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ABSTRACT

Objectives: Nanomaterials have been used in various fields. As use of nanoproducts is increasing, workers dealing with
nanomaterials are also gradually increasing. Exposure assessments for nanomaterials have been carried out for protection of
worker’s health in workplace. Exposure studies were mainly focused on manufacturing processes, but these studies on
after-treatment processes such as refinement, weighing, and packing were insufficient. So, we investigated exposure
characteristics of particles during after-treatment processes of Al,Os fibers and Ni powders.

Methods: Mass-production of Ni powder process was carried out in enclosed capture-type canopy hood. In a developing stage,
AlO3 was handled with a local ventilation unit. Exposure characteristics of particles were investigated for A,O3 fiber and Ni
powder processes during the periods of 10:00 to 16:00, 20 May 2014 and 13:00 to 16:00, 21 May 2014, respectively. Three
real-time aerosol instruments were utilized in exposure assessment. A scanning mobility particle sizer(SMPS, nanoscan, model
3910, TSI) and an optical particle counter(OPC, portable aerosol spectrometer, model 1.109, Grimm) were used to determine the
particle size distribution in the size range of 10-420 nm and 0.25-32 pm, respectively. In addition, a nanoparticle aerosol
monitor(NAM, model 9000, TSI) was used to measure lung-deposited nanoparticle surface area. Membrane filters(isopore
membrane filter, pore size of 100 nm) were also used for air sampling for the FE-SEM(model S-5000H, Hitachi) analysis using a
personal sampling pump(model GilAir Plus by 2.5 L/min, Gilian).

Conclusions: For Ni powder after-treatment process, only 27% increase in particle concentration was found during the process.
However, for AL,O; fiber after-treatment process, significant exposure(1.56-3.34 times) was observed during the process.

Key words: after-treatment process, exposure characteristics, particle, ventilation system
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Figure 1. Workplace layout and measurement locations
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ol - e A, I3 n
(a) sieves (b) mixing and separation using a (c) weighing and packing
vibration machine
Figure 2. After-treatment processes of Ni powder in the workplace
Table 1. Summary of activity timeline during the Ni powder after-treatment processes
Date Time Work Peak
09:08 Start of measurement
1™ process
Pour Ni powders in the top sieve
09:51 . .
Installation of sieves
Turn on the vibration machine
Turn off the vibration machine
Unlock sieves
10:13 Weighing
Packing
2™ process Peak 1
Pour Ni powders in the top sieve
10:20 Installation of sieves
’ Turn on the vibration machine
21 May Turn off the vibration machine
10:42 Unl.oclf sieves
Weighing
Packing Peak 2
rd
10:49 3" process . .
Pour Ni powders in the top sieve
10:55 Installation of sieves
’ Turn on the vibration machine
Turn off the vibration machine
Unlock sieves
117 Weighing
Packing
11:20 End of after-treatment processes
o3, 84 A AIFUAE Table 1o Helsteict. 27 Aol et =2 W Al ZHANE ek A
ojtf. & ¥ M= AEE TeS A8Sh= AAl
3AEIUR0E MR X2 23 F2 A=xsH7] flsto] HEAom ThsEAL QUSIH
Figure 18] Measurement 2= At 2ol A2 FHAZTHE B3 Foll(block) FEjS Abehet
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(a) physical and mechanical grinding (b) machine opening and cleaning (c) weighing and packing

Figure 3. After-treatment processes of Al,Oj; fiber in the workplace

Table 2. Summary of activity timeline during the ALO; fiber after treatment processes

Date Time Work Peak
10:57 Start of measurement
11:00 Cleaning of grinding machine
11:04 Physical smash of AlO; block
Stop of smash—operation of vaccum cleaner—injection of Al,O3;—grinding—
11:05 opening of grinding machine—collection Peak 3
11:27 Restart of after-treatment process
11:29 Physical smash of block Al;O3
Stop of smash—operation of vaccum cleaner—injection of Al,O3;—grinding—
11:30 opening of grinding machine—collection Peak 4
11:40 Cleaning of grinding machine
20 May 11:42 Weighing—packing
11:48 Grinding
11:50 Weighing—packing
11:56 Operation of vaccum cleaner
11:57 Grinding
11:59 Collection
12:03 Operation of vaccum cleaner
12:13 Stoplof smas}.1—>f>peration'of vacuum cleaner—injection of AlLO3;—grinding—
opening of grinding machine—collection
12:19 Operation of vacuum cleaner
12:35 End of the 1% after-treatment process
13:38 Physical smash of Al,O; block
13:40 Injection of Al,Os—grinding—opening of grinding machine
13:47 Collection
14:04 Physical smash of AlLO; block
14:06 Physical smash of Al,O; block
14:22 Injection of Al,Os—grinding—opening of grinding machine
14:29 Operation of vacuum cleaner
20 May 1433 Collection
14:37 Operation of vacuum cleaner
14:38 Injection of Al,Os—grinding—opening of grinding machine
14:52 Physical smash of Al,Os block
15:10 Operation of vacuum cleaner—injection of ALOs;—grinding
15:13 Physical smash of Al,O; block
15:19 End of the 2" after-treatment process
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Figure 4. Variations of particle concentrations during the sieve process in the workplace

http://iwww.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(2): 225-236



30000
25000
e
£
S 20000
Q@
S
£
8 15000
o
a
8
T 10000
=
©
5000
0
1000
Particle diameter (nm)
(a) number(Peak 1) Nanoscan
0.5
—A&— 10:20 am
—v— 10:23 am
—&— 10:26 am
0.4} —&— 10:31am 4
—&— 10:39 am
Ea
€
D 03r ]
2
o
D
o
§ 02t
el
01

(c) mass(Peak 1) OPC

dN/dIogDp (particles/cms)

dWdlogD, (ug/m®)

231

S0
L]
Of
0

30000
—A— 10:42 am
—v— 10:43 am
—— 10:44 am ]
—8— 10:45am
—o— 10:46 am

25000

20000 |

15000

10000 -

5000 |

100 1000

Particle diameter (nm)

(b) number(Peak 2) Nanoscan

(d) mass(Peak 2) OPC

Figure 5. Change in particle size distribution during the after-treatment process of Ni powder

o 2RI A A 12 wek %A}ﬂ AR =Z0] Y
Epskk shARt 32 wake) A9 1, 2% wRtEhe o
2 YRS SR sk
ZYY Ay FE QoA
W3 ST oto]| A AWE A=F
o 27 3N WAl ﬂé

o] o]

7<

ofaL, (b)% ’8% e A] (BANEC) PAX-I I
L}E}ﬂ Zoltk mHtg Ao & A U

AZE R 527 60~100 nmZ
ko , e olF 2 offjol] thA]
AwEsh fAV) WStk A R EHTge

Journal of Korean Society of Occupational and Environmental Hygiene, 2016: 26(2): 225-236

A =2 A 100~200 nm 9o hFEE] QIR7} B
2¥o] 9lrprt dhedo] WS Lukg AT o}
Z7HA = 60~100 nm R oA 57} LrERRTh
e mUEAA SdE e
60~100 nm Helo|a, wykpAy, A=k

& ARt —‘%3‘57} ol dF=
Tt} Figure 59] (c)2t (d)= OPCE -85l
A S T 2T el Y
Eld Add], Mesres 7|£22 YERH nanoscan
S Gel OPCE F5 =2 Lielge). Lheele) 7
$ A9F B T 1S e, vl
28 YRE ATE Aol ARREY Folst F3tel
A o, vlolag YAl YHEES Rl
2 Blslo] ARstg kel vz At 5o
FEOA 5 i oJ5te] B EE= FARRE HE S

o]
H

T oodt

http://www.kiha.kr/



Figure 6. SEM images of Ni powders collected during the after-treatment processes
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Figure 7. Variations of particle concentrations during the grinding process in the workplace
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Figure 8. Change in particle size distribution during the after-treatment process of Al,O; fiber
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Figure 9. SEM images of Al;0, particles during the after-treatment processes
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Table 3. Summary of exposure assessment for after-treatment processes at the workplace
SMPS NAM Opc
(particles/ci) (/e PM (/) (paNrgg;EQZm)
Mean+S.D Max Mean+S.D Max Mean+S.D Max Mean+S.D Max
Background 1(Dawn)* -+ - 46.1+3.5 53.9 46.2+2.0 51.4 563+33 612
Background 2(Lunch)t - - 46.7+3.0 52.1 142.7497.6  457.1 50643 583
Sieve process(1) 13,198+1,294 17,034 43.0£1.5 46.3 82.9+11.3 114.0 695+11 713
Ni powder Sieve process(2) 14,545+£2,263 19,035 45.2+4.1 52.7 90.9+8.3 106.3 751£21 791
Sieve process(3) 10,960+715 12,291 40.8+1.2 43.7 96.3+11.8 122.7 755£7 769
Average 12,901+1,424 16,120 43.0£2.3 90.1+10.5 73413
Grinding(1) 29,864+4,368 41,881 83.9+4.1 90.4 175.4£28.7 218.6 824424 869
Grinding(2) 22,2654+2,025 25,027 72.9+1.4 75.5 151.6+£32.4 235.3 684+34 744
Grinding(3) - - 59.6+4.4 71.4 153.6+25.9 197.9 601+40 703
AlL,O; fiber  Grinding(4) - - 53.0+2.2 55.1 129.4+29.9 195.6 633+17 662
Grinding(5) - - 54.4+0.9 56.4 163.7495.6  456.4 651+10 665
Grinding(6) - - 68.6+4.2 75.5 170.7+56.1 280.7 747+36 836
Grinding(7) - - 76.7+27.2 154.0 134.2+17.6 168.4 699+23 756
Average 67.0+6.3 154.1+40.9 691+26
* Background 1(23:00 pm, 20 May ~ 04:00 am, 21 May)
+ Background 2(12:30 pm ~ 13:30 pm, 21 May)
¥ No data
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