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Fig 1 Sampling locations of dry deposition in the PRD
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175 175 mg/kg, D10 99 mg/kg;Cu mg/kg;Pb D4 715 mg/kg,
D6 941 mg/ke. D5.D1 D4, DI1.D2.D5.D6 D7, 300
520, 341 311 mg/kg, D9 46 mg/kg , D9 139mg/kg; Cd
1
Table 1 Statistical data for metal elements in 137 dry deposition samples from the PRD
AM¢ ASD? GM¢
a b GSD/
(mg/kg)  (mg/kg)  (mg/kg) (mg/kg) (mg/kg) (mg/kg) %)
Fe 13 571 31 902 104 411 2.2 0. 42 33 688 13 549 31573 L4 40
Mn 214 691 3405 21 0. 40 846 448 758 16 53
Zn 109 1575 14 670 3.4 —0. 16 2020 1748 1537 21 87
Cr 1. 69 138 2 286 30 —0. 39 252 319 143 3.0 126
Ni 26. 5 120 1 310 20 0. 60 238 259 153 2.4 109
Cu 315 254 6 381 6. 7 —0. 50 406 741 244 2.7 183
Pb 44, 8 358 3 604 55 0. 22 418 439 323 2.0 105
Co 4. 53 13. 6 69. 7 2.2 0. 36 16 9.1 14 1.6 56
Cd 0. 05 3. 80 242 51 0. 03 13 29 4 4 4.1 224
Rb 50. 1 133 425 L4 0. 55 159 79 144 L5 50
Y 8 23 17. 3 603 17 0. 78 92 128 36 3.7 140
Cs 0. 18 4. 14 19. 6 12 —0. 41 6. 0 4.8 4 3 2.4 81
Tl 0. 03 0. 98 4. 07 21 —1 67 11 0.6 1.0 1.8 54
Li 7. 23 38 6 108 L3 —0. 05 44 18 41 15 42
\Y% 4. 68 70. 8 453 2.8 —0. 46 89 61 75 18 68
a ;I} ;(‘ ;d ;t’ ;f
2
Table 2 The concentrations of metals in dry deposition from the PRD mg/kg
Fe Mn Zn Cr Ni Cu Pb Co Cd Rb Y Cs Tl Li \
35531 842 1698 163 129 341 478 22.7 519 129 243 412 104 455 674
D1 25408 571 740 62. 8 50. 9 156 251 1L 3 1 68 88 11 148 0.62 337 464
52 447 1414 4012 472 409 780 714 36. 5 67.2 262 284 139 L 44 972 130
34 550 844 3 440 148 175 267 403 16.1 378 160 26,7 472 0.9 445 85 7
D2 21 342 521 1237 11 4 57. 9 79. 6 169 10. 2 0.8 93 11 0.77 0.42 358 5L 8
53 876 1749 14 670 1058 1063 589 1482 27.7 265 369 309 181 L8 77.3 217
33 892 673 1255 96. 5 127 180 201 126 372 160  59.8 383 0.78 364 696
D3 21 520 348 463 19. 9 39. 1 62 8 98 2 7.33 036 92 148 111 0.47 229 34
65793 3 405 3661 1159 989 598 512 69.7 69.1 425 603 18 2 L 45 87 170
34 423 670 2011 168 126 311 715 1.9 5 61 123 39 5,81 159 413 775
D4 19 651 289 936 28 4 51 3 136 185 724 072 50 10.6 0.76 0. 82 23 39. 3
104 411 1821 6 988 1532 910 583 3604 289 249 276 278 16.6 388 76.9 300
30 224 754 2 417 169 184 520 374 16.8 9.02 123 286 612 113 5.6 848
D5 13 604 395 1148 17 74.9 269 172 9.92 252 69 1009 158 0.59 304 53
41 702 1319 5 346 670 749 962 612 47. 9 242 220 228 151 L 73 108 185
36 536 940 1664 397 289 941 360 19.8 6. 42 151 573 471 0.94 46.6 83
D6 24 597 341 808 109 781 235 201 1L 5 1 55 85 10. 4 1 0. 32 28 47. 8
51 027 1975 5 544 2286 1310 6 381 676 40. 4 125 311 319 15,4 217 76.9 176
35 616 751 1 800 163 199 238 313 142 735 128 30,3 359 102 357 663
D7 13 571 214 958 58 78 2 32. 6 67. 5 5.19 013 58 823 018 043 7.23 491
91 587 1711 5102 674 693 629 707 26. 5 136 397 414 18 2 407 955 182
30 814 690 1 145 135 175 242 286 14 307 165 386 417 079 379 878
D8 18 040 360 499 41 4 79. 4 135 116 891 045 97 138 125 0.03 227 563
69 686 1474 3020 482 1255 549 454 30. 6 80.7 328 386 1722 1L79 8L1 181
26 305 726 620 73. 3 131 45. 5 139 10,6 1 18 180 59.4 368 0.9 347 136
D9 16 739 460 109 3. 88 42,5 3. 15 44. 8 5. 67 005 103 146 1 21 0.4 224 545
38 404 1565 1942 486 565 217 348 415 32 4 370 461 1225 249 59.6 453
22 591 767 999 109 99 140 258 10. 4 39 137 25.5 309 0 88 36 36. 5
D10 16 443 419 436 1. 69 26. 5 25. 7 130 453 1. 36 71 892 0.45 0.25 225 4 68
47 097 1962 5483 940 760 1018 726 29.9 256 353 463 19.6 222 724 174
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D5 9. 02 mg/kg, D7.D6.D1 D4 .
» D9 1. 18 mg/kg. Fe,Al,Si, Ti [21-29]
, Fe s (EF)
’ H
, EF=(C;/Cr) / (C;/Cr0)
3, Zn,Mn, Cr, Ni, Cu, Pb,Cd : (C;/Cgo) i
Fe . . ( Zn Fe ; (C./Cr)
.Cd Fe ) Fe .
b b b
b o
o I:Zl] ’ 4
3 o
Table 3 Metal concentrations in atmospheric deposition ’ ’
from different cities mg/kg
; Cd, Zn,Cu, Ni Pb
[16] [17] 18] [19] [20] . . .
,Cd 78 5,Zn 32. 5,Cu.Ni,
Fe 31573 43600 - - - 8564~10572 Pb 10 ,
Mn 758 471 — - — 385~1 106 3
b o
Zn 1537 798 1629 1032 815. 4 48 76~123 35 10
b b
Cr 143 95. 8 127 132 1324 -
Ni 153 5L 7 106 41 40, 7 8 87~27.59 ’
Cu 244 121 112 98 69. 9 23 92~126. 34 ’ ’ 1
Pb 323 331 284 156 1215 16, 37~228 56 )
Cd 44 58 2 2 3.4 L 36~4.79 . .
s Cd.Zn,Cu,Ni
23 Pb s Mn,
Cr.Co Li ;Rb. Y,
, , Cs, TI V s
4
Table 4 Enrichment factors of metal elements in dry deposition from different regions of the PRD
D1 D2 D3 D4 D5 D6 D7 D8 D9 D1o
Fe L0 1.0 L0 L0 1.0 L0 L0 1.0 1.0 L0 L0
Mn 2.7 2.8 2.2 2.2 2.8 29 2.4 25 31 38 2.7
Zn 3L 9 66. 5 247 39. 0 53 4 30. 4 337 24. 8 15. 7 29. 5 32.5
Cr 2.9 2.7 18 31 3.5 6. 8 2.9 2.7 L7 30 2.8
Ni 80 1.1 8 2 80 13 4 17. 4 12. 3 12. 5 10. 9 9.6 10. 6
Cu 17. 8 14. 4 9.9 16. 8 3L 9 47. 8 12. 4 14. 6 32 1L 5 14. 3
Pb 11. 8 10. 2 0. 2 18 2 10. 8 8 6 7.7 81 4.6 10. 0 9.0
Co 2.9 2.1 L7 1.6 2.5 2. 4 1.8 2.0 L8 2.1 2.1
Cd 82. 4 617 61 9 91. 9 168 2 99. 0 116. 4 56. 2 25. 2 97. 1 785
Rb 2 15 L5 L1 13 13 L1 17 2.2 L9 14
Y 0.7 0.8 19 12 10 L7 0.9 14 5 12 12
Cs 0.6 0.7 0.5 0.8 L0 0.6 0.5 0.7 0.7 0.7 0.7
Tl L4 12 L1 21 17 L2 13 L2 L6 L8 L4
Li 2.2 22 18 21 29 2.2 L7 21 2.3 2.7 22
A% 0.9 L2 1.0 L1 14 11 0.9 14 5 0.8 12
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4 , 5, Tl s
Cd.Cu,.Pb.Zn Ni , 99% . Cu.Pb Zn
., Cd D5 C 5, ,
(EF=168 2);Cu D6(EF= Cu ( R N
47.8)  D5(EF=3L 9) ; Pb ) QIS PR Pb
D4(EF=18 1) sZn D2 L7, 7n
(EF=66. 5) D5(EF=53 4) s N1 s N ,
D6(EF=17. 4) o Cd,Cu, N , Zn
Pb.Zn Ni el ,
[26, 28] 5 Cd
., D2.D4.D5 D6 N N H
. , D2 , Cd ) .
D1 D3 , D2 Cd s Cd
. 20~90 mg/kg™*?, Cd.Cu.Pb.Zn
( D2.D4.D5 D6 ,D1.D3.D7 D8 “ 7, 4
, D9 D10 ) 0
, Cr Ni Mn.Co.Li.Zn ,
: 0.69,0.65,0 72,0. 58 0. 82,
> > . 0. 69.,0. 84.0. 56, s
D9 . . Mn.Co Li ,
Cd(EF=25. 2).Zn(EF=15 7),Cu(EF=3. 2) Cr Ni
Pb(EF=4. 6) )
, D9 Cr Ni ,
o 25
24 )
5
Table 5 Pearson correlation of log-transformed metal concentrations in dry deposition from the PRD
Mn Zn Cr Ni Cu Pb Co Cd Rb Y Cs Tl Li A%
Fe 0. 53 0. 59 0. 39 0. 52 0. 56 0. 59 0. 57 0. 24 0. 43 0. 31 0. 44 0. 05 0. 53 0.4
Mn 1 0. 57 0. 69 0. 82 0. 33 0. 41 0. 69 0. 37 0. 8 0. 53 0. 61 —0. 06 0. 86 0. 48
Zn 1 0. 58 0. 56 0. 71 0.7 0. 54 0. 4 0. 33 0. 28 0. 48 0. 07 0. 63 0. 31
Cr 1 0. 73 0. 48 0. 43 0. 65 0. 42 0. 46 0. 59 0. 53 0. 05 0. 72 34
Ni 1 0. 34 0. 44 0. 69 0. 35 0. 75 072 0. 74 —0. 19 0. 84 0. 67
Cu 1 0. 68 0.6 0. 45 0. 11 0 17 0. 37 0.1 0.5 0. 01
Pb 1 0. 52 0. 39 0. 28 0. 13 0. 47 01 0. 58 24
Co 1 0. 43 0. 54 0. 49 0. 58 —0. 14 0. 76 0. 35
Cd 1 0. 21 0. 39 0. 46 0. 2 0. 47 0. 07
Rb 1 0. 64 0. 67 —0. 15 0. 78 0. 63
Y 1 0. 79 —0. 23 0. 64 . 45
Cs 1 —0. 12 0. 77 52
Tl 1 —0.15 —0.09
Li 1 0. 49
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14 (Tl
), Laiser-Meyer-Olkin 0. 8
, 1 3« 6),
3 70. 5%,
6
Table 6 Varimax rotated loadings and communalities

for metal elements in the dry deposition

samples from the PRD

1 2 3
Fe 0. 170 0. 760 0. 154 0. 631
Mn 0. 851 0. 207 0.174 0. 797
Zn 0. 624 0. 290 0. 192 0. 510
Cr 0. 591 0. 503 0. 371 0. 740
Ni . 776 0. 247 . 372 0. 801
Cu 0.133 0.118 0. 878 0. 802
Pb 0. 001 0. 846 0. 005 0. 715
Co 0. 691 0. 082 0.185 0.518
Cd 0.157 0. 020 0. 795 0. 658
Rb 0. 923 0. 030 —0. 004 0. 853
Y 0. 916 0. 068 0. 127 0. 859
Cs 0. 937 0. 100 0. 113 0. 902
Li 0. 809 0. 091 0.111 0. 675
\Y% 0. 478 0. 419 —0. 074 0. 409

433 14, 0 13 2
%
Rb.Cs.Y.Mn,Ni,Li, Co
; 43. 3%,
, Rb.Y,
Mn Co ;
Pb . 14. 0%,

.Pb
13 2%,
3

D

Fe>7Zn>Mn>Pb>Cu>(Ni, Cr, RD)>V>
(Li, Y)>Co>(Cd, Cs)>TI, Fe

31573 mg/kg, Tl 1. 0 mg/kg;
> >
2) Cd.Zn,
Cu.Ni  Pb , Cd Zn
, » Mn,Cr,Co Li
;Rb.Y.Cs. Tl V
3) , 0.01
,C:U\Pb Zn 1)
] ;Cr\
Ni Mn.Co.Li.Zn ,
4) 1
70. 5%, Rb,Cs.Y.Mn, Ni, Li,
Co s 43, 3%,
; Pb \ 14. 0%,
; Cu.Cd
, 13 2%, .
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Concentrations and Sources of Metal Elements of Dry Deposition
in the Pearl River Delta, South China

HUANG Qiang'?, SONG Jian-zhong', PENG Ping-an'**
(1. State Key Laboratory of Organic Geochemistry, Guangzhou Institute of Geochemistry, Chinese Academy of Sciences,

Guangzhou 510640, China; 2. Graduate School of the Chinese Academy of Sciences, Beijing 100039, China)

Abstract; The concentrations, spatial distribution and regional sources of metal elements (MEs) in 137 dry deposition samples
were determined in this study. These samples were collected by passive sampling in ten locations in the Pearl River Delta
(PRD), South China. The result showed that the geometric mean (GM) concentrations of MEs follow the order of Fe>>Zn>
Mn>Pb>Cu>(Ni, Cr, Rd)>V>(Li, Y)>Co>(Cd, Cs)>TI, with the highest concentration of Fe (31573 mg/kg) and
the lowest concentration of T1 (1. 0 mg/kg) . Different metals exhibit different spatial distributions and the concentrations of
metals in dry deposition samples decrease from industrial areas to unban residential and suburban areas, and to rural area. As
indicated by the enrichment factor analysis, Cd, Zn, Cu, Ni and Pb displayed large enrichments and thereby they have been
significantly influenced by anthropogenical activities. Then, correlation analysis showed that Cu Pb and Zn are significantly
positively correlated . and Cr and Ni are significantly correlated with Mn, Co, Li, and Zn. The strong correlations may suggest
that they have similar source compositions. Principal factor analysis revealed that Rb, Cs, Y, Mn, Ni, Li and Co are mainly
derived from soil particles, while Pb, Cu, Cd, Ni and Cr are polluted owing to rapid urban and industrial development, Pd is
the trace metal from coal combustion and traffic emission, and Cu and Cd are mainly derived from industrial pollution sources.

Key words: Pearl River Delta; dry deposition; metal element; source analysis



