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Å14C metoda ςuvod, ciklus ugljika, produkcija 14C

ÅRaspodjela ugljika u prirodi (atmosfera)

ÅhŘǊŜŚƛǾŀƴƧŜ starosti 

Å±ŜƭƛőƛƴŜ i jedinice

ÅProcjena doze

ÅaƧŜǊƴŜ ǘŜƘƴƛƪŜ ƻŘǊŜŚƛǾŀƴƧŀ 14C 

ÅMonitoring 14C u okolici NE

ÅMonitoring u okolici NEK
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Carbon isotopes

12C      13C      14C
98.89 % 1.11 % 10-10 %
p = n = 6 n = 7      n = 8

T1/2 = 5730 y
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         ATMOSFERA

   580 GtC (18.st) - 750 + (danas)

100 pMC (do 200 pMC u 20.st)

         -6,5ă do -8ă

    BIOSFERA

vegetacija 600 GtC

     100 pMC

     (-25 Ñ 5)ă

   tlo 1600 GtC

    <100 pMC

    (-25 Ñ 5)ă

Duboki ocean

38-40000 GtC

  <100 pMC

        0 ă

FOSILNA GORIVA

    10-20000 GtC

          0 pMC

      (-25 Ñ 5)ă

 SEDIMENTNE

     STIJENE

66 - 100 x 10
9
 GtC

      0 pMC

     (0 Ñ 2)ă

Povrġinski ocean

800 - 1000 GtC

      95 pMC

      (0 Ñ 2)ă

CO2ǎŜ ƻǘŀǇŀ ǳ ƳƻǊǎƪƻƧ ǾƻŘƛ όǾŜŏŀ 
topivost u hladnijoj vodi), a i u vodi 
ƪƻƧŀ ǇǊƻƭŀȊƛ ƪǊƻȊ ǘƭƻΣ ǎǘǾŀǊŀƧǳŏƛ 
ǳƎƭƧƛőƴǳ ƪƛǎŜƭƛƴǳΣ ƪƻƧŀ ƳƻȌŜ ƻǘŀǇŀǘƛ 
ǾŀǇƴŜƴŀőƪŜ ǎǘƛƧŜƴŜΦ 

U atmosferi - uglavnom kao CO2, 0,03 (0,04)% 
vol. - ǾŀȌƴŀ ǳƭƻƎŀ Ȋŀ ƻŘǊȌŀǾŀƴƧŜ ȌƛǾƻǘŀ ƴŀ ½ŜƳƭƧƛ -
koriste biljke za proces fotosinteze

Izgaranjem ŦƻǎƛƭƴƛƘ ƎƻǊƛǾŀ ƻǎƭƻōŀŚŀ 
se ugljik koji je milijunima godina 
bio spremljen u litosferi.

±Ǌŀŏŀ ǎŜ ǳ 
atmosferu disanjem 
ōƛƭƧŀƪŀ ƛ ȌƛǾƻǘƛƴƧŀΣ 
raspadanjem 
ōƛƭƧƴƻƎ ƛ ȌƛǾƻǘƛƴƧǎƪƻƎ 
tkiva, spaljivanjem 
organskog 
materijala, 
ƻǎƭƻōŀŚŀƴƧŜƳ ƛȊ 
tople morske vode i 
vulkanskim 
erupcijama. 
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Obituary
Martin Kamen
Scientist, co-discoverer of the isotope 
that gave archaeologycarbon-dating, 
and innocent victim of America's 
Communist witchhunts
(PearceWright , The Guardian, 
Monday 9 September 2002)

The American scientist Professor Martin
Kamen was the co-discoverer of the
radioactive isotope carbon-14. The finding
transformed biochemistry as a tracer
following chemical processes in plants,
while its use in the carbondating of fossils
and ancient artefacts between 500 and
50,000yearsold revolutionisedarchaeology.

Discoveryof 14C

http://www.guardian.co.uk/theguardian
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Science 10 May 1963: 

Vol. 140 no. 3567 pp. 584-590 

DOI: 10.1126/science.140.3567.584

Martin Kamen, has been named one 
of two winners of this year's (1995)
Enrico Fermi Award. The 82-year old 
Kamenis joined by 83-year-old 
physicist UgoFano, who won for his 
pioneering contributions to the theory 
of atomic and radiation physics. 

Sam Ruben and Martin Kamen co-
discovered the isotope carbon-14 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 carbon-14.

Ruben S, Kamen MD (1940) 
Radioactivecarbonof long-half life. 
Phys. Rev. 57: 549
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After discoveryof radioactivecarbon-14, Rubenand Kamenfound that it had a
half-life of about 5,700yearsandthat someof the nitrogenin the atmospherewas
turned into carbon-14 when hit with cosmic rays. Thus, an equilibrium was
reached,the newly formed carbon-14 replacingthe carbon-14 that decayed,so
that there wasalwaysa smallamountin the atmosphere.

Ruben S, Kamen MD (1940) Radioactivecarbonof long-half life. Phys. Rev. 57: 549

Ruben andKamenhad to abandon attempts to experiment with 14Cin 1942.

Willard Libby,a chemistat the Universityof Chicago,experimentedwith carbon-14
further. Througha seriesof tests, he calculatedthe ŀǘƻƳΩǎhalf-life to be 5,568
years. Hetheorizedthat, by analyzingthe amountof carbon-14 in plant matter, one
could form a solidestimateof the ƛǘŜƳΩǎage. Namely, he figured that plantswould
absorb some of this trace carbon-14 while they absorbed ordinary carbon in
photosynthesis. Oncethe plant died, it couldn't absorb any more carbon of any
kind, and the carbon-14 it containedwould decayat its usual rate without being
replaced. By finding the concentrationof carbon-14 left in the remainsof a plant,
you could calculatethe amount of time sincethe plant had died. Hecontinuedto
refine the conceptfor the next decade,calculatingthe ageof an ancientEgyptian
bargeusingwood samples. Thescienceof archaeologywasrevolutionizedand, for
hisefforts,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.678-680
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Nastajanje 14C (produkcija)

Kozmogenii antropogeni izotop/radionuklid

- Prirodno ςƛƴǘŜǊŀƪŎƛƧŀ ƴŜǳǘǊƻƴŀ ƛȊ ƪƻȊƳƛőƪƻƎ ȊǊŀőŜƴƧŀ ǎ 14N
- Antropogeno 

- αbombέ 14C
- nuklearne elektrane
- drugi nuklearni objekti

- Fosilna goriva ςǊŀȊǊƧŜŚŜƴƧŜ 14C
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for dead organisms, in which the 14Cthen decays

Cosmogenicradionuclide- the primary natural source of 14Con Earth is nuclear
reactionbetweenneutronsfrom cosmicrayswith nitrogen in the atmosphere
(The highest rate of 14Cproduction takes place at altitudes of 9 to 15km)

Radiocarbon production

Doug McDougall (2008). Nature's Clocks: How Scientists Measure the Age of Almost 
Everything. Berkey& Los Angeles, California: University of California Press. p.45.

Formation of 14C Decay of 14C

living organisms



14CO2
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Carbon on Earth

12C: 98.89 %

13C: 1.1 %

14C: 1.18 x 10-12 %
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Kozmogeni 14C
Produkcija  1.4 - 1.54 PBq/yr ςnije jednolika zbog promjenjivog intenziteta 
ƪƻȊƳƛőƪƻƎ ȊǊŀőŜƴƧŀΣ мм-ƎƻŘƛǑƴƧŜƎ ǎǳƴőŜǾƻƎ ŎƛƪƭǳǎŀΣ ǇǊƻƳƧŜƴŜ ȊŜƳƭƧƛƴŀ 
magnetskog polja ...

U Zemljinoj atmosferi ƻƪƻ     ннл t.ǉ αǇǊƛǊƻŘƴƻƎά 14C 
Terestrijalni 14C oko 10000 PBq

bomb 14C 
produced by interactions of neutrons emitted in atmospheric nuclear 
explosions
input  213 ς315 PBq, 
doubled atmospheric specific activity of 14C in 1963, 
since then ςdecrease
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Parent
isotope

Natural 
abundance, %

Cross section for thermal 
neutron capture

Reaction

14N 99.634 1.81 14N(n,p)14C

13C 1.103 0.0009 13C(n,ɹ ύ14C

17O 0.0383 0.235 17O(n,h ύ14C

Carbon-14 can be produced by other reactions with neutrons:

Å 13C(n,gamma)14C and 17O(n,alpha)14C with thermal neutrons

Å 15N(n,d)14C and 16O(n,3He)14C with fast neutrons

The most notable routes for 14C production by thermal neutron 

irradiation of targets (e.g., in a nuclear reactor) are:.

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

14C in nuclear power plants

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 CO2, 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-Sun ZimandF Caron, Progress in NuclearEnergy 48 (2006) 2-36

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
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Production rate in nuclear facilities
0.3 PBq/yr ςestimated global production 
(Yim, Progress in Nucl Energy 2006)

gaseous releases 
BWR 95% as 14CO2, 2.5 % as 14CO, 2.5 % hydrocarbons
PWR ςabout 80% as 14CH4, 20% as 14CO2; 
Estimated rate of gaseous release 0.5 ς1.9 TBq/GWeyr; 
fuel reprocessing plants ςgaseous release mostly as 14CO2, about 15 TBq/yr;

liquid releases 
chemical form of carbonates and various organic compound
relative quantities unknown (IRSN 2010) ςothers say: mainly as DIC; 

example of Sellafield (UK) :
gaseous release 1.5 - 12 E12 Bq, liquid : app. 8 E12 Bq

NEK in 2013: gas 1.3 E11 Bq liquid: 1.7 E9 Bq (REMONT)
NEK in 2014: gas 2.3 E10 Bq 0.8 E9 Bq
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various other sources 
(medical and farmaceutical - labelling, industrial) ςannual 
production in the world estimated to 5 Ҏ1013 Bq in 1978, 
10 Ҏ1013 Bq  in 1987 (all released as 14CO2)

fossil fuels 
η{ǳŜǎǎ ŜŦŦŜŎǘζΣ ƛƴŎǊŜŀǎŜ ƻŦ pCO2 in the atmosphere, decrease d13C
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Anthropogenic 14C
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Anthropogenicactivitiesdisturbed
the naturaldistributionof 14C in
the atmospherethrough fossilfuel
combustion(increasing of 12C 
compared to 14C)
andatmospheric bomb tests
(doubling the natural atmospheric 
14C activity in 1960-ties).

Theαbomb-peakέ has served as 
an invaluable tracer to get insight 
into the global carbon cycle on the 
decadal time scale.
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Distributionof 14C
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Á Dating(determination of age) of organicsamples(wood, 
grains, leaves/plants, seed, charcoal, leather, textile, linen, 
bones, teeth, ivory, parchment, paper, antler andhorn, peat, 
soil, organicsediment, dissolvedorganiccarbonΧύ

Á Datingof secondarycarbonates(inorganiclake sediment, 
speleothemes, tufa, corals, mollusks, algalrims, dissolved
inorganiccarbonin water)

Á Carboncyclein nature (includingatmosphericCO2)
Á Environmentalmonitoring (nuclearfacilities)
ÁOceanology, climatology
Á Forensicscience
ÁMedicalbiochemical, pharmacologicalapplications
Á Determinationof biofuel fraction

Applicationsof 14C
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Carboncycle- atmosphere



CO2

Biogeniccarbon

All carbonisotopes
takepart

12C
13C
14C

Carboncycle

the environmental carbon cycle ςcarbon is assimilated by terrestrial and aquatic 
plants in photosynthesis and transfered via the food chain to man. 
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CO2

Fossilcarbon

Biogeniccarbon

CO2
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CO2

Biogeniccarbon

CO2

Carbonisotopefingerprint

Atmosphere
a14C = 100 pMC
d13C = -у ҉

Plants(biosphere)
a14C = 100 pMC
d13C = -нр ҉ ό-мн ҉ύ

Fossilcarbon
a14C = 0 pMC
d13C = -нр ҉
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https://scripps.ucsd.edu/programs/keelingcurve/wp-content/plugins/sio-bluemoon/graphs/mlo_full_record.png
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14C u urbanim srediĢtima (1)

Zagreb      (110,0 + 3,4) pMC

Puntijarka   (111,0 + 2,2) pMC
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14C u urbanim srediĢtima (2)

Zagreb (104,1 + 2,9) pMC

tƭƛǘǾƛőƪŀ ƧΦ (105,7 + 1,5) pMC
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A Rakowski, T Kuc, T Nakamura, A Pazdur: 
Radiocarbonconcentrationin urban area, 
Geochronometria24 (2005)

Toyoizumi (2001, Japan) measured significant 
difference between plants in mountain and 
country sites (108 ς110 pMC) and those in the 
cities, especially near roads with heavy traffic 
(<100 pMC to 104 pMC) 

Nagoya ςtree rings

Krakow ςtree ringsandatmosphericCO2



14C activity in soil, terrestrial and aquatic plants 
collected in the Plitvice Lakes area

Soil Terrestrial
plants

Aquatic plants



±ŜƭƛőƛƴŜ ƛ ƧŜŘƛƴƛŎŜ
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Aktivnost Bq
Koncentracija aktivnosti
MasenaςǇƻ ƪƎ ǎǾƧŜȌŜ ǘǾŀǊƛ όFreshWeightςFW) Bq/kgFW
Masenaςpo kg suhe tvari (DryweightςDW) Bq/kgDW
Volumna ςpo m3, po L Bq/m3, Bq/L
{ǇŜŎƛŦƛőƴŀ ŀƪǘƛǾƴƻǎǘ  !sςpo jedinici mase tog elementa! Bq/kgC

wŜƭŀǘƛǾƴŀ ǎǇŜŎƛŦƛőƴŀ ŀƪǘƛǾƴƻǎǘ 14C
a14C = Asuzorak/As standard [pMC= percentModernCarbon]
F14C = As uzorak/As standard [bezdimenzionalnaǾŜƭƛőƛƴŀύ
As standard = 226 Bq/kgC

210 Bq/kgC

1 kgC
1 kgCu 3 kg DW
0.330 kgC/kgDW

210/3 = 70 Bq/kgDW 70/2 = 35 Bq/kgFW

1 kgCu 6 kgFW
0.17 kgC/kgFW
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Neki primjeri udjela ugljika

Udio ugljika
gC/ kgFW

Udio C
gC/ kgDW

Ref.

Lisnato 
ǇƻǾǊŏŜ

18 - 65 30
380

IAEA TRS 472
IAEA 
TECDOC1616

ǾƻŏŜ 31 - 100 62 410 IAEA TRS 472

ȌƛǘŀǊƛŎŜ360 - 430 390 440 IAEA TRS 472

Meso 
razno

110 - 550 220 IAEA TRS 472

riba
103 - 140
100 - 160

117

120

410 TRS 472
IRSN-14C
TECDOC 1616

őƻǾƧŜƪ 230



YƻƴǾŜǊȊƛƧŀ ǎǇŜŎƛŦƛőƴŜ ŀƪǘƛǾƴƻǎǘƛ 14C u koncentracije aktivnosti

100 pMC= 226 Bq/kgC

Zrak 42mBq/m3 zraka
Voda 250 mg/L HCO3 11,3 Bq/m3 vode
±ƻŏŜ 60 gC/kgFW 13,56 Bq/kgFW
Riba 120 gC/kgFW 27,2 Bq/kgFW

Uz udio C u DW 400 gC/kgDW 90,4 Bq/kgDW



nuclideconcin tissueFW [Bq/kgFW]

bioaccumulationfactor = ðððððððððððððð [L/kg]

nuclideconcin medium[Bq/L]

Voda 250 mg/L HCO3 11,3 Bq/m3 vode
Riba 120 gC/kgFW 27,2 Bq/kgFW

27,2 [Bq/kgFW]

bioaccf (Fish) = ðððððððð= 2407[L/kg]

11,3 E-3 [Bq/L]

Ista specakt 14C!
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bioaccumulationfactor for fish
C 50000 (od 5000 do 50000) L/kg fish freshwater

C 2000 (od 2000 do 3000) L/kg fish brakishwater

C 4600 (Bq/kgFW)/(Bq/L water) range1000 - 10000

BalticSea2400 l/kg

1800 l/kg Swedishwestcoast



wŀŘƛƻōƛƻƭƻǑƪŀ ǾŀȌƴƻǎǘ 14C
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ÅwŀŘƛƻōƛƻƭƻǑƪŀǾŀȌƴƻǎǘǎ14C: - lako postanedio prehrambenoglanca,prvo

prekoprimarneprodukcije(fotosinteze); vrlo je mobilanuƻƪƻƭƛǑǳΣprelaziiz

jednogu drugi"rezervoar"; dugoT1/2

Å efektivna dozaod 14C je samoposljedicaingestije (odnosno. oko <1 % iz

drugih izvora, kao inhalacija...) ς14C postaje ƻǇŀǎŀƴκǊƛȊƛőŀƴpo zdravlje

samoakoje ǳƴŜǑŜƴu tijelo zbogniskeenergijeemitiranebőŜǎǘƛŎŜΣǇƻƴŀǑŀ

se jednakokao ostali ugljikovi izotopi kakou ƻƪƻƭƛǑǳtako i u tijelu, brzo se

prenosiu organe; of all radionuclidesreleasedin routine operation by the

nuclearpower industry,14Cis likely to producethe largestdoseto man

Å raspodjela14Cu tijelu je jednolika,i ǎƭƛőƴŜdozeprimaju sviorganii tkiva ς

criticalorganfor 14Cis the wholebody

Å Izotopni sastav 12C  13C 14C ovisi o prehrani ςη¸ƻǳ ŀǊŜ ǿƘŀǘ ȅƻǳ Ŝŀǘζ   

Å uvijek ǘǊŜōŀ ǳǎǇƻǊŜŘƛǘƛ ǎ ŘƻȊƻƳ ƴŀ ηŎƭŜŀƴ-ŀƛǊζ ǎƛǘŜΣ ǘƧΦ ƴŀ ǇƻŘǊǳőƧƛƳŀ ƴŀ 

kojima nema utjecaja ispusta iz NE

Å UNSCEAR estimates the radiation dose received by humans (per capita) 

from the naturally occurring 14C to 15 mSv 
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assessmentmodel of the dose should be "fit for purpose", ie., it

shouldnot exclude,or poorly represent,anyprocessthat 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
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Physiologically, only CO2 form of carbon is of interest: 
nearly all of carbon content in man comes from the 
atmosphere via plant and animal products ingested by man 
(inhalation pathway contributes <1% to the total dose)

unit ingestion inhalation

Daily carbon
intake

g C 300 3

Doseconversion
factore

Sv/Bq 
5,8³10-10 6,36 Ĭ10-12

Effectivedose Sv/yr 14,4 E-6 1,6 E-9

E = e Ĭa14C Ĭm Ĭt
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to assesthe radiation doserate (by consumption/ingestion):

Å activityconcin foodstaffs,a14C [Bq/kgC]

Å relevant consumption rates - Dnevni unos ugljika

hranom: 0,3 kg,ICRP,1996

Å ICRP ingestion dose coefficients are needed -

5,8³10-10 Sv/Bq

however, obtainingthe consumptiondata for particularareas

maynot be simple;

luckily ςthe specific 14C activity in all types of (terrestrial)

foodstaff is the same

E = e Ĭa14C Ĭm Ĭt
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Cair / Sair =CpFW / SpFW

[Bq/m3]/[gC/m3]=

[Bq/kgFW]/[kgC/kgFW]

Č [Bq/kgC]= [Bq/kgC]

CpFWς
14Cconcin plant [Bq/kgfreshweight]

SpFWςfractionof carbonper kgplant FW(kgC/kgFW)

Cairς
14Cconcin air [Bq/m3]

Sairςfractionof carbonin air [kgC/m3]

Sair 0.20 g/m3 = 2 10-4 kgC/m3

SpFWvaries30ς410g/kgFW

SpDW 310ς470gC/kgDW

animalproducts

CaFW/ SaFW = fҎCpFW / SpFW

f fractionof ηŎƻƴǘŀƳƛƴŀǘŜŘζanimalfeed

eggSegg160gC/kgFW

meatSmeat200ς550gC/kgFW

IAEA TRS472, TECDOC 1616(2009)

Theassumptionof full specificactivity equilibrium in terrestrial environmentis

completelysatisfactoryfor 14Creleasesto the atmosphere,if, as it is usual,the
14Cis emitted asCO2. Thisis the only form that is readilytakenup by plants,so

that activecarbonis incorporatedinto the plant dry matter via photosynthesis

at the samerate asstablecarbon. Therefore,the 14Cconcin Bq/gCis the same

in the plantsasit is in the air (terrestrialenvironment)

a14Cair = a14Cplants = a14Canimals= a14Cman [Bq/kgC]specificactivity 14C
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Aquaticenvironment

severalcarbon pools existing: DIC,DOC(in water column), PIC,POC

(mostly in sediments) different aquatic organisms are exposed to

different carbonpools

DICis the dominant carbonpool accessedby most aquaticorganisms,

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 carbonĄ thus, it is reasonableto useDICas

the basisfor spec.activity (SA)modelfor fish

a14C fish = CfishFW/ SfishFW= a14CDIC

[Bq/kgC]= [Bq/kgfishFW]/[gC/kgfishFW]= [Bq/kgC]

SfishFW= 120gC/kgFW



Monitoring



45

- ƻǇŏŜƴƛǘƻςkomponente programa monitoringa su: lokacije (outside plant

perimeter), environmentalmedia and isotopes/nuclidesof interest; monitoring

frequency; analyticalfrequency,assessmentof data

- monitoring oko NE ƻōƛőƴƻǳƪƭƧǳőǳƧŜ: atmosferski CO2, biota ςs ƎƻŘƛǑƴƧƛƳ

periodomrasta,odnosnoηƛƴǘŜƎǊŀǘŜŘsamplerscoveringthe vegetationǇŜǊƛƻŘζ;

- tree rings integrate 14C concentrationsduring spring-summer-autumn growing

season,not during winter; tree rings are not sensitiveto short-term increases

causedby singlereleasesof 14Cfrom NPP,but they integrate impactsfrom both

nuclearand fossilCO2 sourceson the local environment,and thus can indicate

long-term trendsin 14Cbiosphericconcentrations

- atmosferskiCO2 uzorkujeseu tjednim, dvotjednim,ƳƧŜǎŜőƴƛƳili ŘǾƻƳƧŜǎŜőƴƛƳ

intervalima; ne ƳƻȌŜse direktno usporediti s biljkama koje integriraju 14C za

vrijemevegetacijskograzdoblja; ōǳŘǳŏƛda ni emisijeni ƳŜǘŜƻǊƻƭƻǑƪƛuvjeeti nisu

konstantniu vremenu,ƳƻȌŜŘƻŏƛdo razlikeu srednjimvrijednostimau ƪǊŀŏƛƳi

ŘǳȌƛƳvremenskimrazdobljima

- uvijek treba usporeditiǇƻŘǊǳőƧŜu kojemseƻőŜƪǳƧŜutjecajNUsǇƻŘǊǳőƧŜƳbez

tog utjecaja (dovoljno udaljeno, bez dodatnih izvora ηƪƻƴǘŀƳƛƴŀŎƛƧŜζ- npr.

gradovi,industrija)



- oko NEK je od 2006. uspostavljenaƳǊŜȌŀmjesta

uzorkovanja: 2 lokacijezaCO2 unutar NEK,lokacijeuz

ograduNEK(unutarnji krug) i vanjskikrug, kontrolna

ǘƻőƪŀDobova12km

- uzorkujeseƧŜŘƴƻƎƻŘƛǑƴƧŜbilje/plodovi uvijekna istim

lokacijama,dvaputaƎƻŘƛǑƴƧŜ

- usporedbaraznihvrstabilja na istoj lokaciji

- mjerenja d13C u raznim vrstama bilja, te nakon

karbonizacije

- Od2013. uǘŜƪǳŏƛƳefluentima

- Jednomribe
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NEK



48

Bioloġki uzorci

(VI/VII, IX/X)

Unutarnji krug (Ò300 m)

C, D, E, I, J, L, R

Vanjski jrug (~1 km):

F, G, H, K, M, N, O, P, Q

Toļke uzorkovanja (2006-2015)

Atmosferski CO2

(svaka 2 mjeseca)

Kontrolna toļka  Dobova

(12 km od NEK)
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Tray with saturated NaOH

(location B)

Atmospheric CO2

Absorption of atmospheric CO2 on

saturated NaOH during 2-month periods

forming Na2CO3 (shorter period

exceptionally during the refuelling process);

Na2CO3 reacts with HCl and obtained CO2

is transformed to benzene;

Measurement of 14C activity in liquid

scintillation counter (LSC) Quantulus

1220.







53

AtmosferskiCO2

Usporedba aktivnosti 14C na lokacijama A i B s onom u Zagrebu, 

te s ukupno ispuġtenom aktivnoġĺu A u zraļnim ispustima
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tǊƻǎƧŜőƴŜ ƛ ƳŀƪǎƛƳŀƭƴŜ ǾǊƛƧŜŘƴƻǎǘƛ ŀ14Catm [pMC] na lokacijama NEK-A i 

NEK-B i u Zagrebu u razdoblju 2006.ς2014. 

hǎƧŜƴőŀƴŜ su godine u kojima je proveden remont.

godina NEK-A NEK-B Zagreb 

 srednja vr. maks. srednja vr. maks. srednja vr. maks. 

2006 nedovoljno 
podataka 

106,6 nedovoljno 
podataka 

116,1 млоΣф ҕ оΣп 108,1 

2007 ммнΣн ҕ мнΣп 151,1 мнтΣс ҕ псΣл 275,4 млоΣн ҕ оΣр 108,3 

2008 млпΣр ҕ   1,1 105,9 млсΣу ҕ   1,1 109,0 млмΣр ҕ нΣр 105,9 

2009 ммлΣс ҕ мпΣм 153,3 ммсΣф ҕ ноΣф 184,9 млпΣу ҕ рΣм 112,2 

2010 млрΣт ҕ   6,4 124,3 монΣл ҕ спΣо 301,7 млнΣл ҕ оΣс 108,8 

2011 млпΣф ҕ   2,1 108,2 млрΣп ҕ   1,9 108,1 млоΣн ҕ оΣу 112,1 

2012 ммсΣу ҕ ннΣр 160,1 мнрΣф ҕ нтΣт 185,0 млпΣт ҕ оΣу 110,2 

2013 млфΣм ҕ млΣл 129,5 114,8 ҕ моΣп 143,0 101,1 ҕ 4,0 108,1 

2014 103,6 ҕ   лΣт 
N=5 

104,3 105,5 ҕ   мΣ7 
N=6 

107,4   ффΣн ҕ нΣо 
N=4 

101,8 
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2015. remont
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AtmosferskiCO2

Usporedba ispuġtene 14C aktivnosti i izmjerene atmosferske 14C 

aktivnosti na lokacijama A i B

¦ƪǳǇƴŀ ƎƻŘƛǑƴƧŀ мп/ ŀƪǘƛǾƴƻǎǘ ǳ 
ȊǊŀőƴƛƳ ƛǎǇǳǎǘƛƳŀ ώȄ 9мл .ǉϐ
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bŀƧǾƛǑŀ ƳƧŜǎŜőƴŀ 14C aktivnost u 
ȊǊŀőƴƛƳ ƛǎǇǳǎǘƛƳŀ ώȄ 9ф .ǉϐ



14/ ǳ ōƛƻƭƻǑƪƛƳ ǳȊƻǊŎƛƳŀΣ b9Y ǇǊƻǎǘƻǊƴŀ ǊŀǎǇƻŘƧŜƭŀ
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Polarni diagrami aktivnosti 14C 

ōƛƻƭƻǑƪƛƘ ǳȊƻǊŀƪŀ ςljetno 
uzorkovanje nakon proljetnog 

remonta, 2006, 2009, 2012


