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Chemical Characteristics of Precipitation in Pusan
I. Sources and wet depostition flux of heavy metals
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The concentrations and wet deposition flux into the sea of heavy metals of precipitation in Pusan area
were measured and estimated. The samples were collected by polyethylene bottle( 30 [ ) from January to
November in 1996, and heavy metals were analyzed by atomic absorption spectrometer.

The concentration order of heavy metals was Al Y)Fe >Zn )>Pb YMn >Cu »Ni >Cd >Co, and they were high
at inland sites and low at coastal sites. The enrichment factors for some metals(Zn, Cu, Pb, Cd), based
on crustal Al, were significantly greater than unity, and the order was Cd > Pb ) Zn) Cu. This evi-
dence suggests Cd and Pb are derived predominantly from non-crustal sources. Al, Fe and Mn contents
showed good correlation with each other. Therefore this enrichment factor indicates similar geochemical
behavior of these elements. The annual wet depositional flux(img/m*/yr) from P1 site was as follows: Al

(121.1), Fe,(177.2), Zn(12.9), Mn(6.19), Pb(14.4}), Cu{0.64), Ni(1.03), Cd(1.02) and Co(1.01).

Key words : heavy metals, precipitation, enrichment factors, annual wet depositional flux.
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Table 1. Mean concentration of heavy metal in precipttation for 4 sites in Pusan

(Unit :ug/¢)

Month ' Al Fe Pb  Zn Mn Cu Ni Cd co Precipitation  Wind
(n) (mm) (m/s)
Jan(1) 884.0 745.0 29.0 30.0 26.0 6.0 10.0 16.0 2.0 34.0 3.9
Mar(4) 4258 339.3 27.5 72.1 28.7 19.6 4.0 1.4 25 170.8 4.3
Apr(4) 822.3 5711 20.7 46.8 41.0 6.1 3.4 0.5 1.9 113.1 4.1
Jun(4) 307.0 269.0 12.1 19.9 8.5 3.5 1.2 0.4 1.1 314.6 3.7
Jul(4) 81.8 65.9 2.5 3.9 1.6 1.5 0.3 0.3 04 284.8 4.4
Aug(4) 400.6 476.6 145 26.5 15.8 4.5 2.9 0.3 0.2 139.5 3.7
Sep(4) 269.8 2374 22.7 23.9 9.4 9.2 1.1 0.5 0.9 26.4 3.2
Nov(4) 48.0 362.0 14.1 17.6 7.2 4.9 0.7 1.9 0.2 52.8 3.5
Mean 4049 383.3 17.9 30.1 17.3 6.9 2.9 2.7 1.2 142 3.9

(n): sample number

P1(Tongback Park)

Suyeong Bay

Fig. 1. Map showing the sampling stations.
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Fig. 2. Monthly variation of each heavy metal con-
centration in precipitation at site P1.
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Fig. 3. Monthly variation of each heavy metal con-
centration in precipitation at site P2.
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Fig. 4. Monthly variation of each heavy metal con-

centration in precipitation at site P3.
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Fig. 5. Monthly variation of each heavy metal con-
centration in precipitation at site P4.
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Table 2. Concentration of each heavy metal in precipitation at 4 sites in Pusan

& 2294

(Unit g/ ?)

SiTHe@M“al Al Fe Pb Zn Mn Cu Ni ©€Cd Co
P1 103.9 135.1 9.5 10.1 4.3 9.0 1.1 0.8 0.6
P2 170.8 233.6 15,9  28.0 7.2 5.7 2.8 0.8 0.7
P3 376.0 433.1 14.3 28.2 18.8 5.2 2.0 0.7 1.0
P4 470.1 455.6 15.5 31.5 13.8 7.2 1.3 0.8 1.2
Table 3. Enrichment factors of each heavy metal in precipitation collected from Pusan and different re-
gions.
Fe Pb Zn Mn Cu Ni Cd Co reference
Pusan rainwater 1.4 291 87 3.7 26 7.9 2744 9.8 this study
Bermida rainwater - 800 200 3 140 30 3500 - Jickells et al. (1984)
Mid-Atlantic Coast 490 350 52 45 40 3200 -  Church et al (1984)

(Lewes, DE)

Table 4. Correlation coeflicients between heavy me-
tals in Pusan precipitation

Al Fe Pb Zn Mn Cu
1.00

0.74 1.00

0.52 0.43 1.00

0.57 0.46 0.87 1.00

0.82 0.73 0.74 0.73 1.00
0.10 0.15 0.40 0.29 0.15 1.00
0.59 0.43 0.63 0.68 0.73 0.03 1.00

0.08 0.14 0.34 0.22 0.11 0.99 -0.01 1.00

0.63 0.49 0.65 0.73 0.79 0.34 0.73 0.29 1.00

Ni_ Cd Co

Al
Fe
Pb
Zn
Mn
Cu
Ni
Cd
Co
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720



RN e Hepd 54 1

Table 5. A comparison of wet depositional fluxes of heavy metals to the ocean

Al Fe Pb Zn Mn Cu Ni Co Cd reference
Pusan Coast 121.1 177.2 144 12,9 6.19 0.64 1.03 1.01 1.02 this study
Sargasso Sea - 7.39 1.18 1.76 0.41 1.01 0.32 - 0.09 Jickells et al., (1984)
Mid-Atlantic Coast - 19.2 372 792 160 084 098 - 0.22 Church et al., (1984)
Chesapeake Bay 13.6 104 050 134 1.19 0.26 0.26 - 0.05 | Scudlark et al., (1994)
All measurements in mg/m'/yr.
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Fig. 6. Mean concentrations and enrichment fac-

tors for heavy metals in Pusan pre-
cipitation.
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Fig. 7. Wet deposition fluxes of heavy metals from
4 sites in Pusan.
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