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Abstract: High-volume PM, s samples were collected consecutively at the national air background monitoring
station at Tuoji Island, which is located in the middle of the Bohai strait. Sixty-five samples collected during
December 2011 to December 2012 were analyzed to obtain PM, 5 concentrations and chemical compositions such
as OC, EC, inorganic elements, and water-soluble ions. The average mass concentration of PM, s was 54.6 pg/m3
(17.3~143.8 pug/m?), exceeding the standard value of 35 pg/m® of the National Ambient Air Quality Standard
(NAAQS). High values of seasonal concentration occurred in spring and summer (73.6 pg/m® and 60.7 pg/m® in
average, respectively), which were related with the dust storm in north China and biomass burning from Shandong

peninsula, respectively. The lowest concentration appeared in winter (39.0 pg/m®) that may be affected by the wet
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deposition of clean mechanism frequent snowstorms. Sulfate (18.8%), organic matters (16.5%), nitrate (10.8%),
and main metal oxides (9.4%) were the main components of PM, s, followed by ammonium (3.5%) and EC (3.3%).
The chemical compositions of PM, s reflected the main sources as well as their seasonal variations at Tuoji Island.
For example, the high concentrations of Fe, Ca, and Mg in spring samples could be related with dust storms
occurred frequently in north China, while the high values of K* concentration and OC/EC ratio in summer reflected
the series biomass combustion in Shandong peninsula. The extremely high concentrations of SOLZ[ and NOj, in summer
reflected the formation of secondary aerosols. Additionally, high values of Na" concentration and V/Ni ratio in PM,
showed that sea salt and shipping emissions also had certain contribution to PM, 5 at Tuoji Island.

Key words: PM, s5; water soluble ions; inorganic elements; seasonal variation; Tuoji Island
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Fig.2 The average monthly concentrations of PM; s in the Tuoji Island (a) and comparison of seasonal concentrations of PM, s in coastal zone (b)
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Table 1 Chemical composition of PM, s at the Tuoji Island
oC 19.6 13.4 12.7 18.4 16.0
EC 7.4 4.9 7.8 7.7 7.0
soi‘ 10.7 16.7 8.9 5.7 10.5
NHZ 2.1 2.1 1.5 1.4 1.8
NOE 10.7 4.6 5.9 5.8 6.8
Na® 353.5 305.7 540.7 315.3 378.8
K" 776.7 913.1 666.1 545.6 725.4
Mg* 34.5 21.0 31.4 18.7 26.4
Ca* 597.8 179.0 344.8 283.7 351.3
Cr 653.2 275.1 295.7 536.8 440.2
Na 626.9 2506.0 2031.0 747.1 1478.0
Mg 212.0 106.6 167.7 119.7 151.5
K 592.3 928.0 608.2 4249 638.3
Fe 728.2 330.7 467.5 339.4 466.4
Ca 477.9 287.5 3349 247.4 336.9
Mn 373.2 256.6 302.8 218.7 287.8
Pb 87.3 100.1 119.7 59.5 91.7
Zn 103.7 123.1 103.3 47.0 94.3
As 4.5 5.5 4.0 34 4.3
Y 8.3 7.5 4.7 3.6 6.0
Cr 5.7 4.1 4.3 1.9 4.0
Ni 5.4 4.9 3.2 2.4 4.0
Cu 13.1 18.9 11.2 7.4 12.6
Cd 1.2 1.5 1.5 1.0 1.3
:0C EC SO NH, NO; pg/m’, ng/m’
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Table 2 Correlations of inorganic elements of PM s at the Tuoji Island
Na Mg K Mn Ca Fe A% Cr Ni Zn Pb Cu Cd As

Na 1.00

Mg 0.33 1.00

K 0.54 0.50 1.00

Mn 0.65 0.75 0.73 1.00

Ca 0.43 0.96 0.57 0.80 1.00

Fe 0.37 0.94 0.57 0.85 0.94 1.00

v 0.52 0.41 0.44 0.60 0.45 0.47 1.00

Cr 0.64 0.72 0.56 0.88 0.76 0.81 0.66 1.00

Ni 0.67 0.61 0.67 0.85 0.67 0.70 0.91 0.85 1.00

Zn 0.77 0.56 0.72 0.90 0.63 0.67 0.62 0.88 0.86 1.00

Pb 0.78 0.51 0.66 0.90 0.58 0.65 0.59 0.83 0.81 0.95 1.00

Cu 0.80 0.55 0.67 0.88 0.64 0.65 0.65 0.85 0.88 0.97 0.94 1.00

Cd 0.81 0.52 0.69 0.89 0.59 0.63 0.62 0.84 0.84 0.97 0.98 0.97 1.00

As 0.79 0.55 0.69 0.89 0.63 0.66 0.66 0.86 0.88 0.97 0.95 0.98 0.98 1.00

Cu

NOAA HYSPLIT MODEL
Backward trajectories ending at 0800 UTC 26 Mar 12
GDAS Meteorological Data

Source * at 38.17 N 120.76 E

p (hPa)

12 12

00 00 00 00 00
03/26 03/25 03/24 03/23 03/22

7 2012 3 26 4 23

Source % at 38.17 N 120.76 E

p (hPa)

NOAA HYSPLIT MODEL
Backward trajectories ending at 0800 UTC 23 Apr 12
GDAS Meteorological Data

00 12 00 12 00 12 00

04/22 04/21 04/20 04/19

(100m 500m 1000 m)

Fig.7 Back trajectories of the Tuoji Island on March 26 and April 23 of 2012 at different heights (100 m, 500 m and 1000 m)

(57 Pb Zn As Cd
( 0.94),
P} PM245
V/Ni 581
) PM,s  V/Ni 1.54,
(0.7)P%,

ZHANG Fan et al.:

(73.6 pg/m’),

(1) 2011 12 2012 12 PM, 5
54.6 pg/m’(17.3~143.8 pg/m’),
(35 pg/m’)

(60.7 pg/m’),
(39.0 pg/m?),

Chemical compositions of PM; s at Tuoji Island



326 Wik e?

2014 4

) PM,s SO OM NO; MMO
, 18.8% 16.5%
10.8%  9.4% NH; (3.5%) EC (3.3%)
, OM , ;

B > B

>

(3) nss-SO3™, NO;  NH; PM,;s

( 80%
), 10.5 pg/m® 6.8 pg/m®> 1.8 pg/m’
K* , OC/EC
PM, 5 Cl'/Na"
, Cr
4 Na Mg K Fe Ca Mn Pb
Zn 8 90% , Fe
Ca Mg ,
K , Pb
/n R Mn
, V/Ni

PM,; s

5 % ik (References):

[1] Chan Y C, Simpson R W, McTainsh G H, Vowles P D, Cohen
D D, Bailey G M. Characterization of chemical species in
PM, s and PM,, aerosols in Brisbane, Australia [J]. Atmos
Environ, 1997, 31(22): 3773-3785.

[2] Christoforous C S, Salmon L G, Hannigan M P, Solomon P A,
Cass G R. Trends in fine particle concentration and chemical
composition in southern California [J]. J Air Waste Manag
Assoc, 2000, 50(1): 43-53.

[3] Schwartz J, Dochery D W, Neas L M. Is daily mortality asso-
ciated specifically with fine particles? [J]. J Air Waste Manag
Assoc, 1996, 46(10): 927-939.

[4] Wilson W E, Suh H H. Fine and coarse particles: Concentra-
tion relationships relevant to epidemiological study [J]. J Air
Waste Manag Assoc, 1997, 47(12): 1238-1249.

[5] Yu L E, Shulman M L, Kopperud, R, Hildemann, L M. Fine
organic aerosols collected in a humid, rural location (Great
Smoky Mountains, Tennessee, USA): Chemical and temporal
characteristics [J]. Atmos Environ, 2005, 39(33): 6037—6050.

[6] Boldo E, Linares C, Lumbreras J, Borge R, Narros A, Gar-

cia-Pérez J, Fernandez-Navarro P, Pérez-Gomez B, Aragonés

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

N, Ramis R, Pollan M, Moreno T, Karanasiou A,
Lopez-Abente G. Health impact assessment of a reduction in
ambient PM2.5 levels in Spain [J]. Environ Int, 2011, 37(2):
342-348.
(TSP)
[J1. , 2008, 27(1): 43-49.
Li You-yi, Xiao Hua-yun, Liu Xue-yan, Hu lJian, Liu
Cong-qiang. Chemical characteristics and seasonal variation
of water-soluble inorganic ions in TSP in Guiyang, SW China
[J]. Bull Mineral Petrol Geochem, 2008, 27(1): 43-49 (in
Chinese with English abstract).
[J1. , 2005, 21(1): 83-87.
Wang Ping-li, Dai Chun-lei, Zhang Chen-jiang. The study
progress in the research for the particular in city air and its
effect on human health [J]. Environ Monit China, 2005, 21(1):
83-87 (in Chinese with English abstract).
Duan F K, He K B, Ma Y L, Yang F M, Yu X C, Cadle S H,
Chan T, Mulawa P A. Concentration and chemical character-
istics of PM2.5 in Beijing, China: 2001-2002 [J]. Sci Total
Environ, 2006, 355(1-3): 264-275.
Gu Jinxia, Bai Zhipeng, Li Weifang, Wu Liping, Liu Aixia,
Dong Haiyan, Xie Yiyang. Chemical composition of PM2.5
during winter in Tianjin, China [J]. Particuology, 2011, 9(3):
215-221.
Hagler G S W, Bergin M H, Salmon L G, YuJ Z, Wan E C H,
Zheng M, Zeng L M, Kiang C S, Zhang Y H, Lau A K H,
Schauer J J. Source areas and chemical composition of fine
particulate matter in the Pearl River Delta region of China [J].
Atmos Environ, 2006, 40(20): 3802-3815.
Jun-ji Cao, Qi-yuan Wang, Judith C. Chow, John G. Watson,
Xue-xi Tie, Zhen-xing Shen, Ping Wan, Zhi-sheng An. Im-
pacts of aerosol compositions on visibility impairment in
Xi’an, China [J]. Atmos Environ, 2012, 59: 559-566.
Jun-Ji Cao, Zhen-Xing Shen, Judith C. Chow, John G. Watson,
Shun-Cheng Lee, Xue-Xi Tie, Kin-Fai Ho, Ge-Hui Wang, and
Yong-Ming Han. Winter and summer PM, s chemical compo-
sitions in Fourteen Chinese Cities [J]. Journal of the Air &
Waste Management Association, 2012, 62(10): 1214-1226.
[J1. , 2001, 22(1): 6-9.
Wang Min, Hu Min. Mass concentration and major inorganic
compositions of coastal aerosol in Qingdao [J]. Environ Sci,
2001, 22(1): 6-9 (in Chinese with English abstract).
Min Hua, Ling-Yan He, Yuan-Hang Zhang, Min Wang, Kim Y
P, Moon K C. Seasonal variation of ionic species in fine par-
ticles at Qingdao, China [J]. Atmos Environ, 2002, 36(38):
5853-5859.
[J1. , 1997, 16(3): 46-52.
Li Lian-ke, Li Jun, Gao Guang-zhi, Liu Gui-qin, Deng
Ya-ping. Characteristics analysis of the marine aerosol in Da-
lian area [J]. Mar Environ Sci, 1997, 16(3): 4652 (in Chinese

Geochimica | Vol. 43 | No. 4 | pp. 317-328 | Juby, 2014



EaH

 ME wILBERKSER

ik PM, s (L F AR R T L LAFAE

327

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

with English abstract).
[J1].

, 2005, 21(1): 21-23.
Wan Xian-lie. Analysis on inorganic compositions of aerosol
in Dalian urban [J]. Environ Monit China, 2005, 21(1): 21-23
(in Chinese with English abstract).
Ying Wang, Guoshun Zhuang, Xingying Zhang, Kan Huang,
Chang Xu, Aohan Tang, Jianmin Chen, Zhisheng An. The ion
chemistry, seasonal cycle, and sources of PM,s and TSP
aerosol in Shanghai [J]. Atmos Environ, 2006, 40(16):
2935-2952.
Nakamura T, Matsumoto K, Uematsu M. Chemical character-
istics of aerosols transported from Asia to the East China Sea:
An evaluation of anthropogenic combined nitrogen deposition
in autumn [J]. Atmos Environ, 2005, 39(9): 1749-1758.
Boming Ye, Xueli Ji, Haizhen Yang, Xiaohong Yao, Chan C K,
Cadle S H, Tai Chan, Patricia A Mulawa. Concentration and
chemical composition of PM, s in Shanghai for a 1-year pe-
riod [J]. Atmos Environ, 2003, 37(4): 499-510.
Jingchun Duan, Jihua Tan, Dingxi Cheng, Xinhui Bi, Wenjing
Deng, Guoying Sheng, Jiamo Fu, Wong M H. Sources and
characteristics of carbonaceous aerosol in two largest cities in
Pearl River Delta Region, China [J]. Atmos Environ, 2007,
41(14): 2895-2903.
Louie P K K, Watson J G, Antony C, Della W M S, Alexis K
H L. Seasonal characteristics and regional transport of PM; s
in Hong Kong [J]. Atmos Environ, 2005, 39(9): 1695-1710.
Mesdaghinia A, Yunesian M, Nabizadeh R, Yarahmadi M,
Sowlat M H, Ghani M, Jafari A J. Characterization of ionic
composition of TSP and PM,, during the Middle Eastern Dust
(MED) storms in Ahvaz, Iran [J]. Environ Monit Assess, 2012.
184(11): 6683-6692.
Xinhua Wang, Xinhui Bi, Guoying Sheng, Jiamo Fu. Hospital
indoor PM,;o/PM; s and associated trace elements in Guang-
zhou, China [J]. Sci Total Environ, 2006, 366(1): 124-135.

[J]. , 2010, 19(9):
2225-2231.
Yao Qing, Cai Zi-ying, Zhang Chang-chun, Mu Huai-bin. Va-
riety characteristics and influence factors of aerosol mass
concentrations in Tianjin city [J]. Ecol Environ Sci, 2010,
19(9): 2225-2231 (in Chinese with English abstract).
) , ) . PM, 5
[J1. , 2012, 33(5): 1438-1445.
Li Xiu-zhen, Sheng Li-fang, Xu Hua, Qu Wen-jun. Element com-
positions and source of PM; s aerosols in Qingdao [J]. Environ
Sci, 2012, 33(5): 1438-1445 (in Chinese with English abstract).
Jun Wang, Zimei Hu, Yuanyuan Chen, Zhenlou Chen, Shiyuan
Xu. Contamination characteristics and possible sources of
PM;, and PM,s in different functional areas of Shanghai,
China [J]. Atmos Environ, 2013, 68: 221-229.
PM, s [D].
,2012.

Zhang Qing-yan. The variation characters of fine articles

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

PM, s and its organic carbon and element carbon in Guang-
zhou [D]. Shaanxi: Northwest Agriculture and Forestry
University, 2012 (in Chinese with English abstract).

Louie, P K K, Watson, J G, Chow, J C, Chen, A, Sin, D W M,
Lau, A K H. Seasonal characteristics and regional transport of
PM,s in Hong Kong [J]. Atmos Environ, 2005, 39(9):
1695-1710.

. PMip PMys
[J1. , 2013, 34(2): 455-461.

Su Bin-bin, Liu Xin-dong, Tao Jun. Characteristics of PM;,

> 5

and PM, s concentrations in mountain background region of
East China [J]. Environ Sci, 2013, 34(2): 455-461 (in Chinese
with English abstract).
. [D].

, 2007.
Gao Rui-hua. Preliminary analysis of the climatic characteris-
tics on the gale over Bohai Straits [D]. Lanzhou: Lanzhou
University, 2007 (in Chinese with English abstract).

[J1. ,2011 (3): 104-108.
Guo Hong-ming, Du Jian-shuang, Wang Xin. Discussion of
prediction method of wind on western Bohai Sea [J]. Tianjin
Sci Technol, 2011 (3): 104-108 (in Chinese).
[Z]. http: //qq.ip138.com/weather/
shandong/ChangDao_history.htm, 2012.12.
The weather history records of Changdao in Shandong Prov-
ince [Z]. http: //qq.ip138.com/weather/shandong/ChangDao
history.htm, 2012.12 (in Chinese).
[J1. ,2012,42(4): 7-18.

Tu Jing, Zhang Su-ping, Cheng Xiang-kun, Yang Yu, Yang
Yu-qiang. Temporal and spatial variation of atmospheric
boundary layer height (ABLH) over the Yellow-East China
Sea [J]. Period Ocean Univ China, 2012, 42(4): 7-18 (in
Chinese with English abstract).
S, 5

(1.

, 2010, 31(12):
2835-2843.

Shi Jin-hui, Zhang Yun, Li Rui-fan, Gao Hui-wang, Zhang
Jing. Distributions of inorganic nitrogen species in atmos-
pheric aerosols over the East China Sea [J]. Environ Sci, 2012,
31(12): 2835-2843 (in Chinese with English abstract).

Xu Lingling, Chen Xiaoqiu, Chen Jinsheng, Zhang Fuwang,
He Chi, Zhao Jinping, Yin Liqian. Seasonal variations and
chemical compositions of PM, s aerosol in the urban area of
Fuzhou, China. [J]. Atmos Res, 2012, 104: 264-272.

Feng Jialiang, Guo Zhigang, Chan Chak K, Fang Ming. Prop-
erties of organic matter in PM, s at Changdao Island, China —
A rural site in the transport path of the Asian continental outflow [J].
Atmos Environ, 2007, 41(9): 1924-1935.

Lighty J S, Veranth J M, Sarofim A F. Critical review:
Combustion aerosols: Factors governing their size and
composition and implications to human health [J]. Air Waste
Manag Assoc, 2000, 50(9): 1565-1618.

ZHANG Fan et al.: Chemical compositions of PM> s at Tuoji Island



328 Wik 3 2014 &
[39] , , . PM, s [48] , , L2011 PM2.5
[J1. , 2009, 9(2): 248-252. [J. ,2013,32(2): 313-318.
Zhou Jia-mao, Cao Jun-ji, Zhang Ren-jian. Variations and Yao Qing, Han Su-qin, Cai Zi-ying. Pollution characteristics
sources of PM, s and its carbonaceous components in Beijing of PM2.5 and secondary components in the winter in Tianjin
[J]. Chinese J Proces Eng, 2009, 9(2): 248-252 (in Chinese [J]. Environ Chem, 2013, 32(2): 313-318 (in Chinese with
with English abstract). English abstract).
[40] s . [J1. [49] Andreae M O. Soot carbon and excess fine potassium:
, 2000, 21(5): 83-85. Long-range transport of combustion-derived aerosols [J].
Wang Min, Hu Min. Sea salt source contribution to the aero- Science, 1983, 220(4602): 1148-1151.
sol in Qingdao seashore area [J]. Environ Sci, 2000, 21(5): [50] Zhang Hefeng, Ye Xingnan, Cheng Tiantao, Chen Jianmin,
83-85 (in Chinese with English abstract). Yang Xin, Wang Lin, Zhang Renyi. A laboratory study of ag-
[41] s s . ricultural crop residue combustion in China: Emission factors
[J]. ,2011, 32(8): 2197-2203. and emission inventory [J]. Atmos Environ, 2008, 42(36):
He Yu-hui, Yang Gui-peng, Zhang Hong-hai. Composition 8432-8441.
and source of atmosphere aerosol water soluble ions over the [51] FenglJ L, Guo Z G, Zhang T R, Yao X H, Chan C K, Fang M.
East China Sea in winter [J]. Environ Sci, 2011, 32(8): Source and formation of secondary particulate matter in PM, 5
2197-2203 (in Chinese with English abstract). in Asian continental outflow [J]. J Geophys Res, 2012,
[42] s s , , , . 117(D3), D03302, doi: 10.1029/2011JD016400.
: [J1. [52] Willison M J, Clarke A G, Zeik E M. Chloride aerosols in the
,2012, 33(7): 2180-2190. Central Northern England [J]. Atmos Environ, 1989, 23(10):
Liu Zhen, Qi Jian-hua, Wang Lin, Chen Xiao-jing, Shi Jin-hui, 2231-2239.
Gao Hui-wang. Seasonal distribution of water-soluble inorganic [53] [D].
ions in the atmospheric aerosol in Qingdao [J]. J Environ Sci, : ,2012.
2012, 33(7): 2180-2190 (in Chinese with English abstract). Liu Zhen. Distribution characteristics of water-soluble inorganic
[43] ions of atmospheric aerosol in Qingdao [D]. Qingdao: Ocean
[D]. : ,2008. University of China, 2012 (in Chinese with English abstract).
Yu Xing-na. The microcosmic properties of East Asian and [54]
influences of surface heterogeneous aerosols reaction [D]. Shang- [D]. : ,2012.
Hai: Fudan University, 2008 (in Chinese with English abstract). Xue Lei. Temporal-spatial variations and chemical character-
[44] Kocak M, Kubilay N, Mihalopoulos N. Ionic composition of istics of atmospheric aerosol over the East China marginal
lower tropospheric aerosols at a northeastern Mediterranean seas [D]. Qingdao: Ocean University of China, 2012 (in
site: Implications regarding sources and long-range transport Chinese with English abstract).
[J]. Atmos Environ, 2004, 38(14): 2067-2077. [55] s s s , , .
[45] , , , . , , PM; 5 [1]. , 2006,
[J1. 26(2): 291-294.
, 2005, 26(4): 1-6. Fan Shu-xian, Fan Tao, Yan Pei-jun, Zheng You-fei, Jin Guo-xing,
Hu Min, Zhao Yun-liang, He Ling-yan, Huang Xiao-feng, Chen Shi-gong. Environmental pollution characteristics of heavy
Tang Xiao-yan, Yao Xiao-hong, Chen Ze-qiang. Mass size metal elements of PM,s in Yinchuan [J]. J Desert Res, 2006,
distribution of Beijing particulate matters and its inorganic 26(2): 291-294 (in Chinese with English abstract).
water-soluble ions in winter and wummer [J]. Environ Sci, [56] Brimblecombe P. Air Composition and Chemistry [M]. Cam-
2005, 6(4): 1-6 (in Chinese with English abstract). bridge: Cambridge University Press, 1986: 42-47.
[46] Chow J C, Watson J G, Lu Z Q, Lowenthal D H, Frazier C A, [57] , , . PM, s
Solomon P A, Thuillier R H, Magliano K Descriptive analysis of [1. , 2008, 29(3): 569-575.
PM,s and PM,, at regionally representative locations during Feng Qian-dan, Dang Zhi, Huang Wei-lin. Pollution level and
SIVAQS/AUSPEX [J]. Atmos Environ, 1996, 30(12): chemical speciation of heavy metals in PM, s during autumn
2079-2112. in Guangzhou City [J]. Environ Sci, 2008, 29(3): 569-575 (in
[47] Almeida S M, Pio C A, Freitas M C, Reis M A, Trancoso M A. Chinese with English abstract).
Source apportionment of fine and coarse particulate matter in [58] Isakson J, Persson T A, Lindgren E S. Identification and assessment

a sub-urban area at the Western European Coast [J]. Atmos
Environ, 2005, 39(17): 3127-3138.

of ship emissions and their effects in the harbour of Goteborg,
Sweden [J]. Atmos Environ, 2001, 35(21): 3659-3666.

Geochimica | Vol. 43 | No. 4 | pp. 317-328 | Juby, 2014



