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Fig.1 Sampling site of atmospheric dry deposition

in Zhoushan City in Zhejiang Province
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Fig.2 Time series of daily variation diagram of Cu, Pb, Zn, Cd in atmospheric suspended matter
* Pb B#% x 1071, = % Zn Cd (3 x 10 3,
% the data of Pb x10 ™!, % # the data of Zn.Cd x10 3.
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Tab.1 2004 —2013 atmospheric dry deposition monthly fluxes of heavy metal in different seasons mg/m’

[} ] time Cu Pb Zn Cd( x1073)
2004. 02 0.127 +0. 062 0.369 +0.19 - 1.23+0.10
2004. 05 0.0120 +0.010 0.052 1 +0.030 - 0.757 +0.41
2004. 08 0.008 31 +£0.0050 0.014 6 +0.017 - 0.413 +0.56
2004. 10 0.125 +0. 16 0.166 +0.21 - 6.82+9.4
2005. 08 0.443 +0.33 0.040 4 +0. 023 - 0.945 +0.90
2005. 10 1.28 £1.2 0.093 6 +0. 080 - 1.89+1.70
2006. 02 1.36 £0.68 0.237 +0. 10 - 2.50£1.20
2006. 05 1.15+0.89 0.221 +0.19 - 0.367 +0.30
2006. 08 1.56 £0.79 0.090 3 +0. 080 - 1.16 £0.30
2006. 10 0.671 0. 41 0.056 0 +0. 024 - 0.212 0. 070
2007.02 1.31 £0.60 0.239 +0.13 - 2.84 +1.40
2007.05 0.458 +0. 15 0.127 +0. 058 - 0.483 +0.27
2007.08 0.201 +0. 032 0.073 0 +0.014 - 0.277 +0.048
2007.10 3.23 £0.93 0.078 8 +0. 036 - 0.204 +0.13
2008. 02 1.02 £0.56 0.178 +0. 15 0.351 £0.29 0.498 +0.41
2008. 05 0.760 +0. 45 0.137 +0.082 0.283 +0.21 0.940 +0. 50
2008. 08 3.46 £2.7 0.204 +0. 076 0.254 +0.18 0.380 +0.24
2008. 10 3.88 £3.0 0.284 +0.092 0.382 +0.25 0.461 +0.25
2009. 02 1.35+1.3 0.0967 +0.068 0.159 +0. 11 0.303 +0.13
2009. 05 2.10 £1.9 0.0890 +0.058 0.281 +0.22 0.547 +0. 18
2009. 08 0.028 6 +0.012 0.002 79 £0.002 1 0.007 27 £0.006 8 0.012 1 +£0.005 1
2009. 10 2.64 £2.6 0.230 £0.084 0.266 +0.23 1.72 1.2
2010.02 1.55+1.4 0.089 0 +0. 054 0.127 +0.088 0.442 +0.15
2010. 05 1.61 £1.8 0.121 £0.11 0.196 +0. 18 1.42+1.9
2010. 08 1.92+1.3 0.050 0 +0. 080 0.190 +0.28 0.600 0. 89
2010.10 0.430 +0.20 0.223 0. 14 0.250 +0. 18 1.47 1.1
2011.02 0.259 +0.21 0.182+0.13 0.000 289 +0. 000 24 2.90 £2.3
2011.05 0.817 +0.62 0.101 £0.071 0.209 +0.20 1.35+1.3
2011.08 0.827 +0.50 0.111 0. 053 0.172 +£0.13 2.64+1.9
2011.10 0.692 +0. 50 0.151 0. 14 0.229 +0.26 5.00 £2.5
2012.02 0.0262 +0.013 0.006 86 +0.0053 0.0162 +0.014 0.191 0. 12
2012.05 0.458 +0. 16 0.080 3 +0. 078 0.275 +0.27 0.634 +0.55
2012.08 0.924 +0. 68 0.008 90 +0.006 5 0.0450 +0. 045 0.282 +0.20
2012.10 1.02 £0.72 0.108 0. 073 0.197 +0.18 1.03 £0.74
2013.02 0.401 +£0.22 0.095 8 +0. 056 0.126 +0. 090 1.58 +£0.99
2013.05 0.827 1.0 0.106 0. 059 0.232 +0. 16 1.21+0.73
2013.08 1.40£1.0 0.039 4 +0. 029 0.152 +0.15 0.628 +0.51
2013.10 0.770 +0.62 0.062 6 +0. 039 0.124 +0.082 0.762 +0. 64

- FRRREL

Note: — expresses no collected data.
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WBEARAR, AT RESR IR T B AR TR (M52 8ligK) , K
FB NG 3, Bl an s b5 R B S HE
Cu F BT REHE GB 3095—2012
PM2.5 S B IRME, B T EARHERAERT Cu iy
BAPhRRAE , X Cu & & B R IR A 7 7E -5 At ¥ 45k
KRG EXS B i — 5% .

MR 2 W, 4 FhonR P BT 2 R/
JBJFH Cu(14. 15 mg/m’) \Zn(2. 16 mg/m*) .Pd
(2.16 mg/m*) ,Cd (0. 022 mg/m”) , ¥ JF K T &%
e BB E(GB 3095—2012) — KR HEZE K
K55 8 B fH) : Pb 7 15. 77 mg/m’ [ Cd g
0.158 mg/m’ (FK H 2012 = S R BB A
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R2 RLUBESRFTRRESLER

Tab.2 Comparison of atmospheric dry deposition of metals annual fluxes in Shengshan Island mg/m’

B [E] time Cu Pb Zn Cd
2005 10.10 +0.42 0.789 +0.027 - 0.016 7 +0.000 47
2006 14.30 +0.33 1.86 +0.079 - 0.087 3 +0.000 91
2007 15.70 +1.2 1.77 0. 059 - 0.012 1 +0.001 1
2008 27.05 1.4 2.40 +0.048 3.81 +0.048 0.007 14 +0.000 21
2009 18.46 +1.2 1.26 +0.081 2.15+0.11 0.007 72 +0.000 65
2010 16.70 +0.57 1.30 +0.064 1.73 £0.044 0.011 7 +0.000 47
2011 7.72 £0.23 1.66 +0.032 1.79 £0.11 0.0359 +0.001 3
2012 7.16 £0.40 0.602 +0.045 1.57 £0.11 0.006 40 +0.000 33
2013 10.12 +0.45 0.930 +0.029 1.90 +0.049 0.012 8 +0.000 45
M average 14.145 1.396 2.158 0.021 7
B - FoRARIHH
Note: — expresses no collect data.
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Fig.3 Annual fluxes of metal in
different years(mg/m*)
* Pb 3% x 1071, % % Zn . Cd (3 x 10 73,
% the data of Pb x10 ™!, % # the data of Zn.Cd x10 3.
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Tab.3 Shengshan atmospheric monitoring meteorological data in February 2006
H# data 2006.2.1 2006.2.2 2006.2.4 2006.2.5 2006.2.8 2006.2.11
FERE R CRvT TR R TR TG
average win rection
KA, Weather FH cloudy A cloudy A cloudy BH cloudy %7 cloudy f§ sunny
H# data 2006.2.12 2006.2.14 2006.2.15 2006.2.17 2006.2.21 2006.2.24
PR R CRvT iR R RS R
average win rection
RS, Weather %7 cloudy A cloudy A cloudy BH cloudy %7 cloudy %7 cloudy

2.2 EERTEEERE LS

F4 BT ARRKEF £ ERBITEHT
MEE B AE, LARABIIE SRS HAl XA R B H
BT A X A T X 2, UL 7 B
KA Cu TR T UREE B AL T8 KK, T
Pb.Zn Cd f9& BEAK, T 1 T ¥ e 3 1 R
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R R B o P AT B AR SO, IR A B L M Bk A
7 AR RS TS HE Pb Zn SFEEJRITH
Y1, HOMERRBR M E AR R P &
AREFRRENESREED™ . —MBikh Pb
FIRIR BRI R SRR T g R e sk
PR A T AL , R 1L B b B R AR D, R
Pb & RAAR T Zn Cu R B FREATL™ , L

EIFAGHA KR W BI6FRAT L, 1L 5 AT #E
SR L TV e, B b TR T 8z, B
Bt Zn B& BEA, B2 3 B RFT L,
1M Cu SR AT AE5 HHURK T A Cu TREZAH
KEERIBRY F Cu TR EFEEK;C E
ZOR B T A7, A0 Bk K T # [m] i 3% 19
B, 5 Zn —FE, _BIGHIBR TV AIE W FE
B3R BB AR I AR R L 5 Cd f
ZORWE . MR 4 WAL i, i X 48 Cu Pb,
Cd B TIUMEE BT Im K T v AR & &, 3R
Bt b AR A9 sl aniz dn 50l LT 4l 5
XBHERIPESBITR MBI R Bl 5K
HH Cu FEESEENPIFRHNR
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Tab.4 Comparison of atmospheric deposition

of metal between Shengshan island and other regions mg/m’

JERFH O EARTEHE BRWEE JLEERE L] i TRENE BRIL=AY Ty
The North The South The South North India Shenash inedaol13] Fujian Xinghua Pearl River Tianiin Potl6]
Pacific'®! Pacific!®! Atlantic®] Ocean'®! gshan  Qingdao Bay! '] Deltal '’ tanin Fort
Cu 0.69 0. 0026 0.29 0.085 7.18 ~27.05 21.9 2.72 18.6 10.59
Pb 0.37 0.1 1.5 0.39 0.6 ~2.4 32.8 3.83 12.7 27.73
Zn - - - - 1.57 ~3.80 50.1 14.39 104 55.85
Cd 0.016 0.000 9 0.012 0.005  0.0064~0.087 3 - 0.08 0.07 -
T - R R
Note: — expresses no collected data.
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Characteristics of atmospheric heavy metals dry deposition in the Shengshan
Island

LIN Xirong"*?*, YE Shufeng®’, SUN Yawei’”, YANG Xingxing>”’

(1. College of Marine Sciences, Shanghai Ocean University, Shanghai 201306, China; 2. East China Sea Environment
Monitoring Center, State Oceanic Administration, Shanghai 200137, China; 3. Key Laboratory of Integrated Marine Monitoring
and Applied Technologies for Harmful Algal Blooms, Shanghai 200137, China)

Abstract: Dry deposition fluxes of heavy metals in Zhoushan sea area were calculated through a single point of
dry deposition model based on the monitoring data of selected heavy metal elements in atmospheric particulate
matter( Cu, Pb, Zn, Cd) in Shengshan Island in four seasons ( February, May, August and October) from
2004 to 2013. The results showed that, the magnitude order of monthly and yearly dry deposition fluxes of
heavy metal elements in the atmospheric was Cu(14. 15 mg/m’) >Zn(2.16 mg/m’) >Pb(1.40 mg/m*) >
Cd(0. 022 mg/m”) , the corresponding concentration of which was less than the limit value of China’s air
quality standards. Cu accounted for 80% of the total metals. Monthly flux variation of heavy metals in recent
years was complex, the data in winter and spring was higher than that in autumn and summer for the early
phases (2004 —2008 ) ; while the trend turned higher in summer and winter for the late period (2009 —
2013). Compared with other sea areas,both the monthly and annual deposition fluxes of Cu are higher than
those in Pearl River Delta, Tianjin Port, Fujian Xinghua Bay, just below the Qingdao sea area; while Pb,
Zn, Cd values are far less than those sea areas, but have little difference with the ocean monitoring values.

Key words: heavy metal; atmospheric dry deposition; flux; Shengshan Island; seasonal variation
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