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Evaluation of Airborne Pb Sources in an Industrialized City by Applying Pb Isotope
Ratios and Concentrations in PM10
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Abstract : The present study evaluated the major lead sources in a steel metallurgy industrialized city by measuring lead
isotopes/lead concentrations of ambient air and potential sources in an industrial area and residential areas according to relative
distance. The quality control program obtained during the measurement procedure for lead isotopes and concentrations exhibited 0.5
ng/m’ for method detection limit, more than 90% for recoveries of standard particulate matters, and lower than 0.2% for repro-
ducibility errors of four lead isotopes (**'Pb, **Pb, *”’Pb, *®*Pb). For all three lead isotope ratios (*"°Pb/***Pb, *”’Pb/***Pb, ***Pb/**Pb),
the ratios were obtained in the industrial area were closer to nearby residential area than those of a residential area far away from
the industrial area, thereby suggesting that lead sources were more similar each other in the industrial and nearby residential area.
Furthermore, for both summer and winter seasons ambient lead concentrations were more than four times higher in the industrial
area than in the residential areas and in turn, they were higher in the nearby residential area compared with the far-away residen-
tial area. As a result, it was suggested that lead emitted from the industrial area would influence more the ambient lead in the nearby
residential area than the far-away residential area. Both slag and traffic emissions are likely to be major lead sources in the indu-
strial and nearby residential areas, since their three lead isotope ratios ("Pb/"**Pb, *’Pb/***Pb, ***Pb/**°Pb) were similar to the ratios
obtained from ambient air of these two areas. In addition, the lead isotope ratios revealed different pattern between seasons, and
the ambient lead concentrations were higher for winter than for summer.
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Fig. 1. Map of one industrial (IND) and two residential (R-1 and
R-2) sampling sites in study area,
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Table 1. Operational conditions for ICP-AES

Parameter Condition
RF frequency 40 MHz
RF power 1.3 KW
Carrier gas flow (Ar) 0.45 ml/min
Auxiliary gas flow (Ar) 0.2 mL/min
Coolant gas flow (Ar) 15 mL/min
Torch Quartz

Nubulizer Concentric nubulizer

Observation height 15 mm (upper coil)
15 seconds

1.5 mL/min

Integration time
Sample flow rate

Table 2, Operational conditions for ICP-MS

Parameter Condition
Plasma Ar
Resolution (m/Am) 125 (0.7)
RF power 1200 W
Gas flow rate 15 L/min
Auxiliary 15
Nebuliser 0.8
Solution uptake rate 0.1 L/min
Sampling cone Ni, 1.1 mm
Skimmer cone Ni, 0.9 mm
Analyzer vacuum 2x107 mbar
Measurement mode Peak hopping
Dwell time 10 ms
Points per peak 20
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Table 4, Statistics of Pb isotope ratios in PM10 collected at one industrial and two residential sites

Site #%pp,2pp #07pp/%pp #%pp/%pp
Range Mean (SD) Median Range Mean (SD) Median Range Mean (SD) Median
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SO BRI A M A

#IND: Industrial ambient samples (Jang Hung-Dong)
b R-1: Residential site nearby PHSIC (Hae Do-Dong)
° R-2: Residential site far away from PHSIC (Jang Ryang-Dong)
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Table 5, Statistics of Pb isotope ratios of potential Pb sources determined in study area

Sample 25Pp/2Ph 27Pp2%pp #8pp,/%pp
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 Tunnel air sample, present study .
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° EAFD : Electronic Arc Furnace Dust
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(R-1 and R-2) according to season

Pb concentrations
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Range Mean (SD) Median
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