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Abstract 

Aerosol samples were collected to study the characteristics of marine aerosols in the different 
western Pacific ocean areas. During the first cruise from 15 October to 25 November 1989, aerosol 
samples were collected with a kA-200 Andersen cascade impactoi and a kB-120 .sampler. Instrumental 
neutron activation analysis was used to determine the elemental composition of the aerosols. The 
concentrations of crustal «and pollution elements in aerosols were high over the ocean area close to the 
China coast and decreased very rapidly with increasing distance from land. The morphology and elemental 
composition of aerosol particles showed that the seasalt particles may conglomerate with small crustal and 
pollution particles from land to form large particles. 

1. BACKGROUND AND SCOPE OF PROJECT 

Atmospheric aerosol is one of the important pollutants. The different sources and 
the complex formation processes of the aerosol cause great differences in its constituents 
and contents. The concentrations of certain trace elements in the atmosphere have been 
elevated by pollution and therefore the highest concentrations of these chemical 
contaminates are observed over the continents. 

Some aerosols may be harmful and some may become reaction beds or carriers of 
other pollutants. Thus the composition and contents of aerosols have become an 
important parameter in assessing atmosphere quality. It is, therefore, indispensable that 
the trace element composition and physical-chemical properties of aerosol be analyzed and 
studied. 

The objectives of studying the chemical composition of aerosols over the oceans 
are to assess the effect of long-range transport of natural and anthropogenic trace 
substances on the composition of marine aerosols, and to estimate the deposition of 
crustal material and air pollutants onto the ocean surface and their contribution to marine 
sediments, and to offer the background concentrations of trace elements in aerosol 
particles over remote marine regions. 

1.1. Previous Studies 

In the past years, we have studied the characteristics of aerosol particles and identification 
of their sources in Beijing- Tianjin, Guangzhou and Tanggu coastal area [1], some study 
results are introduced as follows: 
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Trace elemental concentrations at those areas have been determined by INAA. The 
highest concentrations for most elements are found at Beijing-Tianjin area, which may be 
due to soil dust and coal-burning contributions. 

According to elemental concentrations in particles of different size, they can be 
classed in three parts: (1) These elements are mainly enriched in coarse particles (Al, Ba, 
Ca, Ce, Co, Cr, Eu, Fe, La, Lu, Mg, Na, Sc, Sm, Th,Ti and W ) which may be from natural 
sources, and caused by entrainment of soil dust and alumino-silicate portion of coal by the 
wind. These elements are predominantly with large particles, and concentration sharply 
decrease with size. (2) These elements are mainly enriched on small particles (As, Br, Ga, 
I, Pb, Sb, Se and Zn). Their concentration rapidly increases as size decreases. The major 
sources are coal and oil combustion, motor-vehicle emissions, and industrial refuse.(3) 
Bimodal particles size distributions (Cs, K, Mn and Rb). These elements show both large 
and small particle components, and our results suggest that the elements in question have 
multiple sources. 

For the greatest improvement of air quality, emission controls should be applied first 
to the sources that contribute most to the atmospheric pollution. This means that we must 
have information on the relative contributions from possible sources. Chemical element 
balance for estimating the percentage contributions of various sources to the atmospheric 
particle content has been used. In our study, We chose to examine the following major 
sources of particles: soil dust, coal burning, automotive-fuel burning, fuel-oil burning, 
sea-salt, construction dust, and industrial refuse. Our results indicated that the most 
important sources of air pollution in Tianjin area were the soil dust and the emission from 
coal-burning followed by the contributions from construction dust and industrial refuse. 
The contributions from motor vehicle and oil burning lay the third. The seasalt was less 
important. 

1.2. Application of neutron activation analysis in studying some properties of the aerosols 
during a dust storm over Beijing area [2]. 

The dust storm is a common phenomenon that occurs with great frequency and 
magnitude in arid and semi-arid areas. Atmospheric pollution is one of the most active 
areas of study concerning desert dust. 

In 18 April, 1980 and 25 April,1990, a dust storm appeared in Beijing area, and 
aerosol particle samples were collected and analyzed. The values of the aerosol particle 
concentrations during the dust storm are ten times higher than the ordinary days. The 
analytical results show that besides the great change in content of some chemical 
elements appearing both in the normal aerosol and in the dust storm aerosols, there exist 
Eu and Ta only in the latter. The calculation of the enrichment factor shows that relative 
contents of many elements in the aerosol and in the crust are similar. This was attributed 
to the dust from soil or rock weathering entering into the air, but the elements As, Br, Sb 
and Se mainly came from the coal combustion. 
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Analysis of the meteorological background and the properties of the enrichment 
factors of some elements in aerosols indicates that the Beijing dust storm aerosol particles 
was formed by soil dust brought and mixed into the air by the strong wind, these particles 
are from the areas where the strong wind formed and passed. It also shows that 
atmospheric pollutants can travel a very great distance following an air stream. 

2. METHODS 

2 . 1 . Sampling 

A KB-120 air sampler (made in China, a kind of high volume sampler with a teflon 
filter holder) and a KA-200 Andersen cascade impactor (made in Japan) were used for 
sampling aerosols. The KB-120 air sampler were used to measure the total amount of 
aerosols, the KA-200 Andersen cascade impactor was made of stainless steel and it 
collected samples in different size ranges : > 1 1 , 7-11, 4.7-7, 3.3-4.7, 2.1-3.3, 1.1-2.1, 
0.65-1.1, 0.43-0-65, and <0.43(jrr\ aerodynamic diameter (stages 1-9,respectively). The 
sampling devices were mounted on the top of the front platform of Chinese research 
vessel at an elevation of about 15 m above the surface to avoid contamination from stack 
emission. Sampling was manually interrupted during the rain period and when the relative 
wind was blowing from aft or when its speed was lower than 3m*s"1. To protect samples 
from sea spray, all samplers were set up in separated shelters which were made of 
wooden sloped screens (40x40 cm) and solid wooden roofs and floors. We used Chinese 
cellulose Paper filters (corresponding to Whatman 41) with diameter 90 mm and 60 mm 
for the KA-200 Andersen cascade impactor and KB-120 air sampler, respectively. At last 
stage of irnpactor, we used zefluor filters to avoid loss of small particles. The cellulose 
paper has a very low "blank" and good anti-radiation properties. Blank samples were taken 
in the field for comparison. The sampling time and volume speeds were 6-8 hours and 80 
L min'1 for the KB-120 air sampler, and 40-50 hours and 28.3 L min-1 for the KA-200 
impactor. 

2.2. Sample Treatment and Measurement 

The sample filter was pelletized for irradiation through the use of a stainless steel 
press fitted with a nylon insert. The pellets were 1 cm in diameter and 0.2 cm thick. The 
concentrations of Al, Ca, CI, Mn, Na and V were determined by a "short" INAA procedure 
at a thermal neutron flux of 8x10nn/cm2s with irradiation times of ten minutes. After 
cooling for 3 min, the samples were counted for 600s on a 136 cm3Ge(Li) detector 
(resolution of 2.0 kev for the 1332 keV gamma ray). A second part of elements was 
determined by a "long" INAA procedure which involved irradiation at 6x l0 l 3 n c m " V 
thermal neutron flux for 48 hours. The samples, standard, and standard reference material 
are counted once for 2000s after 4d of cooling. It measured the nuclides of As, Br, K, La, 
Na and Sm. Then, there are second counts for 5000s after 20d of cooling. It measured the 
nuclides of Ba, Cs, Co, Cr, Cs, Eu, Fe, Hf, Rb, Sb, Sc, Se, Ta, Tb, Th, Yb and Zn by means 
of a Ge(U) detector system with S-80 program control. The computer program used for 
peak searches and isotope identification, after correcting for decay and various interfering 
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contribution, subtracting the filter blanks, and comparing the samples with the standards, 
the contents of the element to be determined in the samples could be calculated. At the 
same time, the NBS standard reference materials, SRM-1632a (coal) and SRM-1633a (coal 
fly ash) were also analyzed in order to check the accuracy of this method. 

3. RESULTS 

In the past years, the continental aerosols have been studies for many years, but 
until recently, marine aarosols over the different ocean regions have been studies. 
Research on long-range transport of atmospheric pollutants, due to complexity of the urban 
atmospheric environment, ocean near to land is one of the best place. China is situated in 
the westerly belt, the aerosol particles over Chinese continent, drifting with the west wind, 
are easily transport eastward to the western Pacific regions. In recent years, we have been 
studying characteristics of marine aerosols over the western Pacific ocean, the primary 
study results described as follows: 

3.1> Chemical Composition of Aerosol in Various Marine Regions [3] 

Table 1 presents the elemental composition of the aerosol particles sampled in 
various marine regions. According to the elemental character, enrichment factor and 
sources, in the following discussion the trace elements are divided into three groups. 
(1) Crustal Elements: The distributions of crustal element concentrations were different 
from those for concentrations of seasalt elements. We can see from the Table 1 that Al 
concentrations in aerosols were high over the area close to the Asian continent and 
decreased with increasing distance from land. In the remote ocean , Al concentrations had 
values of 10"8gm'3, which were an order of magnitude less than those in the area close 
to the continent. Atmospheric inputs of alumino-silicate particles from crustal weathering 
controlled the aerosol particle concentrations of Al, Ba, Co, Cr, Fe, Mn, Sc and rare earth. 

(2) Seasalt Elements: The elements CI, Mg and Na in the aerosols over the ocean are 
generally regarded as coming from particles that have evaporated from small seawater 
drops brought into the air by breaking waves and bubbles. From the results in Table 1 it 
can be seen that the concentrations of seasalt elements CI, Mg and Na in aerosol over the 
remote ocean, were higher than crustal elements. They were dependent on the wind speed 
over the sea surface. (3) Enrichment Elements: The aerosol particles produced by human 
activities are another important constituent of the marine aerosol. Certain trace elements, 
including As, Sb, Se and Zn are enriched in the atmosphere over the levers expected from 
soil dust or seasalt particles. It is. suggested that the enrichment elements over the 
western Pacific were influenced mainly by long-range transport of anthropogenic pollutants 
from continent. 

3.2. Size Distributions 

The chemical components of aerosol over the western Pacific come from different 
sources, and therefore its elemental concentration size distribution is complicated. In 
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aerosol, elements of different chemical properties have different size distributions. Plot of 
size distribution versus elemental concentration percentage for elements is drawn in Figure 
1. The data are the average value of six cascade impactor samples over the remote ocean. 
It can be seen that the maximum peak value of seasalt elements Br, CI, Mg, and Na 
appears on stage 4 , with a slightly different size distribution. Al and Fe are quite different 
from seasalt elements in size distribution. It appears lower for intermediate and higher for 
fine and coarse particles. 
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3.3. Identification of Marine 
Aeroso l Component by 
Scanning Electron Microscopy 
with X-ray Analysis[4] 

In order to identify marine 

aerosol component originated 
from continent or ocean, the 
aerosol particles are examined 
by s c a n n i n g e l e c t r o n 
microscopy. The x-ray spectra 
of most particles showed 
constituents of Al , Fe, Si, CI, 
Na and S, indicating that the 
particles were a mixture of 
seasalt, crustal.and pollution 
elements. The second electron 
image of an aerosol particle 
shows that elements CI and Na 
were in the centre of the 
particle. Fe surrounded them, 
and Al, Si and S permeated 
almost entire particle. From the 
morphology and elemental 

composition of this example, 
we interpret that a seasalt 
particle served as condensation 
nucleus for water vapour to 
form a d rop le t , wh i ch 
scavenged crustal or pollution elements during cloud evolution to form a large drop, and 
then after evaporation it became a large conglomerated particle. This might explain why 
the size distribution for crustal and pollution elements over the remote ocean showed more 
large particles. 

9 8 7 6 5 4 3 2 1 
Stag* number 

Figure 1. Size distribution versus elemental concentration 
percentage for different elements. 
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4. PLANS FOR FUTURE WORK 

This cooperative research program is now underway, and the objectives for the program 
are (1) to determine the concentrations of a variety of trace elements in aerosol particles 
over the marine area,(2) to measure and evaluate the atmospheric deposition of trace 
elements at western Pacific ocean, and (3) to investigate the sources and long-range 
transport of enrichment elements and soil dust aerosols. 

In first year, this studies will focus on the three important constituents of the marine 
aerosol: soil dust particles, atmospheric seasalt, and particles originating from 
anthropogenic sources. We also attempt to estimate atmospheric dust concentrations over 
the western Pacific ocean. 
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Table I. CONCENTRATIONS OF ELEMENTS IN MARINE AEROSOL (ng/m3) 

Locality 
23CN 12°N 7°N 2°N 1.5°S 0° 2°S 4CN 10°S 5°N 
114-E 126°E 133°E 140°E 148°E 150°E . 155°E 158°E 162°E 1 54°E 

Al 
As 
Ba 
Br 
Ca 

CI 
Co 
Cr 
Fe 
I 
K 
Mg 
Mn 

Na 
Sb 
Se 
V 
Zn 

151 
0.92 
10.8 
17.2 
210 

1210 
0.15 
1.3 
58.2 
4.2 
450 
210 
2.6 
786 
0.44 
0.52 

2.1 
22.4 

90 
0.77 
— 

25.2 
— 

2800 
0.15 
0.12 
66.6 
5.1 
— 

156 
0.71 
1630 
0.14 
0.31 
0.39 
4.8 

19 
— 
— 

9.4 
87 

1330 
0.017 
— 

8.6 
3.6 
686 
121 
0.39 
671 
0.02 
— 

0.18 
0.46 

20 
— 
— 

9.2 
— 

1100 
0.045 
0.36 
48.6 
3.2 
— 

152 
1.4 
594 
0.02 
0.19 
0.11 
2.1 

11 
— 

0.83 
6.2 
135 
1210 
0.056 
— 

13.5 
2.5 
— 

201 
0.46 
588 
0.017 
— 
— 

5.0 

20 
— 

1.2 
7.8 
— 

1120 
0.042 
— 
— 

1.6 
— 
— 

0.47 
537 
0.015 
— 

0.09 
0.48 

11 
0.11 
— 

5.6 
— 

1090 
0.023 
— 
— 

1.3 
— 

151 
0.27 
589 
0.015 
... 
— 
— 

32 
— 

... 
8.4 

163 
1530 
— 
... 

9.6 
2.1 
... 

176 
0.46 
776 
0.019 
0.16 
0.14 
2.3 

35 
0.38 
— 
4.4 
— 

1380 
0.023 
— 

14.8 
1.6 
— 

166 
1.4 
813 
0.019 
— 

0.05 
— 

27 
— 

3.9 
6.0 
127 
1090 
0.012 
0.43 
13.4 
4.7 
— 

122 
0.8 
609 
0.013 
— 
— 
— 


