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Chemical Composition Characteristics of Dustfall
in Nakdong River Area
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Abstracts: Dustfall samples were collected by the modified American dust jar (bulk type) at 5 sampling sites in the
Nakdong river area from June 2002 to May 2003. Nineteen chemical species (Al, Ca, Cd, Cr, Cu, Fe, K, Mg, Mn, Na,
Ni, Pb, Si, V, Zn, CI', NOy, SO,”, and NH,") were analyzed via the combination of ICP/AES, AAS, IC and UV. The
purposes of this study were to qualitatively evaluate the chemical composition of dustfalls by examining their regional and
seasonal distribution patterns. Computation of the enrichment factor showed that well-defined anthropogenic sources,
particularly in Pb were found in the order: Gamjeondong (industrial area), Wondong, Silla University, Samrangjin and
Mulgum. The seasonal mean of soil contribution showed its highest value (16.3%) during the winter with an annual mean
of 11.2%. The concentration ratio of [SO,”/NO;] was found to be highest (5.12) during the winter, while the lowest ratio
value (3.30) was seen during the fall. Also, regional equivalent ratios of [SO/NO; were found in the order: Silla
University (6.78), Gamjeondong (4.98), Mulgum (3.85), Wondong (3.04), and Samrangjin (2.87). Seasonal distribution of
water soluble components for total dustfall were found in the order: spring (71.6%), summer (61.2%), fall (49.2%) and
winter (48.6%) with a mean ratio of 57.6%. Regional contribution of sea salts of water soluble ions were found in the
order: Silla university (34.5%), Gamjeondong (28.3%), Wondong (17.3%), Samrangjin (17.2%) and Mulgum (13.8%), the
total mean contribution rate was 22.1%. As for the chemical composition of dustfall on the lower Nakdong river, there is
a decreased influence of sea salt and artificial anthropogenic sources and increased influence of soil particle inland. Also,
the total amount of deposition on the lower Nakdong river has decreased, with the river’s surface serving as a
confounding factor in resuspending dusts.

Keywords: dustfall, enrichment factor, anthropogenic source, soil contribution rate, equivalent ratio, sea salt
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Fig. 1. The dustfall monitoring sites in Nakdong river area.
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Fig. 2. Monthly deposition amount of (a) total dustfall, (b) insoluble dustfall, () major water insoluble metal and (d) major
water soluble ion in Nakdong river area from June 2002 to May 2003.
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Table 1. The amount of seasonal total dustfall deposition in Nakdong river area from June 2002 to May 2003

Season Seoul* J ejub Ullungb Kunsan® Busan’ This study
Spring 12.67 11.481 7.080 4.767 5.387 2.268
Summer 745 3.792 1.633 1.818 4.794 2.864
Fall 10.43 8.220 7.998 2.396
Winter 9.14 4.746 4.420 2.672
Annual total 39.69 31.303 14.962 19.551 22.588 10.200

unit; tor/km¥month

a; Kang et al. (1992), b; Choi et al. (1995), ¢; Kim (1999), d; Hwang (2003)
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Table 2. Seasonal distribution of arithmetic mean deposition amount of water insoluble trace metal in Nakdong river area from
June 2002 to May 2003

Season
Element Annual mean
Summer Fall Winter Spring

Dustfall 1.11 1.22 1.37 0.65 1.08
Al 7.40 10.73 18.19 324 9.86
Ca 7.67 10.62 11.10 11.25 10.14
Cd** 327 0.81 244 1.92 2.16
Cr 0.13 0.05 0.12 0.14 0.11
Cu 0.25 0.71 0.37 0.13 0.35
Fe* 1547 17.75 30.71 4.45 17.07
K 322 445 3.05 229 321
Mg** 3.65 478 6.29 143 4.01
Mn** 046 0.44 0.66 0.12 042
Ni** 0.06 0.05 0.10 0.02 0.06
Pb* 0.23 0.19 0.24 0.10 0.19
Six* 8.49 10.69 20.70 345 10.84
VEE 0.03 0.03 0.4 0.01 0.03
Zn 0.66 0.84 0.67 032 0.61

*p<0.05, *p<0.01
Dustfall; Insoluble dustfall (torvkm/month)
Cd; g/km’/month, Other metals; kg/km’/month

Table 3. Regional distribution of arithmetic mean deposition amount of water insoluble trace metal in Nakdong river area from
June 2002 to May 2003

Area
Elements Total mean
Gamjeon dong Silla Univ. Mulgum ‘Wondong Samrangjin
Dustfall* 1.16 1.29 1.59 0.57 0.78 1.08

Al* 9.29 10.12 17.13 4.09 8.59 9.86

Ca 1022 10.04 12.33 7.32 10.86 10.14

Cd 2.81 2.03 3.00 1.41 1.46 2.16

Cr 0.12 0.18 0.07 0.10 0.11 0.11

Cu 042 0.25 0.66 0.26 0.14 0.35

Fe 21.12 17.18 2532 8.78 12.60 17.07

K 3.19 3.20 3.62 2.86 3.18 321

Mg* 3.59 3.60 6.83 225 374 401

Mn 048 043 0.66 023 029 042

Ni* 0.088 0.079 0.055 0.029 0.027 0.056

Pb** 0.29 0.19 0.23 0.12 0.12 0.19

Si* 9.03 11.61 18.53 497 10.04 10.84

V* 0.039 0.031 0.044 0.014 0.022 0.03

Zn** 1.13 0.50 0.65 0.35 040 0.61
*<0.05, *p<0.01
Dustfall; Insoluble dustfall (ton/km’/month)
Cd, g/kmzlmonth, Other metals; kg/l<m2/month
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Table 4. Enrichment factor of insoluble each metal element in dustfall deposited in Nakdong river area from June 2002 to May

2003
Element Gamjeon dong Silla Univ. Mulgum ‘Wondong Samrangjin Total mean Busan®

Al 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Ca 246 222 1.61 4.01 2.83 2.30 0.83
Cd 122.75 81.47 71.14 140.44 69.24 88.85 67.50
Cr 10.23 14.37 3.14 19.88 10.62 9.38 5.94
Cu 66.50 37.19 56.97 94.17 24.49 52.80 2435
Fe 370 2.76 240 349 2.38 2.82 2.87
K 1.08 0.99 0.66 2.19 1.16 1.02 0.63
Mg 1.50 139 1.55 2.14 1.69 1.58 123
Mn 443 3.63 329 4.75 2.84 3.63 2,63
Ni 1023 851 348 7.66 343 6.12 4.26
Pb 193.70 117.90 84.05 181.69 90.33 121.43 133.03
Si 0.28 0.34 0.32 0.36 0.34 032 0.15
v 3.40 2.50 2.09 2.75 2.05 247

Zn 141.81 57.56 4433 98.03 54.59 7222 79.54

a; Hwang (2003)
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Table 5. Mass fractions of insoluble each metal element in dustfall relative to noncrustal composition in Nakdong river area

from June 2002 to May 2003

i, noncrusta (%)
Element
Gamjeon dong Silla Univ. Mulgum Wondong Samrangjin Mean
Al 0.0 0.0 0.0 0.0 0.0 0.0
Ca 594 55.0 380 75.1 64.7 56.6
Cd 99.2 98.8 98.6 99.3 98.6 98.9
Cr 90.2 93.0 682 95.0 90.6 89.3
Cu 985 973 082 98.9 95.9 98.1
Fe 729 638 584 1.4 58.1 64.5
K 7.1 0.7 -509 544 14.0 2.1
Mg 334 278 35.5 532 409 36.8
Mn 774 725 69.6 78.9 64.8 725
Ni 90.2 88.2 712 87.0 70.8 83.7
Pb 99.5 99.2 98.8 994 98.9 99.2
Si -251.0 -197.3 -215.1 -180.6 -191.7 -210.3
v 70.6 60.0 521 63.6 512 59.6
Zn 99.3 98.3 917 99.0 98.2 98.6

Table 6. Contribution rate of soil to deposition amount for each area in Nakdong river area from June 2002 to May 2003

Season
Area Annual mean
Summer Fall Winter Spring

Gamjeondong 72 89 18.9 5.8 9.3
Silla Univ. 103 9.8 123 35 9.6
Mulgum 109 133 157 89 132
Wondong 59 9.5 303 46 8.8
Samrangjin 6.7 10.7 21.0 9.1 135
Total mean 82 10.8 163 6.2 112
Busan® 16.0 19.1 20.6 17.9 18.8
Jeju® 264

a; Hwang (2003), b; Lee and Hu (1999)
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Table 7. Seasonal distribution of arithmetic mean deposition amount of water soluble ion in Nakdong river area from June 2002

to May 2003
Season
Element Annual mean p-value
Summer Fall Winter Spring
cr 395.0 199.5 340.7 2711 305.1 0.760
NO;™ 1959 1894 163.9 2263 194.0 0.239
50" 594.9 488.8 600.9 738.6 609.8 0.344
NH, 414 406 323 782 484 0.006
Ca™ 94.3 1312 88.3 109.2 104.9 0.508
K’ 185.9 27 209 309 71.0 0.000
Mg™ 234 10.8 79 172 15.0 0.039
Na* 2219 752 432 149.9 124.2 0.109
NSS-50," 5392 469.9 590.0 701.0 578.7 0.389
NSS—_Ca?+ 85.8 1284 86.7 103.6 100.2 0453

unit; kg/kmzlmonth, NSS; non sea salts

Table 8. Regional distribution of arithmetic mean deposition amount of water soluble ion in Nakdong river area from June 2002

to May 2003
Area
Element Mean p-value
Gamjeondong Silla univ. Mulgum Wondong Samrangjin
cr 498.1 427.5 3226 1459 127.0 305.1 0.283
NO;s~ 212.6 168.0 2233 174.0 189.7 1940 0435
SO~ 8453 743.5 653.0 419.7 379.6 609.8 0.003
NH,* 80.1 348 61.7 325 303 484 0.004
Ca™ 119.7 138.3 83.0 58.1 130.2 104.9 0.068
K 873 742 743 535 65.6 71.0 0.958
Mg™ 247 17.7 13.0 9.0 104 150 0.113
Na* 187.4 259.2 72.0 542 533 1242 0.072
NSS-50." 798.3 678.4 634.9 406.1 366.2 5787 0.012
NSS-Ca™ 1126 128.5 80.3 56.1 12d 100.2 0.094

unit; kg/km’/mont, NSS; non sea salts
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Table 9. Seasonal and areal equivalent ratio of [SO;"/NOs ] of water soluble anion in Nakdong river area from June 2002 to
May 2003

Season

Area Annual mean
Summer Fall Winter Spring

Gamjeondong 493 3.80 592 5.26 4.98
Silla Univ. 440 4.14 7.77 9.94 6.78
Mulgum 441 2.94 4.83 3.20 3.85
Wondong 249 329 353 283 3.04
Samrangjin 229 229 3.52 316 2.87
Total mean 3.71 3.30 5.12 4.88 428
Jeju* 5.89 5.67 5.84 5.09 5.68
Seoul® 448 21.15 13.05 14.78 12.97

a; Lee et al. (1999), b; Kang et al. (1992)

Table 10. Seasonal enrichment factor (EF.,) of water soluble ions in dustfall relative to non sea salts composition in Nakdong
river area from June 2002 to May 2003

Seasonal enrichment factor (EF,..)

Element (C/Chia)sea
Summer Fall Winter . Spring Annual mean

cr 1.798 0.99 148 438 1.01 137
NO;~
el 0.251 10.68 2592 5538 19.64 19.57
NH,

Ca™ 0.038 11.21 46.07 53.93 19.24 22.29

K 0.036 23.27 15.79 1341 5.73 15.89
Mg™ 0.121 0.87 119 1.52 0.95 1.00
Na* 1.000 1.00 1.00 1.00 1.00 1.00

Table 11. Regional enrichment factor (EF.,) of water soluble ions in dustfall relative to non sea salts composition at Nakdong
river area from June 2002 to May 2003

Regional enrichment factor (EF,..)

Element (C/Crisea

Gamjeondong  Silla univ. Mulgum Wondong Samrangjin Mean Busan®
cr 1.798 1.48 0.92 249 1.50 132 1.37 233
NOs™
o 0.251 17.97 1143 36.13 30.83 2836 19.57 10.65
NH,'
Ca™ 0.038 16.85 14.08 30.43 2828 64.39 2229 1507
K 0.036 12.94 7.96 28.64 2742 34.17 15.89 361
Mg 0.121 1.09 0.57 1.50 1.37 1.62 1.00 1.21
Na* 1.000 1.00 1.00 1.00 1.00 1.00 1.00 1.00

a; Hwang (2003)

< 79, 1080 He g3 de 29l izt o= vehgon, Addas e B2 4%, 7
¢} Mason’s compilation7+e] 34812 Axje]e] o) e 2 A sog yepdth NOs9 NH=
7b EABER 3 7198 dHsl] JehiR e £3 ol EA137] Bole Q9179 90 et &
THKaya and Tuncel, 1997). & A7NME Na& 7) AetE2 Hrisl] oleifdoh. EF 384(2003)0
FEERE olgaslen, ca¥9 S0.7Y aldEEA oald A RgEn ¥, SO, K'e &
TE 10 o1Fo=2A 93 FPo] e B A7 =7 VRS crel Mgte B @ B
o, AEEE ASE, e, 98 2 B & At
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Table 12. Regional mass fractions of water soluble ions in dustfall relative to non sea salts composition in Nakdong river area

from June 2002 to May 2003

Regional mass fractions(fi,s (%))
Element (C/Cra)sea

Gamjeondong  Silla univ. Mulgum ‘Wondong Samrangjin Mean Busan®

cr 1.798 323 9.0 599 33.1 244 26.8 57.1
NOs™ 100.0 100.0 100.0 100.0 100.0 1000 100.0
SO~ 0.251 94.0 913 972 96.8 96.5 949 90.6
NH,* 100.0 100.0 100.0 100.0 100.0 100.0 100.0
ca™ 0.038 94.1 929 96.7 96.5 984 95.5 934
K 0.036 923 874 96.5 96.4 97.1 93.7 723
Mg* 0.121 84 -76.5 335 27.1 38.1 0.1 17.6
Na* 1.000 0.0 0.0 0.0 0.0 0.0 0.0 0.0

a; Hwang (2003)

Table 13. Regional and seasonal contribution of sea salts of water soluble ion in Nakdong river area from June 2002 to May

2003
Season
Area Annual mean
Summer Fall Winter Spring
Gamjeondong 555 33.1 11.0 132 282
Silla univ. 36.6 145 194 609 345
Mulgum 183 14.1 13.7 9.2 13.8
‘Wondong 334 21.2 52 9.6 17.3
Samrangjin 297 247 6.7 103 172
Mean 347 21.8 112 20.6 221
Busan® 255 271 23.1 31.2 26.7
Teju® 23.8 330 49.0 229 322
unit; %, a; Hwang (2003), b; Lee and Hu (1999)
HglY MEC HIAEE Bglon, o AdEFATe 22 AAE e
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Table 14. Pearson correlation coefficient between water insoluble dustfall and trace metals in Nakdong river area from June

2002 to May 2003

Dustfall Al Ca Cd Cr Cu Fe K Mg Mn Ni Pb Si v
Dustfall 1.000
Al 0.797*¢ 1.000
Ca  0.542%* 0.630** 1.000
Cd  0.630** 0.501*%* 0.423** 1,000
Cr 0279 0250 0.570** 0.465** 1.000
Cu 0317 0316* 0214 0082 0032 1.000
Fe  0812*%* (.952** (0.584** 0.590** 0.297* 0.357** 1.000
K 0593* 0282 0195 0274 0008 0010 029* 1.000
Mg 0.822*%* 0.974*%* 0.621** 0.522** 0223  0.384** 0.930** (0.345** 1.000
Mn  0.880*%* 0.909%* 0.645%* 0.694** (0.408+* 0.348** 0.940+* 0.346** 0.931** 1.000
Ni  0.628*%* 0.652%* 0.502** 0.566** 0.374** 0.324* 0.752+% 0.266* 0.613*%+ 0.721%* 1.000
Pb  0.703*%* 0.662%* 0.489** 0.672%* (.368** 0.488+* 0.786** 0.268* 0.685** 0.797** 0.786** 1.000
Si 0.755*%* 0.982%* 0.606%* 0.488** 0.262* 0305* 0.934** 0234  0.955%*F 0.874** 0.642*%* 0.646%* 1.000
Vo 0.863** 0.854*% 0499+ 0.680** 0267* 0.322* 0.916** 0.453%* 0.870** 0.917** 0.729** 0.845** 0.828** 1.000
Zn  0.690** 0.515%* 0.445** 0.536** 0.286* 0.426**% 0.665+* 0401%* 0.560%* 0.716%* 0.617+* 0.783*%* 0447** (732%*

*p<0.05, **p<001

Table 15. Pearson correlation coefficient between water soluble anions and cations in Nakdong river area from June 2002 to
May 2003
cr NO; SO~ NH,* Ca™ K Mg* Na*  NSS-SO~ NSS-Ca™
cr 1.000
NO;~ -0.003 1.000
SO 0358 0.564%*  1.000
NH,' -0.038 0.429%%  0.445%x 1.000
Cca* 0.203 -0.025 0.110 -0.007 1.000
K 0.419**  -0.059 0.121 -0.100 0.239 1.000
Mg2+ 0.290* -0.013 0225 0.154 0.393+* 0.619** 1.000
Na 0.486**  -0.228 0.077 -0.051 0.250 0.591#** 0.750%* 1.000
NSS-SO,”  0.285* 0.598**  0.989* 0.453**  0.073 0.032 0.112 -0.073 1.000
NSS-Ca™ 0.156 -0.002 0.104 -0.001 0.995* 0.181 0.322* 0.149 0.082 1.000
*p <0.05, **p<0.01, NSS; non sea salts
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Table 16. Factor loadings after varimax rotation of total dustfall in Nakdong river area from June 2002 to May 2003

Element Communality
1 2 4 5
Mn 0.964 0.944
Fe 0.948 0.967
\Y% 0.942 0.895
Pb 0.893 0.862
Al 0.878 0.947
Si 0.852 0.948
Ni 0.819 0.678
Zn 0.783 0.750
cd 0727 0.810
Na 0.835 0.807
K 0.793 0.7Q0
Mg 0.774 0.818
cr 0619 0450 0.601
Ca 0374 0.359 0.400
NO; 0818 0.728
NH, 0.765 0.742
S0.” 0.749 0.788
Cr 0422 L0545 0.399 0.635
Cu 0416 -0.703 0.725
Eigenvalue 7.511 2.959 1.169 1.104
Cumnulative 39.53 55.105 65.644 71.794 77.603

Initial factor method; principal components analysis
Rotation method; Varimax

Kaiser-Meyer-Olkin (KMO) value; 0.771

Sphericity value of Bartlett test; 1093.033
Probability; 0.00001
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