334G A1
201343 A

ooy ¥ #
ACTA MIERALOGICA SINICA

Vol. 33, No.1
Mar., 2013

XEHT: 1000-4734(2013)01-0001-09

TCLP ;E M =M M AEFELEEREL
A ZSINE XS

WARE Y, TaE | MR, Ras’

(1. R RS TR, i 717 361021;
2. PEBERE HERAEPERIT RBEHERA 22 K AR s, S 5B 550002)
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IEEIESE 1 m LB R RE b, SRR KT
200 mg. BRI AT SR B il S R o, A
35 CHAF MR 120 HAJE Je b, i e ¥
iy S R A DR AT L3

1.2 FESh T BB AL B 7 1k

TCLP 2 e AR ¥ - 3R 16 5 FN 28 6 ) AN
Ii) 1 1) s PR RIS TR] pHL PRI 28 P A g B X
W, RAEARES pH < I, AR FIT [WEL
5.7 mL VK LP8 (B A T99.5%) T 1=,
FNA64.3 mL 1 mol/LNaOH ¥, 5 17K
PR 2 hrgk, {RUFH pH {H754.93£0.05]; 4 KA
FEARAE AL pH > S, I AIRFI2 WX 5.7 mL 7K &
R (SEADT9.5%) F1L #FEMy, HEE
TR RE AR, DRUETAGRI IR pH {H 1:2.88+0.05],
WA 209 pH {1 mol/L HNOs¥% i F11 mol/L
NaOH R 1T . HERIFRE1.0000 g B4,
(HER£10.0001 g) T B0, JiA20 mL TCLP
WA, RPN EE A 1020, LL30 r/min AHRE AR5
& NPR%18 h, Bly, 13, H1 mol/L HNO%
VAT UE pH<2, VKA 4 CORAE, AR, A
AT KAL) pH>S, Mk, 2EFE
i AR A T3 . F B3t 751028 ICP-AES |
€ TCLP #HU#+ Cu. Zn. Pb. Cd. Cr. Fe.
Mn. Co. Ni. V. As & .

KRAFLTESELE 2K A HCIHHNOs+
HF-+H, O, e v i, SR B RF2E BT M
BRAL ST S E PE A w) ) ELAN60007H £
SRR G5B AR R (ICP-MS) g o« BELFE
an BRI, B AN, RN A
FERAE ZUCPATSER:, 5 48 G R AN btk
W% (RSD) ¥J/NT10%. LA+ 3 FrvER: (ESS-3,
o E PREE IR IR ) AR o A, DA IEAE
T I HERG M, Tl e % 1K RSD<10%.

KA AL S 110 e Al B A 5 2 L g v
MEM, SCRBRS T SPSS AL E, K
Duncan 7537 2 & A5G
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21 KAMEBPER AN T
R DX AT 24 B 1 B0 T TR AR I

ZRIR 1. AT AR S, IR
HEDhRe X AL, Mk (TC) ke, ity
X P e, TN R T J18 FI J42

b, REBZMFERD SEIRYE: J42 FF AL 20ME, TC &
BARME, TR HECR AT BRI
Ko JERIXFEAFEM CaCO; & ik, pH

Tt . A TIREX K- B KT BEAT LS, %52
HE DB ARAE il R AL IR TG B P22 5

R 1 REBREEREMER

Table 1. Basic properties of dustfall samples

B DIgEX FEAEL /M PN i BEEbRE 2 S
RS 4 5.4 9.5 7.87£1.741a 0.003

X 3 7.8 8.3 8.04+0.264a 0.000

o Ji RIX 4 5.6 7.9 6.49+1.005a 0.001
TalkX 9 5.4 10.9 7.26+1.962a 0.000

Ak X 2 5.5 8.1 6.79+1.853a 0.121

Js¥ 22 5.4 10.9 7.30+1.582 0.696

AT X 4 4.13 8.18 5.91£1.957a 0.009

(R4S 3 6.03 8.55 7.13+1.290a 0.011

S REIX 4 2.08 11.8 5.60+4.3052a 0.080

CaCO3 (Wp/%)

TAkX 9 423 8.31 6.81+1.303a 0.000

Rk X 2 3.19 8.36 5.78+3.656a 0.268

A 22 2.08 11.8 6.37+2.234 0.859

X 4 52.49 641.2 205.9+290.3a 0.151

DX 3 62.44 93.42 78.48+15.52a 0.024

Ji RIX 4 39.65 92.88 61.18+22.60a 0.007

TC (g/kg) -

Tk 9 6.570 520.3 128.7+170.2a 0.016

Ak X 2 25.43 28.75 27.09+2.348a 0.045

Js¥ i 22 6.570 641.2 114.4+162.2 0.685

T B EAREAN R T RROR AR R DI REX L AP R i 27 (P<0.05)
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EE A HIAE2.592~63.20. 0.084~2.978. 9.276~
3141. 0.147~345.0. 0.628~9.696. 0.019~5.152.
5.037 ~248.9. 55.00 ~ 1261 . 0.040 ~ 63.56 .
0.735~37.434110.020~24.07 mg/kg 2 [f]. H:rH,
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&, Pb 7 RIX B e R B s, Fe 7E4R
M X AR R B R B =, Cu AT Co 78 R KX B
R AR R B e, T Min AR ASTE X B2 P
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MBESEEMERTE, TCLP JEHEHUR R M T
KAPBEAS Cuy Zn. Pb H Cd HIEE K@
T I 36 VL e FRAERRARL, V5 GO . o,
X R S DA DX B A
Cu. Zn. Pb Ml Cd $&H S Ve R, KR
BEAEAE R R RS s T Al DX B A it b
Zn @i I B .

KRABFAP IR R TCLP AR IR 5 B
H s tbin#4. Zn. Cd. Co. Cu. Mn. Ni.
Pb. As. Cr. V Fl Fe [} TCLP $2HH 5 S &)
e A5 43 93 76 3.98% ~93.57% -+ 3.89% ~84.21%
0.38% ~ 52.75% . 2.24% ~ 51.85% . 0.37% ~
72.16% + 1.46% ~ 28.66% « 0.10% ~ 41.42% .
0.30% ~ 29.02% . 0.64% ~ 16.21% . 0.05% ~

18.35% F10.02% ~ 0.84% 2 [8] , ¥ 1H 2 % b
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Table 2. Total contents of heavy metals in dustfall from different functional areas of Quanzhou City
JCHR DIfigX FEAZL W ME [ ONEL Blhr e W
ACH X 4 69.90 389.7 186.4+142.2a 0.079
BRI 3 118.2 186.3 155.9+34.64a 0.016
JERIX 4 73.60 204.9 113.1+62.18ab 0.036
Cu
Tk 9 32.20 157.1 96.69+41.57ab 0.000
kX 2 15.50 30.80 23.14£10.76b 0.202
PR3 22 15.50 389.7 117.4+79.83 0.049
ACHX 4 265.0 2797 1209+1113a 0.118
FkX 3 484.0 648.0 569.0+82.16a 0.007
n JiRX 4 295.0 832.0 609.9+229.5a 0.013
(25 9 213.0 4068 2014+1657a 0.007
Ak X 2 101.0 307.0 204.0+145.1a 0.297
IS4 22 101.0 4068 12511316 0.191
AKX 4 118.5 553.1 304.1x189.1a 0.049
FkX 3 161.0 250.8 192.8+50.31a 0.022
b Ji X 4 290.2 573.6 387.5+132.1a 0.010
kX 9 89.80 833.0 242.94227.9a 0.013
Ak X 2 40.90 127.1 83.99£60.97a 0.302
JEE-3 22 40.90 833.0 259.0+187.0 0.389
AEIX 4 1.040 2.080 1.753+0.486a 0.006
kX 3 1.429 4.522 2.560+1.706a 0.122
Ji X 4 1.512 3.820 2.756+0.953a 0.010
Cd
Tk 9 0.672 6.790 3.373+2.062a 0.001
Ak 2 1.118 2.222 1.670+0.781a 0.203
A 22 0.672 6.790 2.701£1.599 0.457
AEHX 4 71.80 286.7 182.5+108.4a 0.043
X 3 105.1 162.0 142.1+32.10ab 0.017
Ji X 4 54.00 149.9 83.58+44.61abc 0.033
Cr
Tk 9 25.30 178.6 76.58+47.31bc 0.001
Ak X 2 10.20 37.00 23.59+19.01¢ 0.330
A 22 10.20 286.7 101.2£72.94 0.030
AEHX 4 3.470 18.66 12.514+6.556a 0.032
X 3 13.67 33.40 26.82+11.39a 0.055
Ji X 4 3.120 16.54 7.217+6.369a 0.108
As
Tk 9 3.960 43.50 22.11+11.83a 0.001
Ak X 2 2.240 38.82 20.53+25.87a 0.463
n 22 2.240 43.50 18.16£12.50 0.172
AEHX 4 24205 46993 35626+11892a 0.009
X 3 20854 29565 25805+4476a 0.010
Fe Ja X 4 22155 42318 31329490682 0.006
ToalkX 9 28026 57643 41624+11204a 0.000
Ak X 2 19695 59878 39787+28414a 0.298
5% 22 19695 59878 36338+12408 0.348
ACIWIX. 4 897.0 47501 12721423187a 0.353
X 3 960.0 1124 1021£90.03a 0.003
Ja X 4 631.0 49906 18341+23326a 0.214
Mn .
ToalkX 9 484.0 46300 13146+16552a 0.044
Ak X 2 905.0 30186 15545207052 0.481
M 22 484.0 49906 12578+17484 0.108
X 4 13.43 147.0 49.40+65.23a 0.805
X 3 11.04 120.5 49.44+61.60a 0.299
JE R 4 8.020 29.59 14.73+10.05a 0.061
Co )
ToalkX 9 8.060 27.49 16.29+7.330a 0.000
Ak X 2 6.410 9.020 7.716+1.847a 0.107
J5§ 22 6.410 147.0 25.77+35.83 0.354
AEH X 4 48.47 169.7 92.65+53.03a 0.040
BRI 3 62.25 84.15 74.95+11.36a 0.008
. JE B 4 22.29 149.1 71.82+54.51a 0.078
Ni kX 9 44.81 318.6 117.9+102.4a 0.009
Ak 2 3.680 4451 24.10+28.87a 0.447
JEE-3 22 3.680 318.6 90.54+75.63 0.581
AEHX 4 51.30 94.80 66.25£19.42a 0.006
X 3 55.40 64.00 58.88+4.528a 0.002
Ji X 4 64.60 157.2 94.69+42.55a 0.021
\
Tk 9 39.10 252.0 112.6:80.06a 0.003
Ak X 2 47.10 106.3 76.70+41.86a 0.234
A 22 39.10 252.0 90.32+£57.66 0.586

T B JEARE AN RN AN D) RE X 2 W) A7 75 8.3 22 5#(P<0.05).
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Table 3. Contents of heavy metals in dustfall extracted by TCLP method

LR DIfEX N W/ ME [/ONES BIEbr 2 WEN bdE A
AWK 4 7.410 49.71 20.03+20.01a 0.139
R4S 3 15.29 81.27 38.22+37.31a 0.218
JERIX 4 2.590 63.20 31.67+25.51a 0.089
Cu 15
Tk 9 9.150 39.93 23.11+12.15a 0.000
kX 2 5.220 11.13 8.175+4.179a 0.221
R 22 2.590 81.27 24.81+20.16 0.523
AWK 4 129.5 720.5 441.0+263.7a 0.044
R4S 3 353.6 530.7 416.6+98.99a 0.018
JERIX 4 147.6 643.8 325.14221.7a 0.061
Zn 25
Tk 9 9.300 3141 563.5+976.0a 0.121
kX 2 47.50 71.80 59.67+17.19a 0.128
R 22 9.300 3141 432.0+635.3 0.903
AWK 4 4554 43.16 15.09+18.74a 0.206
R4S 3 6.104 1591 12.61+5.636a 0.061
JEEIX 4 7.991 114.6 51.72+46.09a 0.111
Pb 5
Tk 9 0.147 345.0 47.60+111.9a 0.238
kX 2 1.603 2.196 1.900+0.419a 0.099
R 22 0.147 345.0 33.51£74.13 0.869
AKX 4 0.144 1.722 0.734+0.695a 0.125
FkX 3 0.697 2.978 1.699+1.166a 0.128
JEEIX 4 0314 1.260 0.870+0.448a 0.030
Ccd . 0.5
Lk X 9 0.084 2472 1.185+0.987a 0.007
kX 2 0.108 0.296 0.202+0.133a 0.277
R 22 0.084 2.978 1.027+0.872 0.370
X 4 1.389 3.006 2.096+0.685a 0.009
FkX 3 1.816 3.956 2.857+1.071a 0.044
JEEX 4 0.628 2207 1.602+0.689a 0.019
Cr . 5
Lk X 9 1.005 9.696 2.633+2.716a 0.020
kX 2 0.715 0.781 0.748+0.047a 0.028
R 22 0.628 9.696 2.207+1.862 0.685
AKX 4 0.196 1.801 0.891+0.683a 0.080
FkX 3 0.667 1.556 1.234+0.492a 0.049
Ji X 4 0.019 2377 0.749+1.096a 0.265
As . 5
Lk X 9 0.084 5.152 1.437+1.598a 0.027
kX 2 0.650 2.112 1.381=1.034a 0.310
R 22 0.019 5.152 1.178+1.170 0.888
A X 4 37.08 208.9 115.4+81.94a 0.067
kX 3 102.9 248.9 162.0+76.87a 0.068
SR 4 29.39 180.4 102.4+62.94a 0.047
Fe —
TkX 9 5.037 242.8 106.5+86.71a 0.006
A 2 25.99 183.3 104.6+111.2a 0.410
J5% 22 5.037 248.9 114.8+77.00 0.876
AEIX 4 173.3 1261 487.8+518.5a 0.156
kX 3 219.1 335.6 261.2+64.6a 0.020
SR 4 182.8 421.0 332.3+106.2a 0.008
Mn —
TkX 9 55.00 466.6 267.1£174.9a 0.002
A 2 228.2 295.6 261.9+47.66a 0.081
J5% 22 55.00 1261 317.8+244.1 0.666
A X 4 2.415 49.71 14.96+23.18a 0.287
kX 3 2.049 63.56 23.714+34.56a 0.357
SR 4 2.140 9.261 4.570+3.341a 0.072
Co —
TkX 9 0.040 8.692 3.705+3.400a 0.011
X 2 1213 2.006 1.610+0.561a 0.154
st 22 0.040 63.56 8.446+15.96 0.323
A X 4 2.234 14.62 6.675+5.723a 0.102
kX 3 6.312 15.53 9.562+5.176a 0.085
. Ji X 4 1.551 14.54 7.027+5.433a 0.081
Ni —
TkX 9 0.735 37.43 14.64+14.04a 0.014
A 2 0.758 1.879 1.319+0.793a 0.256
J5% 22 0.735 37.43 9.903+10.33 0.439
X 4 0.594 2254 1.040+0.810a 0.083
[NIACS 3 2.006 3.245 2.824+0.709a 0.020
v JEEEX 4 0.039 1.588 1.083+0.714a 0.056
Tk 9 0.020 24.07 3.746+7.672a 0.181
Al X 2 0.022 0211 0.117+0.134a 0.434
R 22 0.020 24.07 2.314+4.961 0.826

Ve B JE bR AN A T RER R AN R DD BE X 2 T4 1 4k %5 22 57 (P<0.05).
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Table 4. Extraction rate of heavy metals from dustfall extracted by TCLP method.

B Cu Zn Pb Cd Cr As Fe Mn Co Ni v
12 8.17 49.27 1.34 37.22 0.64 1.26 0.14 14.37 15.05 3.72 1.07
J3-1 44.66 52.82 7.80 84.21 278 27.79 0.65 34.16 33.82 18.73 439
ATIE X 16 10.60 48.87 5.98 36.73 1.94 4.88 0.13 16.42 17.47 4.61 1.13
129 2.24 25.76 2.69 6.92 0.82 9.65 0.44 2.65 31.38 4.17 0.63
¥IE 16.42 44.18 445 41.27 1.55 10.90 0.34 16.90 24.43 7.81 1.81
J11 43.62 81.90 9.83 82.19 2.44 488 0.84 3433 32.82 18.46 5.03
. 112 15.31 61.50 3.66 48.78 1.14 443 0.38 23.84 18.56 10.99 3.62
Rl 114 9.36 75.52 6.34 65.86 2.66 4.66 0.64 19.49 52.75 8.04 5.67
¥IME 22.76 72.97 6.61 65.61 2.08 4.66 0.62 25.89 3471 12.50 477
127 30.84 4251 9.57 18.35 1.47 3.39 0.20 0.37 31.30 4.12 1.01
130 23.48 77.40 10.13 42.48 3.04 14.37 0.44 42.87 27.56 26.33 1.69
JR X 152 49.91 70.44 38.61 79.76 3.11 0.61 0.81 66.75 50.61 28.66 231
153 3.52 24.41 2.05 11.52 0.92 12.58 0.08 1.78 17.72 2.38 0.05
¥)ME 26.94 53.69 15.09 38.03 2.14 7.74 0.38 27.94 31.80 15.37 1.27
17 12.56 93.57 6.79 34.58 1.07 1.18 0.19 20.83 23.70 24.16 0.05
118 8.24 11.35 1.16 3.89 1.69 6.63 0.05 6.72 0.38 321 1.64
122 2591 72.46 13.52 23.94 1.07 15.34 0.72 1.73 34.32 20.82 0.90
1231 51.85 8.78 41.42 59.96 3.03 10.41 0.33 0.83 22.18 11.75 0.63
1232 32.81 3.98 11.05 34.98 8.51 8.56 0.43 72.16 50.16 28.04 2.77
Ll 1233 28.83 8.97 8.64 71.32 2.49 5.68 0.46 4261 33.18 6.14 1.26
140 43.52 61.23 2.57 46.19 3.97 6.31 0.17 123 19.11 11.26 121
141 2493 43.55 2.12 23.89 3.28 2.04 0.07 0.65 9.10 429 0.94
142 13.43 436 0.10 12.50 16.21 0.30 0.02 11.48 1.65 1.46 1835
¥{H 26.90 34.25 9.71 34.58 4.59 6.27 0.27 17.58 21.53 12.35 3.08
119 33.61 70.83 3.92 4.86 7.04 29.02 0.13 2522 18.92 20.58 0.05
ki 139 36.20 15.50 1.73 26.48 2.11 5.44 0.31 0.98 2223 422 0.20
M 25.16 45.68 8.68 38.94 325 8.16 0.35 20.07 25.64 12.10 2.48
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Table 6. Principal component analysis of element compositions of the dustfall

1 2 3 4 5 6

pH -0.442 -0.353 -0.061 -0.159 0.542 0.165
CaCO; -0.259 0.096 -0.635 0.136 0.512 -0.001
& Co 0.122 -0.044 0.101 0.017 0.835 -0.115
TC -0.029 0.975 0.121 -0.029 -0.075 0.056

B Cu 0.080 0.362 0.822 0.310 0.107 -0.013
M Cr 0.047 0.116 0.926 -0.036 0.101 -0.067
& Zn 0.091 0.085 0.125 0.902 -0.059 0.257
Bad 0.068 -0.128 -0.033 0.939 0.054 -0.093
B As 0.036 -0.007 -0.010 0.135 0.005 0.912
& Fe 0.477 0.341 -0.208 -0.088 -0.306 0.574
& Pb 0.790 -0.196 0.096 0.104 0.330 -0.300
& Mn 0.739 0.406 0.118 -0.139 -0.252 -0.087
& Ni 0.864 0.036 0.210 0.221 0.044 0.187
BV 0.868 -0.159 -0.035 0.036 -0.096 0.349
B 3.197 2.534 2.120 1.943 1.566 1.541
TR/ % 21.31 16.90 14.13 12.96 10.44 10.27
FARRTTIR 2 /% 21.31 38.21 52.34 65.30 75.74 86.01
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Assessment of Toxicity of Heavy Metal Contaminated Dustfall in Quanzhou
City by Toxicity Characteristic Leaching Procedure

HU Gong-ren'?, YU Rui-lian', LIN Yan-ping', QI Hong-Iu'

(1. Department of Environmental Science and Engineering, Huagiao University, Xiamen 361021, China
2. Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550002, China )

Abstract: Contents of heavy metals (Cu, Zn, Pb, Cd, Cr, As, Fe, Mn, Co, Ni and V) in dustfall collected from
different zones of Quanzhou city were analyzed. The ecological risk of some heavy metals (Cu, Zn, Pb, Cd and Cr)
was assessed by the Toxicity Characteristic Leaching Procedure (TCLP), which was developed by USEPA and
commonly recommended to be used to evaluate the environmental risk of solid wastes. The available levels of Cu,
Zn, Pb, Cd, Cr, As, Fe, Mn, Co, Ni and V from dustfall of Quanzhou city are 2.592~63.20, 0.084~2.978,
9.276~3141, 0.147~345.0, 0.628~9.696, 0.019~5.152, 5.037~248.9, 55.00~1261, 0.040~63.56, 0.735~37.43 and
0.020~24.07 mg/kg, respectively, based on TCLP method. According to the regulatory levels of heavy metals, most
dustfall of Quanzhou city has been polluted by Cu, Zn, Pb, Cd and Cr, in which Zn and Pb were the most serious
polluting elements, followed by Cu, Cd and Cr. The results of correlation analysis show that the TCLP-extraction
contents of Fe, Mn, Ni, Cr and V are significantly influenced by pH values of dustfall samples. The
TCLP-extraction contents of Pb, Cd, Mn, Co, Ni and As are correlated with not only their own total contents but
also the total and TCLP-extraction contents of other elements in the dustfall. The results of principal component
analysis show that traffic emission, oil burning dust, decoration material, surface soil dust, industrial dust,
construction dust and coal burning dust are dominant sources for the dustfall in Quanzhou city with the total
contribution of 86.01%.

Key words: dustfall; different functional zones of Quanzhou city; eco-environment risk assessment; TCLP method



