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1. A

o] AFg® oA = NIOSH Methodol A A AI8FaL 9=
PVC Membrane Filter(37 mm, pore size 5.0 um, PALL)9} 33 H 2
W7 43 HA G HEE T LAl Al 2004-8050) 0] m AR A AL E Y
ol Al AL A= AFHA (D 0.3 me] JYAGEA diste] 99

%ol de] 27 TAEL 2E A @ 7Hsd gLl % R @ 7
o

2 BHe F3be] A, 54 2 AP GEEEN) ] ¢ A @ H
F37] da I ArE 7 A G B0 welde 22S o
hA] %S Z)S T A7) Glass Fiber Filter(37 mm, pore size 1.0

um, SKC)¢} PTFE Membrane Filter(37 mm, pore size 0.45 um, SKC)
2 AAstger?

2¥F, 2
Ak B AFo e 99k 2 A FolA ‘xﬂ 12435 E A9
A AFdE Y 6}74] NIOSH Method 06004% OSHA Code A-1-2004

>
ooy

! (Desmcator)oﬂ *1 H sl of s

(2 £ 2 O)E FA3e &= - F54
0 R 84N AYEEE ) £ 5% 2EE 20 £ 1
CE A or Bep

1) ARA S

=7 0.01 mgel AAFA L SatoriusAte] Model R20005 o] 83}
Atk 0.0001 mge A= HAAA LS Mettler ToledoAt2] Model
UMT2E o]&3Fdth

2) FA = AT
oA A e Ao NIOSH Method 060001 A

ZF QA FEFER 2005 AR Auste] A d g - ol

A8AIZE o)A HE T &AL **il%_ FTHEA A A FS

e AFRAE HA4F 247 AE

BY3 AR FAE 97 A

controller ES-200, SDION) 3%+ %

A7) gol gEe we & 9 o 4
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(limit of detection, LOD)<} 7 #

ofgh A¥= 3 144 B vk 2o

PVC membrane J¥A| S thoz F 253 FARE =
By Z=7F 001 meel AL A

(post-weight)9} A&7 A of}x F

0.00 mgel o™, =7} 0.0001 mg?l A& 0.002 mgel # o

th g of B e] FAAele] g WolE mEHAE HW R

0.01 mgel A2 ZAgol= 0.01 mg, Z=7F 0.0001 mgel A 22 7d-%-of

= 0.006 mgo = ERLTE

(¢

il

fitl
i
o
AV

Table 1. %7} 0.01 mg¥} 0.001 mgel ALY TA& HFAx}

0.01 mg readable balance 0.0001 mg readable balance
pre-wt post-wt difference pre-wt post-wt difference

1 12.63 12.65 0.01 12,6534  12.6575 0.004
2 12.89 12.89 -0.01 12.8991  12.8967 -0.002
3 11.94 11.94 0.00 11.9510  11.9487 -0.002
4 11.94 11.93 0.00 11.9625 119634 0.001
5 12.13 12.13 0.00 121362 121358 0.000
6 13.08 13.07 -0.01 13.0906  13.0925 0.002
7 12.29 12.29 0.00 12.2745  12.2735 -0.001
8 12.23 12.23 0.01 12.2360  12.2413 0.005
9 12.12 12.12 0.00 12.1345  12.1329 -0.002
10 12.04 12.02 -0.02 12.0298  12.0286 -0.001
11 12.01 12.00 -0.02 12.0093  12.0076 -0.002
12 13.16 13.18 0.02 13.1736  13.1736 0.000
13 12.40 12.39 -0.01 12.4004  12.4004 0.000

Table 1. 714, A =7} 0.01 mg 0.001 mgd) A &2 FAHE AFAx
0.01 mg readable balance 0.001 mg readable balance
pre-wt post-wt difference pre-wt post-wt difference
14 12.29 12.26 -0.03 12.2867  12.2827 -0.004
15 11.85 11.85 0.00 11.8496  11.8528 0.003
16 12.73 12.71 -0.01 12.7363  12.7400 0.004
17 11.41 11.43 0.02 11.4471  11.4494 0.002
18 12.35 12.35 0.00 12.3573  12.3555 -0.002
19 12.17 12.17 0.00 12.1970  12.1897 -0.007
20 11.88 11.89 0.01 11.8987  11.8973 -0.001
21 12.78 12.77 -0.01 12,7741 12.7771 0.003
22 11.62 11.64 0.02 11.6314  11.6265 -0.005
23 12.08 12.07 -0.01 12.0690 12.0737 0.005
24 11.75 11.73 -0.02 11.7517  11.7473 -0.004
25 12.66 12.66 0.00 12.6762 12.6728 -0.003
26 12.65 12.65 0.00 12.6575  12.6580 0.000
27 12.89 12.91 0.02 12.8967 12.9144 0.018
28 11.94 11.94 0.00 11.9487  11.9462 -0.002
29 11.93 11.96 0.02 11.9634  11.9608 -0.003
30 12.13 12.13 -0.01 12.1358  12.1363 0.001
31 13.07 13.08 0.01 13.0925  13.0962 0.004
32 12.29 12.28 -0.01 12.2735  12.2851 0.012
33 12.23 12.24 0.00 12.2413  12.2509 0.010
34 12.12 12.13 0.01 12.1329  12.1350 0.002
35 12.02 12.04 0.02 12.0286  12.0279 -0.001
36 12.00 12.01 0.01 12.0076  12.0117 0.004
37 13.18 13.17 -0.01 13.1736  13.1745 0.001
38 12.39 12.39 0.00 12.4004  12.4013 0.001
39 12.26 12.26 0.00 12.2827  12.3002 0.017
40 11.85 11.87 0.03 11.8528  11.8540 0.001
41 12.71 12.73 0.01 12.7400  12.7449 0.005
42 11.43 11.42 -0.01 11.4494  11.4470 -0.002
43 12.35 12.35 0.00 12.3555  12.3467 -0.009
44 12.17 12.17 0.00 12.1897  12.1967 0.007
45 11.89 11.89 -0.01 11.8973  11.9106 0.013
46 12.77 12.78 0.02 12,7771 12.7810 0.004
47 11.64 11.62 -0.02 11.6265 11.6279 0.001
48 12.07 12.08 0.01 12.0737  12.0854 0.012
49 11.73 11.73 0.00 11.7473  11.7434 -0.004
50 12.66 12.66 0.00 12.6728 12.6759 0.003
Mean 0.00 0.002
SD 0.01 0.006
— 1 O —



webA Z=7F 001 mg?l A&S o83 FFHe HAFALOD)
= & 2] 003 mgelH, FEFFALOQ)E= 0.1 mgolebal & 5 3l
o, 0.0001 mgel A&s o]&F THFEU HAFAOD = =3
2] 0.018 mgel™, 4 ZF&A(LOQ)= 0.06 mgolekir & 4 UTh

LOD =3xSD
LOQ=10xSD
Table 2. =7} 0.01 mg@ 0.001 mgel A &L o] &3 FAE AFAy}
o & LOD ¥ LOQ (mg)
0.01 mg readable balance 0.0001 mg readable balance
LOD LOQ LOD LOQ
0.03 0.10 0.018 0.06

‘AZE3A'= DL(Detection Limit, Roy L1991, FDA, 1999, David
et al 1997, WCAS), LOD(Limit Of Detection, J Mocak et al 1997,
Jordi et al 1999, NIOSH, 1991, Jerome et al 1999), MDL (Method
Detection Limit, Standard Method)s 3 o] ol#] 71A] &2 #Fd
ol 9har, Zhzbell widk el ofxby vEu. dubHo® LOD=
gol IUPACSH ACSe] AejE wo] A&t

IUPACeI A= LODE o= Folzl Al date] wheh e 4el &4
AL 7R AE & F de M He Ty H(A concentrastion

or quantity, that is deriverd from the smallest measure that can be

O

detected with reasonable certainty for a given analytical procedure)
o8 Aot 9lal, ACSolAE o= A3 A4 dAE A3l
A 24 F A BHEHY Mg w2 v (The lowert
concentration of an analyte that the analytical process can reliable
detect) 23 A2sta k. LOQ(Limit of Quantification)= LODZ4-
B 3u] &= 33ujEta A Ao R k&G sl et

A A AAvtez 3 BW FE7F 00001 mgel A&
o] A% 001 mge AERT AIFeA= oF 40% FFE Ao VEY
t}.

2. oA T ALl oF AN Holuu

PVC filter®] A% #Z%7F 001 mgZ & Ay Ha 107025 mg
+ 0007, Z%=7F 0.0001 mge! A% Wit 107126 mg = 0.001, PTFE
filters ZH%7F 0.01 mg® H e A3} Fo 466339 mg £ 0.007, =7}
0.0001 mg®! 4 i 465376 mg + 0.0010]$t}. 12l GF filter]
A% =7t 001 mg2 FH3 Ax @3t 799382 mg £ 0.006, 77}
0.0001 mg¥l - H3t 79.9435 mg + 0.001S el (Table 3. %)

ok

Table 3. F+ A= 1t AAXTHE JFAe] vwds}

?lter PVC Filter PTFE Filter GF Filter
ype
B%Iance A B A B A B
ype
No. of 20 20 20 20 20 20
Sample
Mean 107025 107126 466339 465376 799382  79.9435
SD 0007 0001 0.007 0.001 0006 0001
0.000 0.000 0000 0000  0.000 0.000
SD Range

T 0015 70003 T0010 T0005 T0.012 T 0.003

“ A 1001 mg of readability
™ B :0.0001 mg of readability

- 12 -
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3. AAA L] 7o wE PVC Membrane FilterH-4
Zto] W ool FAEZ vwdlr] $8] H e Az Table

*LEE%J 20702 PVC filter® = 001 mgo= 3t Axp it
10.7025 mgoll 3% 2}(Standad Deviation)9] ¥ 9= 0.000 ~ 0.015 mg
o, EFHAE 0.007 mgel vt A 001 mgo 2 H=Fsk TUgk o
HAZ %= 0.0001 mge = H#s] ¥ Ay Ht 107126 mgoll F+H
2ke] W9l 0.000 ~ 0.003 mgol™ XA+ 0.0012 mge] Lot

5o wel A e PVC filter 20719 S dolr 7] 9 &)
t-testE S+ A p-value’l 0.05°]42 k2 671, 0.050]3F9] #2 14
M= vERSE TR

Table 4. #xol w2 PVC filter 57

(mg)
Filter No. Reg%all;lélzlty RS%%%?‘;gy p-value

1 Mean 10.7200 10.7564 0.000
SD 0.010 0.001
CV (%) 0.09 0.01

2 Mean 10.4875 10.4890 0.734
SD 0.010 0.001
CV (%) 0.09 0.01

3 Mean 10.5600 10.5679 0.165
SD 0.010 0.000
CV (%) 0.09 0.00

4 Mean 10.2133 10.2211 0.019
SD 0.006 0.000
CV (%) 0.06 0.00

5 Mean 10.5733 10.5889 0.001
SD 0.006 0.001
CV (%) 0.05 0.01

6 Mean 10.9700 10.9960 0.000
SD 0.010 0.001
CV (%) 0.09 0.01

7 Mean 10.0867 10.0974 0.012
SD 0.006 0.000
CV (%) 0.06 0.00

— 1 4 —



PVC filter 4l
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Table 4. A%, o] o}

O Readability 0.01mg

Readability 0.0001mg

14.0

0.0001mg p-value

Readability

Readability
0.01mg

Filter No.

12.0

10.4851 0.065

10.4767

Mean

0.006 0.000

SD
CV (%)

0.00
10.9622

0.06
10.9533

o o o

3w ‘1ySToM I931[1]

0.026
0.323
0.000

0.001
0.01
10.7303
0.000
0.00
10.7803

0.006
0.05
10.7333
0.006
0.05
10.7600

Mean
SD
CV (%)
Mean
SD
CV (%)
Mean

9
10
11

0.000 0.001

SD
CV (%)

0.01
10.9368

0.00
10.9225

0.006

Mean

12

0.010 0.001

SD
CV (%)

0.01
10.7920

0.09
10.7867

12 13 14 15 16 17 18 19 20

2 3 4 65 6 7 8 9 10M1

1

0.197

Mean

13

0.012 0.003

SD
CV (%)

Filter No.

0.03
10.8403

0.11
10.8300

0.019

Mean

14

2 PVC filter ¥ Al.

Figure 2. X0l u}
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5. AARA 2] 7Fxo wE PTFE Membrane Filter5-7l
Fe] wE Qe FAE ulwstr] ¢ I AIE Table

g3k 20702 PTFE filters #% 001 mge & A3l Ay Ht
°l =

46.6339 mgel ZTFHAel WYE 0.000 ~ 0.010 mgol™, TFHA}
0.007 mgel Atk 7% 0.01 mgo. 2 A =da P 7= 0.0001
mglo @ Aes B Ax F 465376 mgoll TaHFe] W= 0.000 ~

0.005 mgel™ A= 0.001 mgo] At

o] wel A Zet PTFE filter 20709 43438 dolr7]
t-testZ 3 A p-value7l 0.05°1739 e 1470, 0.05°]135t9] @S 6
=2 ER T

Table 5. 7F%=ol| w& PTFE filter 57

(mg)

Filter No. Reg%ﬁglty Rg%%%%‘gy p-value

1 Mean 47.9000 179037 0.420
SD 0.010 0.002
CV (%) 0.030 0.005

2 Mean 4771867 477939 0.096
SD 0.006 0.000
CV (%) 0.017 0.000

3 Mean 473667 173710 0417
SD 0.012 0.001
CV (%) 0.035 0.004

1 Mean 178133 178078 0474
SD 0.012 0.005
CV (%) 0.035 0.014

5 Mean 17.2700 172645 0.717
SD 0.000 0.003
CV (%) 0.000 0.009

6 Mean 496933 177002 0.025
SD 0.006 0.000
CV (%) 0.017 0.001

7 Mean 19.3633 19.3634 0.007
SD 0.006 0.000
CV (%) 0.017 0.001

Table 5. A%, #%=

of w& PTFE filter 7

Filter No. Reg%ibm?ty RS%%%T;}EY p-value
8 Mean 48.6767 48.6808 0.202
SD 0.006 0.000
CV (%) 0.017 0.001
9 Mean 49.2225 49.2241 0.622
SD 0.010 0.002
CV (%) 0.029 0.005
10 Mean 48.2900 48.2984 0.000
SD 0.000 0.000
CV (%) 0.000 0.001
11 Mean 47.0933 47.0999 0.297
SD 0.012 0.001
CV (%) 0.035 0.002
12 Mean 47.4200 47.4256 0.459
SD 0.014 0.000
CV (%) 0.042 0.001
13 Mean 44,1325 441376 0.412
SD 0.010 0.000
CV (%) 0.029 0.001
14 Mean 45.5325 45,5331 0.936
SD 0.013 0.001
CV (%) 0.038 0.003
15 Mean 45.1000 45.0950 0.000
SD 0.000 0.001
CV (%) 0.000 0.002
16 Mean 42.9300 42.9410 0.000
SD 0.000 0.001
CV (%) 0.000 0.003
17 Mean 43.7000 43.7038 0.547
SD 0.010 0.000
CV (%) 0.030 0.001
18 Mean 43.2175 43.2155 0.796
SD 0.013 0.000
CV (%) 0.038 0.001
19 Mean 44.6900 44.6888 0.056
SD 0.000 0.001
CV (%) 0.000 0.002
20 Mean 45.4300 45.4894 0.000
SD 0.000 0.002
CV (%) 0.000 0.007
Total Mean 46.6339 46.5376
Mean SD 0.007 0.001
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ABSTRACT

Study on the Improvement of Accuracy for
Gravimetric Analysis Method for Respirable Dust

Jeong, si-jeong

Major in Industrial Hygiene Engineering
Department of Industry and Health Engineering
Graduate School of Occupational Safety and Health

Hansung University

This study was conducted to investigate the accuracy of
gravimetric analysis method for airborne respirable dust depending
on the readability of the micro-electronic balance. In general, the
micro—electronic  balance having readability of 0.0001 mg is
recommended to measure the airborne respirable dust and/or PM2.5.
However, in the workplace monitoring, the micro—electronic balance
having readability of 0.01 mg is also recommended to measure the
airborne respirable dust. The micro-electronic balance having
readability of 0.0001 mg has a good readability and sensitivity,
however, it has a couple of disadvantages such as high cost,
handling problems and time required for idling and reaching stable

status.
Thus, two types of micro-electronic balances were tested and

compared by blank test in a laboratory conditions for PVC
membrane filters, Glass fiber filters and PTFE filters.
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The results are as follows.

1. Limit of Detections(LOD) were 0.03 mg/sample and 0.018
mg/sample with the use of the micro-electronic balance having 0.01

mg readability and 0.0001 mg readability respectively.

2. Limit of Quatitations(LOQ) were 0.10 mg/sample and 0.06
mg/sample with the use of the micro-electronic balance having 0.01

mg readability and 0.0001 mg readability respectively.

3. Mean values of PVC filters, PTFE filters, and GF filters
(N=20) measured for 3 replications by the micro—electronic balance
having readability of 0.0l mg were 10.7025 mg/filter, 46.6339
mg/filter and 79.9382 mg/filter respectively. Standard deviations of
PVC filters, PTFE filters, and GF filters (N=20) measured for 3
replications by the micro—electronic balance having readability of
0.01 mg were 0.007 mg/filter, 0.007 mg/filter and 0.006 mg/filter

respectively.

4. Mean values of PVC filters, PTFE filters, and GF filters
(N=20) measured for 3 replications by the micro—electronic balance
having readability of 0.0001 mg were 10.7126 mg/filter, 46.5376
mg/filter and 79.9435 mg/filter respectively. Standard deviations of
PVC filters, PTFE filters, and GF filters (N=20) measured for 3
replications by the micro—electronic balance having readability of
0.0001 mg were 0.001 mg/filter, 0.001 mg/filter and 0.001 mg/filter

respectively.
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