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Comparison of Airborne Nanoparticle Concentrations between Carbon Nanotubes Growth L aboratories
based on Containment of CVD

JuHyunHa - Yong Chul Shin'

Department of Occupational Health and Safety Engineering, Inje University, Gimhae, Korea

Although the usage of nanomaterias including carbon
nanctubes (CNTSs) has increased in various fields, scientific
researches on workers exposures and corntrols of these materids
are very limited. The purpose of this sudy was to compare the
airborne nanoparticles concentrations from two university
|aboratories conducting experiments of CNTs growth based on
containment of thermal chemica vapor deposition (CVD).
Airborne nanoparticle concentrations in three metrics (surface
area concentration, particle number concentration, and mass
concentrations) were measured by task using three direct
reading instruments. In a laboratory where CVD was not
contained, the surface area concentration, number concentration
and mass(PM.) concentration of arborne nanopartideswere 1.5
to 3.5 times higher than those in the other laboratory where
CVD was confined. The ratio of PM. concentration to total
suspended particles(TSP) in the laboratory where CVD was not
confined was about 4 times higher than that in the other
laboratory. Thisindicatesthat CVD isamgor source of arbone
nanoparticles in the CNTs growth laboratories. In conclusion,

researchers performing CNTs growth experiments in these
laboratories were exposed to arborne nanoparticles levels
higher than background levels, and their exposures in a
|aboratory with the unconfined CVD were higher then those in
the other |aboratory with the confined CVD. It is recommended
that in the CNTs growth laboratories adequate controls
induding containment of CVD be implemented for minimizing
researchers exposuresto airborne nenoparticles

KeyWords:  nanomaterials, carbon nanotubes, airborne
nenopatide, laboratory, containment
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U = (nano)= 109 £ 9 18 g, Y54
(nenomaterids)>- 12}l ol A Q&4 2 A2k 1~100 nm =
718] 42 Egob= Ad 0| THNEST, 2004). ¥HA = {H
(carbon nanotubes, CNTs)= =1 W (graphite shegt)o] Wi 17|
O AA 07 T2 Tl Adefol v 74, 2005).

U 54 9] Al A 2R 2015 of = tEk 1 2 S
o] 710 & A5} 9l 0 1 (Maynard e d., 2005), =+ L
715 T AP R 2006\ of o e 363 o] ¢l AL, 2020
714 26%9) AR EAEE e 562 20 2 A
0.2 )55 3 kel |45 5, 2005). o) 9} o] A =
Vel vheals A AAA 7k Qa, vl 9
3 A AF 2 71317} 5748 58] ONTs o]
§8 B 2E, BF A, YARA, olnel B %
53} 2-8(Ajayan e d., 2007; Coleman et d., 2006, Gardaet d.,
2007; Hat et d., 2006) A 2 7142 7kslr) 95 A7}
A AAA o2 213 E 3 glvh(Dresselhaus et al., 2001;
Baughmanet d., 2002).

CNTsA 9 71 9-9] {5 9 7} 2 o A4 ONTse} A 4
Zuj ] V=37 YA wE:S W, o st =F
7Fs Aol thgt $-3 7} oF7] 5 1 9l th(Bdlo e d., 2008). CNTs
of tig s= Al A2 FAo] wAE i (Lame d,
2004, Warheit et d., 2008), 14| 3] 32712] Al2hdl Z-of] 2] 3
tsH ONT7H Al 22 A4 S o] 574 5 A vHMontero-
Riviere et d., 2005). 7}= 11 7] thgk CNTsS] -9 A H 3} {4}
3P ol (gandomesys} 22 4] 22 9) B0l
£ freivi(Poland a d, 2008), 719 574 el Felsiote
735 £V (mesothelioma)& A 0710t B ¥ §l tH(Tekag
etd., 2008).
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Table 1. Basic information on the CNTs growth laboratories

Lab. Roomsze Workingtime Frequency  Amount used

D Lab. name N () (houdday)  (imeswesk) &) Vertilation
Nanomaterid Generd

I 2 127 6 6 0.3-04 o
Laboratory vertilation
Nano Photodectronic Device CVDwas

Il 3 143 3 6 01 ]
Laboratory contained

*Number of researchers who use the laboratory
CVD: Chemical vapor deposition.

Task C: Furnace cool-down

Task D: Transfer of CNTs

Figure 1. Tasks for CNTs growth in Lab. I. The CVD was not contained.
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CNTs 7] i(Task D) 5 4HA| 2 2T}, 7} A 5219 (tak) &
A,B,CH DZ EAJSISITE A1) A2 A3 o A= 3
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Task C: Furnace cool-down

Task D: Transfer of CNTs

Figure 2. Tasks for CNTs growth in Lab. Il. The CVD was contained.
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Table 2. Surface area concentrations, number concentrations, and mass(PM) concentrations

Leb SA oone(sloc) PN oonc(pt/co) PMEN)
ID. Times Task conc. (/)
N* Mean+=D Range Ment=D Range N* Mean+D
A % 587+24 555664 10169+383 9340-11800 1 284
B 28 616114 578638 10909+t448 9810-12100 1 171
1t C 16 656113 635678 12249+823 10600-14000 1 179
D 26 678124 637-705 11012+1160 6430-13300 1 165
Subtotd 166 613+41 555705 10642+8% 6430-14000 4 200£56
A 80 792+54 694901 13448+1023 11100-16500 1 204
| B 28 709+29  67.7-789 13339+537 11400-15000 1 151
2nd C 8 700+11 687721 12667+281 12200-15000 1 138
D 4 722+42 688783 13531+435 12800-16000 1 15
Subtotdl 120 764+61 6774901 133761906 11100-16500 4 152+38
A 48 735£70 663901 13495+1261 11100-17100 1 119
B 2 825+16 793853 15052+348 14300-17500 1 130
3d C 10 772+11 757187  13444+73%4 10200-14800 1 132
D 4 761116 740779 14440416 13500-16100 1 121
Subtotal & 763166 663901 13043+1208 10200-17500 4 126106
Before 4 420+39 342486 954+914  7630-11000 -
A 224 6931105 555902 12043+18%4 9340-17100 3 202183
B 76 705+85 578853 1288111712 981017500 3 151+21
Total C A 700+51 635788 12689+861 10200-15000 3 150126
D 34 603+38 637783 11506+1581 6430-16100 3 134427
After 57 6381530 530764 1283512062 8720-19400 1 64
Total 466 6551103 342902 123791927 7630-19400 13 152453
Before 39 270+07 261283 67741260 5750-7280 1 56
A 31 24105 31532  679%6+237 57107200 1 50
[ 1t B 8 3B1+02 3RN8B4  e6lLE277  5800-7070 1 46
C 31 318+34 281383 11585+7800 7800-28300 1 43
D 5 262102 259267 8¥8+274 73008720 1 39
After 101 231+21 189261 8133+211  7050-8550 1 38
Totd 215 288+48 189383 8704+2833 5710-28300 6 45+07

* Number of samples

SA: Particle surface area, PN: Particle number, PM: Particle mass, SD: Standard deviation,

A: Heating of furnace, B: CNTs growth, C: Furnace cool-down, D: Transfer of CNTs
A, QA 4 9l AEHPM) =0 Ha ko] A (tHet) A,

A 1A fFeletAl =T A

¥ 2698, p<0.05,
Q) A} 3 =347, p<0.05, PM: 5 : t=5.95, p<0.05).
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Figure 3. Surface area concentrations and number
concentrations of airborne nanoparticles during
CNTs growth in Lab. I. PBZ: Concentrations
measured in personal breathing zones, Area:
Concentrations measured in area, Background:
Background level, A: Heating of furnace, B: CNTs
growth, C: Furnace cool-down, D: Transfer of
CNTs
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Figure 4. Surface area concentrations and number
concentrations of airborne nanoparticles during
CNTs growth in Lab. Il. PBZ: Concentrations
measured in personal breathing zones, Area:
Concentrations measured in area, Background:
Background level, A: Heating of furnace, B: CNTSs
growth, C: Furnace cool-down, D: Transfer of
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Figure 5. Mass concentrations of airborne
particles by diameter in the CNTs growth
laboratories. PM: Particle matter, TSP: Total
suspended particle
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Table 3. Estimated 8 hour-TWA for surface area concentrations, number concentrations and mass(PM1)
concentrations of airborne nanoparticles in the CNTs growth laboratories

Ly Sping SA oonc. (garf/cc) PN conc. (pt/ec) PM(PM:) conc. (/)
' time 8hr- 8hr- 8hr-
ID .
mn) B2 B TWA B ™mwa B2 B TWA
| 300 655 420 517 %64 10958 152 64 119
I 180 288 270 277 6674 7498 45 56 41

PBZ: Mean of concentrations measured in personal breathing zones during working, B: Background level, SA: Particle surface area, PN: Particle

number, PM: Particle mass
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