EOECIN R R HIFRIABE 4% Vol.7  No.5
2016 4F 10 H Journal of Earth Environment Oct. 2016

doi:10.7515/JEE201605005

:ltfﬂ'\ﬁﬁﬂéjt—vﬂiﬁﬁ CO, BRI H LAY
“C RIEE

SR SN R S LR
#i 2}2 1,2 /H'ﬁ’]']“]’ 1,2 "3 &‘}% 1,2
(1. T ERLE B ER IR B BT T 2+ 'ﬁ%@@ﬂﬁﬁ[ﬁl%iﬁﬂ%ﬁ @Eﬁéﬁﬂl_%%ﬁ% R AR M T S S
FaiZ 7100615 2. PFHLINEEARFIE 0, FE4 7100615 3. LRI A, Jba 100875 )

B OE. mFEANLER CO, (CO, ) Heaag#h 5 Kk, KFLKXA CO, R E 6 B EAHFLIEST
TR 22T HR CO, ¢yt = TNAE, Smb ARG REL TR, AFFRLET
AMS-"CH AR, TBTRARFTLE-ABD D TFFF KA CO, 09 Tt AR, FHEITT E¥H
BE, AKEELESF XA ICO, 914 A4 (—13.9+0.8) %o (—14.8%0——12.7%0 ) , A"CO, #4514
A (—151.6+51.3) %o ( (—214.242.9) %o — (—82.3%£3.0) %o) , CO,. & & 4 1044+44.0 pL-L"
(168.6+2.7—52.1+32 uL-L™") . CO, sk E Afskuy B T4k, &80 CO, REMEH TR, T
R B TRINKARSEGEEA, BIEHAET S e AR R SRS T AT R A 68
H &M CO, JoAr, Mol, AFMSEE, RS T 3@R T3 ms At g CO, Rk,
Bl PM, s sk ARG B At A2 —F B04E T Aok CO,, I 25 R o 7T Sp 1k
XgEHE: Bk COy MCRER; F; B AL, &3

Tracing a typical diurnal variations in atmospheric fossil fuel CO, using radiocarbon
during wintertime at an urban site in Beijing

NIU Zhenchuan"?, ZHOU Weijian">’, CHENG Peng"’, WU Shugang"*, LU Xuefeng"?,
DU Hua"? FU Yunchong"?, XIONG Xiaohu"’

(1. State Key Laboratory of Loess and Quaternary Geology, Shaanxi Key Laboratory of Accelerator Mass Spectrometry
Technology and Application, Institute of Earth Environment, Chinese Academy of
Sciences, Xi’an 710061, China; 2. Xi’an AMS Center, Xi’an 710061, China;
3. Beijing Normal University, Beijing 100875, China)

Abstract: Background, aim, and scope As the main greenhouse gas, how much of the
increased atmospheric CO, derived from the fossil fuel emissions is not only an environmental

issue, but also an important scientific question. Traditional statistical methods for estimating
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the magnitude of CO,, emissions incur some uncertainties, especially at regional scale.
Radiocarbon ('*C), a unique tracer, can be used to distinguish between atmospheric CO,,
and CO, from other sources, and have been used to infer the spatio-temporal variations of
atmospheric CO,, in recent years. Cities as emission hotspots, the diurnal atmospheric '*CO,
observation are important to the understanding of temporal atmospheric fossil fuel CO, (CO,,)
variability, thus facilitating the mitigation strategies of CO,, emissions in China. In this study, one typical
diurnal atmospheric '*CO, observation was carried out at an urban site in Beijing, with the objective to trace
the diurnal CO,, variations, and to determine the factors influencing them. Materials and methods Beijing, a
typical inland city, was selected in this study. It is the most central city in the Beijing-Tianjin-Hebei metropolitan
region, with a population of more than 20 million. The city is surrounded by mountains in the west and north
and faces the North China Plain to the south. The air sampling site is located on the roof of a building at the
Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Haidian District. The site is
located between the North 4th and 5th Ring roads, surrounded by dense office and commercial areas, residential
districts, universities and parks. Air samples were collected in aluminum foil sampling bags every 2 hours from
8:00 am (local time) on 15th to 6:00 am (local time) on 16th in January, 2014. The CO, concentrations and
0"CO, in the air samples were measured using a Picarro G2131-I CO, Isotopic Analyzer (Picarro Inc., USA)
with cavity ring down spectroscopy (CRDS). This equipment is highly linear and very stable, with very precise
CO, measurements. Each sample was measured for 6 min, and only the average of the data from the last
4 min was used. The air samples in the bags were transferred to a high vacuum system with liquid
nitrogen cold trap (—196 °C) and ethanol-liquid nitrogen cold trap (=90 °C) to get purified CO,, and then
converted into graphite using the zinc-iron method. The "“C levels of the air samples were measured using a
3 MV AMS in Xi’an, China, with a precision of 2%0—3%o for "*C measurement. The values of *C in the
air samples were expressed as 4''C, i.e., the per mil (%o) deviation from the absolute radiocarbon reference
standard corrected by the convention of fractionation and decay. CO,, concentrations were calculated
according to the mass balance of CO, and '“C. Results The CO, concentration in the diurnal event was
508.0+38.9 uL-L', with high values at night. §°CO, values were in the range of —14.8%0——12.7%o,
with an average of (—13.9+0.8)%o. They were lower than background 6"°CO, value, due to the contribution
of fossil fuel emissions. The ¢"°CO, values (—13.1£0.3)%o in daytime were significantly (»<0.05) higher
than those (—14.5+0.3)%o at night. The average 4'*CO, value in this diurnal event was (—151.6+51.3)%o
((—214.2+2.9)%0—(—82.3+3.0)%o0), with corresponding CO,, concentration of 104.4+44.0 uL-L™" (168.6+
2.7 uL-L"'—52.143.2 pL-L™"). CO,, concentration showed high correlation with CO,, and contributed most
of the offset of CO, compared to background CO,. These results indicated that the diurnal CO, variations were
mainly resulted from the fossil fuel emissions. CO,, concentrations showed distinct diurnal variations, with
high values at night and low values in daytime. Small peaks of CO,, concentrations were observed during the
morning and afternoon rush hours, resulted from the emissions from transportation. Discussion The extremely
high concentrations at that night resulted from the more fossil fuel consumption for heating and low vertical
mixing height at night. Moreover, CO,; was readily accumulated when wind direction turned from north
to south at that night, because the city is surrounded by mountains in the west and north. Additionally, it is
robust for our CO,, record, which is indirectly validated by the similar variation trends for simultaneous PM,
concentrations in Beijing. Conclusions Our data showed that the diurnal variations of atmospheric CO,, in
Beijing were controlled by a combination of emission sources, height of vertical mixing, wind direction and
topography. Recommendations and perspectives This study provides an example to understand the temporal
variational characteristics of atmospheric CO,, and their influencing factoring in Chinese cities.
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