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Effect of Sampling Cassettes Type used in Sampling of
Airborne Carbon Nanotube(CNT) to Electrostatic Loss

Seunghon Ham' - Songha Kim' - Jinho Lee' - Naroo Lee? - Chungsik Yoon'"

"Institute of Health and Environment and Department of Environmental Health and Science,
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ABSTRACT

Objectives: The purposes of this study were to compare the surface resistance of cassettes according to the material, and to
evaluate the wall deposition of carbon nanotubes(CNTs) by electrostatic loss in the inner wall of the cassette.

Methods: Surface resistance was measured for three types of cassettes(25 mm polypropylene conductive cowl, 25 mm and 37 mm
clear styrene cassettes) with a surface resistance meter. Also, electrostatic wall loss was measured at different weights of CNTs
depending on the cassette. CNTs were laid on a weight dish with the cassette for five minutes to provide sufficient time to attach
on the wall. Wipe sampling was performed to collect CNTs deposited on the wall and elemental carbon, known as a surrogate for
CNTs, was analyzed.

Results: The cassette with conductive materials(18% of black carbon) showed the lowest surface resistance(<1.21x10° Q).
Cassettes made from clear polystyrene showed the relatively highest surface resistance(25 mm: 10.02x10° Q, 37 mm: 10.59x10°
Q). This means that particles are more likely to stick to the internal wall of styrene cassettes due to electrostatic electricity. This
may lead to an underestimation of the airborne concentration of CNTs. The experiment showed that EC was not detected when
using a 25 mm conductive cowl cassette, while EC was detected at the internal wall of 25 mm and 37 mm polystyrene cassettes.
Conclusions: This study confirms that cassettes with a conductive cowl have low surface resistance and are more appropriate for
CNT sampling. In addition, this finding could be applied for other types of particulate, especially regarding electrostatic charge
and sampling.

Key words: carbon nanotube, cassette, electrostatic, industrial hygiene, sampling
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o) Aol vlstel 9l vjato] ola] dto] 414 2
2= QIthBaron, 2003). YRR BHO| ZA T} HAL
o iAo Qls BAIZE wAldh x4t o]

o TpA|of| 2R =7 Aol HHol| 24 F 7hsAdo] =ot
A I E HHo] A &8 0] E+ d/(internal
wall loss)o] ¥WAYsHA EhLiu et al., 1985, Baron,
2003). o]zt FHIZS] SRS QA O] 24 A
QA7 HIE Uhol 22pElo] Ao £4E o]
o @2te] Yelo] a1, EF ALl JIFL A
th(Baron, 1990).

olg Aolshe e Z4T 14
i 4 ik 27 Al Alofsl HHeE 3715 4
WS =A% u NIOSH 7400 WHHollA 25 mm A%
A 7}(conductive cowl)S &3t JHHIEE 0] &35}
T QITHNIOSH, 1994a). AWHE wjo 2o ozz
o]Fo] A gl7] uj&o] H] A=Al (non-conductive) 7}
|28 A8 A9 THeBItE s wol Aol
oA “4013 Z3}o] A=A (conductive) 7}A|
EZ o]lE FE3l= Zo|tl(Baron et al., 1994;
Blackford et al., 1985). watA] =4 @A ARE o
Ao o7t A7 #we7t WA Gt 2UEE=
ol oA &FE o7l Al 4 QUth ® o W
Hogl HAME YU (Krypton 85, Americium
241 and Polonium 210)52 o]&3to] AAE =43}
A7 HHol A]"%EJX]‘H‘(NIOSH 1994b), HFALA

O_u
lo

2 o] &

N
2o

_>L'.

Feleaol7] wEe] e Aoy vlEo &
A7t 9thLiu & Pui, 1974). %_'—H Al AlojstE W
o2 oHxe] zHE JRHFEE FAE AT
oo iHE A= A FFE 771 "ol
AeHdE =ol7] fIste], AR FAE AFstr]
Aol AA7IE AAsH] 918t A2 UpAE o]
3} U(Heal et al., 2000), o]-23tE Z7|& W&Est=

o] @1}o|# E-Z ¢|(ionizer blower)E ©]-&3dto] A
715 A|7A $tch(Harrison et al., 2003; Taiwo, 2016).
Tl Uuir o g AZHV|S A AS= HHoz:
AL $5715 Hol FAU A dAE e
= AoE gAZAE Aol & 4 vk deA gl
CH(Mardiguian, 2011).

U=AA & g4 U= 5%H (Carbon nanotube, CNT)
= 1919 x= A Eglon, ZFEo] v|s] 1004
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EansE 5 on
2§ =i ‘Zle O“’—E’EE SE E%l_ &0
th(De Volder et al., 2013). 284 20179 ZA LA
-+24x(International Agency for Research on Cancer,
IARC)OIHE Th5E satekn 150 djsto]
Group 2B 2|43l o] Eathiefuo] o
A= Group 302 X|AsH} QITHIARC 2017).
20114 BAR wEAR HEw, Sejuels §
N APl A At 4,878 kg CNTE Al 9 <
3k 9T, 1870 IANGIA 1,273 ke AREalT lck
(MoE, 2011). oA 2016 Fh=tAForA R A
5 A H(KOSHA Guide) o= AR o] A4 = 3
tHKOSHA, 2016).

SatheRul fdo) g AEL JximA
A5 olE SRRl 2
(Park et al., 2010). YHtH o2 EAlEHE =
o) Beladd AU wEold AHES o) §s
ol Aejolmx|o] EYL SShTHDahm et al, 2012;
Lee et al, 2015). 37 AebaeiolAe] Agol4 &
W, Zel2eld AR AoFRgelA WA <
A4} &2 (Pharmaceutical dust)S =7 A] FHAZ O
2 62%2] AA7E FHAIE Tl A A E AL, 22%9]
) AE o x| o) A HWHA =] 9l THPuskar et al., 1991)

i SHaEY A w2 #HAYS 7L
of tfxlo] Hoj= HMskE 7HA|aL QA E o Xé’ﬂﬂﬂ
WAYs7] 4ok 7R Y|O]E(PC:  polycarbonate),
E|ZH(PTFE: polytetrafluoroethylene), ZZ|H|<dE2
2] =(PVC: polyvinyl chloride), Zz]2~E]H(PS:
polystyrene) A& £ o0& o] glof ¢
A7F 47 gelE=rhBaron, 2003). 37| Fol QU=
YA BAE AN W ZAH AR ]
2 % glol 24AT 4% E 4 9
2L @S A she Aue] HURE B2 4
(Baron, 1998). HHof| &= Z& Hekstarx}, o
Mark®} Vincent+= Institute of Occupational Medicine
(1OM)el A 7ftet 10M A RA371S sl
10M A|ER21710] et v A4S o, 7)o A}%a

&
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fol

<= WhSHA] R A oA AR 24 0] H7]
woll o1& S HAaF7E $-2E o, IOM A=A 3
71l W2l 7HHE AA o] FAE 45 de

o
=

N
N,

T2 5ol Be A B %
4 A H Aolti(Mark & Vincent,
1986). AAZ ALY ARoA F4sde d
2 ko] glojA I0M A
gl 7 E] Bt =4 &4
o] E2 AFH 5&S Bt &
4= QJth(Reynolds et al., 2009).

a8y AAZEA] AT U=kl st

o]:

o
N\
o
net iR

>
o
o
i)
i
ox
i)
i)
of
S)is

P71 daelR, Hhahiiy
2 wEoln FHER Sl
7 ZHNE W] 2ol4 E4E 5 leAe gt
AFE= g ch(Kumar et al., 2008, Tsai, 2015, Yin &
Dai, 2015).

wEba] 2 Ay 542 d@4 3715 A =

A Aol 22 AgSH BUT BesUn 2
e Z2ao 18% 7Ho] Eolglt AEAIAES
EUAS ZAste] BUAYGS Hlmst, 7h)
£ F5ol ueh W] i SafeRHo oL
H o] ghabieRro] et 24 A FHAE 4%
o T3t 714 HRE AFsHE Aol

1. A= FINE A =2

AFS flote] A AlEFo= F 359 FHNEE AHE:
3l th 25 mm AEA 7FAM|E(Cat No. 225-3-23, SKC
Inc., USA), 25 mm 7H4|E(Cat No. 225-3-25LF, SKC
Inc., USA)2} 37 mm 7}A|E(Cat No. 225-3050LF, SKC
Inc., USA)E ©]-&35}%t} 25 mm A=A A EE 37]
Z AHAH Al AHEE= HEAo] 9l 5 em Zol9
7 Eoltt. FAR= EZ 2 18% 7HEEH
= ok, A=A 7HAA AlzE 7R Eolth 25
mm, 37 mm 7| E= RF £ EYAERS AR
of Ax3k 7HH|Eo|tt. T E BFE fAES AHE-
SHit F7HA 072 M| Eeke] EHAES] v E ¢
sko] = 71| £79] o} ¥ K Acrylic sheet)S 21
o2 ARgSTh b YRk o2 ARgsle= o3 Y
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o], thE 3= A A of= Y (Anti-static Acrylic
sheet, Shin Gwang Actlic Inc., Korea)o|T}.

2. FtNES| BN E £F

THHES] EWUA S SH5t7] ffst EHAYS
A 7](Surface resistance meter, 19788, Desco, USA)S
olgslory. wRAT 247)E 7 7e] 2 H probe)
2 o|Fol4 i, FHSHIA S BAE ted

A G GRoA ZREE o] g5l A9 RHARS

2748 stk 2AAAE FHIE A9 FHE 24
S 7hedl £31 I oulo] Z2uS Pol 24
SFGaL, of=d O] B IS vkeY Fil oF ge=
Z2ug 2ol 248 sk

B 237719 24MYL 1.0x10° Q - 1.0x10"2 Q
ot} =+A| A 7] 7|4 EZ(International Electrotechnical

Commission, IEC) 61340-5-1:20062] Aoj&E w2
“AH7] AEA: electrostatic conductive” 3T A|E}0]
10* ohms |4 10° ohms Q17 L= o]of7|3}al, o]=
“HA 7] EAY: electrostatic dissipative”= 10° ohms ]|
A 10" ohms¢l H-9-E oJofr] FFCHIEC, 2016). A7 7]
M e Aol 2oby HHsle] wo] 1] )
woll YA R F2HE 7hsAdol Ao, A7
FARS AR 0] A7) A AH Hoe =2
FHiE EHO] A7t Bt sho] o npEoy 21
o &fste] HA| Mah= Adefold, FA7] At A
= HA o] v 2u2 AHT| 7L
ZA 8= A2 §-X|7F ®th(Mardiguian, 2011).

2
ot

3.AISE Bl RE

£ Ao AHGE SavbeFEE CEEie
FHMulti Wall Carbon Natnotube, Model CNT
Regular, Carbon Nano Material Technology, Korea)&
ARESEEE A5 5-20 nm, Zo] 10 g ©]8}, =& 90%

o BHS 7ML Ut HEHEAR Holt

4 Ealbe el HEY|H o5 8|

I E YH =Hd(internal wall)o] AU EH 7}
£ b5 Ae Bolel) Slstel FAIE wa
wvlo] el g Thetaloltt. HH7)
257 Al (weighing dish)oll 2742H25 mm 71
mg, 2 mg; 37 mm 7MH|E, 2 mg, 3 mg)S 557t
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ST FEES PoIA H710] ofsto] slof
8-S BASIET O F FAIE W AEE 1S o’
37|12 A9 oJ1A]|(Cat. No. 225 1825, SKC Inc., USA)

£ Zeha] 5 9 FMIE W R stobhe Eul
F(wipe sampling)E 5}o] QYA EHA(Elemental Carbon,
EC)RA & AAshoich B FHE it Ewd
o] tt27] wjze] Y EHAE ALkste] T E Y
ERAY BaRuel L2 Skl ECS
EA8HE o= BaU=RETE 90%0]/4 ECE o]
o4 lof BathRre] 2YALE Heralol] A
253 Q17] "j&Eo|t(NIOSH, 2013; KOSHA, 2016).
AlE Al £ 20T + 5T, ST 50% + 10%Q] -2
FaAolA A3t

5. RANERNEC) BY

H Ao A= KOSHA Guide A-162-20162 o]&
sfo] BAE Strh. Gwsh BAy)/]-ERel et
7<7|(Thermal-optical analyzer-Flame ionization detector
(FID), Sunset Laboratory, USA)E ©]|&3}4th €4
VeFE 5o wae s AFeHe AARl
A o GAERS AXE Hgelnae] E3
sto] A dAA = AE7IAE o83t 7] THA

4 F f7IReE B A A
B/AkE B3 7jAR olgsiel atas del g

TtAR ABAZ) T, BRo|LslHEy I(FID)-E& Rliss
o AITHKOSHA, 2016).

m. i1 A}
1.7t E & o] EMAE £X Z Ol(surface resistance)

FHIE A Aol ot EHAY Z4 AT Table |
¥} ot ZE|z 2o 18% 7HEEo] H7lE o

l=H ()OII

Table 1. Results of surface resistance by cassettes

%‘

183

rr
oo

9l 25 mm A ES AHS$ Ago] 1.21x10° Q
=93 2l Ao 25

ofstz 2=,
mme} 37 mm A EQ Aol ZHzF 10.02x10° Q
T 10.59x10° QE AA7|7} A5 HYzm =4
woith. Frlon dHon Agsis ofade
2N WOl HAI7) ue 2SS & 5
AN, LAA ofmHol AL 1.39x10" QoE =7
= A

Figure 12 IEC 61340-5-12016)0)4 FA43% A=
AJ(conductive), E-AFA(dissipative), A Al(insulative)
o Helo] whE & AtolA S47E 3719 TN ES
TUATE e Zolth Ak o} vgeneral
acrylic sheet)@} F47H o= T anti-static acrylic
sheet) 9] EHAFE o7 SAto] 7HMES WA
Fo olsjelt] mgol HES sl

St

R

bl
2]

=]

Conductive Dissipative Insulative
Range Range Range
25 mm Anti
conductive static g; mm ?\ecrrlﬁli‘gl
cowt Aclylie Cassettes Sheet
cassette Sheet
T o1 T T r r . ;
g 5 3 ¥ ¥ 3 P $ o AN AL )

A A S A S S WS S WS
Surface Resistance (Q: Ohms)

Fig. 1. Surface resistance ranges between conductive, dissipative,
and insulative according to IEC 61340-5-1(2016)

2 EAL-RE S Al §H7|| 48 F
SaeREsL v 21 S BC FER
SHEI Table 20 Lrehjgic. Bafimu g

o wet HAT Aut Bejxzuo] 18% FHEg
o] =3kel 25 mm A THA ol

Cassette

Materials

Surface resistance

25 mm conductive cowl cassette

Polypropylene with 18% carbon black

<1.21x10° @

25 mm cassette Polystyrene 10.02x10° Q
37 mm cassette Polystyrene 10.59x10° Q
General Acrylic Sheet Acrylate polymer oo’
Anti static Acrylic Sheet Acrylate polymer with non-electrostatic coating 1.39x107 Q
“less than 10° Q, material has lower surface resistance than limit of detection
' greater than 10'? Q, material exceeded the highest detection limit of surface resistance
Journal of Korean Society of Occupational and Environmental Hygiene, 2017: 27(3): 180-186 http://www.kiha.kr/



. 21
=

158 - Yt - 0l &4

(i

oL} .

o
Mo

i

Table 2. Concentration of Elemental Carbon on the Surface of cassette wall by cassette type

EC Concentration

Item Amount of CNT (mg) (ug/Internal surface area of cassette (cm?))
AM'+SD'
_ 1 mg (N=3) <LoD!
25 mm conductive cowl cassette ;
2 mg (N=3) <LOD
1 mg (N=3) 0.08+0.05
25 mm cassette
2 mg (N=3) 0.25+0.25
2 mg (N=3) 0.04+0.03
37 mm cassette
3 mg (N=3) 0.07+0.03

*AM: Arithmetic Mean,
12.4(25 mm cassette), 19.2(37 mm cassette)
¥LOD: 0.006 zg/lInternal surface area of cassette(cm?)

Al(Limit of Detection, LOD) 1|¥t2] Zko] &A=l

o},

st FeAEdAfER TEolxl 25 mm 42

37 mm 7S] A 2zte] pEWE AH AT

I mgo2 A3 25 mm FHHES] AL AN E
T T 0.08£0.05 g 0] ZHE
A=
37 mm FHAE2] 7
A
R

%2 mge| 7
=3 0.04+0. 03 u©g 3 mgo 73
29 0.07+£0.03 pg 9 ZHS Hch

V.1

[l

SECIETELE
AR A E
Aol A= EEAG
ZI|Zz2h Yo 18%

=
hl

= 1

=
‘?ioﬂ T2 gayleR 57} LOD U] J‘OJ

W5
1, 2 mg9] HL-
P R 0252025 ol 285

49 ZHIE Y3
49 FHHE Y&

=l \=1~l

7t
Al
4

g Aol 4 Y7717}
eslel Hgsel 3l
25 mm HEA FHES ASIAAL 1) A=

WollA SaueREst AEHA $U4eS
Ao ot

7}*11—‘5—94 35 7}*11—‘5——4 3475‘01 Z;“:}J— OME}E 7}
*ﬂE 3 2 F 0.08+0.05 pg(l mg), 7HA|E W
B omWA g 025:&0 25 pg2 mg)® EC7} AZH ol

7“115«1 g7 oste] ErauleRHIE FHHE

o S o
AE=

EECER

fe) A<
d

A% oh AR

e ZE|LE A A 37 mm A ES] ok 2

mgo] 7

49 FHHE

http://www.kiha.kr

Y& WA g 0.04+0.03 ug 3

" SD: Standard Deviation Internal surface area of cassette(Unit: cm?): 34.5(25 mm conductive cowl cassette),

mgo] AL FHHE YHE FHZF T 0.07x0.03 g 9

ot REsE R0 ols) SHHE Hule] 2o

9&3‘% ol—/\oloh:]_ )

o] FHHEE
7HH E
B7HE A == A 01
oh weEbA 37 & &
AT EE AF%PO%
AA71E AAS
A A7 AAE & 4
_EEHO ;<47]-6]— ﬁ oﬂ Z
pom oF 12%0)4 7} Al
928 2= 9JtHLux, 1993).
HEQ] 25 mm HAEATAE s Zazas
EHo| 18%7} HfrE|ojA FH7] AA Az
AT B= FHATE HASH] f18ke] W

7](button sampler)@} 22 F£50 2 A &g Al

=
=

N
-~
o -
L
e
ol
2L

=2
N
)
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o
2
o

it
o o

&
o~

>~ HH‘
> (o

i)
i
o=

m1o NN E ol

ja

—1> e = au o>

HH

ln rlm
if

= =1

ARg-3h= Ao] Higkelth(Baron, 1998). 1o = o] 2

i

3tel F715 2o AW, AR 571, Ar/ddA|
7t ARAZE AAY £ Y= L olth(Mardiguian,
2011)

oA AfFHE A=2E A 23St 4T A5
—Er*»ﬂ o] A=} Eorde &I5H3 tH(Demange et al.,

2002). AHAQ) FaFEE B} Alo] ARk Fs)A
A o], FHAE Wee] 2o 2L Alelw]

H&ol SFse Jﬂ7} Alofl= IOM AE2 9] AH-=
Alokatar, Hwol| 2 A= 24 Aol 3tsfoF g
o}l R 31E 31 QJth(Woehkenberg & Bartley, 1998,
Lidén & Gudmundsson, 2000). QA4 E2lo] HHof
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B AS vl FAISH] $15ke] AccuCap(FEE4
), Solu-Cap(2FsHE-A]-8)3} o] Wo] 3 w= A
< R WASH] 9l FHIE o] F7ke] 7hE
98 Agsts AR AUES Folt ot
(Baron et al., 2003).

Ajgre] 3} QoM A B2o] BEIR B
Soj7hiz o] ohjel = vjie] W Sof Bi
7] wizof ofof it A= ow AFE S
U A3t ter] AAE BadoR nE 552
Sojtih 718 sl 2ok Aol grin Az
t} Hal= A 7] HX]A|(anti-static spray)S AHE-5H=
o] ¢l 91K (Baron et al, 2003), 2 7[EAESOZ
o201 glojA] EhaifiniH o] 24 Ao OC/EC
1412 Seaalop 5] ahiel] Aol AgHoR o
o] 17| wizell HeshAl Stk

A=t 20%elstel 49 FHESL s AL
U7} A el o e A B
UolA s Ee WS Fa% g0ty A
o} ERATL while) BAR 43 BHoIHE ER
Aol FolE1L, FE7F B Afolle AT 0]
o= dAro] lth(Mardiguian, 2011). 12y &
oA BAUYLREE 4 A FEE Al05}7] o
7] izl 7HAE Aol AlFs 274o] Hasict
o]of w2} NIOSH 740001 4= &7 5 A 54 Al
9e FroAs FHE 7}3— AR o&sto] J

AlsfjoF gtthal 7]&d =
o St AAle] FE BL P ol The
& M2 JAE sz A O|tHNIOSH, 19%4a).

B AT BT A AEY HES AFEEHY
t}. u]=+ OSHAS] 29 CFR Part 1910 .1001 App Boﬂ
Ae 1% AW B340 4% ANEY ANE
ZA)5k3 QItHOSHA, 2017). FHNES ZH*Pli‘i%
wle] mwAGe] Hsks 2 Aol cheA] Rl

Ak, S YA Al EHA O] Wsto] itk A
= o]0l Ao} g,

e Bd F @47 7 B4o] Acky el
UE AR HO| gt A Al FHHE A

o

b
k. $-2|uetell A ghant

g 7168 Jus g
wEHE YR e 40 ofet e o
T RES] el SAPHel Yt 7ot wa
ahct.
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