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Variation of carbon isotopic concentrations in tree leaves as an indication of

urban air quality

ZHAO Dehua, AN Shuging”
Department of Biological Science and Technology, Nanjing University, Nanjing 210093, China

Abstract: The objectives of this study were to (1) explore the temporal variations of CO,, SO, and NO, concentrations in
near-surface (2.5 m above the ground) atmosphere, termed as py(CO,), pys(SO,) and pys(NO,), respectively, and
lead (Pb), chromium (Cr), stable carbon ”C and radiocarbon "*C concentrations in leaves of the tree Platanus acerifolia
in environments with varying land covers and human activities, and (2) investigate whether C or “C in plants can provide
an indication of the atmospheric pollution in urban areas. A transect from the Nanjing urban center, across a suburban area
to a forested area (urban forest) was selected as our study site (termed as urban-forest gradient in this paper). py(CO,)
was measured with sensors mounted on a moving vehicle, and pys (SO,) and pys NO, were measured at selected,
representative, sites along the transect in summer of 2008. Meanwhile, leaves of Platanus acerifolia along the transect were
sampled, and Pb, Cr, “C, "“C concentrations were measured.

Results showed that py(CO,) , pys(S0,) and py(NO,) were significantly negatively correlated with the distance to
the urban center, with linear R* values between 0. 84 and 0.97. p,(CO,), pys(SO,) and p,s(NO,) increased by as
much as 7. 3%, 88% and 210% , respectively, from the urban forested area to the urban center. Heavy metal
concentrations of Pb and Cr in leaves also were significantly negatively correlated with the distance to the urban center, with
linear R* values of 0.89 and 0. 69, respectively. However, both "Cand '“C concentrations in leaves decreased along the
forest — urban transect from forested area to the urban center, ranging from —27.9%o to —31.4%o and pMC from 95. 8% to

101. 2% , respectively. In other words, the contribution of fossil CO, to the assimilated carbon in Platanus acerifolia leaves
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ranged from 9.3% to 14.4% along the forest-urban transect. Foliar '*C concentration was significantly correlated with each
of the five commonly used parameters indicating the urban air pollution in this study, i.e. pys(CO,), pys(S0,) and pys
(NO,) in air, and Pb and Cr concentrations in leaves, with R” values of 0.94, 0.92, 0.88, 0.92 and 0. 58 , respectively.
Although there also existed negative relationships between 8" C and the five parameters, 3" C was significantly correlated
with only two of the five parameters, viz. , pys(CO,) and Pb with R® values of 0.74 and 0. 67, respectively. Tt suggests
that instead of stable carbon, radiocarbon concentration in urban plants is a good indication of the air pollution in urban

environments.
Key Words: urban; atmospheric pollution; *C;"C
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Table 1 Conditions of selected measurement sites
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Code Name center Traffic condition Near area landscape
s BN 0 TR, WA BRI BRSNS
S2 i 3.8 B, WA FE BENREZ + ZEER, gd
3 TR 5.3 FRBER, DHYE ZRER, G R
S4 KRR BIX 7.8 Ty —g, — T ZIRER, GHEEK
S5 RE 2B 8.6 ERBEBN, THE RGN 2 R RS, S AR
S6 AL B AR 10.3 i, o ANTEFD, SR

* AR B R, TR BB
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Fig.1 Map of Nanjing City showing locations of the urban-forest gradient and measurement sites from S1 to S6
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Fig. 2  Relationship between near surface atmospheric CO,

concentrations (py.g(CO,)) and the distance-to-urban center
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Fig.3 Relationships between the distance-to-urban center and near-surface atmospheric SO, and NO, concentrations (py.gSO,and pyg

(NO,))
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£ 5 2t
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Fig. 4 Relationships between heavy metal concentrations (Pb and Cr) in leaves and the distance-to-urban center
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Fig.5 Relationships between carbon isotopic concentrations in leaves and the distance-to-urban center
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KR (pys (€0,) 5 Cr RSN o B A 87 C 5 pys(€0,) \ps (30,) pys (NO,) \Pb . Cr I AR 3
R, 5 pys(CO,) Pb IMIHHEAT BH AT (P =0.05, % 2) ;1A C & i SR IIEHR A 5 1
VHE A TR A RIS B MR, HEH S pys(CO,) pys(50,) pys (NO, ) Pb 3K
BFKF(P=0.01) o KB, HC & B ATARUEHL I THARIR AT R RSB HR B, T H 5 C 7
SR L AT TSR SRR LI RAR S0 C & RAR H%

R2 EMERSFERYRESHABELR . E€RSERNNZRERAXRY
Table 2 Linear correlation coefficients between carbon isotopic and heavy metal concentrations in leaves, and pollutant concentrations in near-

surface atmosphere

Wi H Item Prns(COy) Pns(S0,) Prns(NOy) Pb Cr 813 C
Prs(80,) 0.88**
Prs(NOy) 0.92** 0.89**

Pb 0.92** 0.92** 0.84

Cr 0.61 0.83* 0.81* 0.72

5"%C -0.86 * -0.59 -0.71 -0.82* -0.35

uc -0.97** -0.96** -0.94** -0.96** -0.76* 0.77*

3 #Zit5ihig

3.1 Y8 C HnIEA

1% IPCC 43, HAT A CO,MBERE LMt T TILFAATAI 31% , F 2100 4244 7+ 2 540—970 pmol/
mol , AL T AR B B R L B T B A B ), phy T Suess 20817 , I [E] R BE K, COMREMITIES 5°C S &1
FAR B IIAR L AR 8 C AT T A Y B KOS R SR K CO, & & R Hah 45, B i KX,
CO, W FHEs I iz o 3R B A BR B HAORTEE 80 C B REWE I A T A LIk B FRE#aES

FEZS IR |, KR COME S C SRR . Y 8°C 2 iR fis S8R T4
A VRIS, AT RS ALY A 0% A A 3R S v R B B MK B4 28, LA K 3R LA 1 7K 40 1 O
AERBRREELDYY BEUSHIREY IR S A MBI 2 S S B R R IR 7 2 418
FEEBEERDTO® Mg —ERKERARZ, B0 (1) AR ST R KR H RS C 7tk (8"
C-depleted ) 7] i 35 FEARIR TR 1A 87 C1%0 5 (2) kTR SIS Sty SO, .04 %5 AT AR IR M BR A E Rl VL 3R
SME AR HEAR DY 8 CPY 5 (3) SR I T T I S A T B S AT AR A A 8 BT |
I, AR E Bk AL R AR A T KRR R TR E R B L AR, B Ml
HAE RO TR TSN B RO B . AR R I, W 0 K - AR bk
BBEE, W1 87 C B TR e % (B R AR IR T 3 15 Y S R X B 2
3.2 #EW"CHERIER

HC TN, BIUE " C & BT TR SO S e 8], 38 LR P MR R R 4R E
B Ho R T A BRERAEER B S s W L, M C 5P C ML, RIREAEAE “Suess ZUS ™, W48 C 4L A [FIRE AT
TP E KRS RIS CO,3IA" . FERE L, mYik" C BRI TR KSFEG RS2 8%
BHRBES A KR CO, 284k, A Hr kT KA CO, BYSR IR, X F° C, 1 C 3578 KI5 YL SR 7T BB b A
S AR IR R ZE TR C S B EE R KR CO, [N Z 4L, 115 9 1 At B B A0 56 o
BARD (AR, HEERA 5T o —3 WP ssiEse, B oy BRI EBI S 2 EH7ESC |, X F1C 15R1E
FEIBFFRABAE R W55 . ABFSAEREN, A C 8B AR T TR R i 32 8 15 Yo, R 5 Tt
Fr 87 C s W AT 98 3 B B I T ZRAR-RBIX -7 RO BB BE A R E Y C A 9. 3% —14. 4% SRIE TAL A ok
WRBERETI CO,,
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