224 Chinese Journal of Ecology 2019,38(5) : 15001507 DOI; 10.13292/j.1000-4890.201905.011

B HLAE ZE S e A XT R E A YRS 5 RS I
FREEEERHXAR

ERE

IR BB

("PERLXFRBRESFEFE, ROLBEFLEGESBEALTTELLLHET, T 100193; 27 b 4 KA F 1K LK R
SRR, B FJE 050051)

W E NAAEHEMRBRF X, AR TEE4FRAFRAEAAIREE, LEHTHH
Mk Fn G A EN B 0 R, F SN N ELELCBEH#RT T H M, HREH,
A ERATRERANEE, 2EHTHANK . FEANCEINEEEZRE0~15 cm
TR HEEMIERENE T EK, AT ES LN, ANKTEHE 15~30 cm +
B, 5 ENANBR TS E 60~90 cm + & ;i F 44 25 Fn 7 oo, B WL 5 K K £ B it
BAL EHEAEAETZEAMANHTIELE 60~90 cm + 2, HAEERTRE, L
EHEEEFHEANANRE B ANRG AR Z i BN THRASE, ATEA
HBJE L3 & F AN 5 BENANH 24 CuZn Cd BAEFEMK,

XggE AR, LEHE; AR, ZAMEIR; 228

Effects of continuous application of organic fertilizer on the distribution of organic carbon
in soil profile and its relationship with heavy metals. WANG Yi-wen', XU Hao', RU Shu-
hua®, SU De-chun'* (' Beijing Key Laboratory of Farmland Pollution Prevention-control and Re-
mediation , College of Resources and Environmental Sciences, China Agricultural University, Bei-
jing 100193, China; > Institute of Agro-resource and Environment, Hebei Academy of Agriculture
and Forestry Sciences, Shijiazhuang 050051, China).

Abstract: A field positioning experiment was conducted to examine the distribution of organic
carbon and easily oxidized organic carbon, and their correlation with the concentrations of heavy
metals in soil profile after four years continuous application of three different kinds of organic fer-
tilizers. The results showed that after applying organic fertilizers, organic carbon and easily oxi-
dized carbon mainly accumulated in the 0—15 cm soil layer, and their concentrations decreased
with increasing soil depth. When high amount of chicken manure was applied, organic carbon
could migrate to the 15-30 cm soil layer, and easily oxidized organic carbon could migrate to the
60-90 cm soil layer. Organic carbon didn’t significantly migrate when pig manure and sludge
were applied, while easily oxidized organic carbon migrated to the 60-90 c¢m soil layer under
high amount application of pig manure and sludge. The proportion of oxidized organic carbon to
total organic carbon was much higher in the treatments of pig and sludge manure application as
compared to chicken manure. There was a significant positive correlation between the distribution
of organic carbon and easily oxidized organic carbon and Cu, Zn and Cd in the soil profile after
application of different organic fertilizers.

Key words: organic fertilizer; soil profile; organic carbon; easily oxidized organic carbon; heavy
metal.
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AR A =K E AU R IR 45,2016
AEFR [ BRI 6.5 f2m (/N A
2017) , i FHAA ALAC AT DL 5 A B h o ML
Yes A MR . A HLAE P2 3
PUBR I B EORIEZ — 3SR HLIKH H 5 AL
AWK KA HLIR AN R A ML SR /A LA
A AR 7 13988 LK B B /N (RIS 1 HL
Tt 385753 (1SR 3h ) HLRENS BE Bl s 1A L
e ) A2 A P K U ME (9K B 55, 20135 5% I 4%
2015) , A HLRRRR B2 K 7 1A HLRR 1 3 B8
SNF R FEK PR BE 7= A B LS 38 25 5 ) 4 48 rp
L@ IR AR WA Rtk . 48T AT AR (2013) W5
FH | - rbnT VPR AT MLAG B A2 T DA it b o) 7K A4 1Y
TERE I R 2 X 7K R M K = A S ) 3k AN &
TNEIKIREE 15 Yy | 38 2 1 i A A7 LA A 1 461 2k
WA IR it A VIR 5 5 30 T s A AL
BRItk BN T SR e TR A5 E T R PEAT HILAKR [0 b T
IR B KU (22 K IBEAE,2016) o 3 40, it FH A
P S m P A RBEESE TR, 20 a
BB R 76 1 LA v] DAAE b 4 8 i A HILEC
A, DT X 2 4 i 3 B 7 A 5 T (MDA 46, 2006)
Jite A HLIE S5 A LR 55 75 4 B AH B AR X 1= 4
HERWAEYASER WA W, — 5,
AU A m S =AY, AR ST A
B S RO [ 7 T A, 1 RIS A R Y AR
P Ul H 4 TR AV E R, RO A 245 2R 4 1
(%8 15 %, 2010; 2= HE 45 %%, 2012; & — i 4%,
2016) ., JitiFHA PG A HLERE I T - 98 me it iy =

S, 1T AT 4 I 19 A 0 B 1 (Trenfield et al.,
20115 KB Z 45 ,2013) , 5—J7 T, FH TAPUIEA S
o Ea )R M ALY S R X R SR E
&R HATE AR (R AE,2010) 1R T E A
JEE TR Eh M, BRIFDRAE (2002) #F 5% & 9,
Jits A AILAE 23 25 4= 5 iy A R /K A P, %
PR HILBT 45 R B P 410 oV T B 5 3 T 4 v T )
) A= A A
F1 ik TE EMNNEMEBEAERNEEESE

BT L Lk 4 A0 H KSR , RS0 ik
St FHA [ 2B A UL 5 A HLBR L 25 8 A LB A
IR I Y oA R RS AL, DL i St FH A 7]
AU S5 i A LR | 2 A A HLIR 5
JEICER AR R, B AT WU 2 45 PR I
AT ALAC T XS R I5E B) 5 0 S (B AR

1 #R5F*

L1 550k

b3 A 198 . FH 8] 350 A 3T U AR B AT
IR T, Ho B B M 38°07732"N, 114°23'00"E
BRI, b wp B s - 3SR L 280 198 o it vp B K P
tt.

AR} A0 it FH B MR RS 2 2
N5 3 B, RS FEBE AT IR HLALT Az 5= 14 1
FHLAE s FE2E A MU A = 2 i A HILIE s 15 7
S A TG KA FR (RIS U8, RS e i A — 5 Ll
MIREFE, KBRS WA, R T F il e 7 =X — 2, BT fy
JEASE SR — U P S A FH (5K B 4% ,2017)

M 8 RO B B AL P N A R
W#E 1,

1.2 A%kt

AR 4 AL ALEE 1A (Wit
JE) Xt FEARBE ( CK) F1 3 Rl HLARALBE . 3538 (Z) X%
(D) MTHR (W), BAAPUIEE 4 > HEKFE.
15.30.45 A1 60 t - hm™, 3 13 ANAb PR, A4~ 4b BK
3WHEA 339 MAF /MK, BA/NXEFLHR 3 mx
4 m=12 m*, & /NXBEPLHES /N X g b 1)
BT, ZR VG 1) FH B Rk R O, FH ) A 3y 223 Y
M, MEAE)S S5HFZE LHE(0~15 em) FI/NRLEHIHLTE
PRSI 4 4R RRAE Y4 R [R) D7 3 R0 o it
FHIERIFFAE /N ZE | /N2 —AF— 3 O FE A PR
HAAEY) .

1.3 FEFCREMTALL P

SRR AR /N A R A SR ST B £

KA AN HIAE IR E M0~ 15 15~

Table 1 Physicochemical property and heavy metal contents of tested soil and manures

T H pH AHLEE B4R E(mg - kg)

(g-kg™) Cu Zn Ph cd Cr As
itk 15 7.20 18.1 22.9 68 30.0 0.15 67.4 10.50
X2 7.10 313.0 107.0 4485 145.0 2.53 505.0 6.71
e 8.60 318.0 236.0 522 25.1 3.48 61.6 16.30
5 iR 6.62 346.0 162.0 4216 77.3 3.32 188.0 12.30
HHUEFRIE(NY 525—2012) 5.5~8.5 =45 - - <50 <3 <150 <15




1502

EREAE OERE HESH

30.30~60 1 60~90 cm 4 4>+ )2 KkE, 52 B+ 1
5L IRAIN 1A RIS RS AANT
JEWRES ik 100 B e b, W + A Wik o F ik
AR +3E Cu Zn Cr.Cd . Pb As,
1.4 HIEPEHLR S S AA PR 5 48 09l
3 BB R FH 45 TR B -SRI 2 5 5 4
AT LR R FH 0 B R A0 A A L (il g, o 4
J& Cu Zn Cr Cd . Pb As 40K FHRE 1 fft | H 2
B8 B AR BT e | H - bR AT B i
KA kb BEAE ] Microsoft Office Excel 2016, Ori-
gin 8.0 B i FH SAS 9.1.3 {47 P<0.05 /K
R XERE T B E T

2 HER59H

2.1 EZ A FE A PUIE G 35 b A Pl
Baxiil

MK 1a A AEFEH 7F 0~15 em 2 it A
[F) e RS 238 Bl 2 1 hn 1 - A AL Y & i
It FLBE it FH 2 f 38, =38 A MLAR 75 5 AS W3
L4 XS FER AR 5 Pk & & 51U 1L
HE(CK) FIXT TR 384N T 25.1% 46.4% 66.9% Fil
91.0%, 7 15~30 cm )2 H LI H N 7.90 ~
9.06 g - kg™' i [l 60 t + hm™> XS ZE J5 A HLER 14 0 B
i HAR AN A LR 5 5 X BEM L AR Yy
ANEZE, 1E30~60 F1 60~90 cm + 2, 5%} FEAH
L, 4 BT A HLEK & = IR B, & 1b
SEVESE 4 0 FHAS [R]H f 8 25 J5 A ML e 35 T
A AR . 7E 0~15 em /2 H,30.45 .60 t -
hm ™ (RG2S A0 B i ZE 38 T 3 1w A P
Orim, H R A2 1 0 5 N ek 7 i kY
i, S BEAH e 2 i 3 T 19.0% ,27.4% 34.3%,
1E 15~30.30~60.60~90 cm +JZ i FHAS 7] FH
MG ZE 5 A BB I 5 553 8 7.68 ~9.71 ,4.66 ~
5.03 4.87~5.48 g - kg™, H 4 IR ASE IS 145
AP & =R R K e JRiELL 4 4F
Jitis FHAS [R) FH 222375 U0 I A AL e = B 3 T v g o3 A iR
Ulo 7E0~15 em L2, 5XFIRAHLL, 3t 4
TG Ie R ER I T AL S, HEEE
15U FH AR PRGN, - e A HLRR % it  E RG n, Ho
60 t « hm>i5Je b BT +HEA LK & 2 i m, S5 X
FEAH HEAE N T 67.8% , 1E 15~30.30~60.60~90 cm
T E AR 2 r 75 TS A HLak Y i
439k 7.83~9.33 .4.68 ~5.01 .4.70~5.31 g - kg™',

H 4 A HE W5 IexT -8 bk & i T E 5
M, X RUESE 4 ARt AN Rl 09 28 2 S e
HERE 5, A HLIE A A A ML E R BAE T 0~ 15
em AUFRZ IR BT HEH 60 t - hm ™ ARSI FH
AL AT LUERE R 15 ~30 em )2 45, i JH 5 2 A
15 A MU A R AE B R W FER
2.2 LA FA P S 3w b | e
GRS i)

M 2a AT LLE H JESE 4 4R it FHAS [ g 2
J5 0~15 em + )2 T 5 AL A BLIK & & 5 X7 BRAH
L3 3 78 4 SRS , RIS A
AT LA 5 5% BEAH L 43 0 385 T 35.0% ,66.4% |
87.5%F1 95% ., 1F 15~30 cm T /2, it ] 5 o F X0
)5, HHED AL LK Y B i 5 0 HEAH HE 3
Y 38.0%, 7E30~60 em )2 it FH 5 i Fow 2
Ji 3G AL PR & 2 AH B IR R T 1
i, Fo A A B 5 SR A A HILB 3 TG W 3 R e, A
60~90 em+)Z i 30 t - hm 2 AN FE)E + 1Y)
FALH WA S HEAF] 112 g - kg™, SR IRAR FL
FEINT 43.6% , HA R A RS B A AL A LIk &
HEFWAREE, K 2b &1%ESE 4 4t A &
W85 Ty A A WL 49850 i o AR oL . FE
0~15 em T2 JH 15.30 .45 F1 60 t - hm > i )% %
PR, +HET) SR A A FLAR 25 2 5 X BRFH 3]
FWHNT 70.4% 76.4% 112% F 85.4% , AS[a] FH &
ZHERARE, 1£15~30 cm + )2, 15,30 .45
t+ hm RGN Y 5 AL PILAR B R 2
FHI, Gy A DL & R 2.36~2.85 g - kg
1E 30~60 F160~90 cm + 2 H, Jiti FAS [R] & (1) 56 2%
WEEROM T 5 LA Pk i &, H 5 A ALA Pk
i 5 X BEAH LG i B T 83.6% ~ 113% F
48.7% ~80.8% AR HEZ M ZF AL E, Kl 2c
JEIELE 4 it AN R TS G 5 B AL ML AE 1 3%
FH AR, 7E 0~ 15 F1 15~30 em )2,
4 ARG e W E R N T L G A A Lk
)7t , SRR LA 53 T 71.1% ~ 131.8% Fil
49.1% ~91.8% ., 1£ 30~60 cm + 2, Jiti &4 30
160 t + hm 0P T 5y S8 Ak A AL B i B 3 3
T, 1.30 f11.86 g - kg™, 7E 15 F145 t « hm >4
bR 4 B A MUK B B JE B E ARk, AE
60~90 cm +JZ2H1,30.45 F1 60 t - hm AL H R 5 41
A LA & 5 0 2 38, 5506 B B 43 038 T
65.4% .65.4% 1 80.8% , B A [ kb i) 2 S AR . %
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Fig.1 Distribution of organic carbon in soil profile after the application of different amounts and different kinds of fertilizer

DI B S5 RRH AL 4 At A [R R 2 HLAIE
J&i , 3 Gy S LR 7 R AR AL R R
A1 Tin 32 R A. , L o i FH o 2 14 N 5 ST HL A
AL R F] 60 ~90 em L2 1, Jits FH A W] Fh 254G HL
JE S5 7 MLB R 5 A AT WL e 3 T o p ) B A
RS, BT 5 A PLIRYE R+ 3EA Plak
IS BRI ALY Fe e M 22, B e, bt A 19 S g
AR, DR KA R P A T e XU AL e

NEAHIEHILE B C/N fEfE S 78 T
TR A, 5 E A PR 5 ST Pk
{18 b 80 T L2 B e 2 e 38 A LA P9 3 4 LA S A T
Jit A it X MR AT A B S ) ( AR S, 2015b)
S B A L A BILAK A L A9 388 i, U5 B it
AHLAEIE N T L3 b i A HLRR ) 5 1, 3 v TR
A3 RO I AR el AT LA 9 T (R AR A
2015b) . M2 ATLIAE M, i XSS5, 7 0~ 15 cm
2, G E A AR AT AR ) L 38 X
E&MEZ 2SR R, 75 15~30 cm 1+ )2
W R S F AR T |, ) S A BIL 5 A ALK L

B 5% A AR T 15%., 7E 30~60 cm +JZH7,
Jite FH v v FH B XS 2 2 AR A DL A PLER Y L

F2 MHEAAEMELAEAEENEELEIERZ SN
Al G 2 EVBRREE S (%)

Table 2 Proportion of easily oxidized organic carbon to or-
ganic carbon in soil profile after the application of different
amounts and different Kinds of fertilizer

mH 0~15 ¢cm 15~30 ¢cm 30~60 cm 60~90 ¢cm
CK 24.4£6.16 a 22.6+1.21 ab 12.6£4.40 b 15.7£1.92 be
J1 25.9+4.25 a 14.3+4.28 ¢ 19.8+6.14 ab  14.8+0.98 ¢
J2 27.6£5.03 a 21.2+2.57 ab 18.743.37 ab  20.8+0.75 a
13 27.2+2.41 a 18.4+3.79 be 19.8+6.47 ab  19.2+3.70 ab
J4 24.7£3.05 a 26.0+1.26 a 22.8+1.85a 19.9+0.94 a
CK 24.4£6.16 b 22.6£1.21' b 12.6£4.40 b 15.7¢1.92 b
71 39.0+5.17 a 35.6+1.85 a 27.9+1.97 a 27.9+1.29 a
72 35.7+8.34 a 35.3+£5.01 a 22.2+2.66 a 27.4+3.90 a
73 40.5+3.81 a 30.0+2.91 ab 24.3£0.92 a 25.4£3.68 a
74 33.7+6.52 ab  27.126.68 b 22.8+5.86 a 23.7£2.85 a
CK 24.4+6.16 b 22.6+1.21 b 12.6+4.40 b 15.7£1.92 ¢
W1 36.9+2.31 a 32.8+1.94 a 27.6+3.75 ab  21.2+4.58 he
w2 31.8+3.41 a 37.7+8.58 a 37.4£17.1 a 27.5£5.23 a
W3 34.4+0.27 a 30.8+2.73 ab 28.04£2.22 ab  27.0£5.25 ab
W4 33.5+4.66 a 30.3+4.04 ab 26.6+5.25ab  27.3%x1.39 a

[RIFAS ) 5 2R [R] — - J2 A [ 2R B ] 22 5 A 8 5% B35 KF



1504 ERRE H38 G 5
BEMEREE (g - ke) HEMAVH TR (g - ke™)
0 2 4 6 0 2 4 6 8
0~15 0~15
ocK
g 15-30 15~30 =
2 mZz3
i
% mZz4
1 30~60 30~60
60~90 60~90
0~15
g 15-30
i
3
11 30~60

60~90

2 EZEAARMEARRAEANEESSLENRELENERHS R

Fig.2 Distribution of easily oxidized organic carbon in soil profile after the application of different amounts and different

kinds of fertilizer

5% A I T 6.1% ~10.2% , H:i 60 t -

hm 40 BER Bb )38 0 B W 2. 7E 60 ~ 90 em 12
H1,30 t + hm XS 3R AL BT 5 AL A HLBK & A AILAR
() LA i feoh o 2 X Ul I AE TR 2 58 5 Sk A
BILBR I TN A s R T A AR 3 in R MR it FH S 2
J&i A LR v S E AR AT BLR AT LR Y LB
BIrahn, 76 0~15 em )29 i FHAS [ FH o 0 5 26
J& 5y 5B A WL 5 A BILA %) E A6 55 ) BEORE B3 T
9.30% ~16.1% AR HE Z 2 F AW E, 15~
30 em )29, M 15.30 ¢ - hm 2 RIS S
AL HURR o5 A HURR B o B 8 & 34 . #E 30 ~ 90
em L2 A 4 SRS S S 0A Pk &
A BB Y L 5122 58 25 1, AR 45 R ek [R] 22 S AN 1 2
it TG e Ia , B~ 4 1w b B AR LK A L
T %) Le Gt 2 168 A, 33 158 W it FH s U8 A ML /s ) —
+ 2 G A A WL 3 ) i B K T AT AL
FEBEINAIRE . £ 0~15 em )29, i A FH
V5 UR)E S A AT PR d7 A HLER Y EL A5 0T BE A H
HINT 7.40% ~12.5% , AR AL B2 1] 25 S A8 18 3%

FE15~30 em )2 45 i b B 5 S A A DLk
AR N 30.3% ~37.7% ., 1E 30~60 cm )2
H1,30 t -+ hm V5 YR b BE T 5 A AL A HLIK b A LAk
(A B A9 Sk 2 3, 5 ) BEORE EE 3 0 T 197% , Hegp Ak
)22 F AR W3, 7E 60~90 em 121,30 1 60
t - hm Kb 35 S A AT BB 7 A LR L 3] S 2 34
KF 27.5%F1 27.3% , AR5 it FH A% 3E AT e
Je 3R 5 B A A B o5 A LR Y LA R Tt
FHRSZE Rt S 5085 £ HEH s A AL
W s A ) T iR AL BE S TS
2.3 3R A LR 5 AR 430 R AH DG
AGRIE I 17 3 FhA LR 5 A HLAEFR fE (NY
525—2012) MHLL  ESEEA PR T E 4 JE Pb Fl Cr %
AR, BIAVUETESE Cd M As &R,
BRAVIERESJE Ph.Cd F1 Cr & &EilBhr, Ak
B FAAUIEH CuZn Cd BSHEERSEEFST
TR A UL 45 2 4 Cu Zn Cd
BB F BN, N 3 ITLLE W ELE 4 4t
X 25, Cu . Zn Cr .Cd ,Pb7E 355 i vh ¥ 54 HL
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Table 3 Correlation coefficient of C and heavy metals after the application of different amounts and different kinds of ferti-
lizer
Cu Zn Cr As Cd Pb

PLES B 0.406* * 0.935% * 0.877 " * 0.245 0.934* * 0.886* *

R iR 0.391** 0.891** 0.843* * 0.242 0.898 * * 0.852%*
iES EERIRS 0.846* * 0.743* * 0.050 0.216 0.882** 0.159

Uk RETiIR 0.767** 0.729** 0.069 0.217 0.862* 0.179
V51 A HLEx 0.658* * 0.926* * 0.075 0.209 0.939* * 0.567**

Gy B AT B 0.649 * * 0.917** 0.062 0.184 0.929* * 0.547**

n=48, #* * F/RTE P<0.01 00 P&,

WA 2 A AT MLBRAEAE R AP A e, o Cu
Zn Cr.Cd .Pb 5 HUER A E A HUAR M 235 1E
FHIE, EATTZ B A AH S R/ INIUT 4 Zn>Cd>Pb>Cr
>Cu, XULHH Cu.Zn Cr.Cd.Pb 54 HLEKF1 5 E Ak
A BB AE T 53 A 5 AR R AR o s 1 [
ok, 25 2 A WLE L5 AL A DLEK & 3 e,
Cu.Zn Cr.Cd . Pb W& EW A — & BE L3,
FEAE B T AR RS R AE . 1S G RS
Cu . Zn ,Cd 7 455 1 b 347 545 HLAR A 5 S840 A AL
WA B & IE A5 T Cr, As \Pb 54 LK A1 5 &
AW A B3 A R, 41855 (2016) 1Y
WA USSR, O TR 3T Cr As Pb &%
AL, BHERE A LR S R 52 IR, i
H Y Cu . Zn Cd WS HLER AN S S AL DLAR 7E -
et SR R B rh R A S R
T8 B 2 Bt A LR AL S A AT AU 15 1 285 i 34
i, R e B I R v, T Lk 4
AT TS PR A AL, Cu Zn . Cd  Pb 7E 35 f th 1
54 ML AN ) SE A A AL 2 B IR AR OG 4 B
H 4B ITTER B AE R /DT 9 . Cd>Zn>Cu>Ph,
1M CrAs 54 MU AL A A HLIR AT i35 AH K
Z., XULH Cu.Zn . Cd . Pb S5H PR 5 AL A HL
T 1 T A 5 AR B B rh R A i IR 2
Pk, H Zn Cd 576 LKA G A AL HLEK 9 HH 5
FEFKT 0.900, X VLI E L IEHIE H Zn Cd 5
A WL ALG) S A PR 0T A AR IR R R . it FHAS
[FAPUILE, As 5H PR & SA LA
FIMIEOER X T 3 Fa PR As & BITR
1%, S5 PR AN S AL ML A [ IR AT A

ARG i A AR IS, T e A HLek
SEAH PR ES S Cd, Cu. Zn HSFEEILTH,
11 5.5 S A Bk 1) 78 2 3N & & 8 i i
Pt A LR bR 2L TR A HL N 5 S AL HLIR T RS XF
IS TEAESZ W A 3408 5C 1 A MLBR R 312 & Ak

A AT RS 5 | 1) 5 4 8 AT A X BREE A 52
RIS

1r) - 398 r it NG HILAIE BRI T R A B
AT AT AR A R AR R VR R SRR A B B )
T, TR ) - R A AL I e A S e (et
8,2015) , TEARIRIE AT, ELE 4 405t R A &=
XG2S JE2¢ 1508 3 M HLIL)S A ML B AL A
PRk = 2R B AE R )2 W R B 3, A
BURR 5 LA DR &5 i B W A, ELA5 Ab H 2 [ i)
ZF B W /DN, X5 Song 55 (2015)  JH B %
(2013) Kumar 55 (2016 ) FIAF R 45 R — 2, XIEH
TR ZEZAIE, AR A RK
T AE TS, B A (2016) 3 3 K 0 2 i
Wl B, it A ALAC S5 it A AR AR L, 8 AR
T2 B YRS A A LR A &

by B LR e E2E B shith, i H-S5H Bl
AR EL , 2 SR AR A BB X A b B VE 1 it 452 5 1 5
BRI AR T AR R T 5 & A B (AR,
2015a; 3K 45,2015 KT 45 ,2016) , FEAIR IR 251
T, ESE AR A HUIE G 5 A4k A DLakAE 1 3835
) N IR RS I e e A AU S 5 R A
WL T iF R 2 60~90 em )29, JEFEE(2013) WF
L], KA A HUIEAE 3255 0~ 60 cm 4%
+JE PG E AR MR & i, AT S A
BUBR 75 8, JHL o 3 A HLAR A LE 51 v LR 4 s
B - EA LR P9 16 M S St T MLIE X - 33 7
RS (TR INAE,2015) 5K EGAE (2013) | 5% P
85 (2015) Mg 2 IR, < it A HLIE 2 42 & 5
A LA 2 i AL S AT DL AE S BILRKR P 1 L
B, AWFIT R, &St AN R B 5, £
452 5 AL A WL o A ML Y BB E B i
HA%ZE 5 PG A 850 1 v S AR A AL S A
BUBR 1) HE ) 2 1 TR 2 b B0 IS 2% 5 R R i 5
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FALAVLIRGERS BB ) & T2, DFoR R, EKIX
HA A AL P 15 12 A2 [ TR e R ] PR - S v o LR S5 52
i) ( Evans et al.,2005) . 3T 4F 030 o 6 1A HILIKk
S I W Tt = ( Freeman et al.,2004) , +
B i B A DL S BEAR AT RS BK AR Y
(3% ,2012)  EE B Bk 5RA EaE
S W B A BT, Xt KA T A 1 75 e XU
(ZERUBEAF, 2012) , PR it P s 1A ATLAE s R 24 51
HERTE,

+ SR AT N 52 B 8 pH A HLIT
CEC ALty 2, 1384 MLk & 2 FiE Be 1
RSN A E AR, MW E LS ENER (B
W4 2014 ;Ren er al. 2015 ; BifE % 2016), A
5T &I, Bl A 3 & 25t A i 193, 42| Cu,
Zn 5P 7E A R T T B A P B B (AR
Bt 2011) . Risikesh 25 (2011) #F 5% & B, K Wit
FHREMERE HEPARES BT SAVIRZE R
P RFUAIEAR OGO 2, Wang (2008 ) 45 3 4+ X 15
TS 1 - AT A BT, A R g b A DL X
HEBENTBAEEENEN, H Cu Zn 5H YLK
EWE MR, TEARRE KT, &2 4 i
FAFEF A VLIS, HEHH ' Cu.Zn Cd 537
5 5 AL BN > A AR S S IR A G, A P
P R B AR BB B i A 4 e
T AR Cu Zn Cd A& &, X UL Cu . Zn Cd
AR5 5 A A WURAFAE L I

HESE 4 AT R R R A MR JE |, A ALIE A
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