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Assessment of Heavy Metal Contamination by Moss-bag Method and Road-dust

Method for Taizhou Urban Area

CHEN Qin, FANG Yan-ming, YAN Yun, CHEN Bu-jin
(College of Forest Resources and Environment, Nanjing Forestry University, Nanjing 210037, China)

Abstract: The aims of this study were to examine the contents and distribution character of heavy metals in urban areas of Taizhou,
Jiangsu Province. Contents of 8 kinds of metals, including As, Cd, Cr, Cu, Mn, Pb, V and Zn, in the moss-bags and road dusts were
determined, and the method of potential ecological risk index was used to assess the heavy metal contamination. The results indicated
that the current situation of heavy metal contamination was serious in Taizhou, and the ecological risks of heavy metals were high. The
mean concentrations of Cd, Zn, Pb in the air near the ground were 8. 41, 6. 94 and 5. 85 times higher than the soil background values,
respectively; and the mean concentrations of Zn, Cd, Pb, and Cu in the road dusts were 22. 63, 6.58, 5. 13 and 4. 45 times higher
than the soil background values, respectively. The results of potential ecological risk index showed that Cd was the main ecological risk
factor both in the air near the ground and the road soils, its contribution rates in ecological risks accounted for 92. 43% in the air near
the ground and 72.46% in the road soils. The Pearson correlation coefficients of heavy metals showed that there was a significant
correlation among the heavy metals in the air near the ground, which implied the sources of pollution in the air were fewer than those of
the road dust. Analysis indicated that traffic emission was the major anthropogenic source and the key influencing factor for heavy metal
contamination of Taizhou, and that the potential ecological risk of bus stations were the highest.

Key words : heavy metal contamination; moss-bag method ; road dusts; potential ecological risk; Taizhou
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H AT, T3 17 38 6 K 42 v 5 4 R (W F 9 2 2N B
TR SR IE 0 | AR TR L
BT, E4 Ik, W A X 2R T X 4R
TS YLRBLAGTTFZE , IR, JF AR O 4 Jm TS Y i 4
Bt 2 M T X T 4 R 5 e BUIR, b T 28 M 1 R VS
PeBiih BRI S A EE L E L. AR
06 30 o) A 5 B A v 43 R 2 I T 3 DX b T 4
IR K W As, Cd, Cr, Cu, Mn, Pb, V, Zn
8 M REHES RTINS S5 R T T
R, I EA S EREBUL TN T HAESfBE
FERE , LA A 3k T S35 75 e B IR SR (AL R 2 Ak 3.

1 MEEFE

1.1 WFFE XA

ZEM T TVLIR A AR KL N iede R, b4
32°01' 57" ~ 33°10' 59", 7% £ 119° 38’ 24" ~
120°32"20", J& At 30 $4 s W2 i A, 32 28 KU I 52
Wi A S 280N Tlb e T JEml M ) | BAT 45 2K Tl £
3.4 F2R, HAp AL, E A1 083K, B T
DAL fB T A BE2h, 9540 an Aol 1k

) SAEAT Y. 3 JLAFZ8 N T 22 0% & JR Ui, 3k T 2
WS TR HE i, 2012 4F 4217 52 80 b X AR 7 B (E
2701. 6742 7C, Wb AR K 12.5% . #E 41T, %
2011 4F 10 H @M i KRG R A i3 25.6 77
WAV AR 15% mY 3 1S, 2012 4FE 4T SO,
Heca s 30 7, 1 X s AN IR B E KA R AR
HELL B KB 7 A4 LB 90. 2% , T i A
Wk ) H YR bR R BN 91, 0% |, HAJS & 5 i 5%
SR EZEE Y.

1.2 HEaCRESLAH

1.2.1 #EAEHIfE S B4

FHSR B W2 e Tl A SR PR X F2 0 TOVA R
o) U U8 o 8% ( Sphagnum girgensohnii ) VE Ay Wi
Mok BRI BB R IR A, AR A O IE vk
T4, F 1% HNO, 3290 24 h LA 25 B H 5 B A PH 25
FU R F ORI 2 K, AR TR A
(15 ecm x 15 cm) , B4~ 2.0 ~3.0 g, BHEAE . &4
HlVE R h R FLR T, DhakE 5 L.

A28 N T 30 DX AR 2838 | . SR A
ARROL, BERE T 19 AU (R 1), BARS ARG B
DU 1. SEASEHE TATIE MW I BT 4 ~ 5 m (95
B PRIEE 2 2R TS A Wik s B
5 3 ANFELS. BFIE] R 2013-02-22 ~2013-04-30 , 1
T 1 R R o g s ) R 2

F1 RN 19 MERHTHER

Table 1 Distribution of the 19 sampling sites of Taizhou

BT HERA Fris  FEA RS R4
1 N % 18 4ok 8 BIM2E 15 TR S AR S
2 TN 55 AR i 22 ¢ 9 STy N 16 VBN A
3 ZEIN T B A2 A el 10 EFMT B R (EEF) 17 BV SELEE S
4 B M T Az 11 BOMEIE S AR 2S5 18 BRI S AR A
5 M ATEUNTHT 12 WS ) 19 BeEILEE 7 5
6 T AR e 13 AR B S AR BB A S
7 VLI B PO A B (RSA0) 14 EaUN T

1.2.2  JEBERAKE RS

FH BB Rl FSARL NG 53 36T 5 Wil e BE 3
1B K AR AT RE SR A B[R] S 2013-05-05 , 1 /2 &
LR 3 d SRR BREEELRY DIBRORRE S 1R
FME. AARASEE B S B 43 A I A i, SRR R
WEFE A AU, | WA . FAGE T S ER S
WA Ty B SAE 10 m® JEFE A, BEAL
KAE S LSRR AR T 300 g) , 28 AE
# PE A4S EA G5 H.
1.3 FEAARES I

1.3.1 FESAHfbAL 2

Ve EEAE SRS F R K RS e . BT,
AN EHET 2 A A B Ah & AL K
L RBRZe R i 200 He i, Mt S E 5 & H.
Ay R A& RE A (0.50 £0.0005) g B T 50 mL =
AR, A 10 mL B A2 (HClO,: HNO, =1:4)
12 48 h AT WRIE KA, 38 AU T A AR
HIGMA 2 mL FfiB2 (HNO,: HO =1:1) ,IH&EE
FHARE R R E 5 FHZE KR VE 2 25 mL A& E
5. WAFE IO AT SURE AL B, LA R A5 1 R
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Fig. 1 A sketch map showing the sampling sites in Taizhou

F, ISP 0] o 228 Ak 1 11 8 e 6 AR o FH T T B
FHOCREMA. AT i R0 34 S A 9 4, 52 56 ot FH 3%
HEANAR A 2% 9 HNO, 1231 24 h DL b 4k nh
bV RRE L
1.3.2 HEEE

FH PerkinElmer 23 7 Optima 4300DV 7 e, JE ki
GAF B R R SOG4 (ICP-AES) Wl %€ As, Cd,
Cr, Cu, Mn, Pb, V, Zn %58 PGB & &, tnifE
FE S GBW 10020 ( GSB-11HIAE M) |, KE & [0 1 % =

99.236% . K4 4k B K G2 it o> B AT SPSS 19.0,
Microsoft Excel 2003.
1.4 HEERIGYIETE RS KRN Tk

AR A 25 16 $5 B (potential ecological risk
index ) WA 5942 H IS FE P A0 30 18 FH A — 7o 3z
PO I BRI R S A FR L. &
J5 e Hi BBl 24 5% Hakanson T 1980 4857 1, ih
WY E &R o S E SR AR . HE5
RO LA R F B s R R A — e BN T — B e
MM AR B E S F R B0 T kT .

RI = D E = i(Tf_ x Ch)

K RIHZFE &8 &8 G e R B fE FE R 5
> E RRPABE RIS G EREG TN
FH 4w 0w R R A, 8 R R A JE 1% v
R Cd =30,As =10,Cu=Pb=5,Cr=V
=2,Mn =Zn=1. C; JFEATE 4R W15 REL,
Ci=C/C, A, C" R 3EspA T 4w (e B S E
C' RN N TR 42 & RN S A, AR SCLATT RS A 2
IS I S . AR TS Y ek
BIEFEREITTAREI 2.

*2 ECEFEBREREBELETSAR
Table 2 Heavy metal pollution degree and potential ecological risk
Ci E! RI
Kl YR Kl A ASSEH R Kl A SSE R
Ci<1 fii5 Y, Ei <40 BRMESEE RI <150 BRMESEE
1<Ci<3 G e 40<E' <80 S EE 150 <RI <300 S E
3<Ci<6 BemiE gL 80<E! <160 B aE 300 <RI <600 B aE
Ci=6 s Y 160<E' <320 mASGEE RI=600 mAESGEE
Ei=320 Wi G E
. Cd F1 Zn (72 53 F B K BB B A THE = 0] 404 |
2 GRS

2.1 M A S AR TS YLRRAE

Z N T DX 30 b T 4 A 4 I e T2 SR Lk
3. As, Cd, Cr, Cu, Mn, Pb. V Hl Zn &85 K
1.24~4.71, 0.35 ~2.36, 12.72 ~112.19, 12.49
~28.71,222.90 ~386. 15, 20.04 ~58.72, 2.98 ~
9.25 F151.40 ~352.48 mg-kg™'. H,Cd, Zn F
Ph 193735 H 43 3] 2 AH N 75 5 (B 9 8.23 ., 2,95 Al
1.56 %, Z N g . b — 0 BB, As
Cd, Cr, Cu, Mn Fl Pb By KA IRAERE S 1, B
FMN T 32 PG 3, X B TR M T E IR IX, &R v i)
AR BT, Ak X LA — A
HKEBHSRNE ST Y. NERREORE , Cr,

Ak >
B EEIN

FEAERCRINZE S As, Cu, Mn, Pb FI V Y8 53 R 5L
BUN AEX IO EBA— @ A (R AT =
A L Z B AN W A 2 A R

FH B YRR AR AR
VEHI BB ARAS E A JE B v B IR, i I Ry He AR
KT 97 3 2R H RAVTRE SRR K s i i
Pt A BT P A R I R B A4
PR T e T A R R S L T UUR %
M2 Cu 5 VPS40 BE AR HBH A i T
TRLEMN,HE As 5 Cr A EREN; HE
A Cd 5 Mn PR B e, 35 8] T 4,45
mg-kg "' 1405 mg-kg ™ '; Zn e KAE HFAE i
h479.86 mg-kg™'; Pb fe K MH B B KA
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Naples'”'; Cu 55 V {55 K AE H BH 7 2 7R 4 1 19
Belgrade? | /3%~ 144 mg-kg ™' #l 14 mg-kg ',
— BT R B, B T Y sk T T
P A R T R R AR 2 A

M W25 S E R . RO, 28N T
T 2 AT 4 S 1 e B0 AN LG T g A3 2
B4 W OBt , AL T Al — K AR T 607
KRR T AR AR 2B

R3 BEKZFEVNRNTHKEGASSESRE

Table 3  Heavy metal content of moss-bags in the air near the ground of Taizhou

EER TR/ mg-kg™!

As Cd Cr Cu Mn Pb A\ Zn
1 4.71 2.36 112.19 28.71 386. 15 58.72 8.32 329.52
2 1.81 0.52 24.82 16.75 235.52 27.18 3.75 82.74
3 2.48 0.35 35.44 25. 83 250. 70 25.78 2.98 53. 89
4 3.95 1.85 86. 18 23.50 354.75 52. 60 8.53 280. 10
5 3.70 1.05 17.53 18.90 226. 30 41.10 6. 68 204. 13
6 1.24 0.73 12.72 12. 49 228.16 32.63 3.09 78.30
7 2. 66 0.79 18.59 14. 20 234.32 39.72 3.52 185. 55
8 2.43 0.82 22.74 13.83 253.28 36. 88 4.25 176. 12
9 4.45 1. 80 107. 60 26.41 323.28 54.96 9.25 290. 35
10 3.90 1.25 85.13 23.33 327.20 49.43 8.00 232.58
11 2.64 0.94 68.24 18.87 348. 83 46.55 6.59 185. 62
12 2.10 0.95 62.13 19.33 308. 00 43.28 5.23 125.50
13 2.92 1.17 79. 86 21.42 312.41 48.92 6.22 193. 50
14 3.58 0.38 32. 60 24. 48 222.90 20. 04 3.58 51.40
15 3.90 0.93 48.65 19. 85 242. 80 39. 00 6.08 195. 43
16 2.25 1.25 69.18 18. 68 291. 80 45.73 7.33 353.48
17 3.18 0.95 35.33 17.08 235.28 35.33 5.20 159. 10
18 3.05 0. 80 35.78 16. 60 269. 00 39.20 6.90 155.23
19 3.03 0. 83 45.03 16.75 256.93 39.30 6.50 177.98
28/ mg-kg ™! 3.05 1.04 52.62 19. 84 279.35 40. 86 5.89 184.76
HERMPT /mg kg ™! 10 0. 126 77.8 22.3 585 26.2 83.4 62.6
RS CI VA5 0.31 8.23 0. 68 0. 89 0.48 1.56 0.07 2.95
Y 0.30 0.49 0.59 0.23 0.18 0.25 0.33 0.47
F4 HtSAEWHZFZIRINESESE
Table 4 Heavy metal concentrations in moss-bags bio-monitoring major cities around the world
bty R SALLE ik
As Cd Cr Cu Mn Pb A% Zn
Belgrade H Y e sk i (TUIRE ) 0.67 0.27 3.1 20 215 20 13 71 [2]
FIk e R B (DT ) 0.8 0.36 5.8 144 134 31 14 113 [2]
Naples AU e 1.3 0.7 7.9 59 — 133 10.5 239 [17]
P 47 8 7% #E 0.67 0. 1.7 7.6 173 — 2.1 36 [18]
Sofia FEIR R 2 1.11 0.47 3 11 53 — 6.1 24 [18]
AR 1.4 0.52 3.2 16 52 — 4.2 59 [18]
Z&M 15 Y s 3.05 1.04 52.62 19.84 279.35 40. 86 5.89 184.76 AW
i 4l /NP e — 1.64 1.72 25.64 — 31.85 — 388.26 [26]
YNt /N PI#E — 1.75 1.88 28.8 — 34.08 — 479.86 [26]
Hil KKt — 1.95 2.96 120. 04 — 42.03 — 114.16  [27]
O I 41, Y 1 — 4.45 — 46. 64 405 69.2 — 135.61  [25]
2. 2 AR SR R mg-kg ™' KA Zn MY - HE E R K, 2

FSHI T 19 MRS KA T E SR & .
MR8 FhE4xJE As, Cd, Cr, Cu, Mn, Pb, V
M Zn SN 2.35 ~8.67, 0.32 ~2.73 ., 45.13
~ 184.80. 59.25 ~ 298.00, 300.53 ~ 733.50,
76.28 ~287. 85, 18. 13 ~42.40 . 485.38 ~2438.33

T SRy 22. 63 5, HAKJE Cd, Pb Fl Cu, 435
AN 8. 41, 6.94 F15.85 1%, i HE g K 2 v
X 4 FPoTE Z B ASIE ShRBECE iER. ZS [A]
IAE L, Cd, Cr, VI Zn BB R H e 2
TR IRl %0k B 2008 49Tk (HA) 2 e
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TR RCORIHLIX 2 —; Cu 5 Mn R B RH HHBLTE S
N R Pl FCRT B AR FES A T il Cu #1 Min A
RETE Z AR T ) L ARTE; LAk, As BYBORE

PAEZRINTIT 2032 VU il Ph 5 R SUAE T 3R Rl
J 5y 3P M I A AT e S T U AR A i I
MRS RBORE ,Cd, Cr, Cu, Zn A5 R BHCK,
Q253 P N S AL UN T E
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Table 5 Heavy metal content in urban street dust of Taizhou

EER TR/ mg-kg ™!

As Cd Cr Cu Mn Pb A\ Zn
1 8.67 2.63 155.45 149. 65 451.78 278.90 39. 83 2270.70
2 3.38 0.43 78. 48 86.93 315.48 109. 45 19.08 485.38
3 4.15 0.32 45.13 76. 40 302.38 143.33 19.78 957. 08
4 7.93 2. 60 148. 60 127.28 490. 95 236. 03 41.98 2118.20
5 8.45 0.85 69. 68 81.93 372.98 103. 55 25.65 1253.63
6 3.70 0.43 51.88 298. 00 733.50 201.78 35.55 604. 00
7 2.35 0.38 69. 38 59.25 341.05 233.05 19. 43 860. 93
8 3.18 0. 68 67. 68 70.28 300. 53 152. 40 19.23 1306. 43
9 8.40 2.73 184. 80 168. 30 485.30 263. 40 42. 40 2438.33
10 6. 48 1.45 138.93 164.23 437.13 245.30 41.10 1 885.23
11 5.65 1.05 92.75 167.38 389.78 183. 90 39.25 1 420. 93
12 5.55 0.78 67. 80 86. 48 332.53 94. 35 23.73 637.75
13 4.93 0.78 108.23 97.30 371. 10 196. 03 34.63 1 335. 00
14 4.20 0. 65 60. 35 126. 10 318.63 224. 40 18.13 1290. 48
15 5.55 0.85 69. 88 148. 80 358.75 146. 88 32.78 1500. 15
16 6.43 1.25 101.38 160. 03 397.03 287.85 39.70 2191.58
17 6.03 0. 68 55.23 121. 68 384. 80 76.28 23.45 1084. 63
18 5.48 0.75 65. 80 139.35 350.25 132.20 28.73 1 830. 53
19 5.55 0. 88 62.30 149. 78 360. 25 143. 85 30. 18 1451.03
S/ mg kg ™! 5.58 1.06 89. 14 130. 48 394. 43 181.73 30.24 1416.94
S/ TS R 0. 56 8. 41 1.15 5.85 0. 67 6.94 0.36 22.63
Y 0.33 0.72 0.45 0.42 0.25 0.36 0.30 0.41

R FE A ARSI I (3R 6) , 2N 11 X3 K
A rp OB 20 B g A R AR, DO As | Cd
Mn, V, SHEEf R At AR A b T[]
—/K¥; HeZn Cu {EfW S5 BR T 52 288 R ALY
SRS, AT REIE S 28 M 2 R T R AR A A
IR ME BT DAL B 3 7 R AR 7 3 4 [ B KA AN 45
Bl . A, R 6 AT LA Y, Tl Skah A

®6 HfttZRHHiE

5 28R B #B Luanda ™ i & KA h HE 4R As.
Cr, Cu, Mn, V Fl Zn B9 & R IHRAL, 2 ARG
M/ SN T B K 42 Cd, M, Pb Y {5
K,Cu 55 Zn & MRS, REE BTGB ™ E
(O3 T, VAR A 2R B Rt SR TH B 2214 a
RS XA 7 B AR S, (H 24 b & R ) Tl 5
WA IAEEH R T KENE SR 5.

BREFHEERESE

Table 6 Heavy metal concentrations in street dust of major cities around the world

LR/ mg-kg !

A As Cd Cr Cu Mn Pb \Y Zn XH
M 5.58 1. 06 89. 14 130. 48 394. 43 181.73 30.24 1416.94 e NI
dbae 9.09 1. 11 131.92 67.33 — 437.41 — — (6]
Ly — 0.97 218.91 186. 41 — 212.94 — 687.25 (7]
M 13. 40 1. 094 125. 50 122. 90 646. 00 103. 40 74. 60 394. 00 [28]
A — 4.531 96. 88 67.5 — 132.15 — 2332.96 (8]
JGiH) — 5.85 46.19 162.78 677. 14 95.21 53.48 257.70 [9]
SN — 20.23 114. 1 273.9 1703 600. 4 — 1831.6 [29]
B 20. 65 — 79. 41 168. 80 — 97. 49 — 316.53 [10]
Belgrade — 8.90 70.23 122.29 641. 80 350. 06 — 268. 37 [30]
Luanda 5 1.1 26 42 258 351 20 317 [31]
Birmingham — 1.62 — 466. 9 — 48 — 534 [32]
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2.3.2 E/ﬁﬁﬂé/ﬁﬁthéﬂﬁ

22T MXFEEASTE S B RIS P E A R S Rk
TR CHE T BRI o 3 X A B TR Z 1A
o E A G, 43502 As-Mn, Cu-Pb, Cu-Zn, HAth
HEEICR Z A 5 0 35 IE A S sopl 3 IEAH G,
HA A R 0. 8 ~0. 95 2 [A] LM R 511
A 11X, HEg AR vE (11 X4 o0 K 8]0 3% AH 56, A 56
FREAE 0.8 ~0.95 Z[A] AR 0 & PEAH E 1AL 3 Xt )
FILR TS A — B U E s ] Y AR
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Table 7 Correlation coefficients of heavy metals in Taizhou
BEARIR 7S
As Cd Cr Cu Mn Pb AY As Cd Cr Cu Mn Pb A%

Cd  0.659* 0. 805 **
Cr  0.612™ 0.831™ 0.675™ 0.924 ™
Cu  0.709™ 0.523" 0.733™ 0.184 0.224 0.173
Mn  0.448 0.803™ 0.912* 0.580" 0.249  0.346 0.308 0.857*
Pb 0.530" 0.907 ™ 0.823*" 0.359 0.843™ 0.255  0.607 ™ 0.682*0.359 0. 396
v 0.706* 0.832" 0.814™ 0.485" 0.743™ 0.864 ™ 0.663 ™ 0.743™ 0.757°0.623* 0.611"™0.619™
Zn 0.550" 0.859" 0.713™ 0.320 0.659™ 0.868 ™ 0.843* 0.727* 0.830™ 0.772"0.214 0.149 0.649™ 0.726™

1) = AE5% KV REMSE, = = 78 1% KV BEMHE, T

27 Al LA AP IS b Cd | Cr, Pb,
V., Zn Z ¥R B EIFAE; As 5 Cd, Cr, V,
Mn 5 V Z AN 2 IE AR OG0 IR ELAR Y
W3 B, As | Cd, Cr, Cu, Pb, V| Zn & 1{H
FEAE PR R R RN K 1B Ll A B AR R
I, i AR ) 32 B Pl gt 5 24 k.
HWHINN,Pb, Cu, Cd, Cr, Zn EZORIEFRER
SHERL . IR EE SRR LA K Tl IR 2 A A

R K Mo, V EZOR [ HHERE TR . A
55 Mn 5 V Z 8] B TR B 25 i TE AR OCHE:
Mn 5 Cu ZI8],V 5 As, Cd, Cr, Zn Z At 52 i 2%
PEAHSG, UEHH Mn A1V A RBAZ 20 T A K IR HER
R,

3 HZMTHERESRETREBEESKEIEN
RN T X R 5 B AR A G A 2
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KE(EKS) WTiE =< 8 FE&RIT &R
M .Cd>Zn>Pb>Cu>Cr>Mn>As >V, Hr Cd
R Ye, Zn 5 Ph S rhim g HAB A O ARTE Gy 8
MR 5 SR IR TE AR B SEH RECH :Cd > Pb > Cu > As >
Zn>Cr>Mn>V, Hip{{ ¢d BB ESAESGE, K
LIS S lySE 2 G Ty [ - 3 S PN A =

T 388 DX 3 b 1 24 < o 4 D A A 2 XU i 5 (R
=643.63) ,Cd J& EZ AR N5, HAESGE
TURRRIARN T 92.43% . AT =5 <0h 4 | T e
A U d5e 0 4 0l 2 28 M T & 32 V8 3 (R =
593.27) . ZizF i (R =467.23) VU M B %38 4R vl
(RI=457.61).
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Table 8 Results of potential ecological risk assessment of heavy metals in Taizhou

ci E ci E
FieAi] W R bl Wi faERE Fieki] W sy FieAi] Wi foF R

As 0.12~0.47 0.31 fEI53% 1.24 ~4.71 3.05 B 0.24~0.87  0.56  {EiEY 2.35~8.67 5.58 L5l
Cd 2.78~18.73 8.23 Hi5Yt  83.33~561.90  246.99 [ 2.54~21.63 8.41 I 76.19 ~648.81  252.19 =3

Cr 0.16~1.44 0.68 fKi5i 0.33~2.88 1.35 i 0.58~2.38  1.15 gl 1.16 ~4.75 2.29 B
Cu 0.56~1.29 0.89 fiKi54 2.80 ~6.44 4.45 B 2.66~13.36  5.85 EEGHE  13.28 ~66.82 29.26 i
Mn 0.38~0.66 0.44 fi5% 0.38 ~0.66 0.48 BR0.51~1.25  0.67  fEiEY 0.51 ~1.25 0.67 i
Pb 0.76~2.24 1.56 Hi5iY 3.82~11.21 7.8 BRC 2.91~10.99  6.94  EEYE 14.56 ~54.93 34.68 B2
Vo0.04~0.11 0.07 fi5i 0.07 ~0.22 0.14 B 0.22~0.51  0.36 {5 0.43 ~1.02 0.73 B
Zn  0.82~5.65 2.95 G 0.82 ~5.65 2.95 Bk 7.75~38.95 22.63  jini 7.75 ~38.95 22.63 LAl
RI 2.69~4692.86 643.63 [ 12.81 ~4791.67  826.59 =

Z% M T DR % 2 4 S TR R A S XU o T
W ,8 Fh il 4 J@ 5 Y« R4 M . Zn > Cd > Pb > Cu >
Cr>Mn>As>V, H Cd, Pb Fl Zn K3 T 5 4
K, Cu WA ETS Y, Cr M54 Mn, As FIIV hy
5 YL BGE B KR T A SR AR S e R
Fa M T 2 S e . Hop ) S EGE K P
& JE Ve A A KU i 5 (RT = 826.59) 1 £ A
AU 2 Cd, ARG E DTk R 72. 46% . 8
FheE 4 @ i AR B HERECN:Cd >Pb > Cu >Zn >
As>Cr >V >Mn. iE§ KA T 4 8 A SRS
e RA R B M T &K A2 R0 (R1=790.76) | &
& PHG (RL=762. 45) F1% iz p il (R =740.06) , Al
U, T LA R R AR HE OR8N T X 4w 15
) = TS L.

4 i

(1) &M TT XU 2 <P Cd | Zn, Pb X 3 Fif
HERAEY SR T A H IR 5, 250
AT S Y 8.23, 2.95 Fl 1. 56 %, Hoh &M
T2 P& 19 AW a5 23 05 e d o ™ E Y
Ho X

(2) Z&IN T X GH I 2 v 8 P 4 5 i AR
PG IR AP AR AN R R B i 5 g, Horp Zn SF-3ME
Y SE Y 22. 63 %, Cd ., Pb Fl Cu W43 )ik
F T 8.41, 6.94 1 5.85 1%, FrEEM %15 4k 18 i
IR 4 a5 Y f N T

(3) BRIEMAS Y 8 Fh i 4 R 5 i 1Y LU s AN
W 2 S BB K42 Zn | Cu, V., Pb f°F3Y
IR T 25 S P B 7.67 . 6.58 5. 13 il 4. 45
fis. MSHEHT R, 58 KL 152 Z 5 YL IR
ANTR) 3 b 23 AP 9 4 R TR AR X R — | [R)JR
PR K.

(4) BHEBEELETEETENLE R LW, 22N
XTI 2 AP Cd BETEsY, Zn 5 Pb s
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B E TTERR A B 3] 92. 43% Fl 72. 46% . H 4R
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