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Spatial distribution of total mercury in timberline forest of tibetan
plateau regions and its implications of atmospheric mercury pollution
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(1. Key Laboratory for Information System of Mountainous Area and Protection of Ecological Environment of Guizhou Province,
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Chinese Academy of Sciences, Guiyang,550082,China; 3. Key Laboratory of Mountain Surface Processes and Ecological Regulation,

Institute of Mountain Hazards and Environment, Chinese Academy of Sciences & Ministry of Water Conservancy, Chengdu, 610041, China)

Abstract: Mercury (Hg) is a global atmospheric pollutant, and its source-sink relationships in
remote regions is the hotpot currently. Due to the specific environment and inconvenience of on-line
measurements, the characteristics of atmospheric Hg pollution in Tibetan Plateau (TP) still remains
unclear. In this study, two series of sampling sets ( Yunnan- Southeast TP, Sichuan-Southeast TP)
were set to explore such atmospheric Hg pollution by using Hg concentration in litterfall and in

surface soils. The results showed that Hg concentration in litterfall, foliage, bark and surface soils
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decreased with the monsoon direction into TP. Specifically, Hg concentration in litterfall ranged
60—70 ng - ¢”' in the boundary regions of Yunnan-Tibet and Sichuan-Tibet, while ranged 20—
30 ng+g”™' in Changdu. Based on the Hg emission inventory and the meteorological data, we
suggested that further in back—land of TP, the local anthropogenic emission dramatically decreased,
and Hg transportation by general atmospheric circulation also intensively decreased, leading to
reduce of Hg concentration in vegetation and surface soil. Our study suggested that the litterfall Hg
concentration from Abies at timberline of TP can be as the index to predict the atmospheric Hg
concentration in remote regions, and verified that South Asia, Southeast Asia, Sichuan Basin and
Yunnan-Guizhou Plateau were the potential regions for Hg pollution sources in TP.

Keywords: Tibetan Plateau, atmospheric mercury pollution, monsoon transport, mercury

concentration in litterfall, mercury concentration in surface soil.

K (Hg) R — FZL ML T RAAE P WESE. KPR FEA 3PS KETER
7K (GEM, elemental gaseous mercury) %A K (RGM, reactive gaseous mercury ) 5 W0k 2558 (PBM,
particulate-bound mercury) W H R GEM BT RAECR IS EL IR T 95% , H R PR TR AR,
B GEM 75K A iy B I TR)—fB o 0.5 2 1.5 4R 4247 ° . RGM 5 PBMAR &) LA IR IR 1 7 MRS
PR B DRI AR R B s ) A JLR B 008 ) T 2 TR R G A i M R Ak 2 o, SR A Ry —
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U T s 1 X118 53 5 G R OGNSR AN 2317 R 7 8 v D, e o T SRR R B B = il
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T2 5 =R R ARSI AE T, oK ml e k< R g e % | T e 380 i o it X, 2 LA 25
PR AN 0] Z 00 e 4 AU

T e I SR IR S L R AR A 8 KT B 2 W R =0 oR AR vk B AR A AN LS. -4k — b = 4l
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1 #B5S 1 ( Materials and methods)

11 WFSEH 5 R T

IR T T RAE b S 0 HEA M BRSSP EE R AT AR 2 KU AL R AR (JE 1) iE T
IADE I (7 0 e S 2R i 2% ) 1) 76 i 2 R b X ( B-B6) Fl 2 1 21 PH i 2 0 L IX ( A-AS) 18 WA 2 R Aty 7
AR b REE T AR RARAVR A2 R 0 A8 B BT SV A2 VR .0—5 em AHLZ 13 (0 J2) K
100 emAb C 2 T3t il b AR AR B S Lt DX 7 v R AR AR 0 B i T 4K 1 93 2 oo TR
SUANTEA AR AT BOMTARZ A HE A | e L ) 38 5 by A R AR I 7E B — A R R 3 4
10 mx10 m FIRETT , B RE I IR e 7 SRR E 9 RAE &S, R 0—5 em ANLZE H4E 100 ¢m 4b+
BB EERTE Y AR SRR RS A BRI L RERD R A BN RE N SR AR S T TR PR
A EREE T B s AR i BT RERE D, 60 CHRE LT 2.
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Table 1 Description of sampling sites
. Date Longitude Latitude Altitude/m ’ . Human activity
sites landform form activity type influence
A 2012.7.11 94.26951 31.23009 4091 i) W2k T B
Al 2012.7.16 95.78355 30.55129 4226 ikt FEWHEET bR ok B’
A2 2011.8.18 97.63753 30.33918 3878 i FEWLHE bR 7 B
A3 2012.7.24 98.45554 29.6954 3858 Wb FERPER bR Homk t
A4 2012.7.25 98.68813 29.23837 4076 1) FEHEE bR Hok Gl
A5 2012.7.28 98.98776 28.40599 4140 it FERPER bR Hotk t
B 2011.7.10 96.514 31.55778 4339 i ERALIRIN bk, T CE
BI 2011.8.09 96.5176 31.36973 3905 i FERPER PR Hobk, ki B’
B2 2011.8.07 96.94717 31.19842 3378 i FEHEE bR ek B’
B3 2012.7.05 97.5363 31.2786 3986 11t FEWMEET bR T B’
B4 2011.8.14 98.4889 31.4268 3156 i TR R AR Al B’
B3 2011.8.12 98.59747 30.80002 4062 i FEWPER PR (BN Tt
B6 2011.8.15 101.2795 30.04475 3332 0 FEWHEET bR Hotk B’

1.2

T NSRS AR AL AR AT 3 (I AR SR ) 338 B AR SEEAT 20 .

Note; the impact of anthropogenic activities basing on the records of footprint from human activities.
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Fig.1 Description of sampling sites
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XTRYREHLAT 40 B 0 RS S T Ve 11 0 AR 8 T )5 BRI T T — AR S B A, LABJ LA i 1 28
15 Y. A e Sl S AR TS S5 min Jad 200 B RE 1 min, [Fl—FEEE LR EE S UG T
P B A N R [FRE | 45 ORE ST B, 5 R BIFER R 200 F 075 FH TSRS A 735 we O F 48 T 382 1 )5 TR T 4R
it BRI

SRV JBE P ARG SR P 1 2 2 30T Lumex 23 W) (9 RA-915+3E 2 &40 Rk [ S4BT & Bt £ PYRO-915
RIS 20 R R R MR 1 ng - g™ I AR I FE 5 R GBW 10020 ( GSB-11 ) H 4 i A vfE 47 JoT i 4 7
S, HIERE SR GBWO07405 ( GSS-5) T3 brifE W i 47 i B4 i, FRICRE AR 5 0.2+0.05 ¢
AT AR I PV, SPA T 00 52 198) T U 800 18 A v O 2 1 /N T 5% . ISR A 25 KT 5% 5E 75 22— Ik
25 U BRI — b HE ) o0 A ) = S FE 45 0 (B £10% 2 A0 A AN TEZE R N, W E & ke
FIRFNER A 1k WRAER R U AERR 10 ARSI 1 AAREE LR B E S EA N B Cc S
&S KM Elementar Vario Macro Cube C N & S M2 {0z (F2E, &I FR < 10 pg-g™").
1.3 i Il oz P 000 T4 P 7 43 e X3

K3 E NOAA 9 HYSLPIT 4 BRI A5 0 FE s (1S A B0 . < 4 s AR R 1o 43 HE R 1Y
GDAS 2 ER P /Hr8ds. %5 &3 KA AT — & AR E M A AR PR AN 23 R B R 0 B , AR 5% 43 BT
THEASRFE S 2015-01-01 00:00 % 2015-12-31 1800 i [E] A4 Fr A J5 1) 120 h B BT, 3T R
2011—2012 4EA S A LI, %5 JE& 3] GDAS 43K P43 Hr B4 i) B 1] 53 HF 3 R 6¢h (55K 00: 00,0600,
12:00,18:00; GTM H[E]) , BRI BT A5 J 1) < T30 A A AF R 6 h 1) B i) 33 58 AR 0 5 2L 345 18980
b R Ak B S B 1B A TR ol e sl ) S S 7 B s e 7 D R 8 D IVA ) = I R i K
43 A7 P AR B AT A S ) A D | R A B P 0 5 e R LA TR AN R 6 T A S A ol 63 1)
XIRH N 0.25°F A , Geit g — 4~ IRA% NI 5 2 B 5 BCEE R TR 7R S AT 280 12 DX 3 i) A 3 s
ey, PRI 2 X el 75 G U A LRt itk

2 5L 59598 (Results and Discussion )

2.1 MRECFRIRAS L0 20 ) SOR MR B o0 A RFAIE

HI 1 2 AT, 2= - 2 AR AR A O )2 TR R SORVE FEAE I B E Ry 28—176 ng-g ' (CFIIHN 73+
46 ng-g™") , M JA P SOR B HEE [ A AE LR FE D 22—60 ng-g ™' (CFIME N 45417 ng-g™') . HH1 0 )2
RN TE Y SRR JE B (IR B BAE A R AR AR (B3 R 2843 ng-g™' 55 2244 ng- g™ ; it
R E I PAE AS FI A4 RN MR EEAE 23 0 M 176427 ng-g' 5 6247 ng-g”' . A—A5 ) 0 25 A-AS
PATEY) (B A4 sA1) WS ORI E 34 552 B hy 328 7 36 3 e 35 v 108 by AS RO BUORMRFEJZ A R
6.3 1i%; P VE DI AS i I ROR MR B A i 2.7 A% B &1 2 AT, DO - SRR b O J2 38R BOR R
{E R AE LTI 28— 136 ng» ¢~ (- HI{H 83+33 ng-g™") , YA ¥4 4 h AR (1 vk 3 (B (1 28 AL Y0 LR 21—
70 ng-g™' (CFYMEN 43 £16 ng-g™').0 2 TP TEY) ARG 1 BUAE B 3, AHRY B9 BEAE 53 51
28+7 ng-g”' 5 21«5 ng-g ' M fe g (Y H BUAE B6 f, AH X R Ak FE (B 435 R 13617 ng-g™' 5 70+
5ng-g” . S - BT IS, B—B6 1Y O J2 13 5 U8 V5 W (1) 8 R v I A 52 B0k 340 34 2o 14 11 b
Hrh - 5erh Bo MU SORWKEE R B sy 4.9 £ JH7E Y Bo UMY SRR B sl 3.2 5.

AR 2 AHEL B, 0 )2 HHERERORIRIE B35 T C 2 RN (P < 0.05, T-K5) , ¥ 4rFE S (i
A5 5 B6)O JZ T HORIREEFT L C 208 5—T7 A5 X WRTE O 2 HIEAAAEW Wiy s 48 /) O )2 e iy
2 B R AR TR IR A W AR St b P W R MR BE > B BEAM I OR MR B2 > BB ORIREE (P < 0.05,
TR ) I o i v R e 8 15 A R A A P R R R ) AR G DR g AN e B e SR A U Y5 v 1)
WP 0 3 R TR ALF A A B B A AR ARV B 5 A0, it e VR T AR AR B SR T R RS, MRS &
G JE BT R R R e SOk — e T RS b AR R R R, RAGREE i A
SALIE AR DY, SR AR e T R R i % T KR 1 22 FL 25 Pt RE MR ISGHS 43 K AR
(EAR B P R IROSC R AR A 58 8 S e A ) ) jlg w8 R e B A T R A (B (AR R S B T
FEE I 0T W X o3 AR A R 5 A i ) S v B AT LS ] 0 A A AN AN % ) R VR
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RS, DRI 08 % 0 it oK 7 B AR 9 R s AR TS YRR JE e AR A8 A,

C )2 1 BERUR B 5 ARG AR A A J3 1 e B (B X5 V80T W 0 ) A G PR RE AT, B B2 A4 5 AS
FE C 2 ORI ETE 40—55 ng- ¢ ' LASM, HAWAEE & AW BB I TE 20 ng- ¢ ' AR, LA I A2
)22 5.0 J2 HHORWEE 5 IRTE DR M B SRR B T e SRvike A7 AE B35 A IE ARG, A Rk r
FIFE A 0.57 %£0.89 (P < 0.05, t K 4%) . I A ST LA O J2 3858 3 ) 0 SR B 9 3204 25 1) A
FRIE ATt B

200 BA DAl OA2 BA3 O A4@ AS 180 @B OB OB2 BB3 §B4 OB5 BB6
180 - &l 160 F
160 - : 140
—~ 140 —~
oo o 1207
2 120 &0
< E 100
= 100 - K
= = 80
80 -
60 O
40 40 .§
=N
20 20 | BN
N
5 SNE:
0 0
O Horizons C Horizons  Litter O Horizons C Horizons  Litter Leaves Bark

B2 A-ASFl B-B6 FEHUHY - 55 U8V W b 9 SR R A AR

Fig.2 The mercury spatial distribution in surface soil of A-A5 sites and B- B6 sites

2.2 ARHFTE S HoAth b X BRI ST 45 S0 H

KETEDS 0 J2 HHORWKEE SRR ARG AT T ) Z BT, 3 2 F A A T AT 5 HoAlb
Hiu DX AT 7 45 5. DX EL S T 20, AR B 08 Y PR oR TR R (45 i A 75 8 e LAt B ARG A (e—test,
P=0.67) KR A5 bk 25 AR (AR (P=0.49) , {H 5 2% T v [ 5R 15 Y5k B S5 1) 2R AR
SUHRIEE (P<0.05).0 )2 T HESRVE B 55 g o J At AR Aot 2 362 H I (E AR (P=0.65) ,H
B AT AP R Y5 Y R B AR R (P<0.05) BRI b SE 4T AR A5 A (P<0.05) .75 Bk
B R AT 2 A0 SRR 1 20 A B ) R MOPR | R 1 2 J2 39 SO0 581) 1441 SR 3k P38 ] 5 757 K v D e (E )
RARUTBER . BIUN, Gong S M PR 2 I T W) AR5 R UTRE R 9.2 g (m™a™) ™ 1fid o [ HAth
X8 WP 5 b S8 0 0K PP 4 SR TR Fb H vt 2—10 43512 SHBUTRE T 5 , Huang 287 #5819 £ 1
TR R AR TR 3.9 g - (m7 ™) !, b AP 2 B AR AR X 38R A B URR AR 2—5 A5 °0F s R UL
T, Zhang 25538 o T R MR AT Y rP PSSO ORI LY 0.74—7.89 pg- (m™a™t)

R2 ARSI KRR L HORKE 5 A X LA (ng-g™")
Table2 Comparison of mercury concentration in litterfall and surface soil between this
study and earlier reported values(ng-g™")

NS

RYEY ¥iE Standard Fe/ME FRAE i A
Litter Mean value L. Minimum Maximum Number of sites
deviation
ABETY 35 16 15 81 11
5 8 1o 5 Al [ [5-23-24,28-30] 48 21 36 75 85
s A AR A (1517251 83 16 47 135 7
Jb3E 5 Ry [10-13-14.18-22,26-27 3133 47 14 28 70 10
L b2z 3 A
2+ i ” He/ME SN f
. Standard o | Number
Topsoil Mean value L. Minimum Maximum .
deviation of sites
ABETY 70 37 27 187 21
PR e Al L -23-24.28-30] 85 39 59 185 85
r LAt A b [ [15-17.25) 135 65 44 224 16

jt%%%‘lzkﬁ,l‘l[10,13—14,18—22,26—27,31—33] 230 57 126 420 19
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2.3 AW MR EORYE S SR S E A R T

P FE b7 18] 3985 P87 0 ) R & e ¥ TEI B 22 5 (P> 0.05) A, B 55 rh ks UL 21, 98 75 9
PR EOR I E 5 HEN B A SR B FEML (RP=0.78,P < 0.01) ; Hik, HiEd A SR &85 H R
B AR E IEA G (R*=0.52 5 R*=0.27,P < 0.05). 540, & 3 Bt i He/C (K1 C/N 5
C/SMEIIR R C 2 3 He/C i E M C/N 5 /S (H /. [l 1g (Hg/C) HFEH 1g(C/N) 5
lg(C/S) {ELAY 22 ST AL T 15

0 JZ T3 AYRR 5 ZORVE T JR T W A0 W it L3 B2, RERAE VAR Wi A RS R RSR I S +
e St RV W) SRV B I 0 TE AR DG B R W SR )Z R G A3 ] 4 A 5 RV W R B R A G
BRARARI R SRS 1R, I S8 B3 T2 8 7 00, 140 R 43 oK Bk 81 5 7E - R 3R 2, PRV W R i A
ETEFORMEZORIE. C/N 5 C/S iENRMAR RS « 2" R RIFE bR, —FHE R A%
P).0 2R CJZE b X 2 RONBRZE SR R G 0w bR B T RS RS ik 3 i
L, g(C/N) 5 1g(C/S) s n it #2H  1g(He/ C) L PERE - 8 VR B S 2t b o ax v B LA ik 5
W AR, 5328 A ] 30 v 2 A sOfE T A e b RAR R IR B 2 M S A MU S A A Bl
Heg—S—SERIAIKI R A, e 28 TTRETE A HeS AYRIBURL >33 i fof 75 4 A4~ < 8] 1w o 10 136 P ok
FRAIG, C )2 R SR HAG A5 A Al P e i O 9 45 SR 3 W 38 2 1 83 I WK 1 A 4 M BR b 2%
TP KT 36 2 B« 87 SRAGTE T

(EAR R R PP BRI 5 0 B 0 3 IR A O SE i 5 2R I, Y YR VR b i R
T N R TR R 22 52 ke bl A K AR N 2 (AN KA S5 ) B B B R S i .
AW LIV AZ S T5 V) AR TERT G  SRAE R T4k AR | TR B2 A 0T, HLa 2 - 5 50K L SR
SRR EMIEER (P>0.05)  HT AT LA 2, Bk MU 1923 [a1B6 1 22 AR 2 th A k5 T 45
AHOCERIZR G R I T 3 2 phy LR AR P v 9 vl i s [ 28 5 Pl S 0.

o AV Litterfall o #fif Foliage w O Z13 O-soil o C 213 C-soil

15~ 151
10k 0 1.0 - °
05k o e ) S R 22PN <
= S0 & "o o = 05 & Z"‘"%. ®  ©
T ) T T T ] am @
éb 06008‘??#9 """"" 'ED 0 IOO¢WI i AL
B sk O u AP 2 sl e &
= R*=0.6076 e s L, = R2=0.7084 . Ry
S —10f  P<001 a8 S0 et 9 -0 07084 e
2 Al Y & p00l T
E -L5| o o d’)o C’ ...... E -1.5 %:
20 B o 20} %o
25F ° 251 °
30 L 1 I L 1 1 [ 3.0 I 1 I !
05 07 09 11 13 15 17 19 0 05 10 15 20
1g(C/N) 1g(C/N)

B3 FEREARWKIES C/N K C/S AR
Fig.3 Hg concentration versus C/N and C/S in all samples

2.4 REEXKRAGRRIE ST
I 4 AT, ARHIFSE R 2 ZRE A SRR A DL 25 B - B AR b A ST SR TR A 2 3 R A 1 XL 58
T e i ) B S (2 . A R I 5 DX ) B 2R 3R I A VG i 2 IR 7 D 1 - (B AR by 4% 2 [ A2 1 X
LT e L R S R R B o SR, B R R P R R S AR R U B . DR, 2 i - B R M T A
by Z BRI 2= 5 AR R M B P ST DX 304 SR HIE IS i) 5 10 )1 - 2 AR 3 2 52 1) )1 4 ) T3 52 i
&S AN, T e SR AR R MR 5 0 5 O J2 R I h A OR Mk B 5 20 Wl 2 TEAR OG5 45 B 25 1A
K (P < 0.01) . [HTT, AT JE— MR HAE 5 A0 2 () 457 B FOUI00 8 75 6 v MR AR AR R V5 90 5 O )2 4 i)
TR I 23 (B4 Jmi 34T
HeL=-19.24 Lat+1.577 Lon+0.1598 Lon x Lat, R*=0.79 (1)
HgO=-36.74 Lat+8.197 Lon+0.1339 Lon X Lat, R>=0.86 (2)
Hrh | Hgl RIS MORWEE  HeO 278 0—5 em AHLE TR | Lat 2R R4 | Lon 7R
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AEREE I HE—AE 5 R SR PR S Ty 1] (1B 4—5) , 43 B i e e Ji R AR 175 G 11 J5E IR AT g A
VAT PS5 T8

—JE 32 BISRAE RN A i B0 04 5 . A T e SRR AT N R A3 A R D B B
T I A JR 1t R A HE S/ ) AR SRAE A A0 A5 TR A0 A T, N A IS Bl A U R AR A RE A B SR TR
FE BT HE R T BT B0 15 25 e i SR AR R SR B (LR AR TR ) BOR MBS . AS>A 5 B6>B) AR
JIEJEL AT, N AE P A 8 A S T4 SR AR R RS T RS R SR BTSNk A K B A A S R 5T
BN ) 4 R A AR AT ELA S e vk R Ao ) R R R SR HE I B4 3 BA R A A3 A ik
X AR IER BT 35 20—65 kg +km™a™ | T 75 7 25 Bt XN R YRR A HERLAE 0.1—0.5 kg-km ™ a™ .
Yin 251400 (R IF5T 26 W 75 98 s R R A BA TR MR FEAE 0.23—3.14 ng-m ™, 1M1} b3 5 R 5045 & A Hb X RS B
IR 5 2 A He R 2—S5 £

2)
L)
R [_IB
—E 2
—w i 4
. I S 1.5
1.9 1.6
2.2 1.7
. 2.6 1.9
- 9 7B
%3 . 4
6 i X
| - R AN J
e L 2 oo B3 3
lg(N) P 6 Soulh\\'ésloQ?nsoon ) L Jg(N)
4 (a) A-AS FEHA AT B 7301 5 () B-B6 A il A LIk 70 A1
Ve v € o I A PR X 7 5 PO s Al s X 1
Fig.4 (a) The trajectory analysis for A=A5, (b) The trajectory analysis for B-B6
The colour bar in subplot means the logarithm of endpoint in each grid cell
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5 (a) WEMPARHIZ S RIAIE IR ; (b) 0 )2 T HORIE 5 23 ] #56 R

Fig.5 (a) Hg concentration in litter versus the location, (b) Hg concentration in O-soil versus the location
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