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The d13C of at mo spheric CO2 from dis crete air sam ples col lected at the Uni ver sity cam pus, Parma, It aly, was mea sured at time in ter vals
of about five days over a pe riod of 18 months. Some day and night sam ples were mea sured along with three daily time se ries to eval u ate
the daily vari a tions of d13C val ues and CO2 con cen tra tions. The fol low ing pat terns were re vealed: (1) the least neg a tive d13C val ues show
a sea sonal evo lu tion with slightly more neg a tive val ues dur ing win ter and less neg a tive val ues dur ing sum mer. Home heat ing sys tems
prob a bly con trib ute to this be hav iour; (2) four sam ples col lected in down town Parma show more neg a tive val ues than those col lected at
the same time at the Uni ver sity cam pus, prob a bly be cause of car en gine pol lu tion; (3) oc ca sion ally, quite neg a tive d13C val ues were ob -
tained at the cam pus. The ex pan sion of pol luted air masses from down town to the sub ur ban area may be re spon si ble for these neg a tive
events; (4) one sam ple showed a d13C of –17.67‰. The nearby fields had been ex ten sively ma nured and the con tri bu tion from or ganic
mat ter fer men ta tion may ex plain the ex cep tion ally neg a tive re sult; (5) the di ur nal changes in d13C are rel a tively low from Jan u ary to
May; (6) in July and Sep tem ber the ma jor daily changes take place in the late eve ning and in the early morn ing and are very fast. Dur ing
the night the CO2 con cen tra tion in creases by no more than some 50–60%, this be hav iour dif fer ing from ob ser va tions by other au thors in
dif fer ent ar eas; (7) the set of daily sam ples col lected in Au gust shows a dif fer ent be hav iour, clearly re lated to the heavy rain that lasted
for sev eral hours dur ing the night.
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INTRODUCTION

Thanks to the pi o neer in ves ti ga tions on at mo spheric CO2

car ried out in the late fif ties and early six ties by Keeling (1958,
1961) we know the con cen tra tion and d13C of at mo spheric CO2

at that time so we can now eval u ate the growth rate of the for -
mer vari able through time and the de crease rate of the lat ter
vari able. Up take and re lease of CO2 by ter res trial veg e ta tion
and soil, anthropogenic pro duc tion of CO2, es sen tially by com -
bus tion of fos sil fuel, and air-sea fluxes con trol both vari ables.
How ever, the vari a tions in at mo spheric CO2 con cen tra tions
and in its d13C are not uni formly dis trib uted in space and time
(Keeling, 1958, 1961; Ciais et al., 1995; Den ning et al., 1995;
Keeling et al., 1995, 1996; Flanagan and Ehleringer, 1998;
Szaran, 1998, etc.). The con tri bu tion by plants is re lated es sen -
tially to their photosynthetic path way (C3, C4 and CAM) and
their stomatal con duc tance (Craig, 1954; Park and Ep stein,

1960): C3 plants have a car bon iso tope com po si tion rang ing be -
tween about –20 and –35‰ vs. PDB-1 while C4 plants have
d13C val ues be tween about –9 and –16‰: CAM plants may
show d13C val ues within the whole range of C3 and C4 plants.
How ever, at the lat i tude of Parma, C3 plants com prise the great
ma jor ity of all plants. Plant pho to syn the sis dom i nates dur ing
day light hours, de ter min ing a pref er en tial as sim i la tion of 12CO2 

mol e cules from the at mo sphere while at night res pi ra tion dom i -
nates, the d13C of re spired CO2 be ing equal to the mean iso to pic
value of the plant tis sue. Ac cord ingly, higher CO2 con cen tra -
tions and lower iso tope val ues should be ob served at night, par -
tic u larly when fa voured by low night-time tem per a tures that
sub stan tially re duce the ver ti cal mix ing of the at mo sphere.
Keeling (1958, 1961) found that the vari a tion in rel a tive abun -
dance of the car bon sta ble iso topes is pro por tional to the re cip -
ro cal of the CO2 con cen tra tion. A sim ple, two-com po nent mix -
ing model is gen er ally used, ac cord ing to this re la tion ship,
when study ing the lo cal bal ance of CO2. We as sume that the



am bi ent CO2 (CO2amb) near the ground level is the sum of two
com po nents with dis tinct con cen tra tions and car bon iso tope
val ues: back ground CO2 (Cbg and d13Cbg) and CO2 from sur face 
emis sions (Csurf and d13Csurf ), sur face emis sions in clud ing soil
emis sions, plant bi o log i cal ac tiv ity, anthropogenic con tri bu -
tions, etc. It fol lows that: 

Cam = Cbg + Csurf

and:

Cambd
13Camb = Cbgd

13Cbg + Csurfd
13Csurf

the fol low ing re la tion ship can be de rived from the iso tope
mass bal ance: 

d13Camb = Cbg(d
13Cbg – d13Csurf) 1/Camb + d13Csurf

The in ter cept of the least squares fit line cal cu lated for the
d13C and 1/C val ues of each sin gle mea sure ment rep re sents the
car bon iso tope com po si tion of the mean lo cal sur face emis sions.
Ob vi ously, the anthropogenic con tri bu tion to at mo spheric CO2

con cen tra tion and iso to pic com po si tion is mainly re lated to in -
dus trial pol lu tion, dis charge from car en gines and do mes tic heat -
ing, par tic u larly dur ing the cold sea son. The burn ing of fos sil
fuel, whose d13C val ues are al ways very neg a tive, is then the
main cause of the in crease in at mo spheric pol lu tion. How ever,
study ing short term vari a tions in these two vari ables, it is rather
dif fi cult to sep a rate the anthropogenic con tri bu tion from the nat -
u ral con tri bu tion of plant res pi ra tion. In fact, in the case of C3

plants, that con sti tute about 90% of all ter res trial plants to day, the 

very neg a tive d13C of the re spired CO2 can hardly be dis tin -
guished from the CO2 pro duced by the com bus tion of fos sil fuel
that on av er age, and de spite mi nor vari a tions, is at about
–27/–28‰ ±2‰. To over come this prob lem, Zimnoch et al.
(2004) pro posed a dif fer ent ap proach, tak ing into con sid er ation
both the d13C and the d18O of CO2 and con sid er ing a three-com -
po nent model: back ground CO2, lo cal con tri bu tion from the bio -
sphere, and the lo cal anthropogenic com po nent. The iso tope
mass bal ance equa tions can be solved “for se lected time in ter vals 
pro vided that the iso to pic com po si tion of in di vid ual com po nents 
is con stant dur ing the se lected time in ter val and the cor re spond -
ing val ues are known or can be as sessed”. How ever, the sug -
gested model can not be ap plied dur ing air mass changes and this
is a strong lim i ta tion of this pro ce dure. 

The car bon iso tope com po si tion of at mo spheric CO2, the im -
por tance of plant ac tiv ity, and its con tri bu tion to the daily vari a -
tions have been dis cussed in sev eral pa pers, from the very first
pa per by Craig (1954), the fun da men tal pa per by Park and Ep -
stein (1960), the con tri bu tions by Keeling (1958, 1961) and the
most re cent pa pers on this sub ject (Inoue and Sogimura, 1984;
Keeling et al., 1995, 1996; Szaran, 1998; Szaran et al., 2002,
2004; Demény and Haszpra, 2002; Zimnoch et al., 2004). A de -
tailed knowl edge of the CO2 dis tri bu tion in space and time, and
of the vari abil ity of its car bon iso tope com po si tion, is of pri mary
im por tance to eval u at ing the en vi ron men tal dam age re sult ing
from the anthropogenic con tri bu tion and its vari abil ity through
time, and in de vel op ing re li able global car bon bud get mod els.
The re sults re ported up to now show that dif fer ent ar eas are char -
ac ter ized by dif fer ent be hav iours, so that the need for knowl edge 
of lo cal/re gional en vi ron men tal con di tions in creases as we plan
to in te grate these lo cal con tri bu tions and to model the evo lu tion
of en vi ron men tal con di tions over ex tended ar eas.
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Fig. 1. Car bon iso to pic com po si tion of CO2 from dis crete air sam ples col lected pe ri od i cally be tween
March 2003 and March 2004 at the Uni ver sity cam pus, Parma, It aly

Four sam ples were col lected in down town Parma for a com par i son with the sam ples col lected si mul ta neously in a

sub ur ban area (Uni ver sity cam pus); the d13C val ues are re ported ver sus PDB-1 since our work ing stan dard is cal i -
brated pe ri od i cally ver sus NBS-19 and NBS-20 which, in turn, have been cal i brated di rectly ver sus the orig i nal
PDB-1 car bon ate



SAMPLING SITE AND ANALYTICAL TECHNIQUES

This study was car ried out at Parma, It aly, a town with
about 180 000 in hab it ants, lo cated at 44°47’59” N,
10°20’24” E, at an el e va tion of 55 m.a.s.l. on the Po River
plain; the mean an nual tem per a ture is 13±1°C; the low est
monthly mean value (Jan u ary) is +1°C and the high est (July) is
+25°C. Mean an nual pre cip i ta tion is about 800 mm and its
mean d18O value (2001–2004) is –8.01‰ (V-SMOW). The
town is sup posed to rep re sent a mod er ately pol luted area. Dis -
crete air sam ples were col lected from March 2003 to Au gust
2004 with a mean fre quency of one sam ple ev ery five days. Al -
most all the sam ples were col lected in the late morn ing be tween 
11 and 12. Some sam ples were also col lected at about mid night
while sets of sam ples to de tect daily vari a tions in de tail were
col lected with a fre quency of one sam ple ev ery two or three
hours. Sam ples were col lected in 4-litre Py rex flasks, care fully
evac u ated to about 10–3 mm Hg and al ways opened at the same
place within the Uni ver sity cam pus, at the bor der of a fairly
large meadow, at about 1.5 m above the soil sur face. The Uni -
ver sity cam pus is lo cated in a sub ur ban area in the south ern sec -
tion of the town. CO2 sam ples were sep a rated by slowly pump -
ing the flask air through a vac uum line and freez ing the wa ter
vapour and the CO2 in a liq uid ni tro gen-cooled spi ral trap. The
air flow through the trap was about 8 ml/min ute, a Swagelock
microvalve reg u lat ing the air flow. Af ter pump ing down the
flask to about 10–3 mm Hg, the spi ral trap was iso lated by
means of high vac uum stopcocks and heated to about –80°C by 
means of an ethyl al co hol-liq uid ni tro gen slash. The CO2 was
then col lected in a sam ple tube and mea sured in a Finnigan
Delta S mass spec trom e ter. The stan dard used was CO2 from
very pure Car ra ra mar ble with an iso to pic com po si tion, mea -
sured re peat edly and pe ri od i cally against NBS-19 and
NBS-20, equal to +2.45‰ (d13C) and –2.45‰ (d18O); for these
cal i bra tions the NBS stan dards were taken equal to +1.95‰
(d13C) and –2.20‰ (d18O) for NBS-19 and –1.06 (d13C) and
–4.14‰ (d18O) for NBS-20. As in the case of all our mea sure -
ments of at mo spheric CO2 their stan dard de vi a tion is fre -
quently eval u ated us ing sev eral air sam ples col lected si mul ta -
neously in the same place and at the same time and treated in
the same way for the ex trac tion and mea sure ment of at mo -
spheric CO2. The stan dard de vi a tion of these mea sure ments is
0.03±0.01‰ (1s). In this case, due to the rel a tively small con -
tri bu tion of N2O to the iso to pic mea sure ments (in gen eral be -
tween 0.1 and 0.2‰) and the fact that ex tremely ac cu rate mea -
sure ments are not nec es sary for the pur pose of this study, the
cor rec tion for the N2O con tri bu tion was not car ried out. In the
case of sets of daily sam ples, for which the eval u a tion of the
vari a tions through time of the CO2 con cen tra tions is im por tant,
and be cause of the lack of an analyser for a di rect and ac cu rate
mea sure ment, these val ues were cal cu lated on the ba sis of the
in ten sity in the mass spec trom e ter of the 12C16O

2
+  ion beam of

each sam ple and known amount of CO2 pre pared for cal i bra -
tion. The cal i bra tion was car ried out by means of re peated mea -
sure ments of syn thetic air sam ples whose CO2 con cen tra tion
was de ter mined by com par i son with pri mary stan dards cur -
rently used at the Monte Cimone Ob ser va tory (Modena, It aly)
work ing on this sub ject from 1979 and con nected to the global

net work. The CO2 con cen tra tions were 345 ppmv, 375 ppmv
and 393 ppmv; the reproducibility of our mea sure ments was
be tween 0.3 and 0.4%. With the ex ist ing mean nat u ral CO2

con cen tra tions this means that the most prob a ble er ror is close
to about ±1/1.5 ppmv and does not af fect the en tity of the gra di -
ents eval u ated be tween dif fer ent sam ples in daily se quences.
This method can be con sid ered rea son ably ac cu rate also be cause 
the air vol ume col lected is al ways the same (4000 ml), and the
ex trac tion tech nique of CO2 is the same for all the sam ples. 

RESULTS OBTAINED

The re sults ob tained from the first year of sam pling (March
2003 to March 2004) are shown graph i cally in Fig ure 1. The

long-term vari a tions of d13C val ues show a well-de fined sea -
sonal trend, the sum mer val ues be ing, on av er age, def i nitely
less neg a tive than the win ter val ues. In fact, while the least neg -
a tive win ter val ues range from about –9.0‰ to about –10.5‰
(Fig. 1), the least neg a tive sum mer val ues are close to –8.5‰.
Sur pris ingly enough, these val ues are very close to those ex hib -
ited by the back ground air sam ples col lected in the Cen tral In -
dian Ocean at the end of 2003 (–8.3‰; Longinelli et al., Tellus
B, in press) in an area very far from con ti nen tal pol lut ants, sug -
gest ing a ba si cally clean state of the at mo sphere at the Uni ver -
sity cam pus area dur ing the warm se mes ter. How ever, the over -
all trend of these re sults is pe ri od i cally in ter rupted by some

sam ples that show con sid er ably more neg a tive val ues. d13C
val ues as low as –12‰ were found also dur ing spring and sum -
mer, show ing that vari able con di tions very of ten mod ify the

d13C val ues. The first hy poth e sis taken into con sid er ation to ex -
plain these neg a tive events re lates to me te o ro log i cal con di tions 
and, par tic u larly, to wind speed and di rec tion that may have
car ried air masses from highly pol luted ar eas over Parma.
How ever, these neg a tive re sults were ob tained un der quite dif -
fer ent con di tions (wind blow ing from the NW, NE and E with
vari able speeds from 1–2 up to 12–13 km/h). Four sam ples col -
lected at the same time at the Uni ver sity cam pus and in down -
town Parma (April, May and Sep tem ber 2003) show con sid er -

ably lighter d13C val ues in the lat ter sam ples (Fig. 1). This ef -
fect can be rea son ably re lated to a large con tri bu tion of ex -
haust gases from car en gines that are ob vi ously heavier down -
town, the Uni ver sity cam pus be ing lo cated in a sub ur ban area, 
at some dis tance from the main pol lut ing area. Move ments of
air masses from the city to the cam pus area could per haps ex -
plain the neg a tive events mea sured oc ca sion ally at the Uni -
ver sity cam pus.

The d13C of the sam ple col lected on Feb ru ary the 3rd 2004
is –17.67‰ and the CO2 con cen tra tion is con sid er ably higher
that usual. Dur ing the pre vi ous day the nearby fields had been
ex ten sively ma nured and prob a bly the con tri bu tion of CO2

from fer men ta tion and ox i da tion pro cesses of the or ganic mat -

ter can ex plain the anom a lous d13C ob tained, fa voured by rel a -

tively low air tem per a tures (max. 8.8°C, min. –0.7°C), hu mid -
ity from 77 to 98%, an av er age wind speed of 1.7 km/h, and re -
duced ver ti cal mix ing.

The re sults ob tained from the sec ond pe riod of sam pling
(March to Au gust 2004) are re ported graph i cally in Fig ure 2.
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They show a trend in fairly good agree ment with that of the first 
year of mea sure ments. The least neg a tive sum mer val ues are
not far from those mea sured in the pre vi ous year and neg a tive
events were ob served also in this pe riod, even though only one
of them is sub stan tially neg a tive (–11.56‰).

The car bon iso tope data ob tained from day-time and
night-time sam ples col lected be tween Jan u ary and May 2004

are shown in Ta ble 1. The Dd val ues

(Dd is equal to night-time

d13C–day-time d13C) be tween Jan u -
ary and May are rel a tively small,
rang ing from –0.33 to –3.22, con sid -
er ably smaller than those re ported in
pre vi ous stud ies (Inoue and Sugi -
mura, 1984; Szaran, 1998; Szaran et
al., 2002, 2004; Demény and
Haszpra, 2002). Szaran (1998) re -
ported a daily vari a tion dur ing May
1990 of –10.7‰; such a large gra di -
ent had never been re ported pre vi -
ously. This may be due to very par tic -
u lar lo cal con di tions (tem per a ture

range from 24 to 0.6°C): the marked
in ver sion of air tem per a ture may have 
caused stag nant con di tions, ab sence
of ver ti cal and/or hor i zon tal mix ing,
and ac cu mu la tion near the soil sur -
face of the CO2 from plant res pi ra tion. 
In the case of our May sam ples the

larg est tem per a ture gra di ent was lower than 10°C and there
was al ways some wind, al beit very slow. How ever, Szaran
(1998) found an iso to pic gra di ent of –8.2‰ be tween day and
night also in June 1990 when the tem per a ture gra di ent was

16°C. In June 1991 the iso to pic gra di ent was about the same

(–8.4‰) but the tem per a ture gra di ent was only 11°C. In Oc to -
ber 1990 and Feb ru ary 1992 the same au thor found very small

iso to pic gra di ents (1–2‰); our re -
sults from Jan u ary to May are in
fairly good agree ment with the lat ter 
re sults. Szaran et al. (2002) again
found large iso to pic gra di ents be -
tween day and night in 1998. At the

be gin ning of June a Dd13C of about
11‰ was found in a meadow area
while a hill area and a for est showed 
lower gra di ents (about –9 and –7‰
re spec tively). The au thors at trib uted 
the ob served ef fect to the higher
bio mass con cen tra tion in the
meadow en vi ron ment. The dif fer -
ence be tween the bio mass of a
meadow and of a for est en vi ron -
ment seems to be de bat able, the lat -
ter en vi ron ment pro duc ing nor -
mally im por tant amounts of bio -
mass. How ever, a few years later
Demény and Haszpra (2002) at the
K-puszta sta tion in Hun gary found
con sid er ably lower gra di ents, sys -
tem at i cally lower than 3‰, in a
large clear ing in a for est. Szaran et
al. (2004) again found very large
iso to pic gra di ents (about –12‰) at
a meadow site. One should con -
clude that, apart from dif fer ences
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Fig. 2. Car bon iso to pic com po si tion of CO2 from dis crete air sam ples col lected pe ri od i cally be -
tween March 2004 and Au gust 2004 at the Uni ver sity cam pus, Parma, It aly

Sam ple 
no.

Date Hour Tem per a -

ture [°C]

Wind
di rect.

Wind
speed
[km/h]

d13C [‰]
(PDB-1)

Dd 
night-day

58 Jan u ary 26 23.30 –1 no wind – –12.02  
–0.65

59 Jan u ary 27 12.30 2 NW 8 –11.37  

62 Feb ru ary 6 11.30 13  E 4 –9.14
–1.64

63 Feb ru ary 6 23.30 2 E 4 –10.78  

82 May 10 12.00 19  E–NE 6 –8.72
–0.69

83 May 10 23.30 14.5 W-SW 8 –9.41

84 May 15 11.30 18  E–SE 16  –9.79
–2.98

85 May 15 23.30 14  SW 8 –12.77  

86 May 21 11.30 27  E–SE 4 –8.15
–0.55

87 May 21 23.30 17.5 W–NW 16  –8.70

88 May 24 11.30 20  E–SE 8 –8.73
–0.28

89 May 24 23.30 13  SE 8 –9.01

90 May 29 11.30 20  SE 8 –8.46
–2.17

91 May 29 23.30 16  S 3 –10.63 

92 June 4 11.15 26  W–NW 2 –8.41
–2.42

93 June 4 23.15 20  E 3 –10.83  

95 June 14 11.30 18  NW 2 –9.95
–3.22

96 June 14 23.30 15.5 no wind – –13.17  

97 June 23 12.00 25.5 E 3 –9.15
–0.33

98 June 23 24.00 19.5 W 4 –9.48

T a  b l e  1

En vi ron men tal data and mea sured val ues for CO2 from dis crete day-time and night-time air 
sam ples col lected be tween Jan u ary and May 2004 at the Uni ver sity cam pus, Parma, It aly
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Sam ple
no.

Date Hour Tem per a -

ture [°C]

Wind
di rect.

Wind
speed
[km/h]

d13C [‰]
(PDB-1)

CO2conc.
[ppmv]

103 [l/CO2conc.]

103 19/07/04 13.00 26 NW 8   –9.08 375 2.66

104 19/07/04 16.00 26 N–NE 6   –9.05 384 2.60

105 19/07/04 19.00 27 NW 2   –9.57 375 2.66

106 19/07/04 22.00 24 W–NW 2 –13.55 523 1.91

107 20/07/04   1.00 22 SW 7 –13.03 461 2.16

108 20/07/04   4.00 21 no wind – –13.00 485 2.06

109 20/07/04   7.00 20 SW 1 –10.30 418 2.39

110 20/07/04 10.00    28.5 NW 7   –9.17 378 2.63

111 20/07/04 13.00 31 E–SE 2   –9.19 386 2.59

T a  b l e  2

En vi ron men tal data, mea sured and cal cu lated val ues for CO2 from a set of dis crete air sam ples col lected 
be tween July 19 and 20, 2004, at the Uni ver sity cam pus, Parma, It aly

Sam ple 
no.

Date Hour Tem per a -

ture [°C]

Wind
di rect.

Wind
speed
[km/h]

d13C [‰]
(PDB-1)

CO2conc.
[ppmv]

103 [l/CO2conc.]

114 05/08/04 14.00    28.5 E 2 –9.15 365 2.74

115 05/08/04 17.00 29 W 2 –9.15 361 2.77

116 05/08/04 20.00 26 E 1 –9.55 393 2.54

117 05/08/04 22.00 19 W–NW 8 –9.88 448 2.23

118 05/08/04 24.00    19.5 W 2 –9.74 385 2.59

119 06/08/04   2.00    19.5 W 6 –9.56 391 2.55

120 06/08/04   4.00 20 W–SW 11 –9.68 373 2.68

121 06/08/04   6.00    19.5 W 8 –10.23  360 2.78

122 06/08/04   9.00 23 NW 3 –9.13 410 2.44

123 06/08/04 12.00 28 NW 8 –8.88 375 2.66

T a  b l e  3

En vi ron men tal data, mea sured and cal cu lated val ues for CO2 from a set of dis crete air sam ples col lected 
be tween Au gust 5 and 6, 2004, at the Uni ver sity cam pus, Parma, It aly

Sam ple 
no.

Date Hour Tem per a -

ture [°C]

Wind
di rect.

Wind
speed
[km/h]

d13C [‰]
(PDB-1)

CO2conc.
[ppmv]

103 [l/CO2conc.]

124 01/09/04 11.00 21 E–SE 12   –8.86 392 2.55

125 01/09/04 14.00 25 SE 10   –8.95 341 2.93

126 01/09/04 17.00 26 SE 6   –8.65 381 2.62

127 01/09/04 19.00 24 E–NE     2.5   –9.11 397 2.52

128 01/09/04 21.00 20 no wind – –12.97 517 1.93

129 01/09/04 23.00 19 E 2 –12.24 485 2.06

130 02/09/04   1.00 17 E 1 –12.61 422 2.37

131 02/09/04   3.00 16 no wind – –12.19 497 2.01

132 02/09/04   5.00 15 S 2 –13.33 460 2.17

133 02/09/04   7.00 14 no wind – –13.73 560 1.78

134 02/09/04   9.00 20 W–NW 4 –10.18 355 2.81

135 02/09/04 12.00 26 E 6   –8.73 350 2.85

T a  b l e  4

En vi ron men tal data, mea sured and cal cu lated val ues for CO2 from a set of dis crete air sam ples col lected be -
tween Sep tem ber 1 and 2, 2004, at the Uni ver sity cam pus, Parma, It aly



de ter mined by lo cal tem per a ture and/or other en vi ron men tal
con di tions, meadow en vi ron ments are re spon si ble for the larg -
est day-night iso to pic gra di ents; this means that in this en vi ron -
ment the amount of re spired CO2 is the larg est for each emit ting 
sur face unit. This does not seem to be the case with our col lec -
tion site even though, in this case, we are not able to com pare
the amount of bio mass and the emit ting sur face at our site with
the same vari able at the sites stud ied by other au thors. Dif fer -
ences be tween lo cal en vi ron men tal con di tions are prob a bly re -
spon si ble for the large iso to pic dif fer ences ob served at dif fer -
ent sites and pe ri ods.

In ter est ing re sults were ob tained from the three sets of sam -
ples col lected in July 19–20, in Au gust 5–6 and in Sep tem ber
1–2, 2004 for a de tailed pic ture of the di ur nal vari a tions (the re -
ported hours re fer to day light sav ing time). The sam ples col -
lected, the en vi ron men tal con di tions and the re sults ob tained
from the three sets of sam ples are shown in Ta bles 2, 3 and 4: the

d13C val ues are also shown graph i cally in Fig ure 3. In the case of

July daily sam ples (Ta ble 2, Fig. 3A) the d13C and CO2 con cen -
tra tions of the sam ples col lected dur ing the day (clear sky and
low wind speed) are very sim i lar to one an other: in the late eve -
ning a rapid evo lu tion of these vari ables takes place, de creas ing

the d13C val ues by about four per mil while the CO2 con cen tra -
tion in creases by about 35%. These val ues un dergo only mi nor
changes through the night and be gin to evolve to wards day light
val ues only in the early morn ing. This be hav iour is rather dif fer -
ent from those re ported by pre vi ous au thors. In the case of Inoue
and Sugimura (1984) the daily vari a tions mea sured in June and
Sep tem ber showed a V-shaped trend with the max i mum con cen -
tra tion of CO2 and the most neg a tive iso tope value at about five
a.m. These mea sure ments were car ried out long ago (1982): the
back ground CO2 con cen tra tion was con sid er ably lower than to -
day (about 333 ml.l–1) as well as the day/night gra di ent (about 67
ml.l–1 in June and about 40 ml.l–1 in Sep tem ber). 

In the case of Szaran (1998) a V-shaped trend was ap par ent
in May, June and Oc to ber 1990 and in June 1991, while very

low vari a tions of both CO2 con cen tra tion and d13C were ob -
served in April 1991 and in Feb ru ary 1992, when both vari -
ables re mained al most con stant through out the 24 hours. The
trend of our July daily val ues is very dif fer ent from that trend as 

well as the range of val ues (both CO2 con cen tra tions and d13C)
which is con sid er ably smaller. 

In the case of Szaran et al. (2002) a V-shaped trend was
again ap par ent in June 1998 while an al most flat trend was ob -
tained in Au gust of the same year. The study car ried out by
Demény and Haszpra (2002) at K-puszta (Hun gary) showed a
rather flat trend with al most neg li gi ble daily vari a tions of the
CO2 con cen tra tion dur ing au tumn-win ter 1999 and 2000 and
vari a tions lower than 30% be tween noon and early morn ing
dur ing spring-sum mer with iso to pic vari a tions sys tem at i cally
lower than about 3‰. Zimnoch et al. (2004), mea sur ing the
iso to pic com po si tion of at mo spheric CO2 in the ur ban area of
Kraków (Po land) in March, July and De cem ber 1992 ob tained

daily d13C vari a tions equal to or lower than 4‰. The range of
our iso tope daily re sults is quite close to this value. How ever,
strangely enough, the range of val ues mea sured in De cem ber at 

Kraków was ex tremely low (less than 2‰) and the mean d13C
value was around –9.5‰. This is sur pris ing, bear ing in mind

that dur ing win ter only the home heat ing, es sen tially the burn -
ing of coal (mea sure ments re fer to 12 years ago), should have
heavily con trib uted to at mo spheric pol lu tion, while the mean

d13C value is not far from those mea sured in July when the con -
tri bu tion of home heat ing in that area should be null. At the
2004 ESIR work shop Szaran et al. (2004) pre sented fur ther re -
sults on this sub ject, ob tained in June 2003 from an area rel a -
tively close to the city of Lublin (Po land): in this case both the
vari ables ex hib ited an al most si nu soi dal trend, quite dif fer ent
from the trend ob served in Parma, as well as from the
(V-shaped) trends ob served pre vi ously by the same au thor. The 
range of the val ues mea sured at Parma is also very far from

those re ported by Szaran et al. (2004), whose d13C val ues range 
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Fig. 3. Di ur nal changes in the iso to pic com po si tion d13C and con cen -
tra tion of at mo spheric CO2 from dis crete air sam ples col lected 

at the Uni ver sity cam pus, Parma, It aly

A —  the air sam ples were col lected on July 19–20, 2004, at the bor der of
a meadow, about 1.5 m above the soil sur face, un der clear sky and calm
con di tions; B — the air sam ples were col lected on Au gust 5–6, 2004, at
the bor der of a meadow, about 1.5 m above the soil sur face, un der over -
cast con di tions dur ing the day and heavy rain al most all night through; C
— the air sam ples were col lected on Sep tem ber 1–2, 2004, at the same lo -
ca tion of A and B, un der clear sky and low wind speed con di tions; the
CO2 con cen tra tions are shown on a re versed Y axis to draw at ten tion to

the re la tion ship be tween the two vari ables; black squares — d13C, open
cir cles — at mo spheric CO2



from about –8 to about –20‰, while the CO2 con cen tra tions
change by about 300%. A mix ing line be tween at mo spheric
CO2 and biogenic CO2 was sug gested in the case of Lublin
sam ples but this is fairly ob vi ous since the night-time con tri bu -
tion of CO2 from plant res pi ra tion is ap par ent ac cord ing to the
12C en rich ment of the iso to pic val ues and the in crease in CO2

con cen tra tions. How ever, it is dif fi cult to un der stand the
marked dif fer ences ob served also be cause the enor mous in -
crease of the night-time CO2 con cen tra tion in the Lublin sam -
ples is dif fi cult to rec on cile with a nor mal re spi ra tory ac tiv ity
of soil plants. As far as we know, these huge changes in CO2

con cen tra tion have never been re ported in pre vi ous stud ies.
Ta ble 3 and Fig ure 3B show the re sults ob tained from the

sec ond set of daily sam ples col lected in Au gust 2004. Dur ing
the af ter noon of Au gust 5 the sky was over cast and rain was
fore cast dur ing the night. The set of air sam ples was col lected
with the main pur pose of check ing the ef fect of rain on the con -
cen tra tion of at mo spheric CO2 and its car bon iso tope val ues.
The re sults ob tained clearly show the clean ing ef fect of rain
that de creases the ad di tion of biogenic CO2, thus lim it ing the

evo lu tion of the d13C to wards lighter val ues. These are, as far as 
we know, the only re sults ob tained from a set of daily sam ples
col lected un der rainy con di tions: the ef fect of rain on the vari -
ables stud ied is in good agree ment with the re sults fore seen. 

Ta ble 4 re ports the val ues ob tained from the third set of daily
sam ples (Sep tem ber 1 and 2, 2004) along with the en vi ron men -

tal pa ram e ters. The d13C and CO2 con cen tra tions are also shown
graph i cally in Fig ure 3C. The trends of the two vari ables are sim -
i lar to those ob served for the July set of sam ples and also the ab -
so lute val ues are not far from those of the first set. The main dif -
fer ence be tween these two sets re fers to the evo lu tion of the CO2

con cen tra tions dur ing the night. In Fig ure 3C the night-time vari -
a tions of this vari able are con sid er ably larger. This par tic u lar be -
hav iour may hardly be re ferred to the wind that, dur ing the night, 
was ab sent or ex tremely weak, or to the daily tem per a ture gra di -
ent that was con sid er ably larger than that of July. 

Fig ure 4 shows the plot of the car bon iso tope com po si tion of
the three sets of daily sam ples ver sus the in verse of CO2 con cen -
tra tions: this plot re veals the com po si tions of the mix ing
end-mem bers. It must be pointed out that the sets of July and
Sep tem ber sam ples were col lected un der fine weather con di tions 
(sunny days and clear nights) while the Au gust set of sam ples
was col lected un der rainy weather con di tions, with over six
hours of rain from about 8.30 in the eve ning to about 5 a.m. with
a dry in ter val of a cou ple of hours at about 10 p.m. The lines that
can be cal cu lated for the three sets of sam ples are quite dif fer ent
from one an other and clearly show the “clean ing”ef fect of the
rain, likely re lated to the sol u bil ity of CO2 in wa ter. The iso to pic
val ues that can be cal cu lated for the end-mem ber com po si tions
are given by the in ter cepts of the re gres sion lines and clearly
show that, in the case of the July and Sep tem ber sets of val ues,

the end-mem ber com po si tion may be re ferred to the d13C of CO2

from the res pi ra tion of C3 plants. This is not the case with the set
of Au gust sam ples whose end-mem ber car bon iso tope com po si -
tion is only slightly more neg a tive than the back ground CO2,
prob a bly due to mi nor ad di tions of re spi ra tory CO2, large
amounts of which have been dis solved into rain wa ter. 

CONCLUSIONS

The re sults ob tained and the com par i son with the data re -
ported in pre vi ous pa pers al low the fol low ing con clu sions: 

1. A marked sea sonal ef fect can be ob served on the d13C of
at mo spheric CO2 sam ples col lected in a sub ur ban area at
Parma, It aly; this ef fect can be re lated to gen eral me te o ro log i -
cal con di tions but an ap par ent sea sonal ef fect of home heat ing
sys tems is very prob a ble.

2. A few very neg a tive d13C val ues have been mea sured, in -
de pend ent of sea sons and en vi ron men tal con di tions. The or i gin 
of these events is not fully un der stood even though slow move -
ments of air masses from down town Parma to the sub ur ban
area may be re spon si ble for these neg a tive val ues.

3. As ex pected, a marked iso tope gra di ent can be ob served be -
tween the more pol luted down town area and the sub ur ban area.

4. Ex ten sive ep i sodic ma nur ing of the fields may con trib ute 
large amounts of iso to pi cally light CO2 of biogenic or i gin.

5. Di ur nal changes of d13C and CO2 con cen tra tion are
rather small from Jan u ary to May, and def i nitely increase dur -
ing sum mer, at least un der fine weather con di tions: how ever,
even dur ing sum mer, both vari ables, when com pared to the
val ues mea sured by pre vi ous au thors in other coun tries, show
con sid er ably low val ues.

6. Very rapid changes were ob served (July and Sep tem ber)
for the day-night-day vari a tions, the val ues re main ing fairly
ho mo ge neous dur ing day light and some how less ho mo ge -
neous dur ing the night. Also in this case the ob served trends are 
rather dif fer ent from those re ported by pre vi ous au thors for
other coun tries. This dif fer ence can not be eas ily ex plained.

7. There is a marked ef fect of rain wa ter on the nor mal pro -
cesses of dif fu sion of re spi ra tory CO2 from plants tak ing place
at night: the ex pected in crease of CO2 con cen tra tion is dras ti -
cally re duced by the with drawal of CO2 from the at mo sphere
re lated to the sol u bil ity of CO2 in wa ter.
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Fig. 4. Car bon iso tope com po si tion of the di ur nal sets of sam ples 
ver sus the in verse of CO2 con cen tra tion

The equa tions of the re gres sion lines are the fol low ing: July:  y = 6.52x –
26.35, Au gust:  y = 0.34x – 10.39, Sep tem ber:  y = 4.58x – 21.8 the in ter -
cepts on the Y axis are the end-mem ber car bon iso tope com po si tions (sur -
face CO2 added to the back ground CO2); these val ues clearly re flect the
dif fer ences be tween the en vi ron men tal con di tions un der which the three
sets of sam ples have been col lected



8. The plot of d13C val ues ver sus the in verse of CO2 con -
cen tra tions clearly sug gests that the at mo spheric CO2 at night

is a mix ture of two end-mem bers whose d13C val ues (un der
fine weather con di tions) are close to –8.3‰ (back ground

CO2) and range from about –22 to about –26‰ (mainly plant
re spi ra tory CO2).
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