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                                  Abstract

   Sampling of ae:osel particles using fil,ter papers at the top of Mt. Teine (1,024 m a.s.].) anci on

the campus of Hol<kaido University in Sapporo City, Hokkaido, Japan was carriecl out in relation

to the wincl direction from Atigust to October, 1986. The concentrations of Carbon, S021 N03rm,

NH2,, Cl- and metal elements (Al, Na, Cti, Ni, K, Zn, Ca, Mn, Mg and Ccl) were measured to reveal

the characterization of $ource of the air pollution according to wind clirection considering the

meteorological parameters at both sites. Seil elements show a higher concentration than those of

anthropogenic or marine origin, and which decreased with rainfall. The marine aerosol amounts

in the urban area were higher than those on the m()untain site. AII concentrations ofeach element

measured were in no way affected by the wind clirection and the difference of altitucles during

summer period.

Key Werds: cliemical compositions of aerosol, characterization of the source of air polltttion,

meteorelogical parameters, wind clirection.

                               1. Introductioll

    Suspended particles and aerosols were produced from many sources inclucling

wind-blown dust, fossil-fuel combustion, metal ore processiltg altd refuse incineration

(Dutkiewicz et al., 1987). Pollutants produced from these various processes have

some effects on human health (visibiliey, respiratioR and disease etc.) as well as the

effect oR vegetation oy materials (EPA, 1973), and they will be changed according

to the meteorologieal situations (Stoker, 1972). Especlally, these phenomena are

seen more frequently in urban areas as compared to rural axeas. To determine the

variation of aerosol concentrations by the wind direction, it is important to under-

stand the present situatioit of air po}lution in the urban and rural areas. There

have been a number of studies aimed at identifying botlt the sources of pollutants

and the contribution of chemical compositions in uyban areas (Hammerle et ai., 1975;
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Usero and Gracia, 1986; Gregory et al., 1987). A detailed study, however, consider-

ing each wind direction has not been made till the present. Hence, in this study,

airn to determine a background level of atmosphexie aerosols by wind directions

as against the winter, in as much as aerosol amounts in summer have shown the

least values in Sapporo City (Ohta and Okita, 1983).

                        2. Materials and Methods

2.1 5Zz7mpling collection

    A characteristic of air pollution in Sapporo City which has a populatlon of

about 1,560,OOO people is a typical urban style characterized by burnlng of fossil

fuel for heating in winter seasons, the eeeuents of motor vehicles and so on. In

addition, a serious social problem has arisen from street dust caused by studded

tires of all vehicles in winter seasons (Kikuchi, 1984). Representative aerosol com-

positions occurring in this area showed soil dust, sea-salt, NH4", N03ww, SOZ-, organic,

elemental carbon and so on (Ohta and Okita, 1983). To obtain the differeBce
between chemical compositions aerosol particles, air samplings using filter papers were

out carried from August 8 to October 26, 1986 on the campus of Hokkaido University

(50 m a. s. I.) situated in the middle of Sapporo City and Cloud Physics Observatory,

Hokkaido University at the top of Mt. Teine (1,024m a.s.1.) separated by 10km

to the west from the city center as shown in Figure 1.

    An air sampler controlled by a seleetion circuit equipped with an aerovane

(Environmental Pollution Control Center, Model WDP-100) is shown in Figure 2.

The vane assembly sends a signal to the control unit when the wind blows frorn
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            Figttre Z. The wincl c{irection controlled air sainpling apparatus.

a selectecl direction sector of the aerovane. The vane and se}ection circuit unit

assembly are used in conjunction with filter air sampler requiring an electrical

solenoid valve to sample air when the wind is coming fyom a specific direction.

Solenoid valve C (ca}m) is opened automatically, when wind speed is Iess than O.5

mlse¢. The quadrants of wind direction selectecl are from 45 to 134.90(E), 135 to
224.90(S), 225 to 314.90(W), and 315 to 44-.90(N). Filters used in low-volume air

sampling by each wind fiow directioR consist of two types; one is AF07P teflon

filters for measuriRg ion components and metals contained in atmospheric aerosols,

the othest is for carbon measurements before aerosol sampling, Pallfiex 2500 AQST

quartz fiber filters are heated in an electric furnace at 8500C in air for an hour

to remove carbonaceous contaminants.

2.2 Sd77if)le Proparation and analysis

    Table 1 indicates analytical methods and instruments used to analyze aerosol

samples. After sarnpling, several discs 1cm in diameter are cut from the quartz

fiber filter. One half of the discs are used to de#ermine total carboxx. The other

half is heated in an electric furnace at 3000C in air foy 30 min. to remove organic

carbon, and then they are analyzed to determine elemental carbon. The difference

in the amount of the total and elemental carbon gives the amount of organic
carbon. The carbon determination is made on a combination with a NC-analyzer

(Sumitomo Chemical Industry Inc., Model NC-80) and gas chromatography apparatus

(Hitachi Inc., Model 163 FID) equipped vvrith a nickel catalyst methanizer and flame

ionization detector (Ohta and Okita, 1984). The amount of ammonium ion, nitrate,

chloride and sulfate collected on she tefion filter are determined by an UV Spectro-

photometer (Shimadzu Inc., Model 120-02 SFU) at 640nm, 530nm, 460nm and
520nm (APHA, l977; APNC, 1975; Persson, 1966). Metal elements are analyzed
by conventiona} atomic absorption met'hods (APHA, 1977) using Flameless Zeernan
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effect Atomic Absorption Spectrophotometer (Hitachi Inc., Modei 170-70).

2.3 Meteorologicalco7zdizions

    During the sampling periods the frequency of monthly wind direction and

precipitation amouRts at l)oth sites are measured. Figure 3 shows the results.

There was a greae difference between the cumulative time of wind direction at

Hokkaido Univ. (H.U.) and that at Mt. Teine. In the low land site, the data of

Hokkaido Univ., show a windless situat!on as compayed with southerly winds at

Mt. Teine. At both sites, the precipitation amounts of September ancl October are
more than that of August.

                        3. Results and Diseussion

    Monthly mean values of the carbon and

ion components m the aerosol are shown in

Figures 4, 5 and 6. Although the cumulative

time of the westerly wind has the least value

(app. 50 min.) as shown in Figure 3, the mean

concentrations of the westerly wind during

August in the low land area, Hokkaido Univ.,

are higher than those measured for other wind

directions. These results indicate that the

hlgher concentrations are formed spoyadically

from the contaminant sources accoyding to the

westerly wind. In Figure 4, solid and open

histograms show elemental and organic carbon,

respectively. The concentrations of total car-

bon and EC!TC ratio at Hokkaido Univ. are

higher than those at Mt. Teine. Northerly

carbon average value shows less than other

wind directions at Hol<kaido University. As

seen in the Figure 5, no data of N03- are
seen in October except for the easterly wind.

The variation ranges of SO2'm concentration by

each wind directions are hlgher at an urban

area at Hokkaido Univ. as compared to Mt.
Teine. S02ww concentration in September at

both sites show low values as compared with

other months. In addition,£his phenomenon is
similar to NH4' concentration indicated in Fig-

uye 6. Cl- concentration at Hol<kaido Univ.

shows somewhat highey values than at Mt.
Teine without any difference by wind direction.

Figure 7 shows the total mean va}ues of
chemical compositions by each wind direction
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during the sampling period at Hokkaido URiversity. In this figure, the arran-

gement of carbon, ion components and metal elements can be combined to form
the representative origin source of three groups; NHi, Ca, Cu, Zn, Al, Mn, and

Ni from natural sources, Clnd, K, Na, and Mg from marine aerosol source, and

Cd, N03-, TC, EC ancl SOknv are of an anthropogenic source, respectively. In

urban areas, the total average concentrations of each element respectively show

no differences according to wind directions. But higher concentrations are recog-

le
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    Figure 7. Total mean values of chemical compositions by each wind direction during

             the sampling period at the Hold<aido University.

nized when the wind directlons are from the W rather than from other directions.

The aveyage total concentrations of crustal origin elemeRts (AI, Zn etc.), marine

aerosols (Na, K, Mg etc.) and anthropogenic aerosols (TC, EC, SOI- etc.) for all

wind directions approximately show greater leve}s than others. The results given

in Figure 8 lndicate the same as in Figure 7 at the Mt. Teine. In general, the

average total concentrations of each elements at the mountain site show lesser

values than in the urban area. Amounts of crustal origin elements showlng higher

conceRtrations than others have no relation with each wind directions at both

sampling sites. In addition, aerosol concentrations at Mt. Teine during the sampling

period do not show distinct differences by wind directions.

    Figure 9 indicates, by each wind directioR, concentration amounts (ptgfm3) at

both sites of the NH4' is dissolved from botanical and animal bacterias maiRly and

Al is formed by crustal aRd soil dusts mainly (natural origin sources), yespec-

tively. They show no great difference of concentration amounts by wind directions.

Without any differences by wind directions at both sites, NH" and Al concentra-

tions in September and October are lower than in August. These results suggest

that the scavenging effect is influenced by precipitation amounts in September and

October (Mural<ami et al., 1983).
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    Concentration amounts of Na and Cl- usually origlnated from marine aerosol

sources are shown in Figure 10. In the low land site, Hokkaido Univ., in August,

Cl- concentration with W wind is higher than others. As for the source of Cl-,

it is suspected that sea-salt may have been transported from the Japan Sea viThere

is situated to the northwest o.f the city. On the other hand, at Mt. Teine, Na

and Cl- concentrations in October are higher than in August and September without

any dfferences by each wind direction. It is assumed that in October, pressure

pattern distributions of winter monsoon have formed strong convective instability in

the layer between mountain and low land sites. Generally, marine aerosol con-

centrations at the low Iand site, Hol<kaido Univ. are higher than at Mt. Teine.

It is considered that large particles such as sea-salts are hard to be transported from

the sea surface to the top of the mountain owing to have its own weight and

capturing by surface obstacles (Tanaka and Toba, 1969; Kil<uchi and Yaura, 1970).

    As shown in Fig. 11, the concentrations of TC and SOirm (anthropogenic origin)

at both sites have no great differences by wind directions as well as vertical altitudes.

This means that in this urban area, carbon and SOZ' amounts are mainly produced

from coal, oil fuels and man-made pollutants are absolutely rare during the summer

season. On the other hand, in the westerly winds, the difference of vertical con-

centration at both sites appears clearly, since high concentration with W wind in
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4. Conclusions

    Long-term sampling of aerosols by wind directions was performed from
August to October, 1986 at the surface layer in urban area of Hokkaido University

and Mt. Teine in Sapporo City. In this study, we found that vertical variations

of marine aerosol3･ (K, Na, Mg) has much higher than the others. On the other

hand, the elements of a preclominantly natural origin (A], Mn, Ni) show a very

little variation of vert{cal concentrations at both sites. Components that are usually

associated with anthropogenic emissions, such as carbon, SOE'rm, N03- and Cd showed

respectiveiy low differences of vertical concentrations with each wind direction,

since the anthropogenic pollution sources have decreased during summer in this

urban area. From these results it was found that difference of concentrations by

wincl directions is not great because the absolute value measured during the summer

is very smaller than in other seasons.

    We therefore presume that vertical variations by each wind direction should

be obtained if it were observed during the winter, since the air quality of urban

area such as Sapporo City in wintex is influenced most markedly by pollution

reiated to the temperature inversion layer which is formed from near the ground

surface (Endoh et al., 1981>.
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