptake
""" (death of organism)

Radioactive decay

1 A=Ageat
/ 7v=|n2/T1/2

" 40000 50000
Age (years)

T T T ¥ T 2 T
0 \ 10000 20000 30000

Ti,= 5730 years




Kozmogeni“C

Produkcijal.4- 1.54PBq/yr¢ nije jednolika zbog promjenjivog intenziteta
12T YA6123 ANRBOWR3I T avuday 6 S@23 OA | f dzz
magnetskog polja ...

U Zemljinoj atmosferi 21 2 HHAO “C. | o LINA NZR
Terestrijalnit*C oko 10000 PBq
bomb 14C

producedby interactions of neutrons emitted iatmosphericnuclear

explosions

input 213¢ 315 PBq,

doubled atmospheric specifactivity of14C in 1963,
sincethen ¢ decrease



In nuclear power plants

Minor 14C quantities enter the atmosphere due to nuclear power plants operation

Carbon-14 can be produced by other reactions with neutrons:
A 13C(n,gamma)“C and 7O(n,alpha)!*C with thermal neutrons
A 15N(n,d)4C and 180(n,3He)!4C with fast neutrons

The most notable routes for *C production by thermal neutron
irradiation of targets (e.g., in a nuclear reactor) are:.

In PWR 14C is produced by neutron activation with oxygen 17O or nitrogen
14N in fuel, moderator and coolant of the reactor. It is emitted into the
environment in the form of CO,, which enters the natural carbon cycle
in the vicinity of power stations. Through food chain (ingestion) it can
contribute to the additional irradiation of the population, resulting thus to
the enhancement of the effective dose of the population.

e.g: Man-SunZimandF Caron Progres# NuclearEnergy 48 (2006)-26



http://en.wikipedia.org/wiki/File:Radiocarbon_bomb_spike.svg
http://en.wikipedia.org/wiki/File:Radiocarbon_bomb_spike.svg
http://en.wikipedia.org/wiki/Thermal_neutron
http://en.wikipedia.org/wiki/Fast_neutron

Production ratein nuclearfacilities
0.3 PBg/yrg estimated global production
(Yim, Progress in Nucl Energy 2006)

gaseous releases

BWR95% as“CQ, 2.5 % a$*CO, 2.5 %ydrocarbons

PWR¢ about 80% a$*CH, 20% as*CQ;

Estimatedrate of gaseous release 0¢5l.9 TBg/GWeyr;

fuel reprocessing plantg gaseous release mostly &€€Q, about 15 TBq/yr

liquid releases
chemicalform of carbonates and various orgam@mpound
relative quantities unknown (IRSN 2019dthers say: mainly as DIC;

exampleof Sellafield (UK)
gaseouseleasel.5- 12E12Bq, liquid : app. 8 E12 Bq

NEK in 2013: gas 1.3 E11 Bq liquid: 1.7 E9 Bg (REMONT)
NEK in 2014: gas 2.3 E10 Bq 0.8 E9 Bq




various other sources

(medical and farmaceuticalabelling, industrialy annual
production in the world estimated to B10'*Bq in 1978,
10R103Bqg in 1987 (all released &#£Q)

fossil fuels
n{ dzSaa STTFS PLqQiathe\aymodpiete décre@sd#3C




*C in atmospheric CO, (pMC)
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Distributionof 14C
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Applicationsof 14C

> > I > >

Dating (determination of age)of organicsamples(wood,
grains leavesgplants seed charcoa) leather, textile, linen,
bones teeth, ivory, parchment papet antlerandhorn, peat,
soil, organicsediment,dissolvedorganiccarbonX 0
Datingof secondarycarbonates(inorganiclake sediment,
speleothemestufa, corals mollusks algalrims, dissolved
Inorganiccarbonin water)

Carboncyclein nature (includingatmosphericCQ)
Environmentalmonitoring (nuclearfacilitieg
Oceanologyclimatology

Forensicscience

Medicalbiochemical pharmacologicaapplications
Determinationof biofuel fraction




Carboncycle- atmosphere




Carboncycle

All carbonisotopes
take part

12C
13C
14C

Biogeniccarbon

1)
the environmental carbon cyclecarbon is assimilated by terrestrial and aquatic
plants in photosynthesis and transfered via the food chain to man.




Biogeniccarbon

Fossilcarbon



Carbonisotope fingerprint

Atmosphere
al“C = 10@MC
d3C =y

Biogeniacarbon

Plants(biosphere Fossilcarbon
al“C = 10(pMC al“C = oMC
dBC =H p =M HO:: U di3C =H p




Latest CO2 reading 3 9 8 07
August 29, 2015 . pp l l l
Carbon dioxide concentration at Mauna Loa Observatory
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Isotopes of carbon at Cape Grlm Tasmama
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14Caktivnost atmosferskog GOHrvatska
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“C u wurbanim sredi Gti ma (1)

Zagreb  (110,0 + 3,4pMC
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a*C (pMC)

“C u urbanim sredi Gti ma (2)
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a''C (pMC)
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L
Toyoizumi (2001, Japan) measured signific
difference between plants in mountain and
country sites (10& 110 pMC) and those in 1
cities, especially near roads with heavy tra
(<100 pMC to 104 pMC)

Fig. 2a) Radiocarbon concentration

in tree rings from Nagoya, central
Japan. The solid line represenis annual
average values of radiocarbon
concentration measured in “clean air”
at Schauinsland station (Levin and
Kromer, 1997). Dotted line presents
radiocarbon concentration in Nagoya
for the period 1951-1978 (author's
unpublished data).

A RakowskiTKuc TNakamura APazdur
Radiocarborconcentrationin urbanarea,
Geochronometrie24 (2005)

Fig. 2b) Radiocarbon concentration in
tree rings samples and atmospheric
C0, collected at Krakow, Southern
Poland. To the observed data were
fitted exponential functions. Solid line
presents radiocarbon concentration
in “clean air” at Schauinsland station
derived from measurement of
atmospheric CO, (Levin and Kromer,
1997). All atmospheric data represent
mean value for the period of April to
September corrected by §'°C=-25%o.

(28]




14C activity in soll, terrestrial and aquatic plants
collected in the Plitvice Lakes area
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Aktivnost Bqg
Koncentracija aktivnosti

MasenacLJ2 1 3 & dr&shWsghtiFen NABg/kgFW
Masenag po kg suhe tvariliryweight¢ DW) Bg/kgDW
Volumnag po m?, po L Bg/m3, Bg/L

{ LISOA T A 6 Y Igpd jddiniai @ase taglelementa!l  Bg/kgC

wSEtFHIAGYIl ALIFOATAGYlIF 1 GAQy 24l
al“C =AuzorakA standard [pPMC=percentModernCarbon
FL4C =A, uzorak/A standard [bezdimenzionaln® St A 6 A
A standard = 226 B§OC

210 BgkgC 210/3 = 70 BdkgDW 70/2 = 35 BakgFW

1 kgC
1kgCu 3 kg DW 1 kgCu 6kgFW




Neki primjeri udjela ugljika

Udio ugljika Udio C
gC/ ngW s[0 ngW

Lisnato 18-65 IAEA TRS 472
LJ2 @ NI 380 IAEA
TECDOC1616
@d206S 31-100 62 410 |IAEA TRS 472
OA G N360-430 390 440 IAEA TRS 472
Meso 110-550 220 IAEA TRS 472
razno
riba 117 410 TRS 472
103-140 IRSN14C
100- 160 120 TECDOC 1616

6202 ¢ 230




Y2YVOBSNI A2l
100pMC= 226 BgkgC

Zrak

Voda 250 mg/L HCO
+ 2 § 8090 kgFwW
Riba 120gQkgFW

Uz udio C u DW 400 kgDW

3 LIGO i kbricényaBije akfiviioati

42 mBdgm?3 zraka
11,3 Bg/nt vode
13,56 BgkgFW
27,2 BgkgFW

90,4 BgkgDW




There are a number of hypotheses concerning the rates of uptake and elimination of
radiocesium|in fish. The level of radioactive concentration of aquatic biota is commonly
defined in terms of a concentration factor (R,) as follows,

_ Activity per kg of aquatic biota (wet wt)
Activity per liter of water

R

L

liter/kg. (3)

nuclideconcin tissueFW [BgkgFW
bioaccumulationfactor=0 0 8 d d 0 d d d d 6 d & 0 [L/kg]
nuclideconcin medium [Bg/L]

Voda 250 mg/L HCOQ 11,3 Bg/n¥vode
Riba  120g0kgFW  27,2Ba/kgFW > ASPEtAll %
27,2 [BgkgFW

bioaccf (FisH=0 8 6 d d 8 6 & =2407[L/kg]
11,3 E3[Bq/L]




bioaccumulationfactor for fish

C 50000 (od 5000 do 50000kgfish freshwater
C 2000 (od 2000 do 3000jkgfish brakishwater
C 4600 Bg/kgFW/(Bg/Lwater) rangel1000- 10000
BalticSea2400 |/kg

1800 I/kgSwedishwest coast
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Awl RA20 BB O¢®3-lUako postanedio prehrambenoglanca, prvo
preko primarne produkcije(fotosinteze) vrlo je mobilanu 2 1 2 fpfel@rzilz>
jednogu drugi"rezervoar’, dugoT,,,

A efektivnadozaod 14C je samo posljedicaingestije (odnosno oko <1 % iz
drugih izvora, kao inhalacija..) ¢ 14C postaje 2 LJ- & | Y kpblEkdiawj& |
samoakoje dzy” S @ fijglo zbogniskeenergijeemitiraneb 6 S 4 LR YS$ D |
se jednakokao ostali ugljikoviizotopi kakou 2 {1 2 ftako®wxijelu, brzo se
prenosiu organe of all radionuclidesreleasedin routine operation by the
nuclearpower industry,1“Cislikelyto producethe largestdoseto man

A raspodjelal“Cu tijelu je jednolika,i & f Addzé@Bimaju sviorganii tkiva ¢
critical organfor 14Cis the whole body

A Izotopni sasta¥2C 13C14C ovisi o prehrargn , 2dz I NB g KI G @&

A uvijekl NB o | dzad LI2 NB RA GIAA NI R2A RSrz vy 2 dy Of
kojima nema utjecaja ispustaMe

A UNSCEAS&Stimates the radiation dose received by humans (per capita)
from the naturally occurring*C to 1515v




27 mSviyear

in space

cosmic

radiation
on Earth =31.0 mSv/year

P

40

M

cosmocgenic
[created in space]
radionuclides

=k (.28 mSv/year

[ H H Y H]

radionuclides
insicde the body

=+ 0.256 mSv/yea

Ay

seven-hour aeroplane flight == (.05 mSy

cosmic radiation exposure
of domestic airline pilot =» 2 mSy/year

chest x-ray

= 0.04 mSv

inhaled
radicnuclides

=p 0.07 mSv/year

% f}'fr@?

[=] 2004, abelard.arg




assessmenimodel of the dose should be "fit for purpose", ie., it
shouldnot exclude,or poorly represent,any processthat is knownor
suspected of having an important influence on radionuclide
behaviour,and equally,it shouldnot attempt to includedetail that is
not relevantto either the spatialor temporalscaleof the assessment

RADIATIONEXPOSURE PATHWAYS

Airborne Radioactive Materials

Depo=ition Inhalation Co=mic
Crop Uptake Skin Absorption Radiation

Indoor Air
Structural Radiation

E xposure Crop
Ingestion

Rocks and Soil

F ood, Milk
Ingestion

Radiation Dis=olved

R adioactive

e

ater and Aquatic
Food Ingestion




Physiologically, only G&rm of carbon is of interest:

nearly all of carbon content in man comes from the
atmosphere via plant and animal products ingested by ma
(inhalation pathway contributes <1% to the total dose)

unit Ingestion iInhalation
Dailycarbon
Intake gc 300 3
Doseconversion Sv/Bq 583 1010 6.361 1012
factore
Effectivedose  Sviyr 14,4 E6 1,6 E9

—
D)
H
AN
)
3
*

F — o



to asseghe radiation doserate (by consumption/ingestion:
A activity concin foodstaffs,al*C [Bq/kgC]

A relevant consumption rates - Dnevni unos ugljika
hranont 0,3 kg, ICRP1996

A ICRP ingestion dose coefficients are needed -
5,83 101°Sv/Bq

E=el a%Cl m1 t

however obtainingthe consumptiondata for particularareas
may not be simple

luckily ¢ the specific 14C activity in all types of (terrestrial)
foodstaffisthe same




IAEA TRS472 TECDOC 1616(2009

Theassumptionof full specificactivity equilibriumin terrestrial environmentis
completelysatisfactoryfor 1“Creleaseso the atmosphere,if, asit is usual,the
4Cis emitted asCQ. Thisis the only form that is readilytaken up by plants,so
that active carbonis incorporatedinto the plant dry matter via photosynthesis
at the samerate asstablecarbon Therefore,the 14Cconcin Bg/gCis the same
in the plantsasit isin the air (terrestrialenvironment)

al"C,; = aC s = @*Cpnimals = @ *Cryan [Ba/kgC] specificactivity 14C

air

— 14Cconcin plant [Bg/kgfreshweight
Cir! Sir = Grw/! Srw WS plEee it
Srw( fraction of carbonper kg plant FW (kgC/kgFW)

[Ba/m3]/[gC/m3]=

[Ba/kgFW]/[kgC/kgFW] C,; ¢ ¥*Cconcin air [Bg/m?|

C  [Ba/kgC]=[Ba/kgC] S,; ¢ fraction of carbonin air [kgC/n#]
S,; 0.20g/m3=210%kgC/n?
Srwvaries30¢ 410g/kgFW
Spw 310¢ 470gC/kgDW

animal products ffractionofn O2 y i I Y animialieds R ¢

Crw/ Sepw =f PQJFW/ JFw eggSeggle0gC/kgFW
meat Smeat200¢ 5509C/kgFW




Aguaticenvironment

severalcarbon pools existing DIC,DOC(in water column), PIC,POC
(mostly in sedimentg different aquatic organismsare exposed to
different carbonpools

DICis the dominant carbonpool accessedy most aguaticorganisms,
taken up by most aquatic plants and animalsthat are important for
humanconsumption

Moreover, DICis the form of carbonnormallyreleasedby NPto aquatic
systems,the most common form in the water column, and the most
easilymeasurableform of carbonA thus, it isreasonablgo useDICas
the basisfor specactivity (SA)modelfor fish

aCish = Gishrw/! Sishrw = a%Coic
[Ba/kgCl= [Ba/kgfishFW]/[gC/kgfishFWH[Ba/kgC]
Sichew= 1209C/kgFW




Monitoring




2 LJ6 S ¢ Akanghonente programa monitoringa su lokacije (outside plant
perimeter), environmentalmedia and isotopes/nuclidesof interest, monitoring
frequency analyticalfrequency,assessmendf data

monitoring oko NE 2 0 A @y & 2:datmiede&ki CQ, biota ¢ s 32 RA O
periodomrasta,odnosnon A Y (i S Sampleis®¥eringthe vegetationLJS NJ 2

tree rings integrate 14C concentrationsduring springsummerautumn growing
season,not during winter; tree rings are not sensitiveto short-term increases
causedby singlereleasesof “Cfrom NPPbut they integrate impactsfrom both

nuclearand fossil CQ sourceson the local environment,and thus can indicate
long-term trendsin “Cbiosphericconcentrations

atmosferskiCQ uzorkujese u tjednim, dvotjednim,Y 2 S & SIBR/@Ad2Y 2 S &
intervalimg ne Y 2 Os8 direktno usporediti s biljkama koje integriraju 14C za

vrijeme vegetacijskogazdobljg 6 dzR datiemisijeniY S i S 2 N®jées rni>i)

konstantniu vremenu,Y 2 GR32 doirazlikeu srednjimvrijednostimau { NJ &

R dzOvke¥fienskinrazdobljima

uvijek treba usporeditiLJ2 R Nilz@jeéntse2 6 S {uteafNUsLJ2 R NHne2 S Y
tog utjecaja (dovoljno udaljeno, bez dodatnih izvoran { 2 y U I Y & yigr OA 2 S

gradovi,industrija) .




oko NEKje od 2006 uspostavljenaY NB @jesta
uzorkovanja 2 lokacijeza CQ unutar NEK Jokacijeuz

ogradu NEK(unutarnji krug) i vanjskikrug, kontrolna
(i 2 Dpboval2km

uzorkujese2 S Ry 2 3 Bilje/pladlgvBRiBjek naistim
lokacijamagdvaputad 2 RA Oy 2 S
usporedbaraznihvrstabilja naistoj lokaciji

mjerenja d3C u raznim vrstama bilja, te nakon
karbonizacije

0d2013 u il S | deduentima
Jednonribe
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Atmospheric CO,

+ Absorption of atmospheric CO, on
saturated NaOH during 2-month periods
forming Na,CO, (shorter period
exceptionally during the refuelling process);

+ Na,CO, reacts with HCI and obtained CO,
IS transformed to benzene:

+ Measurement of 4C activity in liquid
scintillation counter (LSC) Quantulus
1220.

Tray with saturated NaOH
(location B)
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Figure 5: 3'3C of dried and carbonized maize leaf (a), maize grain
(b), wheat (c) and apple (d) samples.




AtmosferskiCQ

Usporedba aktivnosti 14C na lokacijama Ai B s onom u Zagrebu,
te s ukupno i1 spugtenom aktiwvn

0 effluent*
8x10™ / |

6x10" F l

—3B 4 120

1 100

4x10" |

A''C (Bq)

]

(@)

o
(mBg/m°)

2x10"° F

atm

1
(@)}
o
14
a C

ol s :
6 eI *C '.<:> R i 40

SN
NN

* measured at J. Stefan Inst., Ljubljana, Slovenia



t NPa2S6yS A
NEKB i u Zagrebu u razdoblju 20§8014.

h & 2 S V506 dogine u kojima je proveden remont.

Y I 1 MCh oM@ padkadjande REW Y 2 3

godina NEKA NEKB Zagreb
srednja vr. maks. | srednja vr. maks. | srednja vr. maks.
2006 nedovoljno 106,6 | nedovoljno 116,1 |mnoxd |108,1
podataka podataka
2007 MMHZ2ZH K151,1 |[MHT 2C K 2/54 |MNO2H 108,3
2008 mMmnn2pl 1059 mMmnc 2l K 1090 | MmAmMZp 105,9
2009 MMnxc BI1533 ([MmMCcZd 5B 1849 | mMmnnxy 112,2
2010 Mnp226e4 1243 [MmoH2n B301,7 (MAOHZAN 108,8
2011 Mmanzad p 1082 (mnp =29 B/ 1081 |Mn1 o ZH 112,1
2012 MmMc 2y K160, 1 |MHpZd 5B 1850 | mnnxT 110,2
2013 MndgpZm /1295 |11485 Mo |143,0 |101,154,0 108,1
2014 103,65 | 104,3 | 10555 7 107,4 bdhbxH Bl 101,8
N=5 N=6 N=4




2015. remont

effluent*
8x10" |+ / s
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atm

|
(@)}
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a“c

B R, 2 - :
-QOQ?O 151 ?é <& 0000300 B 40

* measured at J. Stefan Inst., Ljubljana, Slovenia




14C aktivnost u atmosferpM(

AtmosferskiCQO

Uspor edba YCsaktiungsti ezmgrene atmosferske 14C

aktivnosti na lokacijama Ai B
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Polami diagrami aktivnosti 14C | ., " : i
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