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Monitoring of airborne heavy metals by
using moss-bags in Shenzhen
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Abstract: This present study investigated airborne trace heavy metals of V,Cr,Mn,Co,Ni,Cu,Zn,As,Cd and Pb in
Shenzhen by using moss-bag technique plus ICP-AES analysis. Seventeen sites across four administrative regions,in-
cluding Yantian, Luohu, Futian and Nanshan were selected for placing moss bags. The sesults showed that the trace
heavy metals varied in these four districts. The pollution of Nanshan was less serious than that of the other three dis-
tricts. The main reasons were probably related to the land and water traffic conditions.industrial development,popu-
lation density and geographic location. Cluster analysis of heavy metal concentration contents showed in all monitored
sites , the most polluted ones were of industrial and traffic heavy areas.and relative mild polluted were far from indus-
try and highways to some extent. The above showed that the industry and highways played a crucial role in atmos-
pheric pollution. The government must do more to alleviate the atmospheric heavy metal pollution in Shenzhen.
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Table 1 Basic data of survey regions
HHEAD SR Nk
% N CEFHAR) (N FHARD 2 il
. Resident Total land Population Established
Region . . .
population area density time
(people) (km?*) (people/km*)
X 208861 72.36 2798 1997 4E 10 H
Yantian
i X 923423 78.36 11726 1990 4£ 1 A
Luohu
WHEX 1318055 78.8 16756 1990 4E 1 A
Futian
L X 1087936 182.1 5877 1990 £ 1 H
Nanshan

e Bk ET RIS O 1 A QR GE T )R R 3. 2012)
Note: Data from the sixth census of Shenzhen(Website of Shenzhen Statis
tics Bureau,2012)
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AT ASE EAE G EARZ U prid .
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Bk 2 % 4% rp (1% B I 2% 5 CIn A i) LR 60~ 80
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Table 2 Moss-bag monitored sites in Shenzhen
el 5 5 X35} W A5 44 Bk HARA7 W HE 4R [H] HAS i i)
Monitoring No. Region Monitoring site Location Environment Hung bag time Took bag time
1 X A 5 TR NS 2011471 19 H 2011410 J1 17 H
2 hH X NI 5 TR A IX 201147 J1 20 H 2011 4E 10 /] 18 H
3 hH X G 25 4 Il BEHEETT & JERIX 201147 H 19 H 20114E 10 A 17 H
4 B il #91 AiE  fed TR EAETIT & R IX 201147 H 21 B 2011 4E 10 A 20 H
5 B X FESE T X M5 Tk X 20114E7 H 21 H 2011 4E 10 A 20 H
6 B AT X KIAEERETE & Rk X 20114E 7 A 22 H 2011 4E 10 A 22 H
7 B i IX PRI N BT & N 2011 4E 7 A 23 H 2011 4F 10 H 25 H
8 A H X LA T IX 4 S TOE & Tk X 201147 J1 25 H 2011 4E 10 /] 26 H
9 A8 H X fERERX 11 # BTF & JE R X 2011 4E 7 A 24 H 2011 4E 10 A 25 H
10 8 X AR AL Al X LR TR TOF & Tk X 201147 H 22 B 2011410 A 22 H
11 8 H X SEAE 1 23 bl ) TR N 2011457 H 24 H 2011 4E 10 A 25 H
12 X EARN I N BT & A X 20114E 7 A 25 H 2011 4F 10 H 26 H
13 X KX m i 25 WA Y R AR R X 2011 4E 7 A 28 H 2011 4F 10 H 27 H
14 X AT IR A% T & NG| 2011457 27 H 2011 4E 10 /] 26 H
15 X N A BB % T & JE R IX 201147 H 27 H 2011 4E 10 A 26 H
16 Fg L X L ST BRI M- & Tk X 2011 4E 7 A 28 H 2011410 A 27 H
17 Xt £ W oW WA B AR L R IX 201148 A1 H 2011411 H 1 H

VAR /= (e A S R SR T ) | A e
1~2 mL BOWEME, 5T 25 mL FEf, B4
i i A Ao AR C S ORI xR R S AR 3L S
R A 30 1R R AT 20 BT A

ASHIE ST A EHE 0 T Ll R s I PG R
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pled plasma atomic emission spectroscopy, 48 5
ICP-AES) X HLHE AT 20 M A5 D o B K by P2 B (V)
B (Cr) ViR (Mn) 8k (Fe) (&l (Co) VR (ND (4] (Cw) .
BE(Zn) i (As) FR(CD 8T (PH)SE 10 &8
1.4 SH7TE

S 638 o AT I G E EERE S 3 RIS By 4k
TR EERE S P AR AR A 5 1Y
HEEHE i Excel B #E AT ¥ E A X BB £,
Nemerow %5 & 8 87T 5 DL e I SPSS #4: % i#t
FrEEIHT.
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x3 FUNTXHEZHNELENTEBVEE (mg/ky)
Table 3 Average content(mg « kg') of each heavy metal in moss bags in Shenzhen
iy
R]Z(;i)jjn Momiomr‘i“r;g site As Cd Co Cr Cu Mn Ni Pb \% Zn
GBS 2.675 0.100 0.525 2.750 5.875 8.35 2.275 5.5 0.675 71.6
Background value
i) X SEYE Tk X 5.000 0.800 0.725 5.100 21.150 21.075 8.150 20.125 2.250 172.350
Luohu il 3 A 4 el 3.625 0.450 0.600 3.900 6.975 15.163 2.900 8.000 1.625 117.188
ZRITREE X 4.25 0.525 0.725 7.475 10.688  25.738 3.238 12.250 1.625  216.063
RNl 3.500 0.375 0.688 3.788 7.925 18.400 2.613 7.250 1.250 144.050
& IX LA TALIX 4.375 0.513 1.175 10.65 14.888  26.075 4.175 16.500 2.250  179.688
Futian wRERK 1,125 0.475 1.225 9.038 9.913  20.575  3.438  11.125  1.750  184.763
L AN 4.575 0.513 0.813 9.250 12.475 26.988 3.813 12.000 1.750 203.538
SEAE L2 el 3.375 0.338 0.763 5.175 8.513 24.488 2.475 6.875 1.125 120.388
FAR p 7N 4.250 0.300 0.613 6.050 8.875 20.163 2.975 7.750 1.125 174.625
X KEgil 5.750 0.150 0.550 5.538 9.725 8.490 2.450 5.625 1.250  158.525
Nanshan A 4.750 0.288 0.600 5.025 8.813 18.450 2.650 7.500 1.125 166.763
IR 2= 4.500 0.263 0.650 6.650 10.613 14.738 2.525 9.625 1.250 259.038
LT 7 B 5 4.375 0.275 0.713 6.163 10.463 13.475 2.925 8.250 1.000 181.713
HhHX T 1L el 5.250 0.238 1.375 7.850 18.350 21.713 3.163 14.375 2.625 150.763
Yantian KA R X 4.250 0.413 0.788 9.250 14.588 33.563 4.450 19.875 2.625 121.038
IS V2 7 el 4.250 0.300 0.625 5.900 9.138 15.925 5.563 18.500 1.875 100.450
LRl 3.250 0.138 0.538 3.600 6.925 31.250 2.363 7.000 1.500 156.250
4G 10 PPEE 4 Jm 10 AR T AR T st (E (HD e P RAIIRMZERZH I AL & B R4 1 R

B BERE LA B 4% B R T AY R S D L X U X L
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(As.Cd.Co.Cr,Cu,Ni,Pb) & &4 F 17 X 4% W 0y
LT Mn V. Zn JCE W 5 & 0 & F 17 X0 o W
A Min ST E Y 8 i T T DR R 43 W I A5 LA
B iS4 MH . 310 B A T L 35— W AT 4 A R
ZRN T — W5 Y {0 TG e BE RE N B R
Mn.V.Zn JCE B & w0 & i K a8, X 5 £
BRI B B SRR —ENC R, B
L2 57 T BRI TT 19 0V 5 K TG 2 =2 ) 1 A G 2 5
5 Y 04 TR 869 m, JIT DL BE AR A7 Bk [ i
TP ) I8 B B R AL 1 — e s e, RSk
L HE I B8 0F 7 8 18 R VA 0 YR A R s L R %
RIS BT RIS %48 LNG KR A Yok
R SV AR A T R R R 5 e B
TS NG v o I 1 R
22 RYITRBIARBEHXASELBTLIEMN

T3 A, BB DX 3 3 Tl X5 Al R A
TR A 0 A5 AT A B, X S AR BE AN F 1 LR IX
W EENRKIESBETEAERRNES,
T RFHMBE AR 1 AR XIS KhES RS
Y A 2 B A S [ L 3k 5 — i T A Sk Y e B

=/
7

PR R 5 W A /N ER T IR AKX [ R A
HESET X E—PEPARZ LR T B TALIX,
T 32 3 Tl A 7= DR IR 5700 14 52 00 T A1) A )
Pl 2 44 1L 5% 7K B R e XU DXL T 5 R B B AR L H
16 BEERS5E b pl /N AR A L B AL 3 A el ) L 0
T o FEE 38 Ul DCASE 7 L e %y g T 1l 98 A 490 Bl 7 3 1L
W g L TR 55 Ab L 3 DI 32 LR g X 3L 7R R
DURE R R 2 T 1 T A S Tl X R R
15 B W) BBz i 30 A 0 4 el %ot i A RO
S HE B R LU/ o BT LA XN PR |l B PR A
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AN TR AR BE 9 R 05 Btk B
23 ®IH 4 MTBERHASEERTHRITN
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Fig. 1 Comparison of heavy metals’ concentrations in four survey regions X-axis indicates different metals
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RMEARZ P S RERMNA X PR &EE. M
L IX PR YN R 2 Wa I A5 84 Zn G 26 45 HoAth 4854 W 0
AH EG A S AR 5 Ry i e A2 pR T 0 0 AR TR
PR FLEAE TRV 6, HEE4R T Zn FE LR
JCE M B ] AR A2 S0 00 & HEBUE s

AR X N A R L BN ) — AT BUX L 3
W5 e IR HE A% Wl o5 42 Y 10 Bl 4 e O A
L TR N 101 8 AR B LA A i L DX L
4 JE Cu.Mn.Ni,Pb JC R 7E R H X 19 -2 {53 51
49 8.15,15.385,2.117,12.083 mg/kg, 7£ 7 Ll X 1
SEHIAE S35 M 4.028.,0.363.2.25 mg/kg.

T3 Ak F g AR X5 B I LA W AT K
P ST Tl X5 R DX B A Y A
LI /NI NS 3 R el sel e = ([ |
X, &4 Tl X 55 6 gk X As, Cd. Cr. Cu,
Mn . Ni.Pb.V & 5t bb Il M 75 22 &5, o Mn 9
Er AR Tl X 5 A b Rl X 43 931 3K 31 26.075
1 26.988 mg/kg., IMi 48 [ J& B IX L FE AL 11 A Bl 5 41
AR 1 B A 20.575.24.488.,20.168 mg/kg; Pb iy
B AR AR Tk X 5 A28 A6 R X 43 8 #) 16.5
F112.0 mg/kg, IMi 48 B Ja B X348 1L 23 Pl 5 20 4%
A5 HA 11.125.6.875.7.75 mg/kg., TEZ WX,
FEPE T ALK 5K TR L X 10 Flvl 4R & & 23R 4R

B T H A AR S Hob Min 19 & AR ESE Tl
XS5 A TR X 4313k 21.075 F125.738 mg/kg. i
T 2 el 5 Al I8 A 4 Bl 43 5 A5 18.4.15.163 mg/
kg Ph {8 AR SESE Tl X 5 25 171 Rl X 4351 35 5]
20.125 I 12.25 mg/kg. ifi #5125 FE 5 1l 15 44 9 1)
S RA 7.25.8.0 mg/ kg, i i {H 2 B AREL 3 £,
AT IR A g0 SRR P 4 )8 Mn . Pb ROk A T
& B HR R R AHER AR Tl X 5 A8 b F
X 1 28 B Tolk & 35 B {54 R ASCHE U R 19 Min,
Pb 5 e A% =

R 85 45 00 55 DX kot s 4 1 R A A
R U6 e 8 1 T S A, T3 A AT B IX RN IR S 4
JE AT 2R F(RAF) WL 4,

(RAF) J¢ Nemerow ZE GHER(R 5), MR 5 1531
TRYIN T DU A7 B X0 B2 4% v 4 1 o 48 1) 3% 78
A A H X > 50 ) X > 4 X > R 1 X B IR
AR 3 h iy 4 DMATEIX 10 MrE 5 8 1Y A X
ST (RAF) , F I SPSS18.0 H {4 i 17 I 4 B
B R 22 M (Nearest neighbor Cluster Method) ,
FREEA LU B 3 #r , A1) 20 DR 2R DI T 7Y A 47 B
DX DA B Xof J e BRI L R B G ol =28 B 22
X 9 DX o6t B R IR LR TS 5 58 TR AR XS
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R4 FRUTEUINURTRBREM 10FHELEEANEREF (RAP)
Table 4 RAF of heavy metals in moss-bags of monitored sites in Shenzhen
R%;i‘n Momiﬁriig site As Cd Co Cr Cu Mn Ni Pb Y Zn
B IX SERE Tk X 0.869 7.000 0.381 0.855 2.600 1.524 2.582 2.659 2.334 1.407
Luohu il 398 ol 4 el 0.355 3.500 0.143 0.055 0.187 0.816 0.275 0.455 1.407 0.637
ZRITRI L X 0.589 4.250 0.381 1.718 0.819 2.082 0.423 1.227 1.407 2.018
RSNG| 0.308 2.750 0.340 0.268 0.349 1.204 0.148 0.318 0.852 1.012
(. Average value 0.530 4,375 0.311 0.724 0.989 1.407 0.857 1.165 1.500 1.269
X GAE T X 0.636 4.125 1.238 2.873 1.534 2.123 0.835 2.000 2.334 1.510
Futian 1 R JE R X 0.542 3.750 1.333 2.286 0.687 1.464 0.511 1.023 1.593 1.580
A5 b Rl X 0.710 4.125 0.548 2.364 1.123 2.232 0.676 1.182 1.593 1.843
SE AL 2 B 0.262 2.375 0.452 0.882 0.449 1.933 0.088 0.250 0.667 0.681
FARZIPIN 0.589 2.000 0.167 1.200 0.511 1.415 0.308 0.409 0.667 1.439
YJ{H Average value 0.548 3.275 0.748 1.921 0.861 1.833 0.484 0.973 1.371 1.411
H X Kl 1.150 0.500 0.048 1.014 0.656 0.017 0.077 0.023 0.852 1.214
Nanshan A A 0.776 1.875 0.143 0.827 0.500 1.210 0.165 0.364 0.667 1.330
RIINR 2= 0.682 1.625 0.238 1.418 0.806 0.765 0.110 0.750 0.852 2.618
PR T I s 0.636 1.750 0.357 1.241 0.781 0.614 0.286 0.500 0.482 1.538
¥ Average value 0.811 1.438 0.197 1.125 0.686 0.652 0.160 0.409 0.713 1.675
HhHIX T 172 el 0.963 1.375 1.619 1.855 2.123 1.600 0.390 1.614 2.889 1.106
Yantian KAESF RS X 0.589 3.125 0.500 2.364 1.483 3.019 0.956 2.614 2.889 0.690
IS 725 4 el 0.589 2.000 0.190 1.145 0.555 0.907 1.445 2.364 1.778 0.403
YI{H Average value 0.714 2.167 0.770 1.788 1.387 1.842 0.930 2.197 2.519 0.733
X} & Control LR 0.214 0.375 0.024 0.309 0.179 2.743 0.038 0.273 1.222 1.182
£S5 FUH4NMTHER 10 HELEEK RAF K Nemerow 42 & 1520
Table 5 RAF and Nemerow indices of 10 kinds of heavy metals in four survey regions
[X 18 Region As Cd Co Cr Cu Mn Ni Pb \' Zn Nemerow
% IX. 0.530 4.375 0.303 0.842 0.989 1.407 0.857 1.164 1.500 1.269 9.406
Luohu
i H X 0.548 3.275 0.748 1.921 0.861 1.833 0.484 0.973 1.371 1.411 9.540
Futian
Fg 1 X 0.811 1.438 0.197 1.125 0.686 0.652 0.160 0.409 0.713 1.675 5.589
Nanshan
X 0.714 2.167 0.77 1.788 1.387 1.842 0.930 2.197 2.519 0.733 9.193
Yantian
LRl 0.214 0.375 0.024 0.309 0.179 2.743 0.038 0.273 1.222 1.182 4.661
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