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                                    Abstract

   To ciarify tlie characteristics of the source of air pollution in relation to the pressure patterns

ln a winter season, sampling of atmospherlc aerosel particles was carriecl out for each wind direc-

tion on the top of Mt. Teine(1,024 m a.s.l.)(motmtain site) and in the campus of Hol<kaido Unlversity

(urban site) in Sapporo City, Hol<1<aido, Japan in the winter season of 1987. In the winter monsoon

pressure pattern, the concentration of anthropogenlc aerosols (Carbon and SOk-) was mainly affeeted

by easterly winds at both sltes. On the other hand, the concentration of rnarine aerosols (Na, K,

Cl-, etc.) in the urban site showed high values tmder westerly winds as compared with tlie mountain

slte. Especially, in the case of pressure distribution with Japan Sea - low pressure pattern, the

concentration of soil particles (Al, Ca, etc.) wa$ generally higher than that of marine and anthro-

pogenic aeroso}s at both sites. During the samp}ing period, the total concentration of aerosol

partlcles showed the highest value under easterly winds in the case of a travelling hlgh pressure.

In addition to these analyses, the aerosel particles collectecl on millipore filte; papers using a

continuous aerosol sampler were analyzed by SEM and EMAX

Key Werds: Chemical compositions of aerosol, Characteristics of the sou;ce of air pollution,

Atmospheric aerosol particles, Wind direction, Winter monsoon pressure pattern, Japan Sea-iow

pressure pattern, "I'ravelling high pressure pattern.

1. Illtroduetion

    Atmospheric aerosol particles produced from many sources are, in general,

multicomponent particles witlt sizes ranging roughly from O.Ol to 10 ptm in diameter

(Pilinis et al., 1987). Each particle is different in shape, size and composition,

which depeBds on the specific sources of pol}ution occurring from natural and

anthropogenic sources. And its concentrations, especially, have some effects on
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animals and human health as well as materials and plants according to the change

of meteorological and topographical situations (Stern, 1976; Wark and Warner,

1976; Khemani et al., 1987). Therefore, it is deemed important survey the varia-

tion of aerosol concentrations with respect to the meteorological parameters.

    Recently, long-term air sampliRgs have been made to study the effect of mete-

orological parameters on the concentrations of chemica} cornpoRents of the particles

<SIadl<ovic et al., 1986; Kunugi et al., 1987; Lee et al., 1987, 1988). Further, the

study for the scavenging effect of precipitation and comparison of aerosol con-

centrations for each wind direction (Murakami et al., 1983; Lee et al., l987) has

been carried out up to date. However, no theoretical or experimental measurements

of aerosol particles for each wind direction in particular have been carried out to

survey the characteristics of aerosol concentrations in relation to the atmospheric

pressure patterns. Hence, during short-term air sampling, our aim is to determine

not only the concentratioR of aerosol particles for each wincl direction according

to pressure patterns but also the character and comparison of their concentrations

between the ground surface (urban site) and mountain area (mountain site). In

addition, SEM and EMAX analyses were carried out to survey the size, shape and

components of aerosol I)artic!es.

2. Materials and Methods

  2.l. Samplingcollection ,
    Sapporo City is the largest urban area in Hokkaido with a population of abottt

1.58 million completed wSth towering buildiRgs, a iarge number of motor vehicles,

etc. The po}lution problem in this city is caused by burning of fossll fuel for

heating and, specially, street dust caused by studded tires of vehicles which come

from haxring a considerably layge snowfall in winter seasons (Kikuchi, 1984). Re-

presentatlve aerosol compositions occurring in this area are soil dusts, sea-salt, am-

monium, nitrate, sulfate, organic and elemental carbon and so on (Ohta and Okita,

1983; Lee et al., 1987). To obtain the difference of aerosol concentrations for

each wind direction in relation to pressure patterns, a sampling of aerosol particles

using filter papers was performed from January 24, 1987 to March 30, 1987 on

the campus of Hokkaido University (50 m a.s.IJ (urban site) situated in the center

of Sapporo City. The sampling was also done at the Cloud Physics Observatory

of Hokl<aido University, on the top of Mt. Teine (1,024 m a.s.l.) (mountain site)

separated by 10 I<m to the west from the city center which is Iocated above the

polluted atmospheric layer in Sapporo as shown in Figure 1 (Kil<uchi, 1984). And,

to investigate the physical properties (size, shape and composition) of aerosoi par-

ticles, their collection was carried out by millipore filter papers, continuously, at

both sites during the sampling period. The apparatus used in this study consists

of an aerovane (Environmental Pollution Control Center, Model WDP-100> and a
selection circuit unit hssembly for each wind direct'ion as shown in F, igure 2. These

are used in conjunction with fiIter air sampler with an electrical soleRoid valve to

sample air when the wind is coming from a specific direction. They are the same
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Figure 1. Locations of Sapporo and samp}ing sites.
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Figure 2. Sampling apparatus controlled by aerovane.

 by Lee et al. (1987, 1988). Detaiied contents concerning the

 wind controlled air sampler are described iR the previous paper

 The chemical contents of aerosol particles sampled and analyzed

 the same as those by Lee et al. (1987); that is, organic and

ionic components (NE[,:t, NO,-, SO//- and C!ww) and metal elemeRts

K, Zn, Ca, Mn, Mg and Cd>.
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Table 1. Analytical methods of individual items

11, No. 2, 1988

and instruments

Item l Analytical .method Instrument

T.C.

EC.

;

8500C

3000c,

combu$tion system

30 min. (burn)

NC-80 Carbon analyzer

(SUMIGRAPH)

NN"
N03-
Cl-

sok-

i

I

Indophenol method

Hydrazine reduction

Mercury thiocyanate

Barium perchlorate-thorin

I
UV-120-02

Spectrophotometer

(SHIMADZU SFU)

Al

Ca

Cd

Cu

K
Mg
Mn
Na
Ni

Zn

i

i

l
l
i

I

HN03

 +
HCI04

 +
HF
Dry

 +
HCI

Atomic

analysis

absorption

l

I
I
l
i
]
I
i

I
l
l

l

FIameless

Zeeman effect'

Atomic absorption

Spectrophotometer

(HI'VACHI 170-70)

  2.2. SZimPle praparation and analysis

    Tabie 1 indicates the analytical rnethods and instruments used to analyze aerosol

samples. The determination of carbon collected on the quartz fiber filter is made in

combination with an NC-analyzer and gas chromatography apparatus (Ohta and Okita,

1984). The amount of ammonium ions, nitrate, chloride and sulfate collected on the

teflon filter are determined by an UV Spectrophotometer (APHA, 1977; APNC,

1975). Metal elements are analyzed by conventional atomic absorption methods

using Flameless Zeeman Effect Atomic Absorption Spectrophotometer (APHA,
1977). Additionally, in order to collect aerosol particles on millipore fiIter papers

automatically, a new continuous aerosol sampler was used <Taniguchi and Kikuchi,

1989). In the present case, a total of approximately 120 iiters containing airborne

partlcles was collected on the indlvidual patches of the filter papers. After sampling,

the filter papers were cut out aRd mounted on the stages of a scanning electron

microscope; SEM (Hitachi, Model S-430) to determine size and shape of each
aerosol particle. And the chemical components of indlvidual particles were analyzed

by an energy dispersive X-ray microanalyzer; EMAX (Horiba, Modei EMAX-1800S).

  2.3. M.eteorolagicalconditio7is

    The values of each meteorological parameter measured during three sampling

periods at both sites were shown in Table 2. Hewever, precipitation amoun£s on
the Mt. Teine could not be measured, because of strong winds and icing over on

top of the mountaln in wiRter. In the last 8 days of JaRuary, a typical pressure

pattern of the winter monsoon was seeB which had a strong cold air mass in the
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                      Temperature Windspeed   Meteorological
     Parameter                         (Oc) (m!sec)
     - Site H.u. M."r. H.u. MT. H.U. M.T･
  Date

                     -3.9 -10.8 2.2 6.5 26 (N.M.)     24-31 Jan.

                     -2.6 -10.5 2.4 7.2 41 (N.M.)     19-27 Feb.

                      1.6 -6.2 2.4 5.0 t9 (N.M,)     23-30 Mar.

  H.U.=Hokkaido Univ., M.T.=Mt. Teine, (N.M.)=Not measured.

upper layer over Hokkaido. The heavy snowy weather continued for the last 9 days

of February 1987 on Hokkaido arising from the Japan Sea - low pressure pattern.

The low pressure developed on the Japan Sea and passed over Hokkaido. After
that the low pressure stagnated at the south of the Sea of Okhotsk. During the

last 6 days of March 1987 except 23rd and 24th, which showed/much snow (38 mm

in water), the weather on Honshu Island was distinguished by a trave!ling high

pressure pattern. Therefore, Hokkaido was located between the high pressure area

and the Iow pressure area which passed north of Hokkaido.

3. Results and Discussion

    Figure 3 shows the surface weather map in January 26, 1987 as representative

                                '                     '          Figure 3. Surface weather map on January 26, 1987. (After J.M,A.)

Precipitation

  (mm)
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            Figure 4. Cumulative time (hrs) for each wind clirection at both

                     sites in 24-31 January 1987.

of the sampling period (24-31 Jan.) which continuously showed winter monsoon

pre$sure pattern (West-High aRd East-Low). Cumulative time (hrs) and concentra-

tion rate (%) of total aerosol concentration in each wlRd direction at both sites in

24-31 January 1987 are shown in Figure 4 aRd Table 3. At the mountain site,

thedataofcumulativetimeatwesterlywind .
                                            Table 3. Concentration rate (%) fordirections showed higher values thaR others
                                                    each wind direction of total
and at the urban site, the time of northerly concentration at botn sites
and westerly wind directions showed a slightly in 24-31 january 1987
h!gher than others for the effect of the winter CONcEN'rRA'rloN (%)
[l].O.n,20.2?.,･.a.tte,r.",,' .92.g,h.e,,,Ot.h,e.r,e.a",.d,',?.? D¥IelENtLg..HO.K.K,",JPO Mt.'rEiNE

calmsituations(C)atthemountainsitein- N 18.1"'"'''  19.2
dicatedhighvaluesatbothsites.Inthis E 24.s 25.1
wintermonsoonpattern,specificwinddirec- s lg.4 16.o
tions(WandE)whichltadalongcumu}ative w 24.2 8.6
timeandahighconcentrationrate,respec- c 13.8 31.1
tively,atbotltsiteswereselectedtoinve- '"''''''''' '""''"'''"'um
stigate the representative characteristics of air quality ln Sapporo. Figttre 5

showed the concentration (ptglm3) of each chemical component in the westerly and

easterly winds. As shown in this figure, the concentrations ef total and elemental

carbons (TC and EC) and S02m occurring from anthropogenic origins at both sites

have greater values compared with other components. Further, the concentrations

of anthropogenic components at the urban site were higher than that at the
mountain site, The concentration of Na generally origlnated from marine aerosol

was high for we$terly winds in the urban s!te. It was considered that marine
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                                Mt. TEINE

                                ( Pglm3)

          Figure S. Concentration (stglm3) of each chemical component in the
                    westerly and easterly winds at both sites (24-31 January).

aerosol particles from the Japan Sea were transportee to the inland area as a

result of the northwesterly winter monsoon wind. However, the above facts did

not appear on the mountain site, slnce the large particles such as sea-sa}t were

hard to be transporeed from the sea surface to the mountain site owing to their

own weight and the capture by surface obstacles (Tanaka and Toba, 1969; Kikuchi

and Yaura, i970).

    The next, F!gure 6 shows the surface weather map in February 24, 1987 as

a representative pattern of the 2ndi sampling period (19-27 Feb.) which mainly

showed the Japan Sea - low pressure pattern. During the above period, cumula-

tive time (hrs) and conceRtration rate (%) of total aerosol concentration for each

wind directioR at both sites are shown in Figure 7 and Table 4. In this figure,

southerly and westerly winds in each wind direction at both sites acquired much

cumulative time as compayed with others. On the other haRd, concentration rate

by wind direction indicated high values in calm (C) and southerly winds at the

urban site and calm and easteriy winds at the mountain site. These provide a
basis for selecting the represeBtative aerosol particle conceRtration by wintl direction.

Therefore, the concentrations of each chemica} component in westerly and southerly

winds at the urban site and the westerly and easterly winds at the mountain site

were shown in Figure 8. The variation ranges of concentration in the urban site

which acquired much cumulative time in southerly aRd westerly winds were similar
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                     tt tt tttt         Figure 6. Same as Figure 3 but for February 24, 1987. (After J. M.A.)

               HOKKAIDO UNIV. Mt.TEtNE

                   CIOO CIOO

E N
50

o

E

                              ss
                             FEB.19 - 27

                Cumulative time for each wind direction(hr)

             Figure 7. Same as Figure 4 but fQr 19-27 February 1987.

to each other. Soil particles (Al and Ca) showed a higher concentration as com-

pared with anthropogenic aerosols (Carbon, S02- etc.) and marine aerosols (Na)

at both sites. At the mountain site where westerly winds mainly prevailed, total

aerosol concentrations were less than in the urban site. This phenomenon can be
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explained by the scavengiRg effect of numerous snowfalls on the mountain site by

the low pressure pattems (Murakami et al., 1983).

    Finally, the surface weather map in March 28, 1987 which was the representa-

tive day of travelllng high pressure pattern at the 3rd samp]ing period (23-30,

March) was shown in Figure 9. The cumu-
                                            Table 4. Same as Table 3 but forlative time (hrs) and coRceRtratiOn rate (%) lg-27 February 1987
of total aerosol concentration in each wind                                                      CONCENTRA"l)ION (%)
directionatbotltsitedurlngtheaboveperiod : i
#,rg.zh,oy,", lg.Y?g,:ye.IR,gnS, Il)s,t'e,,?,･, .st' piiE.tLtLili.]･,l..i9. E..i.,g,,tS2.:I,9....I...M`,'.,i,e,I.I,E

northerlyandwesterlywindsattheurban I),I i3.g 2g.i
                                                 lsiteprevailed,thetotalaerosolconcentrat2oR si ig.6 6.g
washighintheeasterlywindsatbothsites. wi is.7 s.7
There£ore the concentrations of each aerosol         ' .. .C ...i .....{.I91?.... L,,..l.9･4...
particle for the souther}y and easter}y wlnds at

both sites were analyzed as shown in Figure il. The wind dlrection which showed

the highest value of tota} aerosol concentration during the whole sampling period

was easterly iR this travelling high pressure pattern. Especially, in the urban site,

the concentrations of natural and anthropogenic aerosols showed high values as

       tt/ttt
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#"g"`,l,g,ggi,k,,,,.--in,.,,er.,g.:iww""'les,$e4igX",waffl¥ilec#'ee

    Figure9. SameasFigure3butforMarch28,1987.(AfterJ.M.A.) '

     HOKKAIDe UNIV. Mt.TEINE

      s
     MAR. 23 - 30
 Cumulative time foreach wind direction(hr)

Figure 10. Same as Figure 4 but for 23-30 March 1987.

s
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compared witk the winter monsoon patterns which acquired much marine aerosols

from the Japan Sea. This phenomenon also appeared in the prevailing southerly

winds during the 3rd sampling period where the concentratlon of natural and soil

partic}es(Al, Zn and Ca) was high. It was considerecl that it was affecte(l by suspendeCl

partieles from the soil and street dust, espe-

ciallycausedbystuddedeiresofvehiclesthat Table5' 2S
3aii3ieeMEiS.'S,ffPliegs371'"tfOr

greatly showed their ravages from the end of' coNcENTRA"rloN (%)
March in Sapporo. Because the end of March
                                         wlND l EIoKKAmo
at Sapporo corresponded to the end period DIREcrr.// uNI.v. , Mt･TEINE
                                               '                                               'ig,is,2mi,gg,ft;c,gestf,",z･i.yw,pt:･,g,ttl.virl,l:i"gelaFl,stBa¥a:i,nl '''"i,-'""' l""""'i'11il'i'''""'"'1i' ''"''ill･il,i'"

surepaetern,sincethetemperaturelnversion wI i2.3 I 2xo
layerwasformedapproximatelyatthe400- c 1i 2tLs I' g.3
                                               ,I                                               //500m a.s.1. in Sapporo (Endoh et al., 1981). """"""""""""""""""""""""""""""'--

    The typical shape, size and physical components of aerosol pareicles collected

by the continuous aerosol sampler were shown ln Figure l2. These particles were

displayed by a scanning electron microscope (SEM) and ana}yzed by an eRergy
dispersive X-ray microanalyzer (EMAX). In this figure, horizontal bars shown at
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          Figure 12. Typical three examples of SEM image and X-ray spectra
                    of aerosol particles.

the bottom of each picture of SEM images indicate the size of picture in ym.

And vertical predominant peaks shown in EMAX spectra indicate radiation occurring

from each element. Marine aerosol particles (Na and Cl') mainly originated from

sea-salt are larger than others, namely, anthropogenic aerosol (S) and natural soil

particles (Al and Si). This fact c'an be explained that sea-salt particles are diflicult

to be transported from the sea surface to the high altitude such as mountain site

owing to their own weights as compared with other aerosol particles (Tanaka and

Toba, 1969; Kikuchi and Yaura, 1970). More detailed results about SEM-EMAX
ana]yses are continuously being analyzed to find out the representative characteristics

of aerosol samples collected at both sites.

4. Conelusions ,
    Aerosol sampling in relation to the atmospheric pressure pattern was performed
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for each wind direction at the urbaR and mountain sites from January to March,

1987. In th!s study, we fortunately chose the sampling periods which iRdicated

three typical types of pressure patterns in the winter seasons: (1) winter monsoon

pattern (24-31, January), (2) Japan Sea - low pressure pattem (19-27, February),

and (3) travelliRg high pressure pattern (23-30, March). At the first, the concentra-

tion of mayine aerosols (Na and Cl-) such as sea-salt particles for wester}y winds

as a result of the winter monsoon pattern and }arge their own weights was high

in the urban site as compared wlth the inountain slte. On the other hand, TC
and SOit- concentrations were higher for easterly wlnds than others. Secondly, at

the low pressure pattern passing over the Japan Sea, the scavenging of heavy

snowfalls depending on the turbuleRce was effective at both sites. Finally, at the

traveiiing high pressure pattem, the differeRce of vertical aerosol concentration at

both sites was appeared clear}y as a result of atmospheric stability effect. And the

air quality in Sappoyo during this period was predominaRtly affected by suspended

particles (Al, Zn and Ca) from the soil and street dust especially caused by studded

tires of vehicles. In addition to, determinatien of typieal shape, size and components

of aerosol particles uslng the SEM-EMAX analyzer proved that the size of marine

aerosols were larger as compared with others.
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