MO A S %M 2017410 FH28% 10 http ://www.cjae.net
Chinese Journal of Applied Ecology, Oct. 2017, 28(10) . 3111-3118 DOI: 10.13287/j.1001-9332.201710.014

AAZRIRFERFANRTENERSE
REEANERLRESS

hEE B H EmM
AL K2R | 1R 150040)

W OE IEZRBTEALEDNEERERU AL ERTRENEFER S AXEMNT A%
TP BEHRMRLEER, 2N T BRAERZ AN 24, HHEITT BB ENH R EEL
FEREPNEEREREV., 2 EERERINLAE, R E B85 5 53 @ (64 cm) 17 68.7%),
MELEWMRBREGEDERIR, E2REANRNLAFEN EARS AELHEE WA
MK LB SR A EAFMBEHNAELA GRS T L EEARERN S, L2
ERAARBENTE WA R A FESRES>EDSHD REFETERLERS,FHLE
RERMTAG, BEEL T 2R EANBNLAFTAE T, B/ AN AT ETERT
MG BRI A B AN FERRREERNEERENS, MR EN B
BT HEEHMEN, BT PN FRPREEEERR; BERANEN R ERENEE R
LEBRANRAL F R EHEYANGLE, IR ERNEERB T L ER TR EE S ®
LA

KEIE AAALE; Bak Al BEEA, T, RENA

Black carbon content and distribution in different particle size fractions of forest soils in the
middle part of Great Xing’ an Mountains, China. XU Jia-hui, GAO Lei, CUI Xiao-yang "
(College of Forestry, Northeast Forestry University, Harbin 150040, China).

Abstract: Soil black carbon (BC) is considered to be the main component of passive C pool be-
cause of its inherent biochemical recalcitrance. In this paper, soil BC in the middle part of Great
Xing’ an Mountains was quantified, the distribution of BC in different particle size fractions was
analyzed, and BC stabilization mechanism and its important role in soil C pool were discussed. The
results showed that BC expressed obvious accumulation in surface soil, accounting for about 68.7%
in the whole horizon (64 c¢cm), and then decreased with the increasing soil depth, however,
BC/0C showed an opposite pattern. Climate conditions redistributed BC in study area, and the soil
under cooler and moister conditions would sequester more BC. BC proportion in different particle
size fractions was in the order of clay>silt>fine sand>coarse sand. Although BC content in clay was
the highest and was enhanced with increasing soil depth, BC/OC in clay did not show a marked
change. Thus, the rise of BC/OC was atiributed to the preservation of BC particles in the fine sand
and silt fractions. Biochemical recalcitrance was the main stabilization mechanism for surface BC,
and with the increasing soil depth, the chemical protection from clay mineral gradually played a pre-
dominant role. BC not only was the essential component of soil stable carbon pool, but also took up
a sizable proportion in particulate organic carbon pool. Therefore, the storage of soil stable carbon

and the potential of soil carbon sequestration would be enhanced owing to the existence of BC.

Key words: forest soil; black carbon; organic carbon; soil type; migration; stabilization mecha-

nism.
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JRBK (black carbon, BC) &AW it S 4L A B
SEARRBER =), W A7 T IS pR R
PR ELA 1 B ) MR R 0 e, P R B I ik
0 By FE SRR AE PR A o A b
D7, O, SRR TR A
FER TR P I B 7, DT AT W B A LTS e S AR DA
REAIG - HEy5 et 3 AT W R 7 5 DL 3G i 4 S A
J1H A, B T e A BRI S g A B B
B RSy, T SRR R Dy s kA Rz E) T
[RRF SE

PR R I 5 AR 38R A 19 73% , 78 L4
RGP A A T R AR KR T
KA BURE RS RGERKG  A K ER
W IRGE, A EREHE TR 58 i be e A=
25 10~40 Tg I BH7 (1 Tg=10° kg) , 3% FR4> Ak
A T TR T8 CO, B 2% ~ 18%.
Lehmann 2515l 0 27 bk 1 398 BB A RS-l b AR S
RGAEI AT 25 R R, BT R AR I R AR
P BRHERC IR D T 18% ~25% , 31X J& LA 13 B 2 e o
I Y DT MR R % 2 18 M [X 2 3% 1 1 AR e K — 4>
VNP Y Y 1 ) ) e i = T i e Y A
AW, PR b e 12 DX 3k 1) A 39 B R X o A TR AG R
EFE R R R R G R DRE A %
PRI TR S, SR 6 T B e fh 122 b [X 1 M i 12 Ay o 2
PR AR AZ B B AL H AT, T R 2428 FRAR 1 1
SRR AT 58 S LA 335 e A5 ) LR ek g i R
PRS2 B 2, 7 H O F SRR 7E AN [A]
AL T AT B I T U R . AR IS T 3 Xk
RGBT T 3 R 3R F b T
PR AE 1 HE T PN 1 43 A1 S HAE AN [] 1= 8k 9 9 i
7 e, AR R Bk AE L rh A e AL, B A 3R
[ FE A IR AR - B ) B A PE AL SR AT
J& AR AR PEIF ST B R} 22 AR A

1 ARMREHARTGE

1.1 WX MR

SR X AL T N 50t AR X 5 A T 2R BB
(48°36'—48°54" N, 121°8'—122°12" E) , BL % K 2%
BV TP B RSB vh BOAEAE W I A 8 KUK, AR
FEE KR Y 2R B R A 75 B 1) P4 AU 32 B AT 1 2
P BLAMS X B b ST = R R B BT KR BE
45 FHOHIGHTRE K 2 I 5 SR AR
ZIX IR E R 3 A R o AR A AR

RS VI3 ) Ry W R 5 K (AR AR L PR T K
¥ITE 1000 m LL_L, BR24Z V&M HA (Larix gmelinii) 4
A /D 1) A HE (Betula platyphylla) , 65 1] BE 25 A
0.35 AR A4 AF XT3 0. AR 35 T v L b 5 b A BE
U AR B HLB A R I 2 o s A A Ry FE R £
BRI 2t i PR o PSS T AR LIy AL
FIHE 52 M Ak ( Quercus mongolica) i =E AR FE 29K
0.4 oty ERZER T, FEN LAY (Rhodo-
dendron dauricum) K3 4% ( Rosa macrophylla ) 4.
PSS AR X 22 1L AR K, 35 A R AR P
P EY) S 1) P b 2 ¥ AR AT 5 AW T TR B AR
e R 10 Y SR A T R A& T iy L e
1145 ( Populus davidiana) & 3 , fB ] BE AT 3k 0.55 /2
F L HEARA WL T (Lespedeza bicolor ) 82 ( Prunus
padus) 55 , BARE Y K Ik, ELA VUINIREZ (Stipa
baicalensis) . Bi A ( Scutellaria baicalensis) 7Nj 24 ( Paeo-
nia lactiflora) 5 , B A A 55 5 =18 90%.

L2 ARSI

TE LR 3 Fh L AT 8 XN, 45 0 6 1>
20 mx20 m FEHL, FEEE R A I ST IR I 3 ~
5 A SRAE L RAEIN S 2K BR R TR R TE i, 4% I g
BRI AR I FBZ (A) LR (AB) (TEH
JZ(B) R £ HE L) AN [R] A AR JZ IR S, I 43
LRI kg Zin 2 AATEE R AR Y AT (0] 5256
IR PR Z TEURT [RRE ] TG ik e BBGHR
TAERE L 2 mm G A AR JUIR - 2 [l A 46 £
FEFEHEEAF R 1.

AN R 2 - 598 UKL (1) 43 5 5 3K B2 BRSOk
[11-12] EASBAT 1) FRL20 g 3t 2 mm FRAY
BHET 250 mL B, EK L 5 2 1 Aok 100
mL, FHRR P B (FS-300) 7E 60 J - mL™ i
PEAT SR — UGB I 5 2 ) K 28— VOB 7 i Ak LAY B
TEGE TR A 250 ~2000 pm BRLED R, B
i i AL 2R ML 7E 55 C & R LT
FEFRaE ;3 ) K T A 8 0 W AT 5 U S R B
LR 440 J - mL7 [RIFER R ARAS 53 ~ 250 pm
AUANTD KL, 5 T AERE RS LT IR PR 5 4) B b — 2D ok
BA BB WRAE 800 1+ min™' Z5F R ES.L 7 min J5 B
IR AR T O R ER S IR
DL, HER 2~53 pm BHRL S <2 pm BRI 5r
BB R RO BRI R R R BE T R RR R 5)
b — 2D A B PR TES000 ¢+ minT ' SRAF TR
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Table 1 Basic information of the sampling sites

TR ERRKE AR K e TR T

Soil Mean annual Mean annual Altitude Soil Soil thickness Soil bulk density

type precipitation temperature (m) texture (em) (g+cm™)

(mm) t) 0 A AB B A AB B

DB 474 -0.5 738.7 ek 452 1326  16.02  32.43 097 131 1.68
Loamy clay

BF 450 -3.2 1157.5 b 45y o 9.78 6.87 15.37 21.77 0.92 1.35 1.68
Loamy clay

GF 360 -2.9 704.8 Ligoit 2.85 2554 2453 3631 1.11 1.22 1.44
Silty loam

DB H5E:HE Dark brown forest soil ; BF: £ {341 14K £ Brown coniferous forest soil; GF: K @7k k1 Grey forest soil. O F% W) )Z Forest floor. A . W
7% )2 Eluvial horizon; AB: iZJ%)Z Transition horizon; B: JEFZ Illuvial horizon. T [A] The same below.

B0 18 min, FRAFERRL, B RS  ETIF R S
H4 AR R Uk OB IS 2k 100 B, TR 2 A bl
T (4000 5 o P 1) 0 4

398 FELRR 1) 435 SR HE/HCL Kb B ) B 4% TR h
AALE BN 1) BRERER B 25 B« BR
B 100 B 4L 3 ¢ T 100 mL Z.0E H A
25 mL 3 mol - L""HCI {ﬁ(ﬁ,ﬁ?gﬁﬁﬁ 10 min,ﬁ%ﬁ
9 BD S B, A 30 mL £ 7K, g
RADERE 1 min, BOUEN, 3772 RIEW;2) fEfR
BB BoEER R A 25 mL 10
mol + L' HF/1 mol - L' HCI (2 : 1,V/V) , Jigi# 1
min, Y 24 h, 8.0 5 EIE W HA 15 mL 10
mol + L™ HCL, i€ 1 min, § & 24 h, .0 F L
W5 A 30 mL ZE48 7K, ETR 1 min, BLOPER 3 1K
B 55 ¢ TR B S i 100 H
3) I LR =Bk FREL 0.3 ¢ Ll kRS T 50 mL
HEE =M, IiA 30 mL 0.1 mol + L' K,Cr,0,/2
mol « L™ H,S0,(1 : 1,V/V) %, 7 10 min, /il 75
Ml =F 55 C 41 T 1R ZK IR RN 60 h, #i ] &
12 h BT o HE 0 BE 10 min, I b 78 2%
AR B IK 53 RN 56 e F A8 vh ) o e e % 3|
100 mL B0, B0 3 I, N 30 mL Z818 K,
e 1 min, 25 BOVER 3 KB LDEE T 55 C
BET 153 BT 42 P B Sy R

A PR 5 Bk & & H A vario TOC 43 #7

R2 TRIETEANKR BREFMHNSEZ BHHEXXER

ASCIE BT g - kg™ AN [RDRL A HLRK &5
R ARy < AN TR AT AL P i = AN R 2 - e
RYITHAEHLER (g - kg™ ) xS [A]RL % BUR ) |5 1+ 3¢
FRVE 0 L (%) 5 AS Al 9 A BILRR EE 191 = AS [ 4%
IR & (g - kg ) /b A WL &
(g - kg™")x100%. BpxfE I
1.3 b

K Excel 2007 1 SPSS 19.0 A4 %t B 47
Bt 4y A, R FH B K R J5 22 53 BT 75 (one-way ANO-
VA) 1 Duncan AT T Z 0 M Z H LK (a=
0.05) , J- XA HLAK | SR A KL 5 i R A5 2Rk ]
U434 F1| FH SigmaPlot 12.5 #4448 &, 1 A 808k
S i 2

2 ERESH

2.1 AR S BRI 5 A

A AR SRR (76.11£6.77) g - kg™' , Zy i
AN Y 70.6% 5 A J2 BAR 5 5 oM (17.51+3.36)
g+ kg™ 2 TN 68.7% . 6% 1 6 TR B 4
T, A5 AL 5 BRI 1) 5 e 35 4 R AL, SR T A (A
PLBR Y LD 5 o (1 1) .3 Fb - 28 Rl fE]
PREET AR IR A S A AL R Rk 5 )
o T A A - SRS Y B TR B B I I 0 A AR
2, A 2 B A LR ) LB — B =T
T3 HNPIRR 1 1B MR RS R R TE 5 LIk

Table 2 Correlations among organic carbon, black carbon and silt/clay under different soil horizons

AR A AB B

Variable gl Equation R? iR Equation R? Wik Equation R?
BC(y) .0C(x) ¥=0.63x-30.459 0.83* " y=0.043x+3.668 0.77"* ¥=0.154x+1.638 0.76
OC(y) .ST(x) y=-0.774x+114.26 045" y=0.444x-1.007 0.20 ¥y=0.377x-3.716 0.21
BC(y) .ST(x) y=-0.937x+63.727 0.15 y=0.038x+6.261 0.12 ¥=0.033x+2.136 0.04
0C(y) .CY(x) ¥y=0.978x+50.124 0.58 " y=0.408x+31.21 0.70 " y=0.28x+21.002 0.71"
BC(y) .CY(x) y=0.423x+6.283 0.23 y=0.036x+5.563 0.46 " ¥=0.041x+4.792 0.36"

# P<0.05; * * P<0.01. BC; 2k Black carbon; OC: H#Lifk Organic carbon; ST: ¥k Silt; CY: ZhkL Clay.
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Fig.1 Change of soil organic carbon and black carbon content

under different soil horizons.

DB. B5%#4 Dark brown forest soil; BF; E A5 AR 1+ Brown conife-
rous forest soil; GF: KA AR Grey forest soil. A W2 Eluvial
horizon; AB; i ¥ )Z Transition horizon; B TERZ Tlluvial horizon. A
) KRG REFRR F] — L2 AN ) A 208 8 1) 22 5 W 3 (P<0.05) Dif-
ferent capital letters meant significant difference among different soil types
in the same horizon at 0.05 level. N [F/NE 4} /R [A] — 1 iR HUR
[Fl 4 27 2% 5 .3 (P<0.05) Different lowercase letters meant signi-
ficant difference among various soil horizons in the same soil type at 0.05
level. T [F] The same below.

TRV ERLAR P S T 40 AT v = A T — R R
2.2 HHEA PRk SRR S FRYRL S R R A
LRAE R 2B, RS A LK = 1) 52 I Y I
FISE(F2) , Hh A 20 AB 2tk 5 2%
KOF- G PR SRR S R R e 25 Horp A 2
(R BILRR | PR A 5 R o FAH DG A DL | i 5 b
KL AH DGR IR 2] 8 25K o By + )2 A Pk
SRR 18] (0 E R B(RY) B TR S5 Fk 2
[ R*, Uk B 6 hr 5 A BILEK AR DG bE o T3k 5
PR
2.3+ HEA PR PRIRTE S RN 1 o A
AP 2 AT LA 3l b 28 R A A HLA 5 R

TRAE AR ) 7 A I DU AT 22 55 (R 7, £
FEATHURBAEAS [RLRL R P 0T o5 LA 2R 3R - B s > 2
K> 20D > LAY, 1T AR U A < 6k > b > 21 0 >
W0 Ry hE 55 AN 20 43 1) 78 HILAR B T 5 184 o 2 BT
B BRI 5 1A BRI 55 22 AH R RLED 20 53 i A
BIURRJC I A5 Ak e 34 A 20 43 1) B sk Bl R 38 110 3
TR, Bk 2H 53 1) SRR Bt 2 T30, TR R 2H 53 1)
BRI TG LT BARRI R T MDA 4y
) FERR TG B S AR A AR S TR A 2T AB 2
bR BT ATAE AL 43 (43 90 R 36.5% F1 35%)
JRAFRAR 25 - Z MR 43 () PR ) S 2 v T A
Iy (A AB B 2 M5 k0 4 43 B Ak B o L 31 43 S
53.3% .57.2% 57.2%).
2.4 ALY 5 N AR A LR Y LA

M 3 AT LA 3 b e R g N Bk S A
PUBR Y FE B AR K 22 5 | A LD Rk AN 28k
Kr2H oy ) SR/ A LT S4B 43 ) R 24.8% (17.0%
H128.5% , H Y4B 1 2 VR BE i3 I 57, b 28 43
RSB ER/ A HUBRE- (BN 34.7% , KPR TR T
R bt Gt bR - A5 R 1 PR/ A ML) (B 3 v T
WA A EHEPA4> 5 AB J24RD4H 23 i SR/ A
BURIR E 53% LA 1, B JZByRi2 o3 1) BEAik/ 5 LK 35
ik 60.4% , £5 K1 G R/ A LI B - TR FE (9 AR 4
FEXF A2 A% KA ARAR A KA RN AN B 4 53 1) PR/ A AL
B il 251G T IR R 0 TR R s 2 4 1) SR/ A L
T ) 3 3 v I R, B 2 ks 4 0 1 SRR/ A5 AL
(35%) %3 = TAR O AR 12 (23.5% ) o LD
FENED L 53119 B At/ 7 HILAS Bl - J2 TR 88 19 184 i 326
LTSRN IE g By vk R R VI SR R U B3 )
JRARIG LT 288 3 Fh 38, 4% BE R N K B/
JI5E - B e/ A6 AILRR 43 53 A 29.6% .30.7% . 24.7% 5
30.6% , HLES AR J3 1) R te/ A LA B 1= 2 A5 1k
ANHR G, R AL 43 ) PR/ A LB B T, i 2
5310 2R/ AT ARG SE 8 0 5 AR (BT R B L T
PLEA T 8 B/ A HLER )3 28.6%,
LIAASHIF 7 X PN S 3 B U T2 ) ke

3 i

3.1 HEERRRMTE T

AIF 5 IX 4 38 Bk 5 1 Bl 2 R 2 BT B
e 3% 5 Brodowski 251 AEIFEAE) PG IR aE)
(I FE 45 T — 20 Jb 7 BRI Aobe EZE LI R Kl
T RV W Bk A ) B R PR R AR, SRR
M5 S5 TR 2, AR K s b i BRI
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Fig.2 Proportion of soil organic carbon and black carbon in different particle size fractions.
CS: HHPKL Coarse sand; FS: 4#K; Fine sand; ST ki Silt; CY: ki Clay. TI6] The same below.

50 r DB Aa 80 BF ocs
Aa Aa OFS
ol o =
Al 60 |
30k Ba Bb Bb Bb Bb Bb
Bb
X . 40+ Ca T T
B
< 20 Db b
= Cc L
8 w0l 20
o)
m
= 0 . . 0 . .
x
g 40 GF Aa 45
B
17 Ab 40
30
% Bb 35
Bb
20 Ba 30
Cb Ca
25
100 Ipb
20
0 ! 15
A AB

iﬁgkgﬂk Soﬂ horizon

3 OR[ARLZR PN R o A LB Y L]
Fig.3 BC/O0OC in different particle size fractions.
AS: 3 Fh e 4E Average value of three soils.
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i gl R A FHRE RS R,
ARFFEIX A JZ B o BN T LA R IR 68.7%.

SR/ A LR AN RE + 2 B, iR R
JZ - 5 AR Y ) v AT TR BT AT Leifeld
ST AR B YR AR R BT R W, B % AL
PR (92% ) , BRAAE T L7 [n] 1) 30 6 138 1 3k
FH4FE 0.63~1.16 cm; Major 25118 YE AR Vb i A4k 1
MAIEFE I, NS INEI R 2 10 em 1 SRR £ 9 4F
WAH 0.5% T3] 15~30 em +J2. 858, LW F
e H I A AR E MR BUIR BRI 22 1 5 A 4
FAE X2 | BRI 25 50 ot A Ak 2R, 7= R
AN BE | T HE 58 T PERR A /K VA | (Rl L e ik
AL 2 R IEAE ) K, VR Rl G Rk R T
REINE 1At AR 4 49 SRk 1 T B AL R AR 2
K E T SRRSO, F A SR Y AL BRI TR R
FEA, PR HE T B /N PR 0 IR V. AR B B K i A
15, PR L A v PR 1) 2 BT AL 1T BB T 22 M LAV
it B R R S ) N R RS ko B WA A B 5 TR,
- HEsh i A= PP s ARG 0 SR AR AT RS
PO K RRAR 1) K 0 R B A — PR AR 3 A bk
VETE RS AR, A R - B e R S A R A
MU & e, H3 AR, 3 sh W is shiii &, £ 9
THAEH B3 ; BLAh AR 5 | 2 R & Bk
I B AR AL T BE 5 300ER 2 B L B )2 4
Bt Ao 1] AR RS |, SRR T A B T PR IR
T2 5 RS TERE e Ry LT AN R
CIC 1IN o3 O R R L o N | /R R O N w3 7 <
PLERIG TR (A JZ2 2] B J2) 53510 14.8% ,4.5% Fl
7.6% , Vi HH SRR AE AR 0 vh AT RS 08 ) v T A
Fift 1 4.

B T R0 ELE RS AL, R/ A HLER R 12 )
HnET LA g R R 1) FRIZ 0 R TE 5 9k be R
100 2) T2 BB o5 A HILER G LA 25 B kA e
e A7 HILAR ST RS, T BT 6 AT BLAS iy AR TR 2 4F A R
TR R REVE FHAC59.3) 76 ML (W R i ek R v, Pk
T H A F 0 e b e B w4 A
IR 2 R A W 1 22, R AR T PR e g 58 foe 110 ]
AEtE.4) TRIZ Btk 5 IR0 Wi 4 G VE A — 72
JE EB IR T BB AR RS Bk
204 B PR B 5 i O ELBE A 2 in R T 3 (&
2) SR H A B /A AR 20 Bt )2 A LA B i (A
3), PRI B e/ A LAt 1) P v = AR A At b R0 A
B4 5 AR B 00, X 5 Brodowski oy E|
W) Er D PR T BB A R PR R IR (A3 T 41D Sk s 41

I3 P9) S50 N ORI A0 B PR R AR TR
BT 400 R4 o A 4 OB 2 1. P T R D% 2 14 L [X
TVRE ) SRS T B SRR AURE AR, 38 PRI AT
W, P EE B DA BT — ] BEMEEE RS ) MR FH 1)
DUHK. RS BRI JCRE Dy 52 A GG, Rk Jo) B J 41 S
o, PR HERR 7R 12 K b BT P, 38008 2 PR
T2 B3 MY I R A Bl A UR 2 3
JE AR B S b R34
3.2 RGN 4 SRR S

AT A U bR - BRI R, R
FHIRAOFRAR A N AR 22 A 31X 5 Glaser Zetul
5 M BRI 451 — 350 AR R T8 VA TR I 1 S A A PR
T A R AR () RE 1 3 TR S R IE ) 4
AU Al R S R WU 7 N i b/ N T = e
Py EEAY (3R 1), [ BRF ARG 85 v ) 9 B PR 1
TIEPIN AR S T BRI R T
DUERE A JZ WA SR A = T KGR 1 AR XA TR
BRI T SRR AR 2R A T BOH AR R Y R R
AR, BT SR i R Al S IS TRt A48 T — AR
VSR TR R TR IE D R R R T K IR 1
L5 B RS A5 X — i AR ] T 2Rk
SIEHT, B AB JZ B S  WE T RREE mE AR
M F YR T IR R B TR A AR H A Rk
TR 2T IR 3 XH P AR 3 A X i TR A 2
T IRRR AR LA B G I A O R R T 2R
B i AP0 RV P AT R I, (L2 B KUK
SO A T b R A A A 2
N T KRR AT REVE. Va3 RO R & 18 T AR R
AR R R AT KR RA MU, P B3 s
KRR RS B 13 E RV I T AR (B4R
SRR R T i v T A A
3.3 HHERRmRIGFE ML

PRS- R H RS E L, B S XA TR 9
SRR T A3 BT AHIF ST 43 R 3 e A R R A S
THI BRI B RS S LA S RAHKR, L
6 T VRS b 53 B - 3B ) 0T B RS R 1Y) BTRR.

RIZB R 5 1078 HUBK EL 9 5 35 46.2% (A
2) AHA MR SRR A G (3R 2) R Bk )
XF 2 2 AU B AR5 E R R B 8. A HILEK 5 R
35 IR SG (B 4 B8 BILBR BT o BL 3] 20 441K
R, RS R 0 B b 2= OR3P A Sy A LA e o 22
RS LI >, SR X 2 12 A HLBR (4 U7 37 1 5541
)2 BARRNE IO SSARL, s A Bk 20 43 () SRR BT A L
Bi533 R 36.8% F1 36.7% , (0 AR5 K hr BT ) A
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SRR i 2 Brodowski %5 45 4 L T4 H 1
5 X R SR AT GIE D], R4 R 2 Mk
SYARAERE BYRLZ 43 PN, (R SR AR AT DU S i B 1Y, OF
N5 P RURL 45 £ 0 T 2 )2 B 1) R A TR A IH
AR BT TR DT 6 S 1) 2B A
N R FEERE LS

Bt )2 BNR , B oRL 4 43 B9 AT HILER 3G hn (]
2) JF HADER SRR R B3 EAC (R 2)
U BHRIRLA M)A BILB B Ak 25 DR AP 1S 5k, T 4 R
P2 R IR IHAS 25 RIS L 5 2 2R, BR T
HH YA FOR ) 1Y A OB 2 ke o AR
FHE B AN G B JORE 5 b R0 ) 1 Y 2 R el
PRI BAE BRI 432 380 T Rk 2 43 Bk 1 [
IFREATS 1 PR B SR RL A DG 2 AL Ml KD 20 53 1Y
PR AL B F R ) 5 4R A R
EIRREAR T PR S BB A DG (B UE A BoRL™ Py %)
TR B AL DR AP AR BT E BT AR N 3 S HE 17301 v
S/ AR A 3G I 3 2R i T — AT Be R |
TEC AR AT FE v, I RSB b 3% e W3 o T oA
PR 398 | DTS5 FH B A S T PR 114 [ 4 BB ) SR
AN PRk B R A T 2 E RERL B T S %G
KA ) AW R, AT R 1 B 2Rt L — b o) S IR
FRAR BRI AR b DB 108, KA R BEAIG, 26 &
W/ X AR T R BRAE B LB AR P IR U
38R T BT J22 e 2 AT Al 7 o 4 458
W AR RORLZH 43 N R B/ A BILA 1 T (151 3) i
H m R & e — E R A IE T Bk
T,
3.4 JRERAE TIERR R P AR E

BT ALY B 8 B S b RL (53 ~
2000 pm) 255 B HLERFR M UR A MLk ( particulate
organic carbon,POC) , 5 34 ik 2153 (<53 wm)
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associated organic carbon, MOC) , Al 2 #% A A & 6 P
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2 SRS E R PR 1Y E B 2H AR 40 A IS XN B
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(R AN, SRS B A S B TR E
P [R) BRI R e B R () 5 R 43 Poirier
L2 R v 0 I L S B T R AR
A B R 4 M B AT AT 9T I BT R B AR 3
Haumaier®5 " W58 & 3, BRER LIS (1005 - R IR Y

[T 5 A3 im0 B R TR A R A GIE AR R Ak 22 21
G AT S 3 PR R U B PR e A AT T BB R IR
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SRS E TR TH AL

TRBR I 22 LA M 5 W A o AR 1 0 ) R 55 R
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PEREIL 2 Ak FE AL B B v nT B S e Ak A L
Jo7= A N A B R OGN 2 T R AR F 5
R AL AR IR AN 2 7 A 26 N PR ik it b
AT K B, UKL ZS 2B % ( particulate black carbon,
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