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Properties of soils in urban forests had been changed greatly due to the influence of human activities during the process of
urbanization. The distribution of black carbon in urban forests soil shows large variation caused by the diversified origin and
as a result of human activities. The concentrations and the potential origin of the black carbon in urban forest soil from
different functional areas were studied. The results indicated that concentrations of black carbon in urban forest soil in
different functional areas vary significantly from 0.77 g/kg to 21.27g/kg. The concentrations of soil black carbon in road side
green belts areas were significantly higher than that of other functional areas and residential areas were the lowest. The
concentration of black carbon in surface soil (0~10cm) were higher than that in subsurface soil (10~30cm) and black carbon
was enriched in surface soil. The ratio of surface soil black carbon and organic carbon (BC/SOC) in road green belt was 0.55.
Also for the in road side green belts areas, carbon isotope ratio of soil black carbon (8'°Cppg) was -27.04%o, which is
significantly different compare with other functional areas was significantly. This result indicated that the accumulation of
black carbon in urban forest soil was strongly influenced by city traffic pollution.

Key words: urban forest soil; black carbon; content; origin; Nanjing.
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I (Black carbon, BC) [HFFC AR SZBIE AL, MRIRIER D . BRI LY AL AR 76 4
B, B A ERRERGEYE, T2 TR R DIRW . AR RIS SR s P,
PRI R AR A P AN AR i b R AR G A G LA T, 7 A T R AT WL RR B SR 5
R BBERM AL KR HIENR SR 0 A0, HA R i R PRV L rp . RRARAE D —Ff
NAEENHTBO Y, & TAERNEESIRES, EESRGTHEREMN 222, LA
THI RS T 20 E SRR R ST IR 5 A BRI LU R S B4 o 35— A i Y,
[ B2 2 A A5 4 (SO, NOx. Oz PAHSSE) [RIWR PR B4 KO AL 20 Z i Ak 0B, B
HA R 2 LB, 3 rh (0 ek vl fesE P AL, AL IR ai Y, BEIFRr
A e B BT GRAT B e DRI RAT IO BE D, SR BRIE T LA 5 e b & B ML HLYS
e, BEARRTS B i A=A O 5 R L e R AR IR BT, R L e e AR M A B A LTS e I T
SR A BT Y SRR B s T BG4 BRORA PR A o SR o M, R R
BRI i 2 A BRBRAG BR Th AN B B BRI« ZARIBR” 10—y, 3BT AR KRS COLMIE. Rk,
LA T AR - S35 o BRI ORI SR R, B sk T AL SRR K 0 A AR, 1 Al AR ST AR
I IR AT AN S RN A b B AT LA T AR DO 1 R AT O, R A AT T ANE
A D7 AT MO S SR, AT SR AR R ) SRR (Y RT BESRIE, DT AR
RS TIREVI O B B AR

1 MR 575k

1.1 IRHEmRE

DASH T A BE R DRI B 7 AR B M X o g st T ARV R A, B AR A B S 31014~
32°37, ARZ118° 22'% 119° 14", JEWHGH X%, WFHH], M/KFM, FFREK 1106mm, F-F%)
I 15.4°C, Jofal] 237d, HFENMAG, MW TR, BERM, BORTRRER, XA,
T MR T X, DMRILE RO, MR B AR . AT 6587.02 km®, ARMRTE
B 13%, HAATX AN 200.85 km?, 17 [X 47 55 ik 40%L E.

3R T ALY 3 T 42 S b A FH RN 4 A bR 22 57 2 AN TR R DD RE X o AN 98 DA T v R IR L 2 v )
SRRV T ARAL T B DX A O G, 2 Ho b R 10 22 S50 DX 90 s RARMR L 3 IX R IR, St
Y. Azt FRAAEEX. BB FREH-CRIIEEX, SR Thae Xk B R 5 X o B A R
AR X IRBEAT LI A FIRE SR . O T RERE S B AR, A ST PRI R A X 2 — &
FH 3 S AR T Aol 35 ol TR T AR 3 A (R AR RO, K % Th AR X o B AR RIS R e
BUCRRFE 5, BEASRAFE T 6 NEE, 6 AN E R RIS M/ i 5 R A s X3 E o AR TR ED ML,
BT N A BN I AR IR R B R T A BB RAHEE A% Sm~15m YR N gy i, HEZ EE
T 0~30cm L. DRI SELE IR B & ThRE X P R A BRI 10m AL ST LR 2L IRE SR
B RURAR 0~10cm A1 10~30cm PN ZKIIRE . SRAR B30 & AR KT, BIBRKT 2mm 1A 1
WRZESEA), WAt H. SR X BRI 1.
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1 AFRTIRER TR MR

Table 1 General information of research sites

DhREX SRFEX I,
Function zone Sampling site

TE P 41L 4 Road green belt 3B S22 HF Xinzhuang overpass
2215 School Mol K2 Nanjing Forestry University
AlE Park Z I A [El Xuanwu Lake
J&REIX Residential area B4 /NX Suojin Village
RTS8 City green square  F1°F /A [ Peace park
IR X RKARHR Urban forest #4101 Purple mountain
AT RS8R Suburban forest Z 1AM AT Laoshan forest park

1.2 HIEER S

+IEAHLER (Soil Organic Carbon, SOC) 2 5% Fl AN A% TR A Ak i sz M, Ll s g 35t
ASBIREN: COFREL0.5 70 /2 45 (HERF 220.0001 58 )3 100 H (19 AT 45 ()R I 5.00mL 0.8000mol/L
1/6 KoCryO7i AN SmLIK AR IR . (3D FHIMIHTRE BN Wb, Wbl 1 P A 5 il 7E 178 ~ 182°C
Z 18], FORFRIESming (4 FRERRENE, FSRBEANHETE D, ARIEMSMCN4R7R55, FH0.2mol/L
BRI e, FEIL AR &

F g SR A BOR P Lim & I 7 i B FEAD B (1)FREg A2 4714100 H AT+
¥t (Q)MA15mL 3mol/L HCIM: £ IR &, [ M24h; (3)IMA15mL 10mol/L HF: 1mol/L HCIK %7k
FREL, [ ¥i24h; (4)IIA15mL 10mol/L HCUR M, B 25 AT Be 42 B CaF,, [ ¥24h; (5)IIA 15mL 0.1mol/L
K>Cr,07: 2mol/L H,SOy, 7E55+1°C NERE 5 EAIG B, [N60h: (6)4F 2 )5k R Ay 358 v i) B
B, 90 BT IS B3R FH 76 36 43 - 5] 67 22 5 1% 16 A {X (FLASH EA-DELTA V, Thermo Fisher, USA)
T B B R S BRI B R R 3R LA Coppe AN FI SRR SE B (K15 Copp LU A 22 85K, Ak AT
EREIRE i 39 SR 18" Copp HUAB B B L TT BRI

1.3 BEGE I hEE

S K ] Excel2010 A1 SPSS18.0 B AEHEAT 43 # -

2 R

2.1 Wikl HIRERS 2

AFEDRE X H3 T RL 3852 N VTG SRR BEAN ], IR & R ANE . A A T BE DX i Ak
WA R S RS ARE R (B - JERSR T SRR S B R T HAThREX, AREAER
XfK, BUREXRZ L (0~10ecm) FEETERTZE (10~30em) , RJZ LR S EETK
N TEHERA T > SR X IR S AR RIS S > I a3 > il > R IX . ER TR,
VU I AN TR R AR SR R ARARAIR X R IR MR PP i) 2 BT R FAG, T B T REIX 3R T = ) B e
H RV
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Fig.1 Black carbon contents of urban forest soil in different function zones
iE: RGB-EHERALH; UF-JBXCRIAM, SF-HAERIAM; SC-2488; CGS-ii4th/ " ¥; PA-Akd; RE-&ERIX.,

Note: RGB-Road green belt; UF-Urban forest; SF-Suburban forest; SC-School; CGS-City green square; PA-Park; RE-Residential area.

2.2 kol 3% R AR IR
2.2.1 13 BC/SOC fH

BC/SOC {HR L8 R S AENER QRFZENE) &8 M . & IReX il % 4t
i -3 BC/SOC HWAER K, KT 0.5; BWEE R LERIL, 210902 (R2). [F—IReX L%

LIEFFE FE TR BC/SOC HAHZER /N,
£ 2 TRTHEEX L HA L 1% BC/SOC fH

Table 2 BC/SOC values of urban forest soil in different function zones

0~10cm 10~30cm
IielX — —
AR ¥IE AR ¥IME
Function zone

Range Average Range Average
T8 B 28165 Road green belt 0.51-0.57 0.55+0.04 0.46-0.57 0.51%0.08
AT Park 0.35-0.45 0.41£0.07 0.41-0.52 0.44+0.07
2£1¢ School 0.36-0.40 0.39+0.02 0.35-0.49 0.42+0.05
JEE X Residential area 0.35-0.42 0.3840.03 0.30-0.37 0.33%0.03
IR TGk City green square 0.31-0.38 0.34+0.03 0.31-0.40 0.37+0.03
IR X RARHK Urban forest 0.31-0.38 0.33£0.03 0.26-0.34 0.3240.08
IRZBRARH Suburban forest 0.20-0.22 0.21+0.01 0.16-0.24 0.20£0.03

2.2.2 3R AR 1 38 B BR (VB (R A 3K PR A

IR T RO %% ZhBE X 3 SRR K 6 PCopp HINK 3 Fim. EREHIES, GBS I B
PC FERAR, BEPBOCERMN PC IR, 3L 8 PCopp (HN-27.04%, HHEIIREX R 5
%, MERXIEBBE PC FERE, N-17.80%. EXTETE D, WX KRK 3B PC
FREEEAR, 3 8 PCopp (HN-21.07%0, JHRIX HHEERN PC F R, 8 Copp {HN-14.30%0-

# 3 TR RIRNTARL T 3 BB 8" Cppp 1

Table 3 613Cpmgvalues of black carbon in different urban forest function zones

higlX 0~10cm 10~30cm
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Function zone 5" Crpp /%o 8" Cppa /%o
JB 44107 Road green belt -27.04+0.78 aA -16.34+2.23¢C
X KA Urban forest -24.21%1.00 bB -21.07+3.64 aAB
IRAE R AR Suburban forest -23.000.37 bB -16.392.23 ¢cC
IR T4k 3% City green square -22.31£1.31bB -21.06£1.64 aA
2215 School -21.294+2.49 bB -20.85+1.77 abB
/[ Park -19.97+2.03 bB -19.33£1.13 bB
J& B&[X Residential area -17.80+0.67 bB -14.30%0.20 dD

E: FFIARNG FRORP<0.05 83K, KEFEERIRP<0.01RE K, TIH.

Note: Small letter and capital letter means significant level in P<<0.05 and P<<0.01, respectively,the same below.

398
3.1 kRl HIEER S 'S B

DA () - 1A HLBR B FUAR A e SRR 1 2 . SRR A A KIS BN IiE %, B2 B AR
I 1R AN s ST AR T B A IS S R, AR — R )
. REEEX A R 2R ERE LR, EBRE e B S B R ,
S INRER A 22 BIA TR 2 KT o 00 R AR PRI IX T A bk - e b B Bt s S
KRS BT, 5MB AR TR B 2, T2 398 TR A B O 4 A T B R
R A, 7E% TR, BRI S LT RER AR EER, TIHERER M %R
WARGRE.

R4 RNEREX BTN LB BB S E T Z0HT

Table 4 Analytical variance of soil black carbon in different urban forest function zones

0~10cm 10~30cm

TielX

A%l Range  J4{H Average 451l Range YJ1H Average
Function zone

N(g/kg) Ng/kg) Ng/kg) Ng/kg)

TB 4L Road green belt 13.30-19.73  15.68+3.52aA 6.93-21.27 10.08%5.02aA
WX RARHBR Urban forest 3.85-9.18 5.28+2.00bB 1.43-5.00 2.51+1.27bB
B FARHR Suburban forest 3.46-5.35 4.36%0.74bcB 1.40-1.88 1.58+0.22bB
221 School 1.31-5.63 3.98+1.79bcB 2.15-5.89 3.86+1.31bB
IR GR35 City green square  2.50-4.44 3.33+0.95bcB 1.16-3.40 2.30£0.87bB
/Al Park 1.85-4.87 2.94+1.32bcB 1.77-2.61 2.27+0.35bB
JE BEIX Residential area 1.59-3.54 2.31+1.07cB 0.77-1.11 0.93+0.17bB

T B SEALAT BT 32 BT ThHLEh RS A, R RS B R ZIE R
TEMAET . 23 915.68g/kgf110.08g/keg, HSHEARE EMERIXALL, 2l H & &Z176.87110.8
fro BT REVR AR RS 75 R ik B L E BRKF w85, MLEh ZEHERGS s O o E 4R
2S5 Y B EORIE . RN 524, LB ZE RS b & KR I3 O i Bk .
X LGy Yy 1) —E o3 o2 B TE NGO e h B B b, B MDA N R S — R Ak
PRI IS G 2T R T &V T2, B R TR e N T35 . TE RSl R BRI
R R E X G Y R A . (EIXPh I A U 3 B SR A I AEAE BRI T LB ZEHE ) Sk )
JE) Bl DX A B R
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SR TIT AR I A0 R SR PRI X R SR bk 2 8 o SR B B 0 o 1 i DR o 5 L e v A AE
BEMANBIRREG R, HREIEILE, Wl RAARE T E 50 Bk s & 8RR, Hehhe
[X T )2 L SRR 2 ) BRI L o i X P B L R I R A, B2k, BERANE TAT
AT, AN R R A T B 7 W R AIE R . Lk, i s - Thie X ) e 2 3 vk
gy, MR BEREF RS R, ASE R 2 5 00 AR . TR R SRR
PRIX R NGB, 32 NONRENFEE /N, R BARYIIR £ & 5 TR 2 .

3.2 ARl 35 AR SRR 4 A
3.2.1 +3% BC/SOC K fE

BC/SOC i K/NE—EFERE B T L3 ityis Yefe BEUOY, ] B 5 e 52 I A G Bl it REAH 56
Ol e KA R, W15 BC/SOC {EAE 0.1120.03 BT, WA BAE E BRI T LW R K%
s BC/SOC {54 0.5 Ze A7t MITA A SRR 3 SRR T A AT OB R B! 7). BB ) T 6 X+ 4 )
BC/SOC {H A LUKI: 18 P44k LA & A B 1 Ak & &, 1 H BC/SOC fH s, “FiE
FZETHE 0.5520.04, K T2 LI 0.510.08, BT HRUR F:ELRMABEHA TR iz
N BRI AR X BN R SRR, BC/SOC fERJZ 132 0.21+0.01, £ F)Z L3R 0.20+0.03,
R SR SRUR R AE VIR R o TR X R ARAR B2 N NS BE I ARG BN, ABH 2 26 A %
M, FEULTBE X A oy 4 X 35 ¥ BB RIS AN TR RAMTE A, R i) & = b
2K, BC/SOC WA fmE, &% 0.3 /4. HEREX MG E AT, HAaREI bR 4
W IR 58 14 2 JE BB R AR SRR . (EL A5 T B X 39 b R R IR 1 BB B BT o5 LL AN, IR e 3
BC/SOC LUAE AT 0.11 F10.5 2 [A].

M 2 W LUK I, AN TR DX i poll 328 (1) BC/SOC AH ¥ 43 A 155 150 1 2 T H AN ) FRRFAE
B B Sk L3R BC/SOC B A 2 T3 ThRE DX, X2 E B2 BUNLAN 240 B S HR O 1) 25 3R
A AN A 8, X AR RE X SERR T AL I B A 6 BIRIX . Mgk %%
LA P 0 A, X 5IX A ThRE X IR A B — SR SEARW) &5 BB 1Y) BC/SOC {43 A1
e, HLERORIR 3 B AR A . Ik, TEIR T MO L3RR SR, AT DURAE BC/SOC
(B R BCH i 398 v BRI F BRI
3.2.2 BRI FEAL R LA (87Crpp)

XUIE =B 5T R R R R R K18 Copp l — AR TE-23.2% 5 47, T T HLBR-29%0 (11 3
18, 5 B SR B 5 G LB B L PO SR P e s - C 3R AR ALY SR8 S B3R A )57 2 AL DU % [
Oindrila"” ({1 7t 2 BA C3 R IR e 5 T IACEE 51 (1) SR AR 18" Copp {20 1-24.6%0 ~-26.1%0,  CATEAIIN Ny
-12.3%0~-13.8%0. TR, IRTTIE B PACA BB S (5, Andres®VSEE6 R, PCELAIR
b B 2 FE AT BLAE (0 5 R S BRI R BR AR 22, HB b A MR8 Copp P HIME . RIRA
-44%0; iz -28%o; MEHE: -24.1%0. XIRICURIHIE 7L BA NS 45 R M 4 Fh 1 SR AR TR 7742 P C A
XA BL, H8" Coppfli 7E-25.9%0~-27.6%0 2 f] . [H AL A7 BRI K BERBE, 18 KR CO,MI8"C
B FEARE, )Rt At 4 20 2 (0 ST BR DR (I8 P CE AR, SRR A0S CHE B A1 .
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Bl A K C3 EIRBE I A R RRURLEE N 338, nARpR K 9, ARAKAIGE FT A= 1l i) R e
BENLHE, MR R PC KBRS Z BN, 8V C Mo N RN Z RN T C3
SRR BRI 8°C . 1 C4 FHA WS AT SRR AT 7= A= 1) ORI\ LS, | T R R4
B R, U R SRR 81C ME S B N B IR R AT A I SRR
BURLAFLE PC MR ST I, FEREHE N 3 23 i H 3 SRR A 81°C (B PR AR A 425

AW RS LAV AHAT, IR 3 & R 2 HE 0 T BRI 8" Cepp /N
THERX, B PC MR RR, X 5H BRI RIS 1R SH R AR
(IRBEA 9% o IRTIT KSR J2 b BB () R YRR X 7 B0 I R AR MR R 2 - 3 B 1) 8 o {1 5
XUIE =R R GE R . X S RIRMZ N AT, F Bk A i | AR L1 6.
T3 X R AR AR 2 - 398 TR 1K) 6" Cop (LW AR T39I KRR o S Pl 10 182 B 55 oK I T8 B 5 S 54
X RARAR I L1 TSR ST e A AR PC R N L, T BER 2 3 (K SR 1 8 Crpp
(AR o 1T e T RE X1 8 Copp 1E (19 4500 W7 110175 150, 1T -5 L S BBSRVR I S 2 P 0% o A A Y
MIANSE R AN RGBS REATEE) IR 2552 L AR R (R RV o T B AR A
PRGOS M HLI AT R R AR RS LA 2 o (B BIRI Br ON E e, XTRERZ 3
X JUATHAEX Py R PC m AR IUR AR SRR . A ThAg X e b g Rk U I BT
b A AN, IR S R DG Lt SRR 1Y 8 Copp (AR . (AL, BB ThAE X R Y
8" Cppp 1 AT H A 2 (R

4 2E18

(1) 3 RRR S BAEI T MO A R hRE X 2 18] R B 22 5 1 o Mok 25 Zhg X, 3R A
T AN, L3 Bk S B2 RIRR, AT E/Z0.77 g/kg ~21.27g/kg. THBR LU T35 RAR S &
BEETHEDRKX, mERXEERK. FORXEEBRSEREN®ETIRE, W2 R
LR A EHEEY.

(2) -3 FR AR ) 3 ZORIE AT FIBC/SOCHE HUise s U 5, JE it Al s T 3EIBC/SOCHUE /e K
FIEAEREE0.55£0.04, fER TJE7E0.5120.08, HIUONATE, BRI AL Fe Ak Ui B3 T
AZIB TG YO T I RS B A SN, T R AR S R ORI T A R e

(3) BB Coppli P 1E AR FIBC/SOCH H 5 SBRIA AN FEANE W] o 8 B Akt 3 2 i
BB I06 Copp /N T I ThAEIX, BB 3 2 5 HL3 4 10 R S HEBR L A BRI BE A K o
AR R ARG 2 1 R K98 Copp I BT T F AR 308, 33 X R SR bh Hhy 32 3] 51 28 BRI 1 5 S0l 5
M, )5 4 BBR IS Copp [E MG KT 308 K AR o
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