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Distribution Characteristics and Source Analysis of Dustfall Trace Elements
During Winter in Beijing

XIONG Qiu-lin', ZHAO Wen-ji'*, GUO Xiao-yu', CHEN Fan-tao' , SHU Tong-tong' , ZHENG Xiao-xia' , ZHAO
Wen-hui’

(1. Urban Environmental Process and Digital Modeling Laboratory, School of Resources, Environment & Tourism, Capital Normal

University, Beijing 100048, China; 2. Beijing Municipal Environmental Monitoring Center, Beijing 100044, China)

Abstract: The dustfall content is one of the evaluation indexes of atmospheric pollution. Trace elements especially heavy metals in
dustfall can lead to risks to ecological environment and human health. In order to study the distribution characteristics of trace
elements, heavy metals pollution and their sources in winter atmospheric dust, 49 dustfall samples were collected in Beijing City and
nearby during November 2013 to March 2014. Then the contents ( mass percentages) of 40 trace elements were measured by Elan DRC
Il type inductively coupled plasma mass (ICP-MS). Test results showed that more than half of the trace elements in the dust were less
than 10 mg-kg ™' ; about a quarter were between 10-100 mg-kg ™" ; while 7 elements (Pb, Zr, Cr, Cu, Zn, Sr and Ba) were more
than 100 mg-kg~'. The contents of Pb, Cu, Zn, Bi, Cd and Mo of winter dustfall in Beijing city were respectively 4. 18, 4. 66, 5. 35,
6.31, 6.62, and 8. 62 times as high as those of corresponding elements in the surface soil in the same period, which went beyond the
soil background values by more than 300% . The contribution of human activities to dustfall trace heavy metals content in Beijing city
was larger than that in the surrounding region. Then sources analysis of dustfall and its 20 main trace elements (Cd, Mo, Nb, Ga, Co,
Y, Nd, Li, La, Ni, Rb, V, Ce, Pb, Zr, Cr, Cu, Zn, Sr, Ba) was conducted through a multi-method analysis, including Pearson
correlation analysis, Kendall correlation coefficient analysis and principal component analysis. Research results indicated that sources
of winter dustfall in Beijing city were mainly composed of the earth’s crust sources (including road dust, construction dust and remote
transmission of dust) and the burning of fossil fuels ( vehicle emissions, coal combustion, biomass combustion and industrial
processes ) .

Key words : dustfall; trace elements; Pearson correlation analysis; Kendall correlation analysis; principal component analysis
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Table 1 Statistics of dustfall trace elements of Beijing City in winter/mg-kg ™'

TR f/ME SCON|1 WAE L SFHI{E H{E s SRR GE GE LAl
Ba 604. 5 8565.4 14.2 1462.3 908. 4 1491.99 1.02 633.9 2.31
Be 1.4 4.5 3.3 2.6 2.5 0. 62 0.24 2.5 1.03
Bi 0.8 9.9 13.0 3.4 2.8 1.90 0. 56 0.5 6.31
Cd 0.9 13.1 14.6 3.0 2.7 2.03 0.67 0.5 6. 62
Ce 37.6 1417.2 37.7 106. 6 56.7 239. 49 2.25 60.0 1.78
Co 10.9 41.4 3.8 15. 4 14.7 4.90 0.32 10.2 1.52
Cr 85.9 1242.1 14.5 195.9 130. 4 259.72 1.33 76. 8 2.55
Cs 2.6 6.7 2.6 3.8 3.7 0.71 0.19 3.8 1.01
Cu 75.9 523.7 6.9 239.2 218.5 108. 60 0.45 51.3 4. 66
Dy 2.0 4.4 2.3 3.0 3.1 0.44 0.15 3.3 0.92
Er 1.2 2.7 2.2 1.8 1.9 0.28 0.16 1.9 0.93
Eu 0.6 1.3 2.3 0.9 0.9 0.15 0.17 1.1 0. 85
Ga 9.9 21.8 2.2 13.3 13.0 2.03 0.15 14.8 0.90
Gd 2.7 8.3 3.1 4.4 4.4 0.92 0.21 .6 0.96
Hf 1.8 4.8 2.6 3.1 3.1 0.54 0.17 3.3 0.93
Ho 0.4 1.0 2.5 0.6 0.6 0.10 0.16 0.7 0.91
La 18.8 686.9 36.5 47.5 28.9 109. 90 2.31 30.7 1.55
Li 22.1 55.5 2.5 33.0 32.9 5.84 0.18 27.0 1.22
Lu .2 0.4 2.3 0.2 0.2 0. 04 0.16 0.3 0.90
Mo 2.9 38.6 13. 4 9.9 9.5 5.98 0.61 1.1 8.62
Nb .8 20. 4 3.0 11.1 10. 6 2.95 0.26 11.7 0.95
Nd 14.7 40.1 2.7 23.4 23.4 4.58 0.20 26.0 0.90
Ni 30.7 95.8 3.1 61.2 54.4 16.97 0.28 25.0 2.45
Pb 40.3 500.0 12. 4 147. 1 109. 6 111.26 0.76 35.2 4.18
Pr 4.0 12.9 3.2 6.4 6.3 1.51 0.24 6.9 0.93
Rb 38.0 91.3 2.4 56.7 56.9 8.75 0.15 79.3 0.71
Sc 5.6 25.0 4.5 9.3 8.7 3.35 0.36 8.2 1.13
Sm 2.7 6.1 2.2 4.2 4.2 0. 69 0.17 4.8 0. 88
Sr 219.7 9220.9 42.0 685. 1 369.0 1485.15 2.17 300. 5 2.28
Ta 0.4 1.4 3.2 0.7 0.6 0.18 0.27 0.7 0.96
Th 0.4 0.9 2.3 0.6 0.6 0.09 0.15 0.6 0. 96
Th 4.7 11.6 2.4 7.7 7.7 1.26 0.16 8.4 0.92
I'm 0.2 0.4 2.4 0.3 0.3 0.04 0.16 0.3 0.92
U 1.3 3.5 2.6 2.2 2.2 0.38 0.18 1.9 1.14
v 53.4 124. 1 2.3 80.7 80.0 13.58 0.17 75.5 1.07
W 2.2 23.6 10.9 6.2 5.3 3.49 0.57 1.8 3.35
Y 11.5 29.0 2.5 19.0 19.1 3.17 0.17 18.7 1.02
Yb 1.0 2.5 2.5 1.7 1.7 0.27 0.16 1.8 0.91
Zn 234.6 1 000. 0 4.3 713.2 654.3 249. 18 0.35 133.4 5.35
Zr 80.6 235.8 2.9 134.9 132.7 28. 56 0.21 133.2 1.01
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Table 2 Statistics of dustfall trace elements of the surrounding region of Beijing in winter/mg-kg ™!

[DereES I/ME L INIE] WAL FHE T{H PRz AR REL GEalE GE LEAlEN
Ba 537.9 2633.9 4.9 884.0 752.9 535.40 0.61 633.9 1.39
Be 2.4 3.7 1.6 2.8 2.8 0.40 0.14 2.5 1.13
Bi 0.9 4.6 5.3 1.9 1.7 0.97 0.50 0.5 3.55
Cd 1.1 3.4 3.1 1.9 1.8 0. 64 0.34 0.5 4.12
Ce 43.0 67.8 1.6 59.2 61.0 6.79 0.11 60.0 0.99
Co 12.7 34.4 2.7 17.7 15.1 7.27 0.41 10.2 1.74
Cr 92.9 199.0 2.1 125.1 109. 1 35.92 0.29 76.8 1. 63
Cs 3.3 4.8 1.4 3.9 4.1 0.45 0.12 3.8 1.04
Cu 85.9 200. 5 2.3 131.9 114.8 39. 68 0.30 51.3 2.57
Dy 2.8 10.8 3.9 4.3 3.4 2.31 0.54 3.3 1.28
Er 1.5 2.1 1.4 1.9 1.9 0.16 0. 08 1.9 1. 00
Eu 0.7 1.2 1.7 1.0 1.0 0.12 0.12 1.1 0.91
Ga 10.6 15.5 1.5 14.0 14. 4 1.35 0.10 14.8 0.95
Gd 3.6 5.2 1.4 4.6 4.8 0.47 0.10 4.6 1. 00
Hf 2.5 3.8 1.5 3.1 3.1 0.41 0.13 3.3 0.93
Ho 0.6 .8 1.5 0.7 0.7 0.07 0.10 .7 1. 00
La 22.8 33.8 1.5 30.3 31.5 3.23 0.11 30.7 0.99
Li 26.4 46.0 1.7 35.2 35.4 4.98 0.14 27.0 1.31
Lu .2 0.3 1.4 0.3 0.3 0.03 0.10 0.3 0.96
Mo 3.3 11.6 3.5 5.3 4.6 2.24 0.42 1.1 4.67
Nb 8.3 12.9 1.6 11.2 11.7 1.33 0.12 11.7 0.96
Nd 19.3 29.0 1.5 25.2 26.0 2.72 0.11 26.0 0.97
Ni 34.6 80.5 2.3 48.8 44.9 11.78 0.24 25.0 1.95
Pb 61.8 136. 1 2.2 91.6 86.6 22.00 0.24 35.2 2.60
Pr 5.1 8.1 1.6 6.9 7.1 0.82 0.12 6.9 1. 00
Rb 48.3 74.5 1.5 61.8 61.5 7.86 0.13 79.3 0.78
Sc 6.0 10.0 1.7 8.2 8.4 1.07 0.13 8.2 0.99
Sm 3.4 5.3 1.6 4.6 4.8 0.50 0.11 4.8 0.95
Sr 256.9 5219.4 20.3 754. 1 387.0 1342.75 1.78 300. 5 2.51
Ta 0.5 0.8 1.4 0.7 0.7 0.08 0.11 0.7 0.96
Th 0.5 0.7 1.6 0.6 0.6 0.07 0.11 0.6 1.03
Th 6.4 10.2 1.6 8.5 8.7 1.01 0.12 8.4 1.01
Tm 0.2 0.3 1.4 0.3 0.3 0.03 0.10 0.3 0.99
U 1.8 2.6 1.5 2.3 2.3 0.23 0.10 1.9 1.18
V 63.6 90.0 1.4 80.9 81.7 7.34 0.09 75.5 1.07
W 2.6 17. 4 6.6 7.1 5.5 4.49 0. 64 1.8 3.84
Y 15.3 52.0 3.4 22.0 19.7 9.13 0.42 18.7 1.18
Yb 1.5 2.0 1.3 1.8 1.8 0.15 0.09 1.8 0.98
Zn 262.8 1 000. 0 3.8 514.5 433.7 246. 05 0.48 133. 4 3.86
Zr 103. 6 224.5 2.2 146. 1 135.3 35. 61 0.24 133.2 1. 10

SFEXT R T R A I R E S e /ME (£ 1),
ALK IR, A6 X 4 Z2 R AR R R —Fp i T R
HA w2 SRR R & K.l SR 5 W 1
ff&%( e RAE S fe/IMEZ 28 ) A F (RS i

IMBEZ L), TR BEAS ] il T 3R 2 ) H 5 i oy
AR Y 22 F K. Lu, Tm, Th, Ho, Eu, Ta,
Er, Yb, U, Dy, Hf, Be, Sm, Cs, Gd, Th, Pr, Bi
42 18 FRMREIE 2 HUBE2AE 0.2 ~0. 1 mg-ke ' 215
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Ga, Cd, Nb, Y, Sc, W, Nd, Co, Li, Mo, Rb, Ni,
V513 P TR R ZETE 11.9 ~70. 7 mg-kg ™'
ZI[8]; Zr, Cu, Pb, La, Zn 5§ 5 P oo K A 2=
FE 155.2 ~765. 4 mg-kg "' Z[f]; Cr, Ce, Ba, Sr %4
PR LR MR £ 761 156.2 ~9001.2 mg-kg ™' 2
[i] , AT DL 676 2R A JoT i 53 K114 4 (L 4 A1 3 T IR
R A 5 | o NS | Y BB A P T - v 4 L)
W AEXT R, R4 JC A AN M X 22 55 R K, {H 3 F
FEHE SR Cr, Pb, Cu FEILHT 3% X AN 5 8 2 1)
el 43 ) M 1156.2, 459.7. 447.8 mg-kg™' Hi
106. 1, 74.3, 114.6 mg-kg ™', 22 F 8K, ¥ Cr,
Pb, Cu iX 3 Fi it 8 & )8 & AL AL U IR X 3 5 2
NARW M 5. Ga, Sm, Er, Dy, Th, Eu, V.
Lu, Rb, Tm, Th., Ho, Yb, Y. Li, Cs, Hf, U, Nd,
Zr, Nb 4521 P e R MRE L E 2.2 ~3.0 Z
[@]; Gd, Ni, Pr, Ta, Be. Co. Zn. Sc. Cu &9 Fhigh
HICEMMAELTE 3.1 ~6.9 Z[i]; W, Pb, Bi,
Mo, Ba, Cr, Cd % 7 FpftiE J R iR E L 7E 10.9
~14.6 Z[8); La, Ce, Sr iX 3 FhffE TR M AE HE
I3Es 36,5, 37.7, 42.0, R E ISR KK 3
FhoCE, S ARA S, S0 XA L, bt
JAR R TC R A E L NE £ Yh 4 31 R
TCEMBAE FLTE 1.3 ~2.7 ZIA]; Cd %5 8 Fpii o
RIWAE HLAE 3.1 ~6.6 ZIA]; Sr UM He i, >
20. 35 VEEHILEU X iR T R B i % S 2 et o
A Z.

F A 22 FIARAE LE A BT R, dE Tk X A&
ZERR P R M E TR S B MEEB. N T
BT S S i T 2R (0 A8 S R B 3 3 s v g 2
AR S RECRA T MR TR AR 7 R 5 RAL
C.V = (bl 2z SD = FH{E MN) x 100% |, 45
W1 MIHERE kA, Dy, Ga, Tb, Rb, Er,
Lu, Tm, Yb, Th, Ho, Sm, Y, Eu, V, Hf, U Li,
Cs. Nd, Gd, Zr, Pr, Be, Nb, Ta, Ni, Co., Zn. Sc.
Cu %% 30 Fh it it ou R 942 7 RAUAE 14.55% ~
45.40% Z|d]; Bi, W, Mo, Cd., Pb 55 5 Moo R
(A S R B 55. 78% ~75.61% ZIf]; Ba, Cr., Sr,
Ce, La B2 5 R B0 5 4 102.03% | 132.57% .
216.77% . 224.75% . 231.26% . At 5% i X & 2=
B TR & A R REGHEX ZME £ Er 4§
35 PR LR AR 7 REUAE 8.09% ~47.82% Z
[f]; Bi 4% 4 Fpffid oo R A 5 REAE 50.47% ~
63.53% ZIi); Sr 1728 5 R ¥ A =, i5 %] 178.05% ;
FHIAE Il X i T 2 7R S M e b R A

PR G, SRS P 8 FRORR T

h T 2T 2013 AEZ FEI R IX R
EICE E RO K AR U R Y B A S R T R T
O3B RN ) Hh e 3T R S T R,
W e R P EC P AT 5T SE 1Y B X
JeWEE (R 1 ME2). MITFENEREE,
Rb, Eu, Sm, Ga, Nd, Lu, Yb, Ho, Th, Dy, Tm,
Hf Pr. Er, Nb, Th, Ta, Gd, Cs, Zr. Y, Be, V.
Sc, U, Li % 26 Fistim oo &= 8 St ILETE 0. 71 ~
1.22 Z 6], 5k LI h & EHY; Co, La, Ce,
Sr. Ba, Ni, Cr, W 4§ 8 Fhfi i oo 2 1995 5t LU (A
1.52 ~3.35 Z ], thib e 4 p i & i s 1 50% ~
250% ; Pb., Cu. Zn ., Bi, Cd, Mo B35 5 LA 2091 K
4.18 . 4.66,5.35, 6.31,6.62, 8.62, %+
ey &g 300% DAL, UL T IX A R RE
L BATAE—E W5 Y. SRR XA L, Jb 5t J8 3 %
R TER JCER YT B LU /N Rb 45 29 A
EICRA T S LA 0.78 ~1.39 Z[a]; Cr %9
P TT R S LA 1. 63 ~3.86 Z[H]; Cd Al
Mo HIT5 5 LB 2091k 4. 12 F1 4. 675 DEHAA =D
P EU X R 5 10 X A7 AR — 2 B R T4
JEICE TG G, HL AL 5308 XA ¥ e e b T i i b
DX (14 2™

ZEA LA Bl DA U X A& Rl v
i TC R & A A N RRIE . AR E TR
Z g RARE K, — 2 UL R T R AR
G BT P BOR R 10 mg-kg ™', 20004 2 — A
JCE H TR UE 10 ~ 100 mg-kg ™' Z[], Pb, Zr,
Cr, Cu, Zn, Sr, Ba %57 FpICE 09 i &40 B0 1T 100
mg-kg ™' (P Ba M9 40 8RR S, M 1462, 3
mg-kg ') 5 JEHUIMIX AR PRI R ITTR Y
A B B, b X R T R i b X XA
HHESFICRIG Y, B AU X A 75 G g 4t i i
Mo IX P AR Sttt b I X R 2 el T 4
J& & I DTk K.
2.2 FEFEAITTER G EMAHELS T

iE S TH 3 SPSS X b 5t 3k X 4 25 [ 2x vp
Cd. Mo, Nb, Ga, Co, Y. Nd, Li, La, Ni, Rb, V.
Ce.Pb.Zr. Cr, Cu. Zn. Sr, Ba Z£ 20 fp EE gk
fEETEE (Cd |, Mo Ny i Wi 4| , Hiay 18 A
BIOLRRE B KT 10 mg-kg™") #EATHI 560>
Br. D7 B 528 5 (Cd , Mo, Nb, Ga, Co. Y,
Nd, Li, La, Ni, Rb, V, Ce, Pb, Zr, Cr, Cu, Zn,
Sr, Ba) #ATIER Mk KB, Mo, Nb, Ga, Y,
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Bt 36 #&

Ay,
=

Nd, Li, Rb, V| Zr, Cu 2 IEZE . H X Mo,
Nb, Ga. Y. Nd. Li. Rb, V., Zr. Cu 17 Pearson #H
FKO3Hr(#3) 4 Cd, Co, La, Ni, Ce, Pb, Zn, Sr,
Ba . Cr #F17 Kendall #15¢43H7 (% 4) . A3 3 Pearson
FUEAC R BT LA Mo 5 Cu ZEEEEH 0.01
A ARG Mo 5 Y 7EE AR 0. 05 I i 2 11
I, Mo 5 R Y, Cu AP E S TR A CHEA T
#; Cu 5Br Mo ML BB ITTRAMCHEA B2 B
Mo, Cu #MHEREEITER WP Z A, 48 K ER 5 70 B
JEH 0.01 WfHR 235 A5G (Nb 5 Nd 78 & 15 B

0.05 B EHI) ,iX KM Mo, Cu SHERMEITE
(Nb, Ga. Y. Nd. Li. Rb. V. Zr) 7ERIE FHREK
25 NFK 4 Kendall BRAACRETUIEH, Co, La,
Ce PIBZ [0] 76 B A5 FE M 0. 01 B4R g EAH G ; Cd,
Ni, Pb, Zn, Cr W5 W 2Z [H], 45 K38 7 76 B A5 N
0.01 Bl R E A (Ph 0515 Zn ., Cr, Ni 7EE(F
FE70.05 B EAC) 5 Sr 5 Ba 7EEAF M 0. 01
A S 25 AH G, B 3 M G K (Co, La, Ce;
Cd. Ni, Pb. Zn. Cr; Sr, Ba) 233K B 3 25K [F Ay
KA.

R3 [BEAETESER Pearson HHX4EMRED (N =36)

Table 3  Pearson correlation matrix of element concentrations in the dustfall( N =36)

Mo Nb Ga Y Nd Li Rb Zr Cu v
Mo 1 -0.06 0 -0.33" -0.28 -0.14 -0.32 -0.24 0.43°" -0.17
Nb 1 0.49** 0.53"" 0.37" 0.51"" 0.54"" 0.61*" -0.01 0.44" "
Ga 1 0.82"" 0.63"" 0.83"" 0.84"" 0.74*" 0.09 0.81""
Y 1 0.66" " 0.82°" 0.80" " 0.74** -0.2 0.75* "
Nd 1 0.64" " 0.72"" 0.47** -0.19 0.84""
Li 1 0.80" " 0.70** 0 0.78" "
Rb 1 0.64** -0.11 0.73" "
7r 1 -0.02 0.59" "
Cu 1 -0.07
\ 1

1) FIRTE 0.05 AT (RN LRFMIE; =« FIRAE 0.01 /K- (O 1= 2 AHSC
x4 MBAELTESER Kendall HHX4ERE(N =36)
Table 4 Kendall correlation matrix of element concentrations in the dustfall( N =36)

Cd Co La Ni Ce Pb Zn Sr Ba Cr
Cd 1 0.30" 0 0.40" " 0.01 0.40" " 0.40" " -0.15 0.24" 0.43°"
Co 1 0.32** 0.37"" 0.34"" 0.17 0.17 0. 08 0.11 0.45""
La 1 -0.06 0.87** 0.15 -0.11 0.27"° 0.08 0.21
Ni 1 -0.08 0.23" 0.37°* -0.11 0. 05 0.40" "
Ce 1 0.12 -0.14 0.21 0.03 0.22
Ph 1 0.24" 0.11 0.34"" 0.26 "
Zn 1 0. 08 0.22 0.31""
Sr 1 0.38"" 0. 06
Ba 1 0.29"
Cr 1

1) = FORTEEAFE () 2 0. 05 W AR RER; « » FORTEEFE () 4 0. 01 W AR BE K

MR & i PCA 437
F RS TR (PCA) 38 18R ey 22 LA K P
J7 ZEHE BRI RRAE B, B 224 DL 4R PR 15 70 13 2o e 4
AP B 275 728 5 A TTRE B8 AR 2 1 45
154U R AR A 83, DT 38 381 X6 36
B s B T rh AR IR B 0y, 9z
FRAFERIGIIEM M. o TR 2013 4F4 2
T X B A EZE R ITER (Cd, Mo, Nb, Ga,

2.3

Co. Y, Nd, Li, La, Ni,. Rb, V, Ce, Pb, Zr. Cr,
Cu. Zn. Sr. Ba) IR, X 4% i o0 2 o i 0 Bk
17 E R F 431, R 8RR 1] o 16 RO D) (REAE
B >1.0) , H82H0 4 D FRL5r, W 5 ik 6.
NS R LA 3 4 A 32 R0 T LA R
RSN 75. 693% , HrP o — F U i RE Y
45.402% FEHU 4 A F MR TARRK AL
HPR TR I EEOR R, Sl KA ZETER G 4%
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oI AT AR LK 6.
£S5 ERAMBNRITE

Table 5  Total variance of principal components explained

sy AL T2/ % FBV %
1 9. 080 45.402 45. 402
2 3.334 16. 672 62.074
3 1.575 7.877 69.951
4 1. 148 5.741 75. 693

MK 6 Fal IR, 5 — 00 E2H Ga,
La, Co, Li, Sr, Ce, Rb, V. Y, Cd, Zr, Nd, Nb Al
Ph A4 i, Fe 5 9745 3 53 O 0.92.,0.90, 0.90,
0.89,0.88,0.87,0.86,0.82,0.81,0.75,0.68,

0.66. 0.59 F10.55; 4 ~F 4 FE i Mo, Zn,
Cu, Ni Fl Cd ¥4, HPH 1 far 4301 0. 73, 0. 70,
0.66. 0.61 F10.58; 2f = FEplsrFZH Cr, Ni 4
A, HER P A 20 ) R 0.73 L 0,57 B 0U FE S
Bl Ba MR, HH T fi oy 0. 73.

S— B AR T MR IR A dE
E PR TR R 2R | AR A R B A i 1 2 3R
9 F WA R AR T AR RS, FE A
TR AR, B IRGE | LR B A Tl ik
R = R AR T R R B
RAHE IR AR . S A EEARE T M

R6 BEMEBTIRNMSER

Table 6 Component matrix of the dustfall trace elements

% cd Mo Nb Ga Co Y Nd Li La Rb
1 0.75 -0.03 0.59 0.92 0.90 0.81 0. 66 0. 89 0.90 0. 86
2 0.58 0.73 -0.20 -0.11 0.25 -0.37 -0.47 -0.16 0.22 -0.36
3 -0.14 0.02 -0.09 0.01 0.10 0.22 0.18 0.13 -0.15 -0.03
4 -0.15 0. 00 0.07 0.13 -0.15 0.11 -0.14 0.11 -0.22 -0.03

[ Ni \% Ce Ir Pb Cr Cu Sr Zn Ba
1 0.22 0. 82 0.87 0. 68 0.55 0.10 0.13 0. 88 0.11 0.21
2 0.61 -0.26 0.14 -0.35 0.39 0.25 0. 66 0.24 0.70 0.12
3 0.57 0.21 -0.11 -0.03 -0.26 0.73 -0.37 -0.21 0.29 -0.41
4 0.05 0.10 -0.30 0.44 -0.08 0. 20 0.20 -0.12 0.24 0.73

=7
3 ZE'L/P: E’JE’/ Dﬁl .

(1) AL IX A ZR [ 2 AN R i JC 3R 2 ) %
EEFAEE R, —F UL LA T R e R B R
HPBORE 10 mg-kg ™, 0050 2 — (R i T R H:
JE R 43 BOTE 10 ~ 100 mg-kg ™' Z [H], Pb, Zr. Cr.
Cu, Zn. Sr, Ba % 7 Fh 02 M i & 0 3 i 100
FH LY, FOHB 3 o 76 28 70 3k DX 5 i i i DX 1) 5% 1 22
SAK; HESJE Pb, Cr, Cu, Zn TEHIX 1Y & &
(43509 147.1,195.9 239.2 F1713.2 mg-kg™")
A Sl v T 300 b D B B (40 91,6, 12501
131.9 f514.5 mg-kg ") , BBl 1 61% |
57% . 81% 1 39% . At X AH L SR S0 H X, N T
AR | RS AR R AR TR N B R Z, U BN R Bl X
R A ol i 4 R T TR A

(2) AL EIR X A ZE A iR T R A i A A i
PR 225, Dy, Ga % 30 FidiE L £ n 78 5
ZBUAE 14.55% ~ 45.40% Z 4]; 1fii Bi, W, Mo,
Cd, Pb, Ba, Cr, Sr. Ce, La % 10 ffi ot R 1948
SERBAE 55.78% ~231.26% Z[A], X iR cE
1) i BE 25 () 43 S 02 T AR Sl 55 25 [l 4k 25 5

(3) AL BT X AL 3T B L M X Y A i T 4R
JCETGY , HAL ST X 75 Ye b At 5T 8 10 b X A 5
JEEE. bR IX A R T Ph, Cu, Zn, Bi, Cd Al
Mo 1) F5 2243 1) s [ 30 b 3 = 398 wh b R o 2845 B 1
4.18.4.66,.5.35, 6.31, 6.62 F18.62 5, ¥
AT FAE A9 300% L) b ARG B b B IR IX R
2D E A R Y TR AR.

(4) i@ 3 Pearson AH2C 70 #7 . Kendall #H 53 #r
DA Ke F LG8 3 B xf KA DL S H P B Cd, Mo,
Nb, Ga, Co, Y, Nd. Li, La, Ni, Rb, V. Ce, Pb,
Zr. Cr, Cu. Zn. Sr. Ba %5 20 Fp FE M EICE MK
JEHEAT T, BF9E & B, A0 5t 3 X A Ze i 2B () o TR
T ek IR (LR IE L | SR T i
TRk ry AR Tl AR be (VR4 R Ak . Mok
BRE . AW R A Tl ad 72 ) #a K.

Bt ARSI RS T TAEAE T R
B T 5 MR PR RIS T 0 I, A 3R Bl
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