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FEE  AOPRBEE R ER T AN D% 2 4 TR YR8 1 52 ) 25 AR AR /K DB HE B 4B M I DL, T8 B /NI K B % 4 . T AL
FRHE Hh DX IR AR 28 R GEXT AR D R B 4R B T K BR B 0 RN BT, LAV 1L b 3 Rl B ZRMREIE (AT
MR AZAMR T R AR ) FRAREE K X /MBS A4, T 2018 4F 7 A—2019 4F 6 A W T 12 WK F 4, 2047 | LA fnist
WT KRR PN GEBEW TR0 KB K R AR AR XZE K 7 A E SR (87 (Pb) VB (Zn) 5 (Cd) i (Cu) (A
(As) R (Ni) AR (Mn) ) By o0 £ v B A 12 1Y D878k, A5 RF W], KAk 7 FiE 4 )&, Pb Cd As Cu.Zn Mn I Ni BY4F
e 550 0.974 0,124 .0.512 3.42 36.7 .8.48 1 1.94 pg/L,3 FhERAHEEMOEZ B 09 T UL E 4R T Zn F1 Mn (9 H 1) 5
M2 MR T4 R Mn A1 Zn BOTRIAE SRS, 480t RO MK TR B 0 2.78 A5 0 54.2 4%, IS 3R B8 T F K A9 As T Nip A
HWEXT Mn (Cd A1 Zn RILH AR EAT, X5 Cu AT Ni A WRE s BRI VE T 3 Fh AR I8 19 M 3R A2 3 P P Mn  Cd F1 Zn ¥R B2 W]
SRR, As B Ni IOV BERS = TARGEK  HE THIRBREIER /D, DIEREXNBOK P E S BHRILBGR SR EET, 3 Fhk
AR 8 %o R AR K b A 6 B X SR I L A 3 ) BB 3R RV Z (MR A 3 22 5, T e 7 IX) Il b A 4 28 B ) 50, A2 ARbR
S, MHERAR I K S B KSR B R AKX G BK P EE 4R Mn  Ni,Cd F1 Zn f) ¥ & 00 2 340 MR 9 18 m, £50xt
FEEJE As M Cu IV D9FE 30 R85 FRbR - 198 25 4 T 74 I 100 12 DA B 0 MR- 4 80 ) 46 B D A A I K AR DA IR
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Distribution of heavy metals in precipitation by three forest communities in

northern subtropical region of China

KANG Xirui, ZHANG Handan, WANG Xiaoming, CHEN Guangcai "
Research Institute of Subtropical Forestry ,Chinese Academy of Forestry ,Hangzhou 311400, China

Abstract ;. The ability of forest communities to retain, absorb and intercept heavy metals from atmospheric deposition affects
the output of heavy metals from streams in forest catchment areas, and determines the safety of local water. To explore the
role of forest communities in the interception and purification of heavy metals in precipitation by typical forest types in
northern subtropical in China, three forest ecosystem, Phyllostachys edulis plantation, Cunninghamia lanceolata plantation,
and Cyclobalanopsis glauca broadleaf forest located in Miaoshanwu stand, Zhejiang Province, were selected and monitored
from July, 2018 to June, 2019. Twelve precipitation events were sampled. The water samples of precipitation, throughfall ,
stemflow, litterfall, surface runoff, and river water in the forest catchment were measured. The water mass and dynamic
changes of seven heavy metals (Pb, Zn, Cd, Cu, As, Ni, and Mn) mass concentrations and fluxes in water samples were

analyzed. The results showed that the annual average concentrations of Pb, Cd, As, Cu, Zn, Mn, and Ni in precipitation
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were 0.974, 0.124, 0.512, 3.42, 36.7, 8.48 and 1.94 pg/L, respectively. The leaching amount of heavy metals Mn and
Zn in the canopy of the three forest communities was extremely high, exceeding 2.78 times and 54.2 times the fluxes of
atmospheric precipitation, while As and Ni in the precipitation were intercepted all forest communities. The analysis on
heavy metals in dry deposition attached by leaves suggested that the Zn and Mn were the largest ones intercepted by leaves
in forest canopies, reaching 0.692—8.02 mg/m’ and 4.12—5.85 mg/m’, which might be the largest source of these two
heavy metals in forest precipitation. The litter layer exhibited a trapped effect on Mn, Cd and Zn, and the surface layer
exhibited a strong interception effect on heavy metals in precipitation. Among them, Cyclobalanopsis glauca broadleaf forest
had the strongest interception capacity, and Cunninghamia lanceolata forest was weaker. The three forest communities
showed huge capacity to intercept metals ions in precipitation according to the runoff analysis and appeared no significant
difference among the forest communities. The Miaoshanwu forest catchment area had a large amount of leaching of Mn, Ni,
Cd and Zn, and only had a trapping effect on the heavy metals As and Cu, which may be related to the higher background
value of heavy metals in the soil and the higher amount of dissolved heavy metals from acidic soils in the dry deposition

received by forest catchment areas.

Key Words: Phyllostachys edulis; Cunninghamia lanceolata; Cyclobalanopsis glauca broadleaf forest; forest catchment;

heavy metals

T AR AT iE s ORI ANk A 10 < R R T RTL R AR 3 5 7 Ml 2 R A R S O vk
R R R @ OV AR A 0 A b 4 A1 E BRI RS
AR 48 & B ITAEE 0 13%—25%" R+ 3EFR 4R Y 35%—85%'"" , T 48 HA AT
WA | TR DA B AR e 1 B AR SR RO N IR AT DA i W R R RS A S R
AR P SR A 7T >4 4 88 2 A KR, K v A 0 i 5 T 4 T D s R TR AT e R
ML fEFEER,

AMAERGEE NN BRI R RBN R G2 — BT R oK m e,
REMGTHANDIRETS I . B R FER X R AE S R G T E 4R B A i 22 fe ko™ K=
FE ML X S T4 SR TR 5 Y5 o P R A i X202 LT B o v AL SRR Y RS B TN E 2R
PR 1% T AL SR AL 7K JB F4) 5 i) G Ry B

A FEAE B IEVTIAT We 0 W VA8 A T s B XU L35 33 k37 R TT | LAJE I 3y i IX 3 Fofr 90 f) 2R
BEVE , BATIR(Phyllostachys edulis) FZARM( Cunninghamia lanceolata) #1775 X F& K ( Cyclobalanopsis glauca) M
FFEXT G2 5 A7 M I 35 T o 2 vy R AR 9 A [ 2 W 4 J ) Jo Yk 88 A 2 4k | 2 A o 4 B 7 AN W] AR AR
A 2R 4y BOFTE R AL sl 2 LU R TR (A ) S ZRAR T (i b ) b ) 8 -k B il et A8 1k, 48 7 45 R A
FETE ORI rh B 4 e B - IR R .

1 ARMREHARAE

L1 5 IX DL

RS T WA B 7 7 BB LL 35 50 119956/ E—120°02'E,30°03'N—30°06'N)  J& T 5
AR AR 5 Bk VLR AR A 25 R G S LI B il 1) — 8B 43, Xl G P = KU X, K FET . 4R
FHIFEKEE 1441.9 mm, 2 4E K H A2y 160 d, & =95 0 B, 487 ¥ 20 16.1°C ) Bl s d5 & il
40.2°C o e IR - 14.4°C . AR F-X H BRI 1995 b 45735 H IR 40 % 44% , 3T 2R g iR i & R4
FMJT AR AR It 2T Y R R AR . KK R HEAMNEIEA S BRI, B TK R &
FILB, MIgN FENTMA BT AR KA LA X (FEZE 60% /£ 4) AL (Schima superba
Gardn. et Champ.) ( FEEAH 20% /247 ) I E W RIRE &k &0 FE TR AR AR, 25 FET TR S PR AE
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AT PEBAT N AR AZARN TN T IR A 309 TR R - AR AR (XD b ) 25 3 o b T B4ty St
TURRMBERAE B SEXT R, 73 B L 2 DAY ACHF B IR 10 mx20 m AFRI/INX (1 6 A FEHL ) 254
HFEEARFAE WLAR 1, T w1 WAk 2,

R1 TR BRI

Table 1 The basic characteristics of sample plots

e fg 4z
, - ’ MR . )
e WEtk g Y 1] Stund donsirey | TOAREEIE Diameter Ho b
Forest type Altitude/m Slope/ (°) Aspect 3 )’2 Tree height/m at breast Canopy density
(x10° #k/hm?) .
height /em
FBAT P. edulis 158 19.0 FH 3 5.15 13.422.2 10.4£1.5 0.963
20.0 Sunny 5.05 11.6+£2.0 10.1£1.7
FAM C. lanceolata 222 27.0 IoH 3% 0.800 9.26+2.49 14.8+5.6 0.702
30.0 Sunny 0.650 12.5+3.2 22.4+12.3
HXFEIH C. glauca 130 28.0 FH 33 0.950 7.84+3.97 13.7+6.1 0.881
27.0 Sunny 1.25 8.28+3.59 14.7+9.1

F2 WREMERETENELER
Table 2 The physicochemical properties of the surface soil of the sample plots

LHEE  LHERE

poy s +3 pH Bulk Moisture oﬁmc y Cd/ Mn/ N/ Pb/ Cw/ I/ As/
Forest type Soil pH density content of eame (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
3 . (g/ke)
/(g/em?”) soil /%
T
P il 4.75£0.09 1.26+0.05 13.8+1.4 244£2.0  0.260+0.025 49541 23.8+0.9 33.32.0 20.9+3.1 89.35.9 7.32:1.63
. edulls
HAMK
4.200.19 1.290.09 12.7:1.0 31.9¢19.1  0.204£0.032 355137 20.01.6 40.6x13.8 15.923.0 71.827.7 6.33x1.38
C.lanceolata
T W gtk
Cal 4.11£0.14 1.40£0.03  9.430.77 57.5+¢57  0.335:£0.022  893+222 38.5£0.3 55.5¢1.4 31412 15542 9.48+0.38
.glauca

1.2 WA S A A

KK AERFGE X BRI 250 4b A58 1 & QY-DGHYL Fi &3 (TP, ks 25 ) 10 s Mokt 7, 378
AR 1 ISC-10 BURE/K A A SRR (THE F 5IRG) 3 A 5L BEERGBEA T U SE KAREK

TR AE 3 FVARMBREFE L N REHLAT B 3 DN TEAUA 0.5 mx0.4 m (Y FEKAE | Ak G A B X 5835
F RS 7 A S ), R KRS PR B B TAT 40 em, S7K-F-TTERFFZY 5°09MA |, SR KA RCAR ) —Ji iR IF A% 1.5em
/NEH PVC BRME 2 % 25 LAl s 2B B T USCEEAR N 2838 W9, 3 2 AR AT B 1 e K AR it 1) G D0 235
T BE A RRE N ZE BN AE R [, 7EEAKREHEE A & 1 & QY-DCGHYL W Fic 5% 5035 W 1 T =
WG R e W R S ], 2B SN R 3 N SRR IS A B A K B (BT L) 5 R KR A T T AR
(A7 m® ) 05545 21 28 37 9 B R0 F 102U B O SR oK SO EE AR N SR i, SR 5 ) 55
B 7K IR T 5 Y 2 A KA AR i, A U A% T TS 2 AR P 104 01 A 5 o 8 3 T34

2500 . 7F 3 FPARAMEEE AL P, 5 AR R, 2685 3 MREPRUEA B B2 2 2.0 em 1Y Z 0 SRS
W 2507 DT 1.5 m mikb A b Fig iR giss— 215 513 2 50 Loy 32 SRkl b, IR 2500, R
LRI 57K H e 1 52 30°, S R SR TR RIS 18 78 248 T 1 i FH 38 308 I 2 3 1 5 S RL A [ 1Y)
ZSBR HURRRIAR S AR T 25 30 e AR ARORE B 5 TR AT B AR BT 2R U B Sl 3 AN A T 2R O B 1
B,

Wiz 7K TE 3 FhARAREEIE AE ML N BEALE RS 3 MFE 8,8 0.2 mx0.2 m A9 2 A Vi ) 4 FEUBIR AR FL Tl A
LPAT IR b THCE AR EAR 24.0 em BIR ZH AR L, BRI R 5 I0 5% SR S M A N A K B O BRORE T D 2 A 7K
JCRWE WK i 3R LA N B KRR (B L) RS 2 4 W T T AR (B m®) BB A5 31 A B K
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MR AR MREEE h R AL 2 D 10mx20m A2/ I R0, 28R /N X T 3
57 1 mx1 mx1 m B AR KA T A2 0BT, i A% I i 4 HRAR /N X 35 R AU A3 b A2 0
SRR BN 2 AN AR AR B

BK TERE B AZ AR MAEHLZY 100 m AP R IR AR K DI G HE H O AR B KA i, AR 2200807,
0 A R AR B AR AR K TR, R KAE YR B A BT SR A R R R XA

R4 2018 4 7 H—2019 4F 6 H , THiJa RAIKAE . RABEAKRE SR AT 3 1, 18K, & FEHb Y 2F
B BRI B KR R AR I 0 R AE , SRR A8 PSR AE 300 mlL FEKRE | TE SRARFUS Sz B [0 5256
2 BT A T A e S R KRR I AR BR IR , R 2 pH /T 2, R BEAT AR 4347 . WFFE 30 N 4 ) e B — Tk
KT 30 mm FREK (10 ABRAN) ,FE 12 RFEKF1F,

M2 T IR rh ok PR T 4 JB AR . 7 2018 4F 8 12 H #2019 4F 4 H (9 = YR T BT, FIJH A 8y e 48
3 FPARMEEE I R A T SE G2 2 TR BT I R i T2 AR K R 2 b, AR, VBT I R B DR AR
Je RS- v I FZE IR /K AT o e K o PR 2 75 2 500 mL &, R EALUE RS (@ = 0.45um ) 8, 4R
TEVR 5 A KR S AT AR ) (0 0, SR J5 0 s it e T R, 6 B o b e R 4 TR B T
1.3 JKEEST

SRAE KA v ok s PR DR AT U ), FE 4°C IR BE T AR AR, SEAT K Ak 2% 2 M. LA FE28 AU pH If
(METTLER TOLEDO, Switzerland ) 15 7K B pH {8, H B ERMECHT 700—2014 /K% 65 FCRAIME HIEHES
LR TR TS ), A R B A S5 B IR TS {X (ICP-MS, Perkin Elmer Nixon 300D, USA) i & £ & b Cu,
Pb .Cd .Zn Mn Ni Fl As B9
1.4 Hdnabi

IKRE CEIKRAN) &AL A8 FRIAE IR BE ( €, g /L) B85 BRI FR 5 I 5 B9 A B K 3 ( P, ,mm) Y

i c= 3 ¢ x P/ P,

K1, € NP I IS 5 B T (e/L) o il s BRI R

BEIK PRI [R5 W I A VR 7K Hh A5 A s 118 A 34 v 2 g ) B B8 R i I R B R S AR 3, 1R
IR B L R AR ek L4 AR K XA AR (Y, mm) 5 BEZK A (X, mm ) AU 52 A0

Y = 0.0053X> - 0.16789X + 61.3 (R* =0.8111,P < 0.01)
MR 2 K i A, RO R o
MRTEEAR B i = KA K o - 28 38 i - T 25

FH 7 XD R bR e 1 2233 Y ISCEE A (50 L) KRR 2208 /it JC i viemf i a  sk f , R i i g ik
T XA B AR 250 S i 34 e K AH 50 L, 11 3 K7 XIFR AR B MO B 7.4 m? | D015 X R i
MR T 25 4% 8 7.4 m® MO TR R [ K 50 L 5 5545 58 P, =3.65mm,

Bt % S A ot AR VR 5 B (MRGE 2 AhiTs PR A EERZ) DRE K i G R ) Bl & (F,
g/hm*) HHEAXIT .

F=Y C xP/100

RAEIKAE I8 i AR [R]Z IR AR B A A AR A, o2 PRI B BRI S48 5 4 P B0 K v B9 ) Jo e
R AR A TRV B K R 25 B AG 1ECRE e AR R A TR
AF=F, - F,

. AF

bR R E—JRREK, AF B ER F RV AR L2 5 A B AR
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e SRR YR 3 A RUECT B M Microsoft Excel 2016 SERY, {# F Origin 9 il &,
2 BRE5HSWH

2.1 KRARFKSEKESEEREZR LK

% 3wl FERFSE N, KAk 7 FhEE 4R, Pb .Cd  As Cu Zn Mn F1 Ni (RAES5% 5 5051 0.974
0.124 .0.512 3.42 36.7 .8.48 F11.94 pg/L, % HE( GB 3838—2002 iR /K FRES R EARAE) , AR K 1 26
IKFRUE, £5 B HRBE i e e (B34 S RAE R AR A R A (IR (1 1,2) . S0P X i iy 224y
ARAFSLIEGFARAT , h &1 3 AT, 38 2 R4 ZRRE T B Y0, 32 2= URI 3 XA S ) | 28 B H [T 5 B K, & 2
AR B WA AR AR ] ] A, Xof g 7K e 4 T 1 s T 28 iy T

KB PA 4 RS JRINF] | 2OKPRiE, 73518 Pb(1.14peg/L) \Cd(0.421 pg/L) \Cu(2.39 pg/L)
1 As(0.183 wg/L) ;Zn iK% [T 2K bRk, We B h 104 we/L; Ni FOHEE 9 10.2 pg/L, RS R A B IR K %
TR UE AR VEBR (A PN 5 7K Mn B9MREE R 175 we/L, B 1 AR 35 AR R 7K i 2 7K 8 bR o FRAE

R3I IMBEMBEEFIREREKD T HEREFHNEARE

Table 3 Average indicators of seven metals concentrations in rainwater at different levels of three forest communities

Sl éﬁf}i Pm?k_io - Ph/ M/ cd/ As/ Cw/ Ni/ I/
Forest type components o P (/L) (pgl)  (pg/L)  (pg/l)  (pgl)  (pg/l)  (myl)
KAREK 80.6 5.97 0.974 8.48 0.124 0.512 3.42 1.94 0.0367
BN P. edulis EBER 53.3 6.54 0.554 46.8 0.204 0.566 4.22 1.32 3.06
W20 1.60 5.15 1.00 57.5 0.192 0.667 4.41 1.20 0.0609
MK 547 6.44 2.10 11.4 0.0788  0.566 6.40 1.70 0.142
WERR 0.368 8.24 0.560 4.14 0.0796  2.09 5.99 2.03 0.0248
FAM C.lanceolata R 60.7 6.59 1.72 73.3 0.132 0.547 4.78 1.01 2.80
2R 3.08 3.70 5.88 151 0.341 1.40 13.5 5.42 0.104
gk 64.2 6.36 1.72 39.1 0.0836  0.842 6.75 1.32 0.191
LR 0.370 8.37 0.839 9.18 0.0465  2.63 12.2 2.26 0.0211
H IR C. glauca R 51.7 6.62 1.68 152 0.139 0.500 5.28 1.76 3.30
RN 3.65 5.79 2.33 151 0.172 0.665 6.06 1.97 0.0499
K 54.7 6.08 1.86 87.6 0.117 0.539 9.36 2.50 0.221
MR 0.125 8.15 0.332 25.0 0.0615 227 10.5 3.47 0.0570
K Steam water 90.1 4.86 1.14 175 0.421 0.183 2.39 10.2 0.104

X HGE K SR DTN T A B TR (& 4) , T A0, &K Pb Cd Mn (Ni T Zn A9 FE 35 & R K
v B2 i Min RN IR B e 3k A E R AR 9 20.6 451 5.26 4% (4 3) , Cd \Zn F1 Pb AR EE 53 5
FFEIK 2.40 15 1.83 £5F1 17.0% , 1 As Fl Cu MBS T RAPEAK

FIHA /K SC o Rk 5 H KR b 6 i g - 0y vk B2 BV ) 45 380 G 2 09 284k, B as S B 7E AN
[ BRI K Z R IR RS AR, REK BRSBTS 7K Hh Ph (Cd T As Y38 243991 9.42 ,1.20 F14.95 g/
hm”, 117 Cu Mn Ni F1 Zn FJ38 5558 33.1.82.0,18.8 355 g¢/hm’ (£ 4) ,

2.2 3 FPERMAEIE XTI K T AR T R R T AR
2.2.1 MWEE RS R L R

R 2EI 3 MRS 09205 , Cu \Cd \Zn F1 Mn (R BE S48 BT i, o, Cu A0 Cd A3 IR/ DN, 435
H 23.4%—54.4%F 6.45%—64.5% , iK% 4.22—5.28 wg/L 1 0.132—0.204 wg/L( & 1,18 2) 1 Mn F1 Zn )
HENEAT K, TRk 16.9 751 88.9 45, HLMk BE fe i iA 3 152 /L H13.30 mg/L( & 2,36 3) 51 Ni T3 H (A%
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—m— RRFK o FBEWN A MTER —v Mgk —&— HERR —K— BEK

Bk P. edulis KAM C. lanceolate H X Mk C. glauca

Pb/(ug/L)

Cd/(ug/L)

As/(ug/L)

B 1 3FFRMEEEKS Pb,Cd As REREHET

Fig.1 Dynamic changes of rainwater Pb, Cd, and As concentrations at three forest communities

W MR G RN T 9.28%—47.9% , H5 KRAFEK PR AR —S (B 2) . As SMIE# 5, i
FES MK IEARTCESE , Wi P 7E 3 FRZRMBEE S, 2R R A LS BTGB N Ph (R RL T
43.1% 2 AN X [ i AR E 2 T H P I 1 76.6% 1 72.5%

FHES TR, 3 FhARARBEYS BOR T 2237 0 Pb Cd  As  Cu . Zn F1 Mn F8 & B 2047 7 [) 2 32 0 184 ( 141
1,2) , Her Mn A3 8 B K BB Rk vk Y 5.78—16.8 %5, UL A B /K I 2 FR e 12 A T 5 AS T
FREE MR T X SE T 48, M AE 3 FPARMMEIE b A2 AR 25300 7 e 4 8 10 vl 4 i K, A RS
Rk Ry 1.75—16.8 4% .

TEREAS WL P |3 FhARAREEVR B 76 )2 X As T Ni 23 A0 48 BV T, 088 00 3 M 9.09%—31.4% Al
37.2%—53.8% , %F Mn Fl Zn Y3 901 s ZU B ks /R . B AT ARGE 2 X Cd BA W VR (ki 2o
11.9%) , % Pb 1 Cu HA B VER  AZAMANE X RO 2 WA R, X H 3 Fh AR 75 15 )2, B AT MO
JZ X} T 4 J A A B e T T

g FARMTEE KR M A1 Zn AOAIE 43 Hr XS RE DR 22, 4545 RO J2 X5 AT UL AUk 1) 75 18 1
F B2 R RS 5, 6 3 AR EE I 48 B TR T n R A TR S L E T X b SR L S,
W98 & BRARAMEE V& 76 )2 0 7 8 BE T Ue R nT VA M R 42 J8 B op Min 1 Zn (R BE 55, 20 3k 1) 0.692—8.02
mg/m” fll 4.12—5.85 mg/m’ , 3 i KA REAK BRI AT BE 25 Kk AR PN, 3t J2 AR AR 2 358 [ K Fp sk W b i 4
JE B TR EERH(F£3)

http ; //www.ecologica.cn



6 14 RAE % LTI 3 AR S RSB DU 4 IR R 2113
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2 3 FhERMBEEMEKH CuMn Ni.Zn REREHEE
Fig.2 Dynamic changes of rainwater Cu, Mn, Ni, and Zn concentrations at three forest communities
x4 IMHEMRBEENTHESEEFHEE
Table 4 Interception of seven kind of heavy metals by canopies of three forest communities
Uaznviil =
U MR Ph Min cd As Cu Ni In
Forest type Levels of forest precipitation
RABEKVUER/ (2/hm?) 9.42 82.0 1.20 4.95 33.1 18.8 355
BATHK P. edulis bISTH= AF {8 & /(g/hm?) 5.69 -228 -0.142 1.20 5.24 10.1 -1.92x10*
HWHE/ % 60.4 -278 -11.9 24.3 15.8 53.8 -5.42x10°
Mgz AF B /(g/hm?) -10.0 236 0.823  0.0343  -142 -248  1.87x10*
HWAE/ % -269 75.9 61.4 0.916 -50.9 -28.6 95.2
TR AF # 8’ /(g/hm?) 13.8 74.6 0.515 3.62 41.7 11.1 931
WAEE/ % 99.8 99.8 99.3 97.5 99.4 99.2 99.9
SR % 99.7 99.8 99.7 98.1 99.2 99.5 99.7
WA Clanceolata  WIE)Z AF # 8 /(g/hm?) -5.28 -508 0.112 0.450 -6.73 9.40  -2.01x10*
HER/% -56.1 -619 9.32 9.09 -203 50.1 -5.66x10°
w2 AF # B /(g/hm?) 1.45 289 0.440 -1.98 -122  -0.809  1.90x10*
HEAEE % 9.87 48.9 40.5 -44.1 -30.6 -8.65 92.8
TR AF # & /(g/hm?) 13.2 301 0.645 6.37 51.5 10.1 1.47x10°
HER/ % 99.7 99.9 99.7 98.2 99.0 99.0 99.9
SR % 99.6 99.5 99.8 97.6 98.4 99.5 99.7
T X AR M2 AF # R /(g/hm?) -2.04 -928 0.261 1.55 -2.37 6.97 -2.01x10*
C.glauca HER/ % -21.6  -1.13x10° 217 31.4 -7.16 372 -5.67x103
Wik p)2 AF ## /(g/hm?) -0.752 435 0.171 -0.141 -26.0 -4.62  1.90x10*
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2114 £ A ¥ W 41 %
2R
SN TR < 1
B RIEKRR Ph Mn cd As Cu Ni 7n
Forest type Levels of forest precipitation
W/ % -6.56 43.1 18.2 -4.14 -73.3 -39.1 92.9
TR AF # R /(g/hm?) 122 575 0.767 3.50 61.3 16.4 1.45x10°
R/ % 100 99.9 99.9 99.0 99.7 99.7 99.9
MR/ % 100 99.5 99.9 99.3 99.5 99.7 99.8
BRI /(g/hm?) 123 1.89x10° 455 1.98 25.8 110 1.12x10°
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Fig.3 Dynamics of daily precipitation of Miaoshanwu from July 2018 to June 2019

2.2.2 MK YEXTE AR R R

AR RFKE T 3 Fh AR RS TS Y))Z 5, Pb  As . Cu AT Ni B A /MRETHE (K 1,k 2) , 5% 5
TR EL 38 4K 8 B AN #E 0 80% , i Ay %5 7K H Min A1 Cd B ok B AR 85 T 20 385 TR 40 Bk 20 T 42.49%—75.6% £l
15.8%—61.3% , Wi 7K 1 Zn W BETLAR T 28 1% 0 AR B AER SR B T 280 1Y 1.84—4.43 %, Ul AR YR 7K
ZRGIEYZIG TR T RIS 0 s 5 19 Ph As Cu AT Ni, 8 B8 TAKINFEZK (%) Zn Mn F1 Cd, T 3 FhARAK
T Rt Az K e o 4 i W e 7 X IR AR, R AZ AORR , T P bl a5 7K v i 46 T TR B Al

3 FhERMBE AL 5 P02 2% Mn ,Cd 1 Zn 230 H B0 HARAS  #kBA 3R 7E 43.19%—75.9% 18.2%—61.4% FlI
92.8%—95.2% , Her BATMAG 5 P2 %1 ixX 3 FhEE 4 Jm A AR BA BB 0 ek, T 3 A ARAMEEIE MR Y B K S A i K
h Cu Fl Ni Al 22 34 S (3 6) LR 3 R BRI AL V& 12 349 X0 Cu A1 Ni A IR SRS A, 4k
BEE0 0K 30.6%—7T73.3% 1 8.65%—39.1% , i # X [ AR Al v P J2 X0 3k 2 b o 4 s O BRI B D B, A2
AMRBIAETE ) ZREARN BE K T B Ph A 8CBA B4R T, AR 2RI 3 10.0% , 11 B AT ARFN T IX] [ AR B A 7% 40 2 0
Pb 2 IR EOIRA , R 2R 53 30 269% 1 6.56%
223 HHEREXTEH SR E

SR B KA EE 3 AhARMERIE (3 AR Ph Mn F1 Zn W62 W A (18] 2) , Cd AR A /DN B2 A1
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1M Ni A1 As BT (E 1), BREBIIMRIN, AR

L T S e ST ] e EC %

12.2 peg/L F110.5 pg/L, sop 1]
MM T4 76 28 1 O MK TP 44 ) T

WA B A e, HLAEAHIF 5 Hh s AR I A KRR 12 -

B K IR 0.155%—0.459% (35 3) , A I s R 42 3 v 4% or

Yy A, 3 FREEVE R E R EXT T P E S R AT

YIFI N# B VE R, Hoh Ph Mn 11 Zn OB SRR, HZ]

As Fll Cu FOEER e/, Horh 3 X A Y 48 8 e '_P"Z' SR v —

el , A2 RIS, K Mn (Ni Cd .Pb Fl Zn FO¥RE T 48 Heavy metals

T 3 FARARIEVE M G R (P 1,2) T A S R R

Cu AT As (U PEIEAR T M RARTL, DI RTEIE g4 Comparison of the difference of heavy metals

BoKP LB T Z M HE4LJE Cd Mn Ni F1 Zn,  concentration between atmospheric precipitation and stream

FEAK PG Cu FI As B ARARI B 1 52, A A 209K water

RE 4 EH S E e, A As Al Cu A 21K F KX

R A, HoAh A4 T 4 8 8 e IR K P 03 s 38 e TR K A

NN

R Concentration/(ug/L)

(= S )
T

3 e

3.1 KAV ES SRR

Jei LR BRI 67 T A H 22 XX, f B 3 AT DA 5T X R 2R fL A ZR [ i 4 AR, 32 2= KUAIT B XL
SESLIR | I 7 0 R R K, A A R B /K R s ) W, e A /K v T 4 TR 1 R R I ., R K
W 4 B ERAR , WSS RMT, Zn Mn Pb F1 Cu WU T KA b R B (SRR o i £ 8 4R oe R,
ABEFE Y, X L3S 3 Fh RO 2 R R T T TR A IR ARSI & R, Zn Mn \Pb  Cu AR EE 35, H Zn I
Mn F4 e B 5 22 370 8 LA B 4 Jm v 224 50 %5 (3R 5) , Bzt ot X BAA BB ) TUIREAEH . RS IR A i
RSB A SR AR E AR As M Zn VIRREOEZORIE ™, i 3R e Mg B AR YT K6 |, 32
K S E Mg A1 B A3 T S A A it A T T S I T R R il T A T R E S A R
Uk A v, T B Tl el X BE BRI AN B 10 23 5L, AIUAR i 2 e b SRR 4 Tl A 7= 2 i 2 < HE TS
S m KRV, XWERIK T ELS R ER S WEZRERN, FREW, K =AXESLJE Cd,Cu,
Pb Al Zn B9 RS T VLR G 5 T AL SERERIN 2l T U AL S RGN RS B e, k3 nla
KR P F1 Cd YN 0.974 F10.124 we/L, M T F PP T L ANEE 2 10778 224 Jotb iR X )k
SRR Ph AL Cd Y E YW, 1 i L3S B K R Zn A Min AU B AR T2 08 JOB AR X 7 RS oK T i
WeBE UL BT IX R K A B 4 T 1 I MR AR IR AIG
3.2 BRARHEE A 2 O0 4R R
3.2.1 HMGEEXE SR EE

MK ot MO JZ | i 1 wp e 2 T TR U ) R 2 Bl e B A e (R e R ) SR Bl AR T
R AR Tan 258 FE DU 1] 48 BB SEH A 8 L AR AR BRI 9 2% BRMCTE J2 nT LAWK T 42 @ M, 1 AP Zn
Cu . Cd 1 Ph; A4S ) 2% PR AR 76 R AR 2 T LB /K R B Cuy, TASHIFSE e L3 3 F AR
PN T 48 Mn il Cu, 4N, MBS T ZRIE IR X N AR R B Cd  Pb Mn 1 Zn fHR BESMCFF%
TR AR S R LU ARV 1 25 B P Cd M Fl Zn B9 M BE I8 i T R K , B2 AR AR IX] ) - K 28 3
W Ph W EE[RIFE R bt X sbgh R SRI AR 5E IX N, FROeE )22 %13 45 T 4w 347 26 0 1 B 1 9k
VEAE T, T3 B8 Z2 i m] 5 PR DX PN 4 i A v 1 DR
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3.2.2 M Y)EXE S S R

i 24 ) 2 2 B AAGE MR 5 1 o — MERLZ  EARRR ST o 3 R R MR AV D)2 2% M Cd Fil Zn 3R
PR RS X 5 AR ISR 25 B Ay — B R B — 45 R T B 17 D R s R R 9 R A e S A
BT DTRE , S B ARG T W02 AR PSR K b B 4 38 S R, B I R LA R L KB K Min [ Cd AT Zn (R
I 5 3 A o o T RVMORE 2 25 AN TR RE BE A RATG o 1T 3 o ZRAREER Y& A V5 40 )2 36 Cu U S22 B3 () R 3 1 T
AR ST Ll AR P AT 45 AR 3T R PR R AR K RS B A A b BT 1 X 95 )
PR AN RS0 i 5T %) R Y ) TR s A E T AR DAL VR R AN Cu TR s 4 TEREK IR B VE
TR . [ ASBIESE o X AR B AT R 7 0 2 T TR IR R i TAZ AR 3X AT BB 2 H T
(ARG V& 0 AR R T AR 0 R 3 B 5 R IR 2 A e e g 0 80
323 HHEREXE SR SR

AR HUEHE KIER MO EE T R B R R + R pL o R & S A Ak A P AR X
SRA, FRAR A3 20 T ARTE Y 2B B MK - ) B A I S AR Y FEAIRSE R B KR I R AR
R AR RAFEKE ) 0.155%—0.457% , B2 WKl H 32 T8, Sa LB THEKXKER, &
K EE 4 )& Ph Mn Cd Ni F1 Zn (93 3 2 T o A2 00, LR R AT BB 2 P ARk R T R &8 e R
HA AR 5 ieah , 2R b S A R A P (DOM) ) 3 HLBFFE X+ 8 p 8 4 i (AR S
{EL ey T A X7 BR9E R DOM A 5 J] B A B v i 3 4 sl ot 45 BE B AR AT, T A ML 4 I Tl
H B E AR TE I AR BRIRDEAE Y BB STIE S 3 DOM REIN Cd M RTE,
P2 NIHL 3 FhARMEEVE £ R £ A ALY & A B 24.4—57.5 g/kg, 5T S DT LAY A 2
L R LS PR AR e F 48 Ph Cd \Ni Zn B9 S0 o5 1 DO 1 1L AR AR a9 R L ek Tl AR Y L R
G 0B L ARRRE AW JE A R B T, IR ISR R DU RIS Y 2 MBI AE S R G M HA R
Cd MEZRFEZ -,
3.3 BMERRGEX EHEE WG ER

RO 25 R G030 WA N T DU R0 KA T5 Y 0 s AU i 1 AR S IR Y K 2 it AR
RIS T DAAT 0008 v 17 Y ATV B 0 3 i MR T R AR K B A 1) B 4 T 3 e, e L R AR
JKIXXF T Mn Ni ,Cd Fl Zn 4G R ks (UM 428 As Fi Cu S22 BUECEA AVE AT, HEhoxh As AR R 2 5,
Xt He AT i LS ZRARAE S R G, FT RS 1 b 8 4 R A ARG 28 0 DA S AR AR I e A 17 o 4 T DL R R R /K it
VR IR PE P R I A G, A W RBJEE T 13 RIS R K B T K s R Bk 4O, A5 IR
K G Uk B R AR N — PR R R AR,

4 Lt

Jo L R v o < o R LA AH T DERRA O I B S T e ™ i 3 R ARARAE 78 R B i el
JEI R B AR R A TS M Rl Zn, S50 57375 9 PR 5 T o A AR AR K SC53 Bk rh ( R [ e R AR
TS ERER T KR As AT Nis A K H Mn Cd A1 Zn IOV BEI AR T 5588 W, v 0 20 FLo B by it ) 0
PR, RS Cu Al Ni A7 RIS OB A 5 SRR 3 FhARARAE & 1 R A2 TR Ph M Cd A1 Zn e J&E W1 40 I
1%, As Il Ni BV BEIS 2 T AE K (H A BRI, AR 200 e o i <5 2 2 B0 40 528 S 1 R
I 3 FRBRMIHR I X R /K i 9 T o 2 3R 0 s A R o3 R Z I A R B B 35 22 5
RARHL S B B/ K TR BB AR AK X5 K 5 J8 M Ni Cd Al Zn BV JEE RS Bk 3545 R S8 T
XA 5 B ST 5 o AR i ey LA B 08 i o 5 o i s A 5, T AFEAOR A B ST St Ui
A 3935 175 71 1 1K ST B3¢ A S B R K DX ) B R R R, AR WA ZRAR B K DX 7 P s i R TR
TEHEIR 3 A 355 TR K M AR K D AR HE BRAFT AR LA B DU, DRIEAR K 2 4

http ; //www.ecologica.cn



6 1) Fe A AU 3 R AR R0 R AR DT 4 i R 4 2117

£ 3L HR ( References)

[1] YeLM, Huang M J, Zhong B Q, Wang X M, Tu Q L, Sun H R, Wang C, Wu L L, Chang M. Wet and dry deposition fluxes of heavy metals in

Pearl River Delta Region ( China) : characteristics, ecological risk assessment, and source apportionment. Journal of Environmental Sciences,

2018, 70. 106-123.

XA, e, B, XA, RS, SFIRUK. F RO AR T 4 8 15 e RRE BRI IT. BB TR2#40, 2014, 8(2) : 652-658.

75, AR, WhHk, #ik. HUM T R AR T 4 V5 YLl BORIRIIFSY . FREET5 9 5 BiR, 2013, 35(1) : 73-76, 80-80.

ZHOE, TR, XUE . AREEEEE R UBURAY P 6w R IR MR . FRIGREY:, 2011, 32(8) : 2193-2196.

WS, TR, ThRAl, e, BRSLIR. UL E R R S YRR M DURSE B PRI, 2012, 32(5) : 900-905.

BiE. IR T M AR A S R GOR IR A SR [ D] dEat. WAEKE, 2015 35-40.

IV, B, FEH. PGl MR R AR IS RGO K TR AR RRAE. AR AR, 2016, 36(1) : 218-225.

FRIOE, L Rl R AR AN [ JE R B K AR B AR ARAE. T AR 2R, 2017, 33(22) : 47-52.

Nicholson F A, Smith S R, Alloway B J, Carlton-Smith C, Chambers B J. An inventory of heavy metals inputs to agricultural soils in England and

Wales. Science of the Total Environment, 2003, 311(1/3) . 205-219.

[10] Luo L, Ma Y B, Zhang S Z, Wei D P, Zhu Y G. An inventory of trace element inputs to agricultural soils in China. Journal of Environmental
Management, 2009, 90(8) . 2524-2530.

[11] LuH W, Yu S. Spatio-temporal variational characteristics analysis of heavy metals pollution in water of the typical northern rivers, China. Journal of
Hydrology, 2018, 559. 787-793.

[12]  Duodu G O, Goonetilleke A, Ayoko G A. Comparison of pollution indices for the assessment of heavy metal in Brisbane River sediment.
Environmental Pollution, 2016, 219 1077-1091.

[13] Singh U K, Kumar B. Pathways of heavy metals contamination and associated human health risk in Ajay River basin, India. Chemosphere, 2017,
174 183-199.

[14] R, XVEEEL, JABWE, XIZREC SR PS8 R I 23 40 KI5 e v, FREERL:, 2018, 39(2) : 738-747.

[15] 9N, DU L ARARA S R GEA R Z RO R K LR B FROERARAE[ D] TR PR R, 2015 7-7, 9-9.

[16] TRIMEF, 2065, ZR0E KB AR S RGO R IR MK B, 4225244, 2007, 27(5) : 1838-1844.

(171 SRMER]. ZE0% K HBIAR DR AR A S R GUXT K P I B I AR . Mol Bl 2009, 45(11) ; 55-62.

(18]  Bkfi, YU, PRECH, A4tk SREF. YA I ARRER A iy 4 RS T RAFAE. MUl K2R HAARAM, 2019, 43

[ B B e B s B e W e W |
O 00 N N R W
L

(4): 178-184.
[19] s, SCHm, Wmm, £, fBf, BARFE. ANENAILTE I MAAKBR A AL ) B 7l A AR AE . MOl B EBESE , 2013, 26(2)
133-139.

[20] JWZ7E, MRwidg. AT X KRBT E SR & B, RERE 58, 2010, 35(3) : 46-49, 57.

[21] HuangS S, TuJ, Liu HY, Hua M, Liao Q L, Feng J S, Weng Z H, Huang G M. Multivariate analysis of trace element concentrations in
atmospheric deposition in the Yangtze River Delta, East China. Atmospheric Environment, 2009, 43(36) ; 5781-5790.

[22]  FLAEdE. L3S AR PR XM B RIS BOK SCE MO BHFE[ D] dbat . EMOL R 5T, 2010.

(23] tpmomd, o2, EEME, SCHA, ZRRME. TN 4 Folle 58 250bR Bk B RE K 1) JE L0 B AR L RHIE. A 3544, 2019, 39(8):
2851-2861.

[24] AR, T/, B, ZRIEA, BE3CEE, B J0I Rl SR AR A 25 R G 98 —— LAWY L35 B ARG DO . b st Ak
AL, 2013 156-156.

[25] Thakur M, Deb M K, Imai S, Suzuki Y, Ueki K, Hasegawa A. Load of heavy metals in the airborne dust particulates of an urban city of central
India. Environmental Monitoring and Assessment, 2004, 95(1/3) . 257-268.

[26] KU, FrE08, XIXGH, WEM, KA, B, ST SR AR R | 2038 IR T R 5= 2Rk, Pl IR 2 4,
2010, 18(5) : 502-510.

[27] Gonzalez-Arias A, Amezaga I, Echeandia A, Onaindia M. Buffering capacity through cation leaching of Pinus radiata D. Don canopy. Plant
Ecology, 2000, 149(1) . 23-42.

[28] TanSY, Zhao H R, Yang W Q, Tan B, Yue K, Zhang Y, Wu F Z, Ni X Y. Forest canopy can efficiently filter trace metals in deposited
precipitation in a Subalpine Spruce Plantation. Forests, 2019, 10 318.

(291  ffids. o LLURRAAOPR TR (o0 5 X 4 6 90 o3 e ik R Hh ST R BTS2 [ D] 22 . Uil R, 2015,

[30] XIEE, ¥, R&, tRiGE:, B8, WIREE. dEZRARIETE Y o il B 0 23 A% R B 4% B T R MR SR, bR
. ASREIEERR, 2018, 54(4) : 553-560.

[(31] R, Wiy, FOCIH, e, RTIR. 301 R 5 2058 X U W 170 R4 X6 R bR O 3o 280 i A 1 SOk BT s ). ZE S 4R, 2016, 36(20) -
6409-6419.

[32] McBride M B, Richards B K, Steenhuis T, Russo J J, Sauvé S. Mobility and solubility of toxic metals and nutrients in soil fifteen years after sludge
application. Soil Science, 1997, 162(7) . 487-500.

[33] TERAM, FSrHE. A8 R G TOKEHA DL s BOLIREE 2% . B AR %4, 2003, 14(11) : 2019-2025.

[34] RAZ, WY, M5, ATXR, B, skl 2R, B Lo Ty s SRR i 1 ST R A0 AT R S R R AR AR,
2020, 40(13) ; 4659-4669.

[35] MWE. FPFEERAYET DOM ftk ML 5 SR A EMAAFE[D]. dbat: dbsfb TR, 2014,

[36] 2G5, B M. LKA PLSU KX G R AL 5 A WAT RS2, BTIAEZS#40, 2004, 15(6) : 1083-1087.

[37] Tl HETRAAEY X ATWIH DOM 58488 TSR D], /RIS 5 K%, 2015,

[38] BRI, WRAGZE. KV HLBO L e rp I B A5 s B A= 25241, 2002, 13(2) : 183-186.

[39] H&wIPy, JAm, 2205, W, W, 25, B0TE. T L AR A S R SR AURHE. AR, 2020, 40(13) ; 4436-4444.

http ; //www.ecologica.cn



