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Abstract

In this research, the exposure level of PM o, PM; s and PMj ; mass concentrations
to workers in different workplaces was assessed, and the relationship of mass
concentrations between these three dust fractions was compared. Six locations in the
lead powder and iron foundry plants were chosen for concentration mapping purpose.
SA241 Dichotomous PM10/2.5 sampler (Dichot, Thermo Fisher Sci. Inc., MA,
USA.), TSI DustTrak (Model 8520, TSI Inc., St. Paul, MN, USA.), Micro-Orifice
Uniform Deposit Impactor (MOUDI, Model 110, MSP Corp., St. Paul, USA) and
Scanning Mobility Particle Sizer (SMPS, Model 3936, TSI Inc., St. Paul, MN, USA)
were used to measure the:concentrations of PMig, PM, s and PMy ;. We used the
nanoparticle number eoncentrations, measured by SMPS for mapping the particle
number concentrations. The highest nanoparticle number concentration in the lead
powder plant was measured in the area where-workers bagged:the lead powder. This
concentration was between 1.3x 10" #/cm’to 1.8%10° #/cm’. The nanoparticle number
concentrations of the whole plant ranged between'7.76x10 #/cm’ to 4.65x10* #/cm’
with the average of about 1.78x10" #/cm’. The background nanoparticle number
concentration was about 5x10° #/cm’. The highest nanoparticle number concentration
in the iron foundry plant was measured in the area where the iron powder was
recycled and where the iron was melted by the middle frequency furnace. The
concentrations were between 4.6x10* #/cm’ to 1.04x10° #/cm’ and 3.2x10" #/cm’ to
3.15x10° #/cm’, respectively. The nanoparticle number concentrations of the whole
plant ranged between 2.82x10* #/cm’ to 3.15x10° #/cm’ with the average of about
9.21x10* #/cm’. The background nanoparticle number concentration was about

1.5x10* #/cm’.

In order to understand the relationship between particles mass concentrations
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and the work activities in the workplaces, the DustTrak was used to measure the real
time particle mass concentrations during long duration in a stationary location. The
Dichot was also used to measure the particle mass concentrations at the same time at

the same location for comparing with the data obtained by the DustTrak. In the lead

powder plant, the relationship is PM . .. =2.09xPM ;... —6.47 (ug/m3),
and PM ,; yumae = 256X PM 55 4oy —12.01 (ug/m3). In the iron foundry plant, the
relationship is PM 1 gusirar =1.20x PM ;) iy, —6.90 (ug/m?’), and

PM =1.66x PM -35.16 (ug/m?’). In the lead powder plant, the results

2.5, dustirak 2.5, dichot
measured by DustTrak .showed that when workers, changed the barrel, the
instantaneous PM o and PM; 5 mass concentrations increased significantly to 7 mg/ m
and 4 mg/ m’, respectively. The average concentration is 244 g/ m’ and 171 ug/ m’,
respectively, and the background concentration is 166 pg/-m’ and 110 pg/ m’,
respectively. In the iron foundry'plant;"when the middle frequency furnace opened,
the instantaneous PMyjp and PM; 5 mass concentrations increased significantly to 10
mg/ m’ and 7 mg/ m’, respectively. The average concentration is 615 pg/ m’ and 479
ug/ m’, respectively, and the background concentration is 84 pg/ m’ and 61 ug/ m’,
respectively. The PM;pand PM; s mass concentrations were found to be affected by

the additives in the iron foundry plant. Nodulant affected PM;o and PM;s mass

concentrations more than inoculant.

For future regulation, nanoparticle personal exposure level was assessed in this
research. The MOUDI was used to measure the nanoparticle mass concentrations in a
stationary location of the iron foundry plant. Then the effective density of the
nanoparticle was calculated from the SMPS and MOUDI data and found to be about

3.0 g/ cm’. The nanoparticle mass concentration mapping was made from the
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effective density and the number concentration mapping from the SMPS
measurement. The time-activity of workers was recorded manually during sampling,
and the average exposure levels of nanoparticle mass concentrations and nanoparticle
number concentrations to workers were calculated from the time-activity pattern and
the mapping data. In the iron foundry plant, the worker with the highest exposure
level was the crane driver whose average exposure levels of nanoparticle number
concentrations and nanoparticle mass concentrations were found to be 5.17x10* /cm’

and 11.39 pg /m’, respectively.
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% 4.1 A BAFES AT PMio 82 PMys i 9 £ 2R

PM; 5 PM;
Sampled

Dichot DustTrak . a Dichot DustTrak .
Date 3 3 Ratio 3 3 Ratio

(ng/m’) (pg/m”) (ng/m’) (ng/m’)
0609 31.67 70.00 2.21 55.09 89.00 1.62
0824 76.00 171.00 2.25 103.88 244.00 2.35
1017 108.06 291.80 2.70 169.78 352.04 2.07
1017 114.00 293.00 2.57 172.17 359.00 2.09
1017 116.61 243.00 2.08 167.15 301.00 1.80
1017 108.83 278.00 2.55 158.89 348.00 2.19
1024 125.70 721.00 5.74 180.00 824.00 4.58
1024 128.90 640.00 4.97 178.00 779.00 4.38
1024 136.60 669.00, 4.90 211.90 821.00 3.87
1024 128.00 678.00 5.30 181.90 817.00 4.49

2¥a : RatiofX & 89 % [ 4% 850 W DustTraksDichot & 8] 49 & 2 ;2 B bt ( DustTrak/Dichot ) °

%42 Ak SMPS #Ak 5

Location label

Number concentration, #/om’

0609 0824
#1 1:32E+04 1.79E+04
#2 3.88E+03 7.39E+03
#3 3.28E+03 9.67E+03
#4 6.61E+03 7.89E+03
#5 4.36E+03 8.29E+03
#6 5.81E+03 6.66E+03
Background 5.57E+03 4.93E+03

dme<100 nm
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%43 BEAFESAT PMo i PMos ks £ 2R E

PM; s PM;y
Sampled
Date Dichost DustTrsak Ratio Dichost DustTrsak Ratio
(pg/m’) (pg/m’) (pg/m’) (pg/m’)
0907 234.00 270.00 1.15 417.00 400.00 0.96
1012 100.00 104.44 1.04 211.20 430.71 2.04
1012 106.00 138.44 1.31 297.70 494.50 1.66
1012 111.00 134.22 1.21 281.20 412.32 1.47
1012 109.00 134.50 1.23 297.84 429.36 1.44
1019 188.47 320.00 1.70 370.10 444.00 1.20
1019 403.75 733.00 1.82 649.00 949.00 1.46
1019 306.67 476.00 1.55 611.44 652.00 1.07
1019 387.37 547.00 1.41 734.59 762.00 1.04
1026 38.50 56.00 1.45 207.00 104.00 0.50
1026 60.50 87.00 1.44 164.30 131.00 0.80
1026 36.90 52.00 1.41 161.50 102.00 0.63
1026 91.80 105.00 1.14 229.50 163.00 0.71
2¥a : RatiofX & 64 2% ] 485 R )y DustTrak#2 Dichot & /8] 44 £ = /& & e ( DustTrak/Dichot ) °
& 4.4 B BPATER BB I ot Bk
Date Mass of Production Raw Material (%)* Additive (%)*
(kg/day) A B C D E F
907 19375.88 8.88 22.04 115.79 16.38 0.65 0
1012 26061.14 37.5 8.34 110.88 244 0.42 0
1019 15978.6 45.2 16.01 122.38 3.02 0.54 1.99
1026 40608 64.2 6.34 57.11 0 0.4 0

al ZP(D)IsEEEB N -
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#4.5 BEtSMPS 4% 4% # 3%

Location label

Number concentration, #cm’

0907 1019 1026
#1 4.18E+04 3.25E+04 7.37E+04
#2 4.17E+04 8.83E+04 1.31E+05
#3 4.31E+04 6.49E+04 3.15E+05
#4 3.02E+04 8.73E+04 1.36E+05
#5 4.64E+04 5.64E+04 1.04E+05
#6 2.82E+04 2.44E+04
Background 1.52E+04
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DustTrak PM,, concentrations (nug/m3)
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4.1 AB% DustTrakszDichot £ 2 RIPM (& S3E /£ &4 B 14

DustTrak PM, ; concentrations (j.g/m3)
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4.2 ABx DustTrak¥1Dichotff & R]PM,s & 22 84 B 14
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Dichot PM, ; concentrations (j1g/m3)

250 | I | I | I | y
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4.3 AREDichotrr & RIPM, s 81PM £ 2 2 &4 B 12

DustTrak PM,, concentrations (pg/m3)

4.4 ARDustTrak¥ZDichot € B|PM & B &4 B
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DustTrak PM, ; concentrations (ng/m3)
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4.5 ApgDustTrak$zDichot = B|PM., s & & & &3 B 14

DustTrak PM,, concentrations ( ug/ m3)
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Duration Time (from 11:00 to 15:10)

4.6(a) 08242006 DustTrak PM ;& & 44t
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DustTrak PM, 5 concentrations ( j.g/ m3)

DustTrak PM2.5 concentrations ( g/ m3)
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nano-particle (< 100 nm) number concentration, #/cm3
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Nano Particle Number Concentration, #/cm3
3
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‘ l

N
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| T

150
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DustTrak PM,, concentrations (jig/ m3)

DustTrak PM2.5 concentrations (ig/ m3)

1600 Il l Il l Il l Il l Il

Hollow symbol : Occurred near the Furance
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Real-Time Conc.
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4.17(b) 10122006 DustTrak PM, s;& & 44t
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DustTrak PM,, concentrations (ig/ m3)

DustTrak PM,  concentrations (ug/ m3)

12000 .
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B4k
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11:00

4.18(b) 10192006 DustTrak PM, s;& F 4

12:40
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DustTrak PM,, concentrations (j.g/ m3)

DustTrak PM2_5 concentrations (j1g/ m3)
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DustTrak PM,, concentrations (j.g/ m3)

DustTrak PM, ; concentrations (j.g/ m3)
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#/cm?
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