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ABSTRACT

Obijective: This study is conducted to evaluate airborne lead concentration in and around lead production plant.

Methods: Airborne lead concentration was monitored simultaneously inside of the processes of lead recycling factory and outside
of factory which include stack, boundary of factory and residential area 1 km and 7.5 km from factory, respectively. All samples
were measured three times at 1.5 m from the ground and analyzed using inductively coupled plasma mass spectrometer,
inductively coupled plasma optical emission spectrometer or flame atomic absorption spectrometer.

Results: All airborne lead concentrations measured inside of factory(13.9 xg/m’-252.9 pg/m') and outside of factory(0.001 zg/m’
-54.97 pg/m') showed log-normal distribution. Geometric mean lead concentration, 54.81 yg/m’, measured inside of factory was
significantly higher than outside of factory, 0.20 1g/m’'(p<0.01). Among the samples measured inside the factory, lead
concentration was the highest in the refining process(59.02 pg/m'-252.9 ug/m'). In the case of the samples outside the factory, the
nearest chimney was the highest(3.84 1g/m'-54.97 pg/m’), and the lead concentration at the farthest place, 7.5 km from the
factory was the lowest(0.001 pg/m’-1.7 pg/m’). The arithmetic lead concentration, 0.45 pg/m' in the residential area near the
factory was below the atmospheric environment standard of 0.5 pg/m’, but the maximum concentration of 3.4 yg/m’ was
exceeded.

Conclusions: Airborne lead concentration in residential area, 1 km away from lead recycling plant, may exceed ambient air
standard of 0.5 ug/m’.

Key words: lead, lead recycling plant, residential area
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Table 1. Analytical condition of inductively coupled plasma
mass spectrometer

Item Condition
Radio frequency power 1300 W
Lens voltage 725V
Pulse stage voltage 120 V
Nebulizer gas flow 0.98 L/min
Auxiliary gas flow 1.3 L/min
Plasma gas 19 L/min

Table 2. Analytical condition of inductively coupled plasma
optical emission spectrometer

Item Condition
Radio frequency power 1,300 W
Plasma gas flow 15 L/min
Nebulizer gas flow 0.6 L/min
Auxiliary gas flow 0.2 L/min
Pump flow rate 1.5 mL/min
Replicates 3

Table 3. Analytical condition of flame atomic absorption

spectroscopy

Item Condition
Lamp current 10 mA
Slit width 1 nm
Burner height 7 mm
Wavelength 217 nm
Flame type Nitrous oxide/Acetylene
Sample introduction Manual
Background correction on
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Table 4. Limit of detection by analytical equipment
LOD*

Analytical equipment

ICP-MS" 0.0025 pg/sample
ICP-OES' 0.0053 pg/sample
AAs-Flame' 0.0300 pg/sample

: Inductively coupled plasma mass spectrometer

: Inductively coupled plasma optical emission spectrometer
: Atomic absorption spectroscopy

: Limit of Detection

o w4 %
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Figure 2. Distribution of airborne lead concentrations

Sampling site

Airborne lead concentration, pg/m’

*

N AM" + SD GMY(GSD)' Min' Max™
Inside factory™ 18 74.17+£59.59 54.81(14.42) 13.89 252.88
Preparation 26.25+7.06 25.12(1.37) 14.44 33.59
Refining 6 121.12462.51 108.57(1.57) 59.02 252.88
Casting 6 75.13+40.02 60.37(2.12) 13.89 128.88
Outside factory™ 39 4.53£12.01 0.20(2.29) 0.001 54.97
Chimney 6 27.71+16.62 20.93(2.38) 3.84 54.97
Factory boundary 12 0.26+0.16 0.22(1.97) 0.05 0.70
Near factory site 12 0.45+0.91 0.10(6.20) 0.01 3.39
Control site 9 0.22+0.54 0.02(7.49) 0.001 1.73

+ . . . . 8 . . . . ..
: number of samples ' arithmetic mean, * . standard deviation, ¥: geometric mean, ': geometric standard deviation, : minimum,

. maximum, " p<0.01, independent t-test between inside and outside of factory
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Table 6. Detailed descriptive statistics of airborne lead concentrations by sampling time and sites
Sampling by sequence Sampling site N’ AM' sp' GM? GSD' Min' Max "™
First sampling Preparation 2 22.80 8.35 21.21 1.47 14.44 31.15
Refining 2 165.20 87.68 140.01 1.81 77.52 252.88
Casting 2 28.92 15.03 24.70 1.78 13.89 43.95
Chimney 2 9.03 5.19 7.39 1.92 3.84 14.22
Factory boundary 4 0.27 0.07 0.25 1.38 0.15 0.35
Near factory site 4 1.19 1.29 0.66 2.93 0.22 3.39
Control site 3 0.62 0.79 0.07 19.06 0.001 1.73
Second sampling Preparation 2 24.59 5.84 23.89 1.27 18.75 30.43
Refining 2 109.36 4.46 109.27 1.04 104.90 113.82
Casting 2 101.77 13.52 100.87 1.14 88.25 115.29
Chimney 2 46.90 8.07 46.20 1.19 38.83 54.97
Factory boundary 4 0.25 0.10 0.22 1.69 0.10 0.35
Near factory site 4 0.16 0.13 0.11 2.75 0.02 0.38
Control site 3 0.02 0.01 0.01 3.23 0.002 0.03
Third sampling Preparation 2 31.37 2.22 31.29 1.07 29.14 33.59
Refining 2 88.79 29.77 83.65 1.42 59.02 118.55
Casting 2 94.70 34.18 88.32 1.46 60.52 128.88
Chimney 2 27.20 437 26.84 1.18 22.83 31.57
Factory boundary 4 0.28 0.25 0.18 2.64 0.05 0.70
Near factory site 4 0.01 0.00 0.01 1.02 0.01 0.01
Control site 3 0.01 0.00 0.01 1.00 0.01 0.01
Total” Preparation 6 26.25 7.06 25.12 1.37 14.44 33.59
Refining 6 121.12 62.51 108.57 1.57 59.02 252.88
Casting 6 75.13 40.02 60.37 2.12 13.89 128.88
Chimney 6 27.71 16.62 20.93 2.38 3.84 54.97
Factory boundary 12 0.26 0.16 0.22 1.97 0.05 0.70
Near factory site 12 0.45 0.91 0.10 6.20 0.01 3.39
Control site 9 0.22 0.54 0.02 7.49 0.001 1.73

.

: number of samples
ok .

: maximum

. minimum,
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