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Absiract

Elemental concentration relationships of atmospheric aerosols in a rural area of
north Chins sre sxamined. If has been fonnd that ihe concenirations of those ele-
ments due to man-made air pollutants, especially B, are high and are comparable with
those often found in the heavily industrialized eastern U. 8. and western Europe. The
low degree of eorrelation between the variations of the concentration of particulate 8
and local weather conditions and the zelatively smaller range of consentration varia-
tion, compared with elements typicel of terrestrial dust, suggest that aerosel sulfur
pollution has already become a large seale regional problem in north China.

Introduction

As the atmosphere is a superfluid compared to water, air pollutants, in prineiple.
may be transported to remote areas through the atmosphere, Evidenee for this has
been found elsewhere, espeeially dewnwind from polluted continental regioms. For
example, in the T. 8. A, a steady decrease in the concentration of particulate sulfur
in Florids from the northwest to the south of the state was observed in 1976 [1}.
Analysis of the data has suggested that most of the fine particulate 8 in the range of
0.5-—1um diameter, as measured by single orifice eascade impactors, is transported
tor this peninsular state from the more heavily industrialized states lying to the north
rather than generated locally [2]. The excess of fine mode particulate 8 observed at
Bermuda located in the North Atlantic Ocean, some 1000km away from the North
American coast, has been attributed to sulfate from the convension of gasecus SO.
which is transported through the atmosphere from the continental pollution sources,
most possibly in North Ameriea [2, 3]. Heintzenberg et al. (4] have recently reported
that § concentration in aretic aerosol in winter is as high as 690 ng/m* compared with
the value of 27 ng/m* in summer and 49 ng/m’ ai the South Pole. The arctie haze
observed in winter time is eonsidered to be cansed by air pollutants transported from
western Europe and U. 8. 8. R. [5]. Asian dusts have been observed occasicnally in
the deep sea sediment in the central Pacific and in the atmosphere at islands in the
Pacific [6]). Now it is widely recognized that the transport of atmospheric pollutants
is an intercontinental issue.
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Since the 1960’ air quality in T. 8. cities, as measured by total suspended parti-
culate matter in the atmosphere and concentrations of aerosols, has been steadily im-
proved while the air quality in the rural areas has deteriorated. One of the reasons
is that the eities have buili large numbers of tall stacks which allow their pollutants
to be carried far away to pollute the rural areas while protecting the cities. With the
fast development of heavy industry in China's large cities, a large amount of coal is
burned for industry and households, and much of this coal is not very well treated,
causing air pollution to become a problem of common eoncern. Smoke plumes are often
visible, and urban air pollution is physically felt by everybody.

In the last few years, we have scen a sharp increase of effort for monitoring and
controlling fly ash emissions. Most of this effort has been centered in the large ecities,
but much less attention has heen given to measurements in rural areas. People still
think that the air in the eountryside is still clean. Actnally, according to the present
study, as diseussed further below, this is generally true for coarse mode aerosols, ex-
cept special cases when we have dust storms, Coarse dust contains mainly harmless
earth erustal elements and is not dangerous for human health due to its physical pro-
perties. However, this is not true for fine mode aerosols which have parficle diame-
ters < lum, These contain many pollutants such s sulfuric acid and heavy metals
from combustion. It is these fine mode aorosol particles that are most harmful to na-
ture, agrieulture, and publie health, dua to theiy phyme&l and chemlcal properties.
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Gaspous sulfur dioxide and its chemieal products sulfurlc acld and sulfate salts,
together with nitrogen oxides and nitrie aeid from. combustmn of [fuels, are probably
the main sources of the atmospheric acidity that causes acid rain and acidifies eoul-
tivated land. Moreover, small ae1d1c pazticles Whlch contain HySO; are able to pass
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into a human’s respiratory system and can cause both short term and long term
health effeets, and may even increase the susceptibility to cancer of the lung. In the
southeast Atlentie coastal regions of the U.8.A, an area guite far from air pollution
sources, public health records show an anomalously high mortality due to lung cancer
[7]. This anomaly is highly correlated with a predicted high coneentration of H.S0.
expected to be formed in a moist marine at mosphere which is mixed with continental
air polluted with 80, [8]. ' ‘

The present study shows that the concentration of particulate 8 in fine mode
aerosol colleeted in Xinglong, a rural area some 100 km away from Beijing, is com-
parable to that often found in the northeast U.8. A recent study has shown that this
aerosol probably contsins a considerable amount of liguid H,80, [91, in which many
harmful gases ean be dissolved. It is these liquid particles containing toxic gases, e.g.
80,, that may be most harmful to the human lung.

Observations

A comprehensive serosol sampling program has been carried out at the Xinglong
observing station of the Institute of Astromomy, Chinese Academy of Seiemces. The
station is located in the middle of the Yanshan mountains where the air was believed
to be extremely clean when the astronomers selected this location to observe the stars.
The samples colleetsd were anslyzed in Lund, Sweden and &t The Floride State
University by PIXE [10]. Many of the results are reported elsewhere [11—13], while
the eoncentration of §, which is the most important pellutant, will be further discussed
here,

Table T gives the concentrations of particulate 8 measured at different locations,
mostly with similar sampling deviees and chemieal analytical technigues. As can be
seen from the Table, the concentration of S in Xinglong is of the same order as that
in nonurban areas of the northeastern U.8.A. and westérn Burope, higher than that at
rural areas in western U.8.A., and much higher than that found in remote South
America. That is to say, aif boﬂution in Xinglong is as serious as that in the north-
eastern U.S.A. T ’

Figure 1 shows the variztion of conceutrations of earth ermstal elements, repre-
sented by Fe, and pollutant elements, represented by S, for the second week of the
sampling period when the weather conditions are changeable and most interesting to
this study. Plotted on Figura 1-also is the concentration of water vapor in the atmo-
sphere, which is a good indicator of air mass movement. An examination of weather
maps of the northern hemisphere has shown that the sampling gite had experienced
five major weather systems during this period [13]. The variation of coneentraticns
of earth crustal elements, as represented by Fe in Figure 1, roughly follows the
pattern of weather changes, but the coneen trations of § behave differently. Often
when the concentrations of earth erustal elements drop with onset of wnortherly air
flow, no signifieant changes oceur in the concentration of 8. On the average, the am-
plitude of the fluetuation of the concentration of § is much less than that of the earth
crustal elements, and the absolute concentration of S remains at a high level for the
whole period (except a very short period on Mareh 17). These results suggest that the
earth erustal elements may be characterized by loeal air masses that are defined by
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wind direetion, wind velocity, temperatore, humidity, vertical mixing rate, and local
surfaee conditions, ete., but 8 may not. Large scale regional parameters must be taken
into account to explain the concentration of S. A statistical caleulation shows that
correlation coefficient for Fe and H,0 is 0.898, but for 8, H,O it isonly 0.410.

This is further proved by Figure 2 and Figure 3. Figure 2 shows the elemental
weight ratios for earth erustal elements relative to Fe. If iy quite obvious that no
systematic variation with time can be found, although the weather conditions and the
absolute concentrations vary dramatically, as indieated in Figure 1. (A small relative
inereage in T3, Mn, and Zn may have occurred at the beginning of March 20,) Figure 2
aleo shows the waight ratios of the average earth crust as indicated by arrows on the
left side of the figure. The averaged weight ratios of Si, Al, K, Ca, and Ti to Fe in
Xinglong aerosol are quite close to those of average earth crust, supporting the idea
that these elements are mainly from wind blown dust, probebly mot transported over
long distanees, and their concentrations are determined by local meteorclogical eondi-
tions and loeal surface character istics. A statistical ealeulation has also shown that the
concentrations of these elements are strongly correlated to each other.
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Fig. 2. Variation of elemental weight ratios io ¥e of earth orustal elements with time

Pigure 3 gives the variation of the weight ratio 8/Fe with time. It is obvious that
the relative abundanee of 8 in the aerosols of different air masses varies markedly, and
generally the ratio is higher for morth air’flow when the air is believed to be cleaner
and lower for the southerly air flow when the air is more polluted. This again in-
dicates that the air pollution by B is distributed over a much larger spatial scale
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than is coarse particle terrestrial dust. The concentration of particulate 8 cannot he
simply correlated to local wind direction and other stmospheric conditidms. Instead,
the overall concentration of particulate S may be determined by the regional total emis-
sion rate of 80, and the gas-to-particle ¢onversiom rate of SO, to sulfuric acid, which
in turn depends on the atmospheric conditions, e.g. other reactive gas coneentrations,
temperature, and water vapor content. :

The origin of high sqlfui" concentration in Xinglong aerosol

It is natural t¢ ask why the concentration of partienlats S is so high in Xinglong
where there are no large pollution sources, To answer this question eompletely, fur-
ther comprehensive sampling in the. region and serious theoretical study are needed.
Perhaps a sophistieated: sampling network equipped with samplers eapable of measuring
both particulate 8 and gasedus 80, has to bé set up in the east part of China,

In principle, gas-to-particle econversion of pollution-derived SOy apnd long range
transport of sulfate dre'respoficible for the high concentration of particalate 8 fourd
in Xinglong and other rurel aress. It is now eommonly recognired that most of the
particulate S is in the form of sulfuric acid or sulfate in the atmosphere, the result
of conversicn from gaseous SO, through various chemical reactions. Aerosol particles
formed this way are small in-sise ‘and have longer residence time in the atmosphere
than cither coarse particles or chemically reactive trace gases. Hence they can be tran-
sported to quite remote places. '

Almost all the 8 contained ‘in fossil *fuel % emifted to the atmosphere in the form
of gaseous S0, upon combustion. Gaseous 80, is stable in the hot stack plume and
carried away by air flow and through diffusion. During transport the 80, undergoes
complicated chemical changes as it is cooled ‘down. As a result, a portion of 80, is
oxidized and reacts with water vapor, which always exists'in the lower atmosphers,
to form fine liguid H,SO. aercsol droplets. The mechanism of oxidation of S0, in
the atmosphere is still not well’ ﬁﬂderstood and the oxldlzmg agents are not well defined
up to now.

Two possible reaction pathways are: .

80, + OH — —— — H.80Q, . ey
80, + H,G, ~HS80, - (2)
Reaction (1) oceurs in fhe gas piase with hydroxyl radieal whoge concentration de-

pends on & series of photochemical reactions. ‘Reactlon {2) occurs in the liguid phase
with hydrogen peroxide whose conpentration depends on many of the same photo-
chemical reactions. Reaction (1) may dpnsinate near pollution sources whereas reac-
tion (2) may dominate at long distances downwind.

S0, may be oxidized 'by reactions involving hydrocarbons er Oy to form SO, which
iminediately .combines with water vapor to form H,B80. in the lower atmosphere. It
is ‘also poasible that SOy gas i absorbed by pre-existing H.80, droplets- and oxidized
iz the droplets. ~Whitever: thd mechamiam is, the comversion: rate. of gaseons 80, to
particulate .sulfurie adid or sulfates is determined by atmospheric paramseters, e.g.
témperature andswater vapor conteht,:as well as the supply of 80, concentrations of
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Fig. 3. Variation of elemental weight ratio 8/Fe with time

oxidizing agents and catalytic substances. The toncentration of particulate S depends
on the conversion rate as well as the amount of SO, availsble.

EPRI-SURE NETWORK
/77
0000 HOURS

Fig. 4, Spatial distribution of aeoscl § concentration in the eastern U. 8. A, ohserved
) betors & oold front passsd by
If there should be an isolated S0, emission seurce in a ressonably stable atmo-
sphere, a steady deerease of the conecentration of gaseous 80, with increase in the
distance away from the souree wonld be expected due to dilution and conversion to
particles, in addition to removal of 80, to the ground. However, the concentration of
fine particulate 3 is expeeted to exhibit & more complicated’ pattern of variation, as the
conversion rate of SO, gas to partioulate sulfur mey vary from place to place, aceord-
ing to atmospherie conditions which affeet the rate, and as the aged particles are
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transported from one place to the other. In fact, & maximum in the concentration of
the partieulate 8 may oeeur some distance away from the source, perhaps even as far
as a hundred kilometers or more. Indeed, an investigation of the coal-fired Tabadie
power plant plume has shown that as the measured gaseoms SO, concentration decreases
steadily with inereasing distance, the concentration of measured particulate § shows
maxima at distances of 150—200 km from the source, and it remains at a high value up
to 500 km away from the source [14]. Thus, when the individugl emission sources,
eg power plants, or groups of emission sources, e.g. towns and eities, are dotted suf-
ficlently close in a large region, which is true in eastern U.S.A. and northeastern
China, a rather uniform spatial distribution of the coneentration of particulate & in
this region may be expected, except thope parts that are under direet influence of large
plumes, even though the emission rates of SO, are different from one place to another.
This is most likely to happen under rather stable atmospheric eonditions. Such evi-
dence has been obwerved in eastern U.S. states.

Figure 4 shows a result from large scals nonurban network measurements in the
northeastern U.8. on October 11, 1977, when a eold front was just about to reach the
study region,. Sulfur concentrations at all the nine sampling sites in the network are
almost the same ranging from 2133 to 3597 ng/m®. Later, when the eold front moved
eastwards and gradually passed each sampling site it only caused temporary fluctua-
tion of the 8 concentrations, After the eold front passed by, the concentration at each
site was restored to its normal value [J, 2].

R. B. Husar and D, E. Patterson [14] have recently reported that 75% of S0,
emitted to the atmosphere from the U. B. is emitted east of the Mississippi River with
the highest emission density in the vieiriity of the Ohio River Valley partly due to
the higher percentage of coal consumption of the total fossil fuel consumption in that
region, as shown in Figure 5. The measured concentrations of sulfate, however, show
2 very different pattern with & much more uniform distribution over a large part of
the eastern U. 8., as shown in Figure 6. In faet, the annual average of 30, concentra-
tion in urbanized areas has been decreased by a factor of two from 1964 to 1974, but
the sulfate concentrations in rural areas have been increasing steadily [15]. These
phenomena are obviously due to long range transport of fine particulate S with trans-
formation of 80, during transport.

High and stable concentrations of particulate S observed at Xinglong are pro-
bably due to the same remsons deseribed above, although the northeast part of China
differs from the eastern U.8. in many ways. There is a similarity, however, in that
both regiong have a high density of SO. emisgion sources. The snnugl average emis-
sion rate of 80, from eastern China may be &g large as that from the eastern U8, as
China burne about as much coal as 0il burned in the U.9., and copl combustion releases
more 80, than other fossil fuels such as natural gas and oil products.

Xingloné is sitnated at the margin of the dengely populated north China regionm,
and the high econcentration of particulate S observed may probably represent s lower
limit to the aversge 8 concentration in the northeast part of China. The finding that a
short period of generally northern air flow does not change the coneeptration of S
very much, such as those observed on March 19 (although lower coneentrations are
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found with a stronger north wind such as that observed on March 17 in Xinglong wuld
that chbserved on April 1, 1980 on the Great Wall [18]), does indieate that the ragion
that has a high pollution 8 concentration, that is the phrase ““northeast part of China,””
is very large and should inelude locations further remote from Beijing than Xinglong.

Although the exaet origin of the high concentration of particulate 8 found in
Xinglong aerosol eannot be completely defined with this single sampling program, we
feel confident that the sir pollution is a large seale regional problem. More sophisti-
cated measurements in rural areas in the esst part of China are urgently needed in
order to estimate the air quality in the countryside and to make proper air pollutinn
control strategies before the deterioration of air guality has gone too far,
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Table 1. Comparison of partienlate sulfar concentrations at different loeations.

Location Uoﬁin;;l:gioﬂ Sa;ez;p;l;élg Remarks Reference
XNorth China: .
Xinglony 2300 March 1980 Rural site, durieg 2 weeks, 18, 13
mixed air flow conditions
Badaling 815 1 April 1980 Rural site on Great Wall, 16
during ons day, strong north
wind
T.8 A:
Xew York, XY 3000 18741075 Enatern U. 8. A., orban
Fort Wayne, IN 3500 Oot. 1977 East-Central U, 8. A., nonurban
Pensacols, FL 900 Dec. 1976 North Florida, nonurban 1
Miami, PL 500 Deo. 1976 South MMorida, urban 1
Colorado 300 April 1976 - | Western U. 8., Rooky Mountains,
. raral
Hweden:
Ryda Kungagird 2100 March 1878 Near Stockholm, suburban
Velon 900 Dac. 1975 Forest area, nonurban
Bouth Ameries:
Chacaltays Mt. 80 March 1977 | Remote Bolivlan mourta’n peak
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