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Abstract: Given the complete succession sequence of glacier retreated area providing a novel platform to trace heavy metal cycles in
the terrestrial ecosystems, we explored the distribution pattern, transportation and allocation among soil and vegetation components,
and potential sources of chromium (Cr) at the Hailuogou, eastern of Tibetan Plateau. Cr concentration in C-horizon was
(155.17432.68) mg/kg, which was significantly higher than that in O-horizon (48.23+£10.21) mg/kg (P<0.05). With the increase of
retreated time, the concentration of Cr in O-horizon gradually decreased due to the increase of soil leaching induced the Cr lost. The
dominant vegetation species in each succession stage had no obvious enrichment effect on Cr (w<1). Moreover, the soil was the main
Cr pool in the ecosystem of glacier retreated area (2269.90+234.57) mg/m?, whose Cr storage in the O-horizon of each stage up to
9~20times greater than that in vegetation. In the late period of succession, Cr storage in Oi-horizon and Oe-horizon gradually
decreased but Cr storage of Oa-horizon and vegetation increased, because of the weak “return effect” of Cr, and increment of soil
organic matter induced the enhanced Cr accumulation in organic soils. Moreover, we highlighted that the high cycling rate and low
absorption-utilization efficiency was the main cycling strategy of Cr in Hailuogou glacier retreated area. The principal component
analysis (PCA) results finally showed that Cr in soil of Gongga Mountain was mainly derived from weathering process of soil parent
material (68.89%), but with the limited influence of atmospheric deposition.
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Fig.1 Sampling points of Hailuogou glacier retreated area in

Gongga Mountain
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Fig.3 Cr concentration of poplar, picea, salix and hippophae rhamnoides in Hailuogou glacier retreated area

0.5

0.4

0.3

3

0.2

0.1

0.0

0.3

0.2

0.1

8 na lng |4 e

e ———————

1890 1930 1936 1958 1966 19

Esi)

(%

|

(OL

s
§
N

i
2000 2005

1973
it

K4 VAU IBRA XA A2 IR Cr AR s 4 R %
Fig.4 Bioaccumulation factor of Cr by wax gourd poplar, spruce, willow and seabuckthorn in Hailuogou glacier retreated area

(IR 777 e o S o N e NN i

02

0.0

0.2

3 0.1

0.0

b) =& ¥

ﬂ

1973 1980

(d)y¥b i

2000



5234 r 7

B S 42 %

2.2 WHEFPHT Cr =AM

KI5 daRa ok ) R 46 DX 7 41 o 3 Cr fif i
Fig.5 Soil Cr storage in succession sequence of Hailuogou

glacier retreat area

UKNBRAFIX & FEH O )23 Cr i 8 20 vk

17 9~20 1%, 2 A HLA L UK AR AR 22 221 Cr fi .

13 C 2 Cr i 8(1562.53+230.97) mg/m> Z15 O 2
(808.42+153.29) mg/m? [1] 2 f5(P<0.05), % BIiE 4 [X
3 Cr (904 AT e A2 HUFORIR I RE IR .C 2 4
Cr fitifE BB LR BAA N E, 1 O 25 2 MR (K
5a).5 O JZ2 3 Cr i ERISISBNIN & AR T
1973 4 [FIAEH 01 /2 38 Cr it 5 BERE LB 45 1 (7]
T ANBTIE I, T 1936 4FF 5 A EIE(H, 1 Oa 25
A (] 5b). 75 R& AR S b ) 168 8, 4 I £ i T
1936 IR AR, A T E 0 3 T [ A3 J 75 - &
AWK, BB T Oi J2 Cr fig & Ah FE & &
A FEHRAE X LI, RIEA VIR AWRLR AR
B R A A FH AN 7 o i, 5 3850 1 398 I 7 1 e O3, 3 g 2
FF Cr (5L F, S8 Cr M Oa JZ2 3Rk LG,
7E 1890~1936 FEMIFEHLF Oiy Oe 2 T3 Cr i Ri%E
R BT Oa J2 BTG IN,IX 5 458 Cr & EAER[A]
751 b A A — B A FEHE DN AT B4 1 77 T 5 A

— 5 i, BE A DA T 2 1A il I MRV 7] B AR
TREFFRE T 1) e DR T ) Ce 25 i/ N AT 2 3 Cre
3V AR P 5. 73— 5 T B A6 AR AR S A —
LR B, LIRANAER A K2 T P A R B
AHUBR Cr BA SRR 2% A i Re e it Cr
FEIER IR,

Bl6 IRV UK REE X 51 P AN R IR AR A Cr fik
B Cr it &
Fig.6 The Cr storage of different tree plants and the total Cr
storage of plants in succession sequence of Hailuogou

glacier retreated area

A Py b S BEE LR Cr i BRI
KA (517.84mg/m?)> 7= ¥ A2 (153.26mg/m?)> 11 44
(65.29mg/m?)> b 1 (20.64mg/m?)(P<0.05)(F 6a). 3
oA RATE 1958~1974 SEFEHL AR Cr PR 45
T S HAL(>80%), HXF 1966 £EFEMAE Y Cr it & 51
BRZRTIE 94.07%. 454 LA gE B, A T A TR AR
JEH Cr A7 10 = B g B TR R R BB AL, 3 R &6
Cr i EAMKICA HFLME (152.88mg/m?)>F1 4 (13.32mg/
m?)>ZHHR(10.87mg/m?) KR Cr it & 03 = T 4R
AR, 3 S5 AR o A A P 2 EL R AR DG B3 Cr
fith B K N BT (294.64mg/m?)> K K (55.51mg/



114 Wl i PRV UK RS IX s Al . RS KR 5235

m?)>H 7 (28.57mg/m?)>H (7.3 1mg/m?), H Hh B
BRI AR 27 AR Cr fifi &, i A AL
Cr &M 5 & EHEA L

E R R G (AR T AR EAREY)
AUILEEAEYCr e & A& 6b .5 B 4]
1, T BRI 2R, S B RO T R, 5 R I
T 1980 LE IR R AR Y Cr fif 5 it e B kAT 1 i
TGN BE 5, BT DU R A A SR VR B A
K Cr L& (& 7a), BUETE 1936~1980 FFFHH
Y Cr s FREAER T 1936 FHIFEH B
Cr g AWE I, 3T 1890 4§l J5 14 i K1
(95.63mg/m?).3X & FHZ M Bt AR A Fh = A2 B &
AN R AR Cr V38 S d D AT (B 7a).
2.3 B RS Cr BRI SRS

TERREIE UK R 4 XA B 5 B A2 b, Cr 4R IR
I (12.65£2.92) mg/(m*a)iE & K FHEEFMREE
(2.86+0.54) mg/(m>a)(P<0.05, 7a).tb &b, B FEREH
i Cr B 2 50(Rc=0.81+0.06) % 2% K T WU 5%
(Ra=0.024+0.004)F1 5 F 5% (Rr=0.25+0.06)(P<0.01,
Bl 7b), KB T Cr BUKHIFEIR AL, Hh4h, 1890 4F .
1936 4F. 1958 4. 1964 4. 1973 4. 1980 4F. 1990
FEFEHL R Cr 1 A B 1 18] 43 301l R 8.68, 3.23, 3.69, 4.19,
8.10, 5.25 Fl 4.60a, YL AW FFEHLA Cr 1) S ) [H]
EURL(T=(5.39+1.99) a).Z5 EFTIR, “m G om ik
W > B UK )R AR X AR S R Cr IR
FWE X115 Cr A G EHE IR NFLR BN T 1R 45 X
TERERIT I H 552 Cr 8 F RIS 5, RN H4R7R T
ABRGT Cr Bmimsh it B 46 X T AR KM
R A & SEFR B e — DR SE T IX — W A

Cr 1E T8 R 40 PR R g i W=
TE R+ ) P R BRDS R R ZERAES RSA Cr
A ER A A A 1 3 B A, AR AN [R] 35 P B
BT 87 H PG PR RRE S B T B AR S RS Cr 1Y)
IR S B IR 45 XV BT T 1980 AEFIFEHE
HO) BB R R BOZ KT 1980 AR 5 1A BN &
B BB %) 3 AL, T W AT 3R 50RO 2 jl T V5
B A0 HA R b H R 2R Y 2R, DAAIARE RO O AR SR
[ S B A WT R, 5 3502 4 B AS 7 o it 7 3
B, FaR AR A A R T R RS N R Cr B &
() =3, DL 1B AR % 32 Cr s 6k 40 25 e g
VYRR S B A 1) A& T B A2 )3 U 193(1958~1980

SRR A, BT FY BE Cre A PRHSCZR Hi o i ) P 2R Kk
N IE A T A AN W R P . 5 B R I, &)
Wy R A S Bk W) A A 3 T D AR IR AN
WFER Cr 183 R E08/N BN E 1, &
FROL S Z T ] A e Y AR gk T AR AR
ARG Cr MDA ZET NP, A R m T

Je r
Ja

(a) felfrlfa

Bl 7 iRk )R 4E X Cr IPEFMRHIE
Fig.7 The cyclic characteristics of Cr in Hailuogou glacier

retreated area

2.4 Cr FIRIENT

W 1 FrR, AR 3 NMRFIEE R T 1 1 32 57,
file R 7 IR AR R 87.33% 0748 B 55— i 4r(PC)
b AR B 52.59%, 3 B K7 Cr(0.830)-
Li(0.891) . V(0.984) . Mn(0.948) . Ni(0.877) .
Cu(0.682). Sr(0.941). TI(0.915)F1 Co(0.721).Li. V.
Mn. Ni F Sr & 038R FE R H T HIERRECE A1
WA R, & T AL s oo = MOLLIM It Fi 3k
B HEAE VA UK TR A X b Cu 35 B2 i 4 BRI 520
K, Co (19 H RV 5 N i iy LA AR B, BR] b 4 e
PC1 EEARERE S M H PRI 2 — F i (PC2)
7 AR 7 B Y 26.83%, 3 EH AT K Co(0.672)-



5236 r 7

B S 42 %

Pb(0.973)- Cd(0.972)F1 Mo(0.894). 5 = = i 53 (PC3)
7 A AR 7 B 1 7.91%, AT K T4 Zn(0.988). 4t
AT 72 BH 5 UK )1 R 45 X 1 Cdy Pb A Zn
FER F N HERUR R ST I FR 01642430 i Ap
B 7532 B IR R VA UK ) TR 45 X Hh 33 Mo AR E RN i
R RYEN R HEWT PC2~PC3 ARER AN
HETB R AT VR 38 2 20 (6) il 5 i IR VA UK 1 3R 4
[X. Cr [ FRIR 5T R A 68.89%. fr] 7k Mg SR 4415 14
B AL 2 A3 ATV Ko M MR VA UK ) 1B 4 [X o e R AT
JEAAAT A3 2 3 Cr (TR IE TR 20 M 83.13%,
5 AR5 B A DR AR AT (B AR AT . b A0 X A5 SIFE [
FEAL T o [ 70 R T 50 X R 22 1 i A e &5 SR 3R
WAl 3% Cr 7Rtk B 70 %8 70.90%, 5
AT AL 456 C )2 13 Cr s & &
Hids & R WIS F Ny TR L 4% Cr 1 32 2R U,
I B 15 B 12 [X 4 398 Cr 52 AN HEBUR R 55,

F= 1 BIEAK)IBREXLIENEESRERS TN
Table 1

metals in soil of Hailuogou glacier retreated area

Principal component analysis results of trace heavy

F RO O R :87.33%)

ToER
PC1(52.59%) PC2(26.83%) PC3(7.91%)

Cr 0.830 -0.014 0.047
Li 0.891 0.346 0.027
\% 0.984 0.033 0.012
Mn 0.948 -0.134 0.032
Ni 0.877 0.311 0.081
Cu 0.682 0.285 0.028
Sr 0.941 -0.074 0.049
Tl 0.915 -0.111 0.050
Co 0.721 0.672 0.015
Pb 0.019 0.973 -0.062
Cd -0.008 0.972 0.071
Mo 0.048 0.894 -0.162
Zn 0.096 -0.100 0.988

3 4ig

3.4 TEVKIBRYE X8 B 7 41 o, 3 bk i A FH 32 i
B FH0 O 2 35 Cr 7 5 BB 45 I [ 1 B A1 A
RGP YT Cr FREE R T EEEP<
0.05)(HH5 K R Z & HF(0<1).

3.2 BHUEP T AR R, LA BT & B T A
R I F (9855, F 2L Oi Oe /2 3% Cr it
/NI Oa 238K AW Cr fEEAETEE 5 WY

I NN Cr 38 & (19500 T 3 K.

3.3 DGR FE -SRI A it RV vk ) R 4 X
Cr &I SIS (Rc=(0.8120.06); T=(5.39+1.99) a;RA=
(0.0240.004);R1=(0.25+0.06)),: Xl Cr NG IEHED
AR AR T %52 Cr 5.

34 TR IRE I Cr UL IR E FIRET 1 XL
N EZRIF(69%), 11 N NFHFR RS Cr PR DTk
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