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Abstract ; Previous studies have indicated that forests have the ability to purify rainwater; rainwater gets filtered as it passes
through various forest layers (such as canopy and litter) before entering the surface water, and this filtered rainwater get
further purified by the soil layers during its transportation to the ground water. This combination of the forest and soil layers
usually contribute to the maximum hydrological functions of forest ecosystems. Heavy metals in the atmosphere combine with
rainwater and enter the surface water; this water is intercepted by the canopy, litter, and soil during precipitation, and
consequently the rainwater is purified. The southwest region including Chongqing, Sichuan, Guizhou, Yunnan and Xizang
is the second largest district in China with a high forest coverage rate (95.41%) ; the annual rainfall here ranges from 900
mm to 1522 mm. The Luosi Mountain ( altitude; 1440m) in Simian Mountain is a representative area of the southwest region
with high forest coverage (canopy density: 0.91) ; this is an appropriate site to study the purification of heavy metals by
forests. Two common harmful heavy metals, lead (Pb) and cadmium ( Cd), mainly released from industrial waste gases

and automobile exhaust, were chosen to analyze their dynamic characteristics in the evergreen broad—leaved forest, a typical
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subtropical forest ecosystem in Simian Mountain. In addition, the interception abilities of different ecosystems for Pb and Cd
were also compared. Precipitation, forest precipitation ( throughfall and dropping off ) , litterfall, and soil leachate of the
evergreen broad—leaved forest in Simian Mountain were investigated from September 2012 to August 2013, with sampling
being conducted twice a month. The results showed that; 1) during the study period, the concentrations of Pb and Cd in the
precipitation were (22.92 + 13.57) pg/L and (2.82 + 1.46) pg/L, respectively, and the monthly average deposition fluxes
of Pb and Cd were (3.06 = 2.74) mg/m’ and (0.32 + 0.27) mg/m’ higher, respectively than those in other regions, such
as Tangshan in China, New Jersey in USA, and North Sea in Belgium. Rain water in this forest was to some extent polluted
by Pb, with the concentration of Pb in the precipitation meeting the third water quality standard of the Quality Criteria of
Ground Surface Water Environment ( GB3838-88) , but it was not polluted by Cd. However, the concentrations of Pb and
Cd (2.44 £ 1.77) pg/L and (0.13 + 0.04) peg/L, respectively) in the leachate reached the first water quality standard
after being intercepted by different levels of the evergreen broad—leaf forest, suggesting that 1) the interception by various
elements during precipitation considered in our study facilitates purification of rain water; 2) the atmospheric precipitation
was the main source of Pb and Cd in this forest region; 3) the total interception rates of Pb and Cd by the forest ecosystem
were up to 98.52% and 99.09% , respectively, and the canopy layer showed the strongest interception ability among the
various interception factors during precipitation in this ecosystem, with interception rates of 91.67% and 86.84% for Pb and
Cd, respectively followed by the litter layer, with rates of 67.86% and 79.74%, respectively. 4) The concentration of Pb in
leachate was higher than that in litterfall, indicating that soil could release Pb into leachate. However, the soil showed an

opposite function for Cd, as Cd levels in leachate were lower than that in litterfall, probably suggesting that the soil can

adsorb Cd.

Key Words: lead and cadmium; evergreen broad—leaf forest; forest hydrology; forest ecosystem
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Table 1 Physicochemical property

ARG TR DOC/ EHLF (g/kg) CEC/ Pb/ Cd/
Annual Statistics pH (mg/L) Organic Matter (emol/kg) (mg/kg) (mg/kg)
[%7K Precipitation 3.8—6.1 1.8—25.4 — — — —
&) Litter - - - - 24.43—48.51 1.43—2.84
+ 3 Soil 4.5—6.4 — 12.2—68.3 6.8—21.2 20.34—32.12 0.08-0.21

FM IR AR X D TR AR AR S BORGE T s RRURUE pHL R AR AT LA DOC; B 88 T 5c ikt CEC

1.2 KFERRAES 8T

SEER Th RAREK R APS-3A A S BE RN AR AR AR TEZS W TP P ARSI R A ; 76 8 SR R AR N 1 & 20
mx20 m FEJT , FERETT PSR FHA AR BEE 3 4> 50 em BLAR A4 3R DU 6L 205 T <1 IRAAK N B /K CR S 4% 5 RIS 2R RE 7
PSR AT M 2RI 3 A~ 2 mx2 m A5 (B 1 AT ) #2835 1, 50 1 D J1 35 8 B /K B 1 38 0 R 1Y)
1) BN e I SR KR AR AR 7K | - 82 I8 (0—20 cm ,0—40 cm ,0—60 cm) MJ7KFE, SREEFE T ET
W B A R T B 4K Ve 128 500 C TR AR AR B 40 4380 1) 500 mL BAEBE B A, WG 1 ARZS  RAFIC SR,
7. RV 1] S 50 22 0 2 R AR BT R AR I W A DA R A8 AR o AT, KRR RN £ AR AR B JE Pb . Cd SR A ICP-MS
(Perkin Elmer) 0% , pH {ER FHFEE Sartorius 23 574277 1935 &% &Y pH 11 ( PB-10) W , 3645 HLFCR FH & 4%
PR 2% 1 75 M 5, PH 8 F 28 e i ( CEC) 2R & R 8% 28 e 325 1 %, DOC. 19 1 %2 i FH #%) J& Sievers innovox
laboratory TOC Analyzer,
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Table 2 The precipitation amount and the concentrations of lead and cadmium by various levels layers

i KA Precipitation HRPAIFEK Forest Rain Hi& K Litterfall BV Soil Leachate
Date FEMiH/mm  Pb/ Cd  FEMRE/mm P/ Cd  PERfE/mm  Pb/ Cd  FERiEE/mm  Pb/ Cd
Rainfall  (pg/L) (pug/L)  Rainfall  (ug/L) (mwg/L)  Rainfall  (peg/L) (me/L)  Rainfall  (pe/L) (pg/L)

2012.09 132 36.49 4.28 100 6.55 0.47 74 3.96 0.18 12 4.21 0.12
2012.10 109 31.81 2.40 76 4.04 0.32 48 2.57 0.16 17 2.66 0.12
2012.11 53 26.55 1.95 34 211 0.30 11 1.37 0.15 19 1.40 0.12
2012.12 26 19.98 2.16 15 2.44 0.64 4 1.51 0.20 8 1.62 0.15
2013.01 21 16.12 2.82 11 1.55 0.51 3 0.95 0.16 6 1.00 0.14
2013.02 31 21.62 3.18 18 2.38 0.90 5 1.75 0.21 10 - -
2013.03 47 9.35 2.86 29 1.22 0.49 7 0.86 0.19 19 0.86 0.15
2013.04 91 13.65 1.36 66 1.92 0.24 38 113 0.12 23 1.15 0.09
2013.05 134 20.67 2.35 105 2.44 0.37 81 1.61 0.15 18 1.65 0.12
2013.06 211 17.28 3.09 175 1.41 0.38 127 0.65 0.18 36 0.67 0.13
2013.07 178 28.13 245 144 3.65 0.49 102 2.49 0.21 31 2.82 0.16
2013.08 189 33.75 3.60 151 391 1.15 111 2.27 0.16 35 2.61 0.13
SD 65 8.16 0.78 55 1.46 0.26 44 0.90 0.03 10 1.03 0.02
CV/% 63 36 29 72 52 50 87 51 18 50 55 17
SEH{E Mean 102 22.95 271 77 2.80 0.52 51 1.76 0.17 20 1.88 0.13
{4 Median 22.92 2.82 3.89 0.70 2.31 0.17 2.44 0.13

RP =" FR G G VT DR RAE TN IRIRE f , R P A MR BE (DY TF-HT B, R SD o 22, CV 78 5 R AL, P<0.05

2.2 MRINREKTRET SRR shASAE L
MFE 3 AIAN, MRGE)E X P A Cd RO ES 2 Ak, H SR8 430l (3.06 + 2.74)mg/m” ((0.32 + 0.27)
we/m” SFEE R R 91.67% .86.84% Xt b & BUMGE)Z X} Pd Y#L B J2 Cd 1 10 5424, T HAE 2 8
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AR B T R ME, B H 0 B R R R R4 Cd K, Sl MO )2 888 5 AR B K pd Al
Cd TR B 43 37 (3.89 + 2.67) /L (0.70 + 0.46) we/L, ¥5945 4 [ 5 i /K T A7 L ( GB3838-88)
I ok Pd Al Cd FOESR
2.3 HiE KT R shAAR L

PN BK S ATE YR Z )5, Pd 1 Cd BI85 PRk B . BIFSE ), A V5 9 2560 Pd ST 8088 3R 5H 67.
86% ,Cd 41 79.74% , Pd MIFKER AR BB 12 A0, 7 83.51% , /MR R BE 5 A4y, 4 49.08%, 1fif
Cd [ E KA 20 93.52% , HEUFE 2 A0, /MR %N 65.42% , IEBLTE 6 H Oy (£ 3) . #iiEsKH Pd Al
Cd WAL TCIH B 2B 1, R B SRR AR | Ko B N2t a1 4 G . % E & B, M P5 902 %5 Ph Al Cd 1
A RAKSRE Ph>Cd, HiTE W ZXT E 48 Ph A1 Cd AR B ET/ N T2

£3 FRRNENENEHHESMBEEX

Table 3 Average interception of lead and Cadmium by various levels layers

MIEZ Canopy V&Y 2 Litter T4 Soil

i L A% L wAE L waE
Date Interception Intercept Rate Interception Intercept Rate Interception Intercept Rate

P o Ph/%  Cd/% P G Pb/%  Cd/% P/ s Ph/% Cd/%

(mg/m?) (pg/m?) (mg/m?) (pg/m?) (mg/m*) (pg/m?)

2012.09 416 51816 8641 9171 0.36 B2 5529 7198 0.4 160 8275 89.05
2012.10 316 23716 9115 9078 0.18 1654 5983 68.60  0.08 543 63.8 72.03
2012.11 1.34 9336 9491 9023 0.06 842 7899 8331 -0.01 -051  -76.43 -30.10
2012.12 0.48 4660 9296 828 003 8§87 8351 9175 -0.01 -037  -115.19 -46.28
2013.01 0.32 5361 9497 9057 0.0l 500 8330 91.25 000 -037 -11181 ~76.39
2013.02 0.63 8234 9360 8357  0.03 1514 7954 9352 - - - -
2013.03 040 12013 9196 8942 0.03 1202 8306 9090  -0.01 -150  -17328  -115.91
2013.04 112 10743 $9.81  §7.03 008 1159 6619 7240 0.02 240 3825 54.24
2013.05 251 27550 9076 87.57  0.13 2693 4908 6887  0.10 1003 7728 82.39
2013.06 340 585.67 9324 89.82 0.6 4341 6646 6542 0.06 18.13 7093 79.00
2013.07 448 36673 8950 8400 027 4827  SL71 69.00  0.17 1676 65.60 77.62
2013.08 579 506.86 9074 74.51 034 15558 5735 8971 0.16 1316 63.73 73.80
SD 179 19035 2.37 42012 39.60 1267 1071 0.08 706 92.10 71.83
CvV/% 77 76 3 5 8 123 19 13 113 104 -68 305
T4 Mean 232 24946 9167 8684 014 3221 6786 7974 007 6.80  -1.36 23.59
W Median 3.06 316014 90.69  83.11 0.19 80.34 6630 7947 012 832 -45.27 -13.43

Frf—" R G R DR RAEF NS IR, R P A MRS TS, R SD FRorbrififi 22, CV #7485 R 5K, P<0.05

24 HHEBIEWDHT SR

1P RGETEIE R AR T Pd Cd AR R R (ER 9T R B 408 DR T Y A v
AEGT b Aty 175 KA /D B RGN (26 2) , WFFE AT, Zeadt 498 23 J5 - 4935 BV A 1) S 2 Jo ek Y R X At 3 7K 34
TR 0.12 pe/L, Cd #E— Wi B, P8 E RN 23.59% (£ 3) . HIEBIER T Ph A Cd o 43
AR (2.44 £ 1.77) pg/L (0.13 £ 0.04) e/ L, AR5 [ 5¢ b THI 7K PR 5% T 1 3 43 A 1 ( GB3838-88) , B U 1 1Y)
Pb Fl Cd S HARIEE T T BoKFbRIEZER
2.5 HERNEMARAS 2 OO B I B A A

L ] AR AR 2 R G ML S ARG 95 0 2 X AR K R I Ph R Cd R VR AE T (R4S A AL fE
THIAHE (R 4) . MO A5 Y2 32X R B8 ) KN R GE 2 > Ve W 2 > 12, =4
JEUOOF Y B S 24 88 R A S B R0 5108 0 2.32 mg/m? (0. 14 mg/m* [0.07 mg/m* F1 91.67% ,67.86% .
-1.36% LB FIR ] T 98.52% , MRIE)ZE A T ) )2 A 0 X0 4 1Y) SF- AR i (249.46 pg/m’® (3221
pg/m’ 6.80 wg/m”) FIF-H 3 B R (86.84% . 79.74% 23.59% ) R4 S HATE B =2 R H B 2 T
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FEMBEE e B (MORZ >G5 E> 12 ) B R WA T 99.09% , [RIES X et & 3, H LR g it
MAERRG = A2 R BAXTER R GBI A A AL, BRARARTEJZ GV 0 2 TR 48 2 X5 S A A T 8 BR RAh
90.52% ,96.04% 1 98.52% , FR ML JZ i 7 0 )2 FFI1 1 438 )22 b 45 19 A X 46 B 38 R/ IN I 14— 2 (85.90%
96.99% 1 99.09% ) , TE#K B4 HE 7 13RI MRGE)JZ + Ak T W2 + 138 2 S MO 2+ I ) J2 > RGEE 2 A

F4 FEXR3Pb I CdWEMNBBEMHBERSEITR(AWER)

Table 4 Relative interception of Pb and Cd by various levels layers

Sk FRIEJZ Canopy hEY)Z Litter T 482 Soil SEEA Total Intercept
7
Designation Pb/ Cd/ Pb/ Cd/ Pb/ Cd/ Pb/ Cd/
(mg/m*)  (pg/m*) (mg/m*)  (pg/m*) (mg/m*)  (pg/m*) (mg/m?) (pg/m?)

2 A AL B
PHEER . 2.32 249.46 0.14 32.21 0.07 6.80 2.52 287.77
Avg Interception
S A 6 B R/ 0,
THy R % 91.67 86.84 67.86 79.74 -1.36 23.59 98.52 99.09
Avg Intercept Rate

b B =L
)FEXT?&HE . 2.32 249.46 2.46 281.67 2.52 287.77 2.52 287.77
Relative Interception

4 BH 5% /0
AR R 2% 90.52 85.90 96.04 96.99 98.52 99.09 98.52 99.09

Relative Intercept Rate

PETRE TS A H AR RV L2 5 25010 R AR 09 447 09T 5 L MO IR 2 X K

3 iTtig

i 1 5 [ R R /K B bR v ( GB3838-88) Al E P Ah— B fiff o8 X Jak L B (6 5) |, PUTH L RARFEK H Ph
Y o e PN M T K T A v 2% ( <50 wg/L) BoR, Cd Ao o & v FE o 2 1T R BoR ( <5Spe/L) , 5 EIK
IR 5 FH AN Lzmie A5 EG P T L RS FEK HAS Pd Cd A, (L FIFE L New Jersey DA X North Sea A Eb H14H
POE =

&5 KKMEKH Pb, Ca ikEME MK EITRERT L *

Table 5 Pb, Cd concentrations in precipitation, and data from literature

KEFEIK/ PO T 1L T [y Y New Jersey Izmir North Sea
(ng/L) (AT / i 8 ] - (2007), (2004), (2000) ,
(2003) (4] (2010) (1] (2004) [16] e
Precipitation (2012) USALY TurkeyHzﬂ Bclgiumng
Pb 22.92 + 13.57 463.2 18.3 45.18 0.03 66 20.0
Cd 2.82 + 1.46 12.1 0.34 ND—10.0 0.47 52 2.0

AHIFFEAG DU T L b X KRR S2 ) TR BERY Ph Cd T5 5%, Tt HUE B 2 RS Rk A i o i 8 i
15 H DR TR VY e b DX Y Tl b B 2 SR BRI R VR T R A e W 5 R AR A VR T AR A Y AR
TR R ARHE B A s X B i ), B 9 IX F2 2232k A AR A6 1) R AR 1 I B89 A R 1 s g (T
2), Hodok A AR m R EIL B R R A TR RS, I AR A AR ALK, K B E sh T e S
W 7 RT3 DX A RSP 1 Gy 05 T i D T g i P D T L B X

AT M2 AE = A Z R XK Ph A Cd AAR B AE 1 Bk, X Sk R | SR RO A3 i AE R
T RN $AHs AR DX B BIF T 45 SR AR — 3, (R o Eh R R A5 A AF 55 AT A ) R 8 ok P I A FH IR A 2 < i o
SIEIFEAEDY ) SR ARMAR P FEAR S (0.91) , (A3 KB T IR B B8 70 AR e J2 B v 3 18 ; () e 2
X 3K 3 78 2 AE T R AR P ; b i KU /D (2 TERE RGN T 2.5 m/s) |, 28 25K, A R
1 (A REHEE 70%—85% 22 18], MG A AT 3K 90% LA L) , 3t AT (149 L0 A AR S 807 (5 122 b X B, T 8 B %) Sl 3 2
B WK AR BRI L BB A 0 T A 43 WA AR 2 A R T K A T L, S S BUS , L R T
25 WA BRIV N )05 B (AR Pt TR A7 WP WA P s 5 R0 B2 v T PRV R A T W B4 IR IRIC T Ph A
Cd , JUHR SR AR AL R 1 25 P 1Y 7K 3 RS e 1) 43 W) 2 (33 o 49 Joie 2 4k ok 782 174 i [] 4 AR 22 (iF5 0
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Cluster-Chong Qing SiMian Mountain 2013 Summer-27-1-1
162 backward trajectories ending at various times
CDC1 Meteorological Data
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Fig.2 72 h back trajectories of air masses in Summer in Mt. Simian

EIIRAUN Y 7%) o T340 5—10 A izt X A5 (20 °C LAE) W2 Al Y AR R RE G 2877, Lz X %
W FEAEPE 5—10 H (5 2FERKER 78%) , BT LX BE R MK 2 X 5 42 8 Pb Al Cd #9485 e oAl
i ] B K

AWFFEESE Y ZRRME S R G RETE Y2 AT Ph A Cd (8% ER AE 7 e 32 K, 3 Sk kA 2 et oy
ZRI 1 XORIOAS IS 36 45 N2 7 B O A AT 20 SR AR, S ol ) A N 28 80 55 SR A b L R o T o R A K

VTR H X R[], S256 A AR e T HE AR T AR IR AV )2 FLIZ L IX 10 A—5 A (BRI REL Y 58% , /K &
d AR K Y 42% ) 22 KB RELL R /NG BE R . R %5, {H BRI 8 B9 B AT ( /KSR EE<0.4 mm/h) | fiff
PR KT 75 B MG T 9 )2 AR IR ARG TR )2 848 0 R I 5 B0 5 W RS K ok il A 52
Bk 2 ( AR K Y 269 ) ARXTEE /N, DO T LU AR MO 328 7K D iR k20 (pHL A = 3.87—4.24) , TE MR, Al
BRI Ph A Cd 75 5 4568 5 0 55 W R Tt 8 ZEAG T4 02 5 D A Sk O A v ) B e T ol 17 AR T 1) 21 - i
Witk W)z e T AR EK T P A Cd R PEAAE R .

WFFE X Rk O BRAL L 5 (pH 3L, A HUT A CEC A& By, 2 1), SECIEPA IR L ) H & i
B VRHRIRAE NPT 4 5 NS ORI ST 48 AU X P Cd AT Te A Ry, (5 BT 4 A T S e A
Pb il Cd 5 Tf#W , Mulder J 25 A\ FIRFFE thds B R FAVE T & S8 b it S B/ s 1 5 6
o FIE P Z RS, (5 A8 ) O A i T A, A e 1, R A R S A HLTUR CEC 205 25 F - 5Ext Pb Al
Cd [t ABEFErh, B UE WD Ph T35 5 e v 32 Bl 7 398 J22 R 88 1 48 n i 348 o, 3 v R 2 3 2 X
Ph (1) fif Wt KT W B 1T BG4 Ph i BB 08 b . 2T Cd AR R FRAE AR AH s, TT e J2: 138



8 S % 36 &

JEXT Cd AR BTt M- AR S AN TR], X5 G F IR B R T A
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