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ABSTRACT

Objectives: The purpose of this study is to establish a method for the production of standard samples of crystalline

silica and to assess its feasibility for the future application

in non—-mandatory quality control.

Methods: We dispersed crystalline silica in 2—propanol to prepare a 1 mg/mL dispersion solution. Between 50-200
uL of the dispersion solution was taken with a pipette, injected onto PVC filters, air—dried, and used as samples.
The variation and homogeneity of the quartz concentrations were confirmed by FTIR analysis. Analytical
proficiency testing was conducted across 30 voluntary participants.

Results: The coefficient of variation was lower for samples prepared using supernatant (settled for 16 hours)

compared to those made with dispersion solution. The con

tamination level after using the pipette tip one to five

times was 8.13-9.89% of the solution’s concentration. Homogeneity was confirmed within the concentration of
0.0223-0.0431 mg/mL, but it was not at the higher concentration of 0.0553 mg/mL. In the analytical proficiency
testing, the coefficient of variation for each level ranged from 24.6% to 28.3%, with a compliance rate of 90.0%

to 96.7%.

Conclusions: This study was conducted to produce standard samples of crystalline silica. The homogeneity of the
samples was confirmed at low concentrations. However, further investigations on the applicability of wider range

of concentrations are needed.
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W 9 AJR9] QP4 ERIS Hlgh At =gl eH
(Park et al., 2018), 20199 %0l A =] F=
off ZFEA] AUAIRE 524 A=A F 7| BEH A
7t 2= A Ro et al., 2019). 2020¥ o)l F714F
F A= Az TAE IS At AL FAE AAt
o Alm Az H A= A& 7rsdE AESIIH
(Park et al., 2020). ¥ 97t wet AR =T F=
Z ZEYs|=et Fr|AR ARIRPAR AR A A}
AH g A&ste] ASH AlEE ARESHL Qitt. 19
v, AAY A4S Be= ul=olA &Fske
[HPAT (Industrial Hygiene Proficiency Analytical
Testing Program)2] A|2E &-&sto] dA7HA] =t
2] Alg& ARESIL Qlct Hayes et al.(2006)2 o=
A FYot= B4 59 HAEE fdl 243 A4
ANE AZRE A3t A5 APttt B2 ooj2E
Azl BA AR, F 7] HHE ol-&sto] Al=E A&t
StRom ooj=E WO R A|&3JE ATt HA| WO
2 A2 AR AYATE o7t o WokaS g1lst

2 Aehtas SAYATFR00A A A2 &
=

o 407142 FE3] F7IoHe Aol AEHEV
Hol TlBee] FET SR Astel, A9 Aok
A AR A A2 ool AI=ict. o,
¥ 478 Fojo 249 Uske 3 gEHY 23
4o B2 Aad A ALPES 2UST, NS
esa} sk

1A MY U SE 4F

A& AZE et Al 2HY 4l
gpgoR N Alek S Alekg AEsiglch N Alote] g
2} 37]1% 0.95~3.78 pm Afolo|1 W YA} IA7)=
1.59 pmelth. S A% YA 27| 0.5~10.0 pm
Atolol™, AJ9ke] 80%7t 1~5 um I7|& o]|Fo]A 9]
oh. ZEu N Aloke] A9, AR FeEo] S Aleko
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2 AFS AAsH

ANBAZ = $£52 [HPATEIA Aldgst 54zt
(2018~2022¢)9] Axata] Al=Z9 7]1&7H0.0270~
0.2051 mg/sample)& Jarstlct. & AF2 0.02~
0.2 mg/sample HLOIA AAI5IAT.

2. A& XX diH

= P AMPHEAATD(National  Institute
for Occupational Safety and Health, NIOSH)
Method 76020 W= 2 Aleta A5 ol ARE-
E= PVC BEEFA 37 mm, 3= 271 5,0 pm)E
ARESHES Eotal U EE FURt 279 WiAE A
851t Hayes et al.(2006) A-HollA BA| Al= A
Z WS st A5E A|xSHH.

g A5 Az F 7HA] AIGEA A A
&, 22 A AR L& S3)5e]t. Zh HHA o] s W
O|AI%> 2 H| WS

A JXE ARESHE 412 100 ml 52 H]o|AH9
2-propanol 50 ml2} S A9 100 mge ¥ &, A
T dASPIA(IKA T 10 basic ULTRA-TURRAX,
Germany)g °]&sto] EAAFT} o]& THA] 200 ml
H|A o] &7 & 2-propanol 50 mlE F7|5t0] &
100 mloll 100 mg A9k E2 AeollA 1A% &<t
WHEAFETE o]F 50, 100, 200 ulE ToZ B35}
of PVC ZE9l| FYskaL F2ollA HARAAN Algs
Azt Al=me= 242 57) A AR25H3IH

242 AE ARESh= W42, 2-pronanol 50 miet
100 mioll ZH2F S A19F 100 mge ¥, A& #A3
A2 BARAZ1AL, o] 1AIRE B%F wubkskott o] %,
16A17F &%t BAAA FAL YA 7HeHA skl 7t

<+ YAET FR/6l = A ACEAE ] oF 80%)
= UE HAY &4 92 T TA] IHAFHT 1ARE
T Rk WA ARG ARS e 25 & 9
32T 4 (Ni-U NIKON, Japan)Z &5t Al2ko] &
As| BAME =R AlekY] 715 ERIsHAI ol &
PVC ZEo] 70 ul E+= 100 ul & £33 & 2
RAAA AmE AZSI ol LETTIO g2
H wASFAA ARESHATE

Tge] edx AP A2 YAE o83 ARE
A xoto] APES AABFAZE L5 A U= E
£ HolX| 7] whizol, A/ el A 2] Lsh

ANt FRE] A8 o] e QEvjso] W3]

= Ao
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q T = QENW ugS ARletal, 24% 7Y
THAE EAREOH(1.0 mg/ml) 100 plE HARES]4(13],
23], 539k FHolo] ohE 872 7= AES vHESH
%, 2-propanol 100 plE Fsto] ojxkzjo] s}l o]
A5t 249 ARtAe] s s BrI6IelH s
1912 A3 242 3314 AAISHIT
NIOSH Method 7602°] wat AAY ASHtAE
EAst o, AlRE AFHI LEHE 600TONA 3slet
%, 300 mg KBrofl 4o ®lZ vh=o] &4
FEFEA7)(INVENIO R, Bruker, Germany)Z &%
Sk HHE ARESHAL Stk

B0l 5AZ E42 SPSS(29.0, IBM, USA) =
E2IHE ol&ollh. AEREEY HH8S IRlgt &,
95% AlF]pol A LA EAREAS 35T

> o

3. A0l 4 Tty
22 A1 G WA OE AR BEAR B
Hang olgsle] AR FUH olRS WSk

AZEG71E F 2023950 24T AetA A&
= Ardeof Zofgt 713 40704 5 B4 Fo] QAL
£ 93l 73S e s BASsHE 57 AASHH
SHE Prh= 23] AAIE oW 13}, 23; B 30714
7} Zrofstaitt. 12}, 22} 5 7]8of| 2714 A28 EHWl
on, F 40 AEE SFSHI

27139 EAA = Grubb's testE 519 o] A7k
= AAT tg BaZ FoIelth THPATS A3 9
AP 7]&0f w2t Mo AlS(CV) 7 20%E 9= 4%, Hol
A= 20%2 Z-&oto] EZHARE ottt Hdahs
7|22 kAL, 7]&gkel 38 9] EEHAF 32 Tk i
T} #l ZES A= A5k

n.& i

1. HIZE H|W
1) MR UXH/ 22 UAtH| W
QA YA 15 ARgsto] AlRe Al R0] EA AT 23
T HoAlE=6.71~15.7% R oM, B30 dSr=
Ho| A7t A Yebsttt. T3 E3Fo] BE&45 o2
ARl Fkof gk 3l4=&0] WA Yesti(Table 1).
ZF2 AR FHoto] A 235 AlZE 70, 100 1 & PVC
o £3sto] I A}, 3ol wt #lol A=
4.80~6.09%Z R A} THTable 1). that, 2R At 5}
o] 23 Ag3E YT 0B s E L S glon J5

£ Wie 5 QR

Table 1. Results according to concentrations and preparation methods

Lo et S S L it ol O Ll OB oA

| 50 5 0.050 0.052 00035 671 104.0

TS;?'U see 1 100 5 0.100 0.094 00080 856 94.0

200 5 0.200 0.159 00250 157 795
" 70 30 - 0.0223 00013 565 -
Small size 100 29 - 0.0350 00017 480 -
particle o) 70 30 - 0.0431 0.0025  5.88 -
100 28 - 0.0553 00034  6.09 -

"Sol" con.: concentration of dispersed solution, 'n: number of samples, TSD: standard deviation, SCV: coefficient of
variation, '(1),(2): after dispersing 100 mg of crystalline silica in 100 or 50 mL of 2-propanol, only the supernatant used
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2) WY THALE S0 M2 QEE Hlw

g o] AARE Jlof| w2 gof Jol9lE: Ag Y 4t
SHtAS Hit 5= 135 3 A1 0.0117 mg, 2 3] &3
Al 0.0097 mg, 53] &5 0.0118 mge| AZE ATt
(Figure 1). QY| EAREA A3} AHARE Sl o] THE Q.
A= 2 8t Zol= §lltHp=0.162). E3t, ARE3
5 S7t0l T2 FFEE HolA| ottt fogh Afol=
AR O}, 23] ARGA] Q. F5ET} ol YT} 7HY Wk
o} 53 H] o2 AR AR FE(EHAsE 0.1193

0137
0124
011
0107 @
.00

.008+

Concentraion (mg)

T T T
1 2 5

Number of uses

Figure 1. Contamination levels in the tips of auto—pipettes by
the number of reuse cycles

Table 2. Verification of sample homogeneity

mg/sample)2] 9.18%, 8.13%, 9.89%°] sfFsl= =
o]t}

2. BEN =S| #EN FIt

ZF2 QAE ARESHL T HiES v R vy ZhE A A&
gt AREE 24T 43, Bdske 0.0223~0.0553
mg/sample 0] 0.1, Ho|Al4= 4.80~6.09%%
o} KS Q ISO 135289] wh& Almo] A €912 #2
-2t #BEHARE ARE AR, S 71 At 229
A= [HPATY AR 52 5 FARSE 529 EEFHAE
A-gslHtt. sk 0.0223~0.0431 mg/sample ¥
A9 AlZolA BE-TF BEHAHs)E = H7HE 9
St #EHAK o2l 0.38ET W2 3h2 Ho] #440|
SHE Aoz griEgtt Iy, 7P w2 =2
0.0553 mg/sample A|ZoA= FE-7F EEHAPT T
A B7 =] A= o/ o] FHEX] ek

3. 2M fdk Pt A=
A0l I HEEAR FE F2olA F 4719 ¥
=i KR

A|z3t0] 307]9] ZFo] 7] o] v ste] A5, &

AL A2 ATANH 10715 B43to] g Hlwals

o} 1xjelA 5 A w3074 7)ol A&t At
golAl olggt 24 A2Iskar 287 A=) Hhste] B4
Ghe AFgstel ARSI Avgstaict. 2% £ A,

Average con. (mg) SD” (ss) VT (%) IHP\ngU;eI;rS; ce IHPéTm)SD 0.30,
0.0223 0.00126 5.65 0.0270 0.0048 0.00145
0.0350 0.00168 4.80 0.0325 0.0065 0.00195
0.0431 0.00253 5.88 0.0460 0.0092 0.00276
0.0553 0.00336 6.09 0.0559 0.0106 0.00317

“SD: standard deviation, TCV: coefficient of variation

Table 3. Analysis results of proficiency testing according to samples

Sample Ref'+SDT oVt (%) Lower limit  Upper limit Lab AMS Ratio Outlier Acceptable
name (mg/sample) (mg/sample) (mg/sample) (mg/sample) (Lab AM/Ref)  (n) rate (%)
Level 1 30 0.0252+0.0050 27.4 0.0102 0.0402 0.0294 1.17 2 93.3
Level 2 30 0.0340+0.0068 26.0 0.0136 0.0544 0.0352 1.03 2 93.3
Level 3 30 0.0467+0.0093 24.6 0.0188 0.0746 0.0449 0.96 1 96.7
Level 4 30 0.0237£0.0047 28.3 0.0096 0.0378 0.0292 1.23 1 90.0

"Ref: reference value(arithmetic mean), TSD: standard deviation, TCV: coefficient of variation, SLab AM: arithmetic mean

by Occupational Safety and Health Research Institute
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Figure 2. Reference values and coefficient of variations of IHPAT samples over five years

3078 7139 Ak 5 o)k 170 Al Qstal 2974 A=
o tigt 23HE E45HATHTable 3.).
7)ol A B35 Aubghe]l WHolAl= 24.6~
28.3% =02 BE 20%E 25ttt o] 1 [HPAT

9] 7120wt Mol A7} 20% He= F-2 20%= ¥
sto] F2RHEAE A5t O]E'_ A g5to] AFHYZ A
oot Zof7] oA AEgt 3] 71842 0.0237 ~
0.0467 mg/sample°] Tt AF-HoA E435F A=
0.0292~0.0449 mg/samplec| o™, 7| &
Akt vlmsto] 0.96~1.2348) o]t} Foj7]Ee]
EAE 7108, st BESE Aty B
2ol 7} AA vttt dEE e 90 0~96.7% <

Folglon, SE7} £ 94 Be LS BT
V.o

2 AstAl] ERFEs AY(quart) T ABAE
H}2}o| E(cristobalite), EZ|Huto]E(tridymite)7}
om, o] F 7MY S5 FHi= APo|EE o]F Vel E
B A =E A2k 7]E0] IHPATOA A& A|zo|
AREE 2 Y ASFA AJR2 N AJefe & QR 27|17}
0.95~3.78 pum Atolo| i Bt Y=}t 27]+= 1.59 pm ©]
L, o ol g AlekS ARGHA] Y=Th= AR <ot
of 2 AofA= S A& ARSI S Al2F YA A7)
L 0.5~10.0 pm HYZE YA 2717} N AR} T
thFsHA A5kl Slof ol= Als BA4A1e] HlolAls:
o AFES W] 2 9 A0 Z MzHECH

[HPATOA AAISE BAsALEE7Ee] Y AdHt
AAHY) FEEAESL T AR AR T 52 275}
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Atk 2018 EEE 2022E@7FA] 5E7F IHPAT X}ié 3}
gt Ay}, 207 =t AAIESSH, AR =

2T 4] gEE F AR 4= 80 A Z2F °§ At
A9 5=+ 0.0270~0.2051 mg/sample o]t
[HPAT Al59] 7|&gkat Hol A4S T o= Yot
(Figure 2). IHPAT o4& HolAlE 2o 20%7HA1%¢
AAstog, T zLofA Hol A7} 20%= EFH AR
o] AA| Blo|Al4 oKL} EobA RAH Ffo=2 E ¢
Art. ‘ﬂOlﬂl# 20%01l 3Gt FEo] R ko] wo]

B3I 52 AT 5 At o] = Uste] A=
0.23 % 23”7%1 BEAEoY, 557t £254E Ho|

A7t RFolR|= Ak g2l 4= ok

U SH7|o] 237 ASHAE B o 2
2.5 L/minC& 36083t SHStHE, ol 7HY5to]
[HPAT A& 552 37 % ghikstE 0.030~
0.228 mg/m’ $&0|H, o] 1=%7]|& 0.05 mg/m>2
0.6~4.6891 3Fsh= s=olch THPATS '18~'20d
of == 1270 2= 43}01:@7}}140 o g
2 0.0594 mg/sample°]o™, 21~'2242] 871 =
L9 gty 7 32 l"—EJ 32 0.0318
mg/sample °]IT}. 2003-2013¥ 0] 35 [HPAT =
204 0.040 mg "|THe] A|R= Hol& STV
UoB T AREE|R] koot Al Halglol|
LE7]5o] Yol ¢ B2 5L aEo AT 28
F Ao g HiE v} QI Harper et al., 2014).

AAY AretA Al2Fe] A YRS ARESH= HHE
o FAL YRS 7Heets| 7}‘:‘4 & ARG 3 T wiH
g HH7HEA Al 2E AR 237} B W2 Ho|
ALE HJaL, o]F o] S H&olelrh AxH A8

m°"
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9] FE4E2 0.0223~0.0553 mg/sample ©]0mH,
HHol A= 6.1% m]Fte]giek KS Q ISO 135289°] wHe
w424 RIS Hoto], APEAT} BT sEEl
[HPAT Z3ghS v wskich. 0.0431 mg/sample ©]5}
9] sEoA= A2 #EHAT} 7|(IHPAT 234
HZHA] 0.350(0.30p)) Bt R 22 Ho S
TrSototh 1eu 7MY 2 wRoAe S T
oFA] &5ttt 0.0553 mg/sample©] 0.0431 mg/
sample¥} 5% o7} AA UA] E3ole +&8S v
54| Zokl=tl. olo) W HEet dlE 32 =
Rodeh 1eu 52 FEoA FEA3E TUEsk=A o o
St F7HARI AgS B5to] ERlo] a5ttt

= 127 7138E o= S g7 AAIRE 23,
oldat=E AAT T HolAL= 8.6~15.7%%U2H
(Kwon et al., 2017), o= Bt} @2 o)A =3
H 2 A9 sATHIol|A o[dgt= AATE 3 HolA
4 24.6~28.3%ET W2 $Folth. #A IHPAT
(1990~1998)°l| A &= Ho|Al4=7} 25~35%7HA] A2
(Eller et al., 1999), & A4-23}= o]} H|7t 2
o2 wEc) oyt Eller 52 AolA+= 3714 &
AH(FTIR, XRD, Colorimetric)o] &85 AHFo
2, FTIRT A& == =W o d3k= 2o 7} AT

AT 5 AAHY ARt4 Fofof| ofsl= 7]
I ez EASHEE 7 AR 23 3070 2
o7|39] £4 A3}l HolAl4= 20%E 5 2759
oh A9 7|egk2 o] 713e] 714k 0.96~1.23
HiloH, 7|&E3h FARE =Rl A o' AztHE 24
SHE grto] ik 3071 7182 AH o s EREskal
AL, 23]0| AHA B7P7} o|FoiFLt IHEE, A2
Al=9] F531g Foll TS 5= 2= ol 8210 s
T 2 A9 Ak gigEo] HriEeng IS
e 290 EAl= & Ao=E wdEn

[HPATY] S5 AlEo] APAZE Ho|7} 4~6%E H
olH, F71-8A19] 4% 4.5%014 FHh 12.5%2] ¥Hol&
Hol= A3 v|wshd, 2487 Aehta Alge] Holrt
A= AL ER1 T = St} HolAlrE & A2 24
B EXo] 7]9le= HEE QAW SHHOo g Bl
A J7} EQjo] B9k ou|shr| = it 13870 A¥
AL o2 ZARRE vio] W2, 229l da(d],
ey o, AFA Q1F)7 £ HRo]
QJcka st Maciejewska, 2006). 4 A4 &
7k} BA Hwgaz0] ko BLslal [HPAT oi7)

www.kiha.kr

& s o2 HuE vl QItiAbel & Doemeny,
1991). =djo]l =9 A A E Fof7]He]
w4 SEFel 7199 5= U AR A7

NIOSH 76029+ ISO methodolAdE ZHEEZR
(interferences)°] Alzo] ZgE0] Q1 o= B4 A]
F9E gt Qlt}. 11 olf= THAIEEE b, 2HA
ARTAS] FE7F I E = AdAEVEE = 7] o
Folc}, o|ZQlsf ul=r THPAT AL AlZoA % uf
3at miot AE F8 IHIEES 4ol AEE ARl
Ut wEbA R S AEH Y ABAE F8
HEEEAS ZP A8 AR 93 A+ 2 Qsitt

2 AFoA Ax"H AR HE+= 0.02~0.06
mg/sample® ARHA0|QItt. ojitt AFr 9 I5E
of it HEZF QT Z o7 Azt ESE dH A
2 HHE 31571 3319} 53] & A=, SAF 49 4l
2 S Holii= SES vHEEAo] dgdt Aog
Azt et 9o Etokal, AA7HA] =dofqt 2fEs
1 U= FreE 2H T ASTA A= thsfiA, Algt
H =o)X T AAH o2 Azt 8 5 U=
4AE vtdst B 9]9)7t QiAlt

¢

V.2 &

2 A= A= 9] 3 2okl 2 AshtA
FARE A H 02 A&} - ARgD}7] Hlote] A Ru
Rleta 24 5 A8 7Hs o F-E FelstaAt st
AR Ak FRAA ARE ARES EFARZA
#AZE WSSk A0E YERtoy 1iEEo] AR
oA 718 A7 Qe g Aoz AYZET E3h
ACGIH TLV7} 0.025 mg/m’Ql A< 11&5te] X}
2 5o A A/ 9 H8o] A A7t
493t zog Ayztect.

R
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