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Spatial Distribution Trends-and Inﬂuencmg Factors of Typlcal Heavy' Metals in
Subtropical Alplne Forest/ Smls A Case Study from Ailao Mountam in Yunnan
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(1. College of] Resour.ces and Environment , Southwe%ﬁ Unlversny, Chongqing 409 15,] China; 2. Chongqing Key Laboratory of
Agric ultural Resoulces and Environment, Chohgqmg 400715, China) -

Abstfact /In this study, we-hypothesized thatsthe dlstrlbutlon pattgms of trace metal elements in montane regions would be controlled

by the locals chmate human activities, vegetdtion dlstrlbutlon and soil development. Hence, we selected nine forest sites among the
elevation of 850 m t6"2 650 m on the windward (westem slope) and leeward (eastern slope) slopes of Ailao Mountain in Yunnan
Province/of China to determine the typical heavy metal concentrations in forest surface soils, and their differences for distribution trends
along with the increasing elevations, and the corresponding environmental factors. The results showed that surface soil Cd, Sb, As,
Cr, and Pb had relatively higher concentrations and distinct enrichment factors both on eastern and western slopes. Specifically, the
concentrations of Cd and Sb in surface soils of the eastern and western slopes and Pb on the western slope all had obvious altitude
distribution trends, which showed their concentrations increased with the increasing elevation. In addition, we found the concentrations
of Cd, Sb, As, and Cr in surface soils of the western slope were significantly higher than those of the eastern slope at the same
altitude. The correlation analysis and principal component analysis further depicted that the elevation trends of Cd and Sb were mainly
controlled by the strong combining effects from long-range atmospheric input and soil organic matter strong absorption, and there was an
obvious “cold trapping” effect in high altitude areas. The distribution variations of As and Cr were mainly derived from the weathering
difference of soil parent material, while the variations for Pb were controlled by the weathering of bedrock minerals. This study
highlights the important role of combining effects from long-range atmospheric input, and from precipitation and vegetation ( such as
“cold trapping” effect, promoting canopy filtration, litterfall deposition and bedrock weathering) on the distribution trends of trace
metals in remote alpine soils.

Key words : Ailao Mountain; trace heavy metals; altitude distribution; influencing factors; source analysis
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Table 1  Description of sampling sites along the elevations at Ailao Mountain
i H W /m
850 1000 1250 1500 1850
e /mm éLiﬁ 937.0 995.0 1099.6 1215.2 1397.9
[F7i3 1259.9 1383.6 1541.0
B/ R 23.3 22.7 21.6 20.3 18.0
[iig: 21.3 20.0 17.7
MR R 2.6 1.3 0.9 2.2 1.4
R g3 2.4 3.3 3.3
HWE R 60 50 40 60 60
W/ % PEYE 60 70 70
e R TR TITI A AE FHIBRSCHR (bR 209% ) FHRARRSCHRC MR 15% ) FHIERSHR bR 25% )
Pk EHIARSCHR(FAAR G 25% ) BHEIRACHR(EM ML 15%)  BHIRIRSSARCRI bR 25% )
(s R AHF LOENIHSE  RETF KBRS RET SRS S0 RARARES S B AR S
[l5i3 RHF R RUKENG SR FIRARTRZAE  ZRH PR AR TR 15
WiH W/ m
2100 2400 2500 2650
W /mm ARk 1544.9 1741.8 1812.9 1858.0
[LR3 1644.6 1761.4 1798.7 1858 0y
e K 16.0 13.3 12.4 : 1&“@-“ 1
[iipri 16.8 13.1 =2.2 10:7
L TR N 0.8 Y 4.2 2. ' &
it S 3.2 3.6 4.2 | i
MWE R 70 70 95 ‘ o0 = &
/% P 70 ' 770 Yoo § 05 4P
#E%)}:ﬁﬂ‘” ARBk %ﬂﬂzf&x%( R AR 20%) ﬁl@/ﬁéxﬁigﬁ]ﬂf%ﬁ 35%) 0, & (I N =
Pt~ SRAEEAS B Bt 209) < 4T rw’xm K 35% ) S Y s
f}t%ﬂ’ R LT JEE Bz T AN LT A zhem #JHJ%*H@Z%W%‘% A g ﬁE#*ﬁifrﬂ@:-lé%ﬁ% R AR BR LS
PO | A P R A o G TS nr'm JJHE/MH UK AT B S Aol R o A A ﬂﬁﬂ%ﬂﬁ%ﬁkﬁﬁ—‘% i
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HNO, #H,0, 1A R e 7 5 P RE I A, T - S

SR HNO, + HF TRA TR 2 1 5% P R T . B & T i

SEEE e, A R A S B TR BT X (1CP-MS,
Agilent-7900 %1, 32 [&] ) I % 5h Y Liy Be, V.,
Mn, Co, Ni, Cu, Zn, Ga, As, Rb, Sr, Mo, Cd,
Sb, Cs, Ba, Tl, Pb I U i & & & & W2 A 7%
I o R S = R ol T s o 71| S |
GBW10020 ( GSB-11) 4% 45 4 i Al GBWO07407
(GSS-7) L HEbRUED) B4 T T 4 o). AR B, A4
FERIIIE 2 W LA b BCHAE Y08, A 70 52 B A
WEIR 22 <5%, AR 10 DRES A, AR EY) I 17
— YR DRI S A 6. AN S I A B AR T R
F) [EDACR FAR 452 I AE 90% ~ 108 % B AL FE .
1.4 St

TR E AR TR W E £ T (EF) A
mr.

= (Me/Li) yz/ (Me/Li) sy

Ao B (L) TE RS H LR, o (Me/Li) gy 2
B AR RS S Li (2, (Me/Li) gy
JEPE KR F e BAR TR SRS Li AR T

IR A ﬁTﬁﬁﬁfﬁiiéfﬁm%Eﬁ”@ﬁﬁ AR
B IIEFE R 3R T LR 43 28590 FF < 1,
T/MRELE; 1<SEF <3, PEEE; 3<EF<6,mE
B4, EF=6, E
AHIFGE R SPSS 25. 0 B A4 5E A S I GE T3
Br, R EXCEL 56 B il /e, A E 24t
AR SR ST REAR TR 5 PN R Oy 22500
XS [B) J2 5 FIAS )4 1 - 38R e A A T i 3k
2255001 s R BNE A3 BT B IR A 5G40 B 5
G353 BRI 3 v Bt 4 iR A3 AT A SR B L T

2 HR5®

Tl 4 Jm 10 5 5 W S RS (EF)
AP A R P I TR A &
VL% 2. 5 v E KK L b5 )2 At B2 i
4 E AT A R P 0 ~20 em 4R Ly
Be,  Mn., Co, Cu, Zn., Ga, Rb_ Sr, Mo, Ba, Tl fil U
&A% 1 ~5 f5 (P <0.05, ST FEA TR 5, T
[F]) , MR35 Ni FIPG3E VA 3 5 A GRS e H 22 58
BEH(P>0.05). AW LIEHH As, Cd F1 Sh #Y
i e b E R Bt s R AGTRUZ ARG & 6 1

2.1
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~4f%5(P<0.05),1M Pb Al Cr U EEFALE FrpE KR FFE R DU E A e & & R L+

(P>0.05). RAGHEDZ 448 Sb, As, Cr Ml BJLERG(P<0.05), A Mn Ml Cd 98 & 535 5
Pb SETEN N4 R ZH0 i R & AR A T ETBRZAEE S 72 ~3 5 (P <0.05).
F2 RELFERBZEVWES0~20cm tEEFHESEETENAGCRIENE(FUE £ FFEE) /mg-kg™!
Table 2 Average concentrations of trace heavy metals in the litters and 0-20 c¢m soils on the eastern
and western slopes at Ailao Mountain( Mean + SD)/mg-kg ™!
e PN . \ s -~ , n —
TR R D TEEZED Y2 TR 7% )2 R
(n=26) (n=29) (n=23) (n=21)
Li 62 26 1.03 +1.11 15.7 +9. 04 0.36 0. 15 14.1+5.78
Be 5.5 1.8 0.19 0. 26 1.21 0. 64 0.04 0. 02 0.71 £0.23
v 63 54 2.05+1.53 42.6£22.7 1.31 £0. 84 65.3+£32.9
Cr 25 52 26.5+15. 1 20.9 +15. 1 6.79 £2.22 38.8 +4.78
Mn 500 260 628 +397 172 + 144 967 +309 274 +206
Co 24 33 0.56 +0. 44 3.79£2.95 0.46 0. 11 4.06=2.21
Ni 13 25 3.98 +2. 12 15.8 +11.2 5.07 +2.76 13.0 +3. 83
Cu 32 28 5.46+1.8 10.5 +5.37 4.38+1.93 10.6 +3. 83
7n 51 45 25.0+7.96 33.7+11.1 26.7 +8.68 29.0 = 152"
Ga 18 13 0.64 +0. 52 13.2 £2.37 ~0.22 0.08 IT. €+2 o
As 2.5 5.0 0.60 +0.23 10.5 + 4762 ' 0.48+0.19 +3 22
Rb 210 95 7.4322.97 80.8 +31.97==4 | 4.50 +2.36 6. 0£18.1
S 470 330 13 2134 85.8+96.8 3541219 18, '7+1,1r4"
Mo 1.6 _0.56 0.18 0. 08 0.44402 | 0.0720.03 . 3&r+0 15/
cd 0. 049 [ poos3[ % 0.21+0.15 0.13/£0.09 /7 ~ 0.22:£0.08 0. 10+0«04 &
Sh A0 ORI 0 07:40. 04 0.56 0. 42" %0.08+0.02 0.78 +0437
g S - ) ST 220, 6. 12082/ 565 | 0. 1240, 04 3.50+0.680 -
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Fig. 1

Average enrichment factors (EF) of trace heavy metals in surface soils of the eastern and western slopes at Ailao Mountain
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Table 4  Correlation matrix for influencing factors and trace metals in soils at Ailao Mountain
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