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Alstract

A total of 318 particulate sample sets consisting of both fine PM (FPM: d,<2.5 um) and coarse PM (CPM: 2.5
pum < dp< 10 um) was collected by a dichotomous sampler in Suwon area from December 1996 to November
1997. The concentration of seven inorganic elements such as Pb, Cr, Cd, Cu, Zn, Fe, and Na were determined from
each sample using an AAS. The purpose of the study was to extensively investigate environmental behaviors of
particulate matters and to provide air quality management schemes applying various statistical approaches. The
mean concentrations of PMio, FPM, and CPM were 69.6, 46.3, and 23.3 pg/m?, respectively. Judging from the
number of cases exceeding the ambient air quality standard, the pollution level of FPM was distinctively serious
compared to PMio. Results of correlation analyses indicated the existence of strong correlations among inorganic
elements, PM;o, FPM, CPM, and various meterological variables. Our study also examined the degree of
uncertainties whether the particular elements can be assorted into the accumulation mode or the coarse mode in
their size distribution. Furthermore the analysis of the pollution rose showed graphically the direction of potential
sources of particulate matters. According to statistical analyses of our data, quantitative differences appeared in the
pollution patterns between weekdays and weekends.

Key words : PM;o, PM; s, air pollution management, pollution rose, Suwon
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Table 1. A summary of meteorological information dur-
ing the whole study periods in Suwon (Feb. 1996
to Nov. 1997).

Temp. R.H. w.S. Prec. W.D.

Total 12.6 65.3 1.68 1199.8 WSW
Win. -0.7 56.8 1.57 71.3 WSW
Spr. 12.4 62.3 1.90 301.0 WSW
Sum. 25.1 75.6 1.69 699.7 WSW
Fall 134 66.5 1.56 127.8 WSW

Temp. : temperature ("C)

RH. :relative humidity (%)

W.S. :wind speed (m/s)

Prec.  : precipitation (mm)

W.D. :wind direction.
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Fig. 1. Scatter- plot matrices for various constituents
and parameters associated with FPM, CPM, and
PM,o. Gray color denotes p-values below 0.05.
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Table 2. Correlation coefficients among PM, inorganic species and meteorological factors.
PM;o FPM CPM
PM Temp. RH. WS, Precc PM Temp. RH. WS. Prec. PM Temp. RH. W.S. Prec.
PM -0.27 —-0.25 -0.38 -0.06 -043 -0.26 -0.50 -0.10 012 -0.12 —-0.07 0.02
Pb 059 -0.51 -033 -032 -0.10 070 —-047 -037 -030 -0.10 003 -036 -0.11 -012 —0.05
Cr -009 044 025 —-0.12 007 -017 020 016 -006 006 005 040 021 -0.10 0.04
Cd 038 -0.31 -018 -026 -0.10 0.50 -032 -0.19 -028 —-0.09 0.02 -0.12 -0.09 —-0.04 -0.09
Cu 044 —-0.51 —-034 -024 003 058 —-051 -035 —024 007 005 —-03¢4 -020 -0.14 -0.07
Zn 024 —-026 —0.18 —-0.12 —007 041 -040 —-0.25 -0.16 —0.09 -0.05 -002 -03 -0.02 —0.02
Fe 056 —-0.09 -030 -0.09 001 018 -030 -026 -001 -005 079 012 -0.17 -0.10 0.05
Na 013 -0.36 -0.08 -0.10 -0.05 0.16 —-030 —-0.06 -0.11 —-004 012 -0.22 -006 -0.01 -0.04

(Bold denotes p-value is below 0.05, N=318)
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Table 4. Correlation coefficients between inorganic species.

PMyo FPM CPM
Pb Cr Cd Cu Zn Fe Na Pb Cr Cd Cu Zn Fe Na Pb Cr Cd Cu Zn Fe Na
Pb  1.00 1.00 1.00
Cr —-0.09 1.00 —-0.04 1.00 -0.03 1.60
Cd 0.47 -0.04 1.60 0.46 —0.08 1.0 0.21 -0.01 1.60
Cu  0.66 —0.11 0.50 1.00 0.64 0.00 90.52 1.60 0.28 —0.05 0.06 1.60
Zn  0.26 —0.03 0.22 0.31 1.00 0.36 0.01 0.32 0.41 1.00 ~0.05 0.04-0.02 0.08 1.60
Fe 0.39 0.05 0.23 0.27 0.19 1.60 0.26 0.05 0.18 0.29 0.31 1.0 0.1 0.17 0.03 0.19 -0.01 1.0

Na 042 0.00 0.26 0.26 0.11 0.06 180 ©¢.28 0.07 0.22 0.26 0.23 0.i8 1.00 —0.01 —0.02 0.03 0.08 0.04 0.01 1.00

(Bold denotes p—value is below 0.05, N=318)
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Fig. 2. The wind rose during the study period. (a) probability by wind direction, (b) ratio of wind speed to annual mean

by wind direction.
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Fig. 3. The pollution roses of PiVi as a function of wind direction.
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Fig. 4. The pollution roses for each element as a function of wind direction.
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Table 5. The F/T ratio of inorganic elements measured during this study. The FPM concentrations of elements were

normalized by their counterpart PM1o.

Mass Pb Cr Cd
Mean SD n Mean SD Mean SD n Mean SD n
Total  0.66 0.14 318 091 0.18 270 0.43 0.43 216 0.82 0.27 233
Win. 0.81 0.09 78 0.80 0.30 72 0.42 0.44 52 0.80 0.32 54
Spr. 0.59 0.11 83 0.93 0.09 75 0.66 0.45 52 0.77 0.29 73
Sum. 0.59 0.10 80 0.94 0.09 53 0.25 0.30 75 0.84 0.23 53
Fall 0.64 0.12 77 1.00 0.00 70 0.51 0.48 37 0.90 0.17 53
Cu Zn Fe Na
Mean SD n Mean SD n Mean SD n Mean SD n
Total 0.79 0.24 262 0.75 0.30 308 0.24 0.33 298 0.48 0.33 295
Win. 0.77 0.23 77 0.77 0.32 77 0.58 0.36 75 0.52 0.41 62
Spr. 0.77 0.23 71 0.83 0.24 81 0.16 0.23 79 0.34 0.34 82
Sum. 0.77 0.29 53 0.61 0.36 73 0.08 0.17 74 0.53 0.24 75
Fall 0.87 0.18 61 0.79 0.20 77 0.12 0.25 70 0.54 0.27 76
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Fig. 5. The normalized values for PM and relevant meteorological parameters. Each individual data set was normalized
by their respective annual mean values: (a) when Py, exceeds [Korean standard, and (b) when FPM exceeds

U.S.A. standard.
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Fig. 6. The normalized values for various constituents: (a) when PM,, exceeds the Korean standard, and (b) when FPM
exceeds the U.S.A. standard.

Table 6. Results of paired sample t-test. (*unit: ug/m?®)
(oo t-value df  Sig. g tvalue df  Sig.

Toul MR SO 0S8 46 0564 foul - W 2T —iam 45 005
pv  Fine gg jg:gi 0784 46 0437 Cu xED ig:g ~2294 46 0026
Cose W& BT oo 45 0983 Coase WL T2 oo 45 0946
Total e a7 -leas 45 0107 Toul o WE 20 0711 45 048

pp e zg 13?):‘7‘ 1896 46 0064 zn '€ x:g :Zgg —0476 46  0.636
Comse  WE B2 —om9 45 o078 Couse W% 1290 L8145 0244
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o N e g:g ~1947 46 0058 Fe ' "° e 122:2 —0345 46 0732
Cose WP 20 037 45 073 Comse MBI oas 45 0678
Total WO T i 45 0095 Toul s 20 0438 45 0.664

ca e z:g i:g 2025 46 0049 Na ‘\N,:E'. iizgé 0.537 46 0594
Come 5 o] 0039 45  0.969 Come W5 ars <0125 45 0901

W.E.: weekend, W.D.: weekday, df: degree of freedom
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