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Bioaccumulation of Heavy Metals in Twigs and Leaves of Abies fabri at Mount
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Abstract : /Fhe rapld economy growth led to”the env1r0nmentar carrying capacity reaching the maximum level. Given that the time
changing frend of heavy metal pollution in the remote forest ecosystems has rarely been reported, we reported the differences of Pb, Hg,
Cd, Asjy Cr, Mn, Cu, Zn and bioaccumulation in twigs and leaves of fir( Abies fabri) between samples collected in 1999 and 2014 at
the Mt. Gongga, which was located at eastern Tibet Plateau. Our results suggested that the concentrations of Pb, Hg, As, Cd, Mn and
Cu in the samples collected in 1999 were significantly higher than those collected in 2014, while the concentrations of Cr, Zn and Ba
in samples collected in 2014 were higher than those collected in 1999. The correlation analysis indicated that concentrations of Pb, Hg,
Cr, As, Cd, Mn, Cu, Zn and Ba in leaves were positive correlated to the age of the leaves. In addition, Hg was apt to enrich in leaves
while the other metals were prone to enrich in twigs. According to the multiple linear regression result, about 70. 6% of Hg in leaves
and twigs was from air, while the other heavy metals, including Pb, Cr, As, Cd, Cu, Zn, and Ba, were mainly from soil (42.3% -
92.2% ). These results suggest that there may be different accumulation mechanisms in forest ecosystems between Hg and the other
heavy metals.

Key words : Gongga Mountain; Abies fabri; lead; mercury; chromium; arsenic; heavy metals

% 20 fih20 80 AFARROR, WU Pr iR A Jie , N A 7 2 i (40 5 G T B 5] KR M s
FiG S FEIEE GRS RSAAEN. B ) R R A K AR S RGP
(Pb) , K (Hg), 8 (Cr), 6l (As), #A(Cd) ., fl  VEPEREIR (0 H 5 i b | K A9 R BCK 1o AR A
(Mn) | #(Cu) \ B (Zn) SPU(Ba) I bEdE R Pl ————— ‘

BN LERIR. He REFERIRIO RS RRE, 5 1 & 10 0 0 % 0 (o) 1 1
BiEz — KA Z —HRIL S Y 3R B (2013CB430002) 5 [H 55 5 8 Fh 2% 3 43 300 H (41430754,

41471416 ,41173024)

EERNATENE BB ﬁr,%ng gf R MEEES B9~ ) 4 BTk EERO R
Py ERAL 2APE A, E-mail ; lifen15@ mails. ucas. ac. cn

B IE q%i*ﬁi?’ft 2 y HoAm it e H—J‘ AL # JWIE/ER , E-mail : shanglihai@ vip. skleg. cn



3046 7 R S 38 %
7)™ R ERA S, X E A E BB E KR purdomii) . KM ( Saliv magnifica Hemsl) | # %
Wy b U A T R S B AR, R ( Rhododendron spp. ) %51 HARf ot 23
??m?ﬁﬁﬂﬁ)\ﬂ%ini{ﬁEé’Ji*?%[M]. Hrfr, 1.2 REE
Hg 2 R ME—RELAUSAATEM E &8 &2 An 2014 41 1999 4F 8 H7E 5T LT3 000 m/ik
SERPEIG YY) A lkﬂﬁh&;ﬁ%fﬁm %jtﬂt%:i%ﬂﬁ (ZR%: 101°57'18. 5", b4 29°34'23. 2") RAE TS
SHUY Hg VIR RN He 150, 5 Tt A A iR SRER I, R Luo % E’Jﬁ%;’fﬂ%ﬁ
Tz R o 0 i BIRR 8 46 28 i o R v (B TR R

T e JE S T R T v A B ok T B
TRy R B B X3 Y = A AR S i s

EEMER. BRI — M X ) A5 sh A X 32,
(SRS e B0 T 6 e I R Ak . 4 )
ARG AEEERNESRSE" . Y—

5@%%%I§ﬂ%%ﬁw%mﬁmm%%%m
WeU R MR R B AR e ST I E
TR

TEARE (9 R AR 25 2R 0, 204 b 0 R 340 R e 2 R
SR SRR SRS AR IR R R P
SEIIPREE 5 Yy 1 5 e S T8 — B I o A IR 9
5 0 EL A 2 A ERBE AR S RS R P 20
U ¥ A A 7 85 B L LUt 3 9 e e
AAIE@%Miﬁiﬁﬁmﬁﬁﬁ%ﬁﬁﬁﬁi
TR TR A AR B AR 2]/ @wﬂ
2 X 7 ﬁ%ﬁ%ﬁﬁ%% Em$Lﬁrﬁg
E%%t@ﬁﬁﬁﬁﬁfﬁ@ﬁfﬁ@@ §ﬁ&
AR (AR IR B L. |

"Zﬁ\ﬁﬁnulElJllfHﬁW?FEFﬂ#kf”/\*’%ﬂJrWﬁﬁﬁﬁt &

XA oy i+ 1999 4 fil 2014 4F 46 75 ﬁ‘m‘ﬁﬁkiﬁm
mﬂﬁm..ﬁ,ﬁi%%?fhiﬁ%?ﬂ TR AN TR AR 0%
Uk JE ¥ A2 R i, s E 2L Ph . He, Cr, As,
Cd, Mn, Cu, Zn 5 Ba My & &, BT ER R RE I
E LRGN S R AR A KR, it
HR 4 ARG OO, DAYk e SR A A X AR
FERHE B A Py b BR Ak 2 A

1 MR

1.1 BF5E X3

TF 5% DI T 57 W Ly 7 el MR V) v [ Bk B o
ML 1y 1L AR A 25 R G i BT . 1% X ek 2 4
B 3. 8°C  AE K& 1 940 mm. HAEBRFE
WAL AR, 61% M EEFTF 6 ~12 H. FF
K78 K B 251600 mm'™'; 4F 25 5 M A8 N
90.2% . FHPSERILIIKJE 242 (Abies fabri) . 2 A2

( Picea brachytyla ) ., 2= %2 ( Picea likiangsis var.

balfouriana) %t 3, IR A= & &IN5 ( Populus

T . B R/NGE ) 2 LI AR . 1999 E" U
RET 3.4, 5, 6 FAKIMAE S5 ,2014 4F
RAET 1,2, 3, 4.5, 6 FEAERKB AR5 0HFE 5.
BESL RS HOPATRE N 6. SRAEAURL . IHHEE S 46
oK e, KBRFR KA I TR R RS
I YRLAS | A (0] 5286 % AT AL B

1.3 BESh A NS00 o s i

1999 4ERAEUFHURE N, M T 5, B A5 BH48
AL SRR AR B AR B EE 20 om x 20 et [
PP A 4CI KRR IR DA, B0 BRF Gl A7 1ot
FEHTCIE Y. 2044 AP & 0 R A 1l AT tﬂ%ﬁﬁ% 5
wwim%éﬁu%ﬂﬁa#ﬁﬁﬁﬁw
ww@ﬂmm@%#m%mwiﬁﬁﬁﬁiﬁn
ﬁ%imo@éx$HM)uﬂ)ﬂmMEﬁ
mmmﬁﬁwﬁ%mwm%@mﬁm¢m% Cr<
As, Cd, Mn, Cu, Zn, Ba Wb, K k2 Lumex"'
AimﬁAM&% SR He 12407 (R Y
PYRO-915 ﬁ”*ﬂﬁiﬁm{ﬂm#m 9 Hg, %07 16 9K
FRA 2 ng-g™'

e 5 42 JE Ju R I, >R Al GBW10020 ( GSB-11)
FHAG AR e S A T R . DR an 3% 1
NI EAE S RS I . IRE R A A i 3
WisE = e L) b O P47 iﬁﬁﬁ‘/ﬁﬂﬁ
<5%. HAEM 10 NS, FAsEY Bk T —

[l S5 ) s, foff L [l i 6 ™ A 4% I 76 90. 0% ~
108% FZEALIE Y. %2 FE i b He MR R o,
B FRHED B GBW10020 ( GSB-11).

S0 B4 K F Microsoft Excel 2013, SPSS

Origin 8. 5 B b B {4 43 #r.

2 HFREHM

2.1 A, A ER A AR B () AR Ak R
30T 1999 4E 5 2014 4R RER, M HE 4R
W22 F0E % 3. 4,5, 6 KB AR,

ﬂJrL#ﬁTmt. SR KI,3, 4.5, 6 FFAEKIRTE

ke Y EE A B A ) AR At S L R

I, B T RORESE 3. 4. 5. 6 AEAE IR AR



7 ZEIFA 1999 AR5 2014 AF TGN A Ve AZRCRII: v DL HE 5 B A= 40 o SR AR AE X L 3047
£R1 RESEWER GBW10020(GSB-11) MEL R/ ug-g !
Table 1 ~ Analysis results of certified reference material GBW10020( GSB-11)/pg-g ™"
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Table 2 Summary of contents of heavy metals in twigs and leaves in the eastern Tibetan Plateau

Ph Hg Cr As Cd Mn Cu 7n Ba .

| , , , , , , , , , ik

/pgeg ! /ngrg ! Jpgegt JpgegTt pgeg”! /pgeg”t /pgegTt /pgegTt /pgeg!
5.12~14.3  10.0~45.0 0.860~3.46 0.07~0.329 0.144 ~0.388 — 7.95~18.8 27.6~48.8 — [25]
3.67~12.6 — 0.628 ~5.79 — 0.224 ~0.523 102 ~285 7.21~70.8  33.5~59.9 9.39-~41.1 [26]

e — 7.8 — 0.35 — — — — — [27]

— — — — 0. 159 — — — — [28]
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Table 3 Result of PCA of trace metal elements

JLHE FHF1(65%) FHTF2(20%) FHF3(6%)

Be 0.97 0.16 0.05
v 0.98 0.16 0.03
Cr -0.13 0.95 -0. 14

Mn 0.28 -0.36 0.69
Co 0.97 0.20 -0.08
Cu 0.77 0.20 -0.32
Zn 0.15 0.71 -0.54
Ga 0.70 0. 69 -0.08
As 0.96 0.16 0.04
Rb 0.90 -0.20 -0.21
Sr 0.95 0.26 0.10

Mo 0.13 0.86 -0.24
cd 0.96 0.11 -0.09
sh 0.91 0.36 0.06
Cs 0.97 -0.15 0.11
Ba 0.65 0.72 -0.09
Tl 0.93 0.18 0.27
Pb 0.96 -0.09 -0.05
U 0.77 0.47 -0.21
Hg -0.13 -0.20 0.34
C, MR DL L AR AR AR 25 R LR B 8 R b eh 4
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3‘:*;%% Hg JEHM ?bjtm
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J
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— x 100 (5)
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