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ABSTRACT

Objectives: The necessity of samples for analysis requested by working environment monitoring institutes
(WMIs) has grown recently. The collection of samples of a few chemical substances requested by WMIs is
allowed under the current occupational safety and health act in Korea, leading to an expansion of samples for
analysis requested by institutes (SRIs). The objective of this study was to identify the number of institutes for
analyzing requested samples (IARS), SRls, and their participation in a non—-mandatory proficiency test.
Methods: Questionnaires were completed by all WMIs. The collected information was quantity of analysis
equipment, sorting of chemicals from SRls, and the number of SRIs. This was compared in terms of the
participation in the non-mandatory proficiency test.

Results: All WMIs in Korea responded to the survey, establishing a 100% response rate. There were 52 (29%)
IARS among the 179 WMIs in Korea. The total number of samples of acid for ion chromatograph (IC) analysis
requested by WMIs was 21,165, which is the most. Even the number of IARS for crystalline silicon oxide was
less than other top—five IARS. The total amount of samples was 13,863, which was the second most. The
calculated participation score for IARS was significantly higher than other WMIs (p{0.001). According to
participation in the non—-mandatory proficiency test by type of substance, such as crystalline silicon oxide and
formaldehyde among IARS, the number of SRIs from those IARS was significantly higher than IARS that did
not participate in the proficiency test (p{0.05).

Conclusions: IARS had a high frequency of participation in the non—-mandatory proficiency test and the number
of SRIs at IARS participating in the proficiency test was higher among IARS. With the revision of the
occupational health and safety act in Korea, the number of IARS participating in the non—-mandatory proficiency
test might increase.

Key words: Institutes for analyzing requested samples (IARS), non-mandatory proficiency test, samples for
analysis requested by those institutes (SRls), working environment monitoring institutes (WMIs)
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Table 1. Distribution of working environment measuring
institutes (WMIs) and Institutes for analyzing
requested samples (IARS) by region

Region Number*of NumberT of Rate of

WMIs IARS IARS(%)
Busan 14 3 21
Chungnam 12 2 17
Chungbuk 12 5 42
Deagu 6 2 33
Gangwon 4 0 0
Gyeongnam 20 5 25
Gyeongbuk 17 6 35
Gwangju 4 0 0
Gyeonggi 49 20 41
Incheon 15 3 20
Jeju Island 1 0 0
Jeonnam 7 0 0
Jeonbuk 3 0 0
Seoul 9 4 44
Ulsan 6 2 33
Total 179 52 29

" WMIs, working environment measuring institutes
T: 1ARS, Institutes for analyzing requested samples
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Table 2. Distribution of analytical equipment by the type of analytes

Type of Analytical Numbe_r o Number Number .
analytes equipment” alililce] 4  of IARS of SRIs aialy ezl
equipment (NT)
GC-FID 280(178) 19 7,168  1,3-butadiene, acetic acid, vinyl chloride, etc
GC-ECD 37(33) 9 2,453 Ethylene oxide, carbon disulfide
Organic GC-NPD 30(29) 3 1,154 Cyanide compounds, acrylamide, phosgene, etc
compounds GC-MS 17(17) 1 255 Ethyl acrylate, vinyl chloride, nitrobenzene
GC-FPD 7(7) 1 40 Carbon disulfide, dimethyl sulfate
GC-TD 2(2) 0 0
AAS-F 137(130) 5 60 Most of metals
AAS-GF 70(65) 1 20 Nickel carbonyl
Metals AAS-CV 10(10) 0 0
IcP 59(57) 15 10,465 Most of metals

(expecially mercury, antimony, aluminum)
ICP-MS 4(4) 1 1,000 Most of metals
Formaldehyde, isocyanate compounds,

HPLC-UV 131(123) 28 11,571 acrylic acid, etc
HPLC-FLR 10(10) 0 0
Formaldehyde HPLC-DAD 1) 0 0
LC-CD 2(2) 0 0
LC-MS 4(1) 0 0
Acid IC-CD 94(84) 32 14,049 Nitric acid, sulfuric acid, hydrochloric acid, etc
IC/UV/VIS 49(46) 16 7,016 Hexavalent chromium, ammonia, etc
Crystalline FT-IR 28(28) 14 13,863 Crystalline silicon oxide
silicon oxide XRD 2(1) 0 0
PCM 34(29) 5 213 Airborne asbestos
Asbestos PLM 12(12) 5 162 Bulk asbestos
SM 9(9) 0 0
Motal working ((?glfnr%eg) 131(126) 2 806 Metal working fluids
R - N IS - il ool o
Other gases  UV/VIS 185(179) 13 2,065 Sodium cyanide, hydrogen peroxide,

hydrogen cyanide, etc

" GC: gas chromatograph, FID: flame lonization detector, ECD: electron capture detector, NPD: nitrogen phosphorous detector,
TCD: thermal conductivity detector, MS: mass spectrometer, AAS: atomic absorption spectroscopy, F: flame, GF: graphite
furnace, CV: cold vaporizer, ICP: inductively coupled plasma, HPLC: high—performance liquid chromatography, UV: ultraviolet,
FLR: fluorescence, DAD: diode array detector, CD: conductivity detector, MS: mass spectrometer, IC: ion chromatograph,
CD: conductivity detector, UV/VIS: ultraviolet/visible, FT-IR: fourier-transform infrared spectroscopy, XRD: X-ray diffraction,
PCM: phase contrast microscope, PLM: polarizing light microscope, SM: stereoscopic microscope

T Number of WMIs

SA7IHIAE MY 247171 ©f A9 247171 & Ha et al.2017)9] d7-23e] w8 o[ RAA

% diss= HPLC®}F IC7t Z2F 1489, 143tj= 714 HPLC BH-87]1%9] H|go] 72.7%°14 76.5%% Z7}s}
woron FT-IR E4717|% 284 H-§35k Tt Fom, IC {739 H]S-2 48.1%004 72.6%= &
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Table 3. Changes in the number of WMIs and IARS participated in the non—mandatory proficiency test
Analyte Type of analytical 2018 2019 2020
equipment N n % N n % N n %
Crystalline silicon oxide FT-IR or XRD 5 4 80 10 8 80 29" 11 38
Formaldehyde HPLC - - - 26 10 35 50 23 46
Airborne asbestos PCM - - - - - - 13 4 31
" N, Number of WMIs, n, Number of IARS
T 1 institute added after survey
Zhobdtt. T1E|al I8 lem R 20109 E AAEES S7F SUIKL ISl ZEYHS|E Eoks 199k
7 AR IAC AYE ARE EHEE 2R F 9 10714(38%), 20¥=0] 23704 (46%)E  S7FoHA L,
T = 2A7VE FE% B3 HPLCR 243t & 371 & A9 Zoke 209=0] 471431%)9] 4=
AR AF7F 156947102 AA 2% =oAL, gl7]o] FofsttkTable 3). 2AeHES4 H=dz
ICE 37,6947 02 HA| 5% ¢=o0lqltt. ol = WA & & 7|EEoH{VISE, 9% 20 $53 A&EF 3
A717] ol EA7I71E &&oto] BA5foF st= & N FELE FAEC] Utk 37] § AW Zoft A&

o] Q= AL uldict, B FAMJA F A|REA
FEHASE 72,6837 o]9lon, o] = HPLC € IC &
Hlof] ffst AL 9 vl ZH 11,57173416%),
21,0657(29%)°] AT}

257 59 AR

o

A& 95 AMgEE |
A 2471719 =% 0.01 mg ALL B3 247
T2 126714019, o] F 27iARte] SPARE 9F
ol B Si=% 0.001 mg AL HS3H 237
H387MA) 5 BAFEH7HS 1AR == 0.01
mg A2 HRS 971 2ot 28] Eokth Ha et
al.(2017) 7ol w2 AFA e FHEAS
PEE7t w2 AL ARS-S Ajtsta Qlth F47H
FH=E71E 08 mg/m’) ¥ ZEI=HA] FAE(FE
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N

3}
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, 199% 367RA(EFA AbshrA
10714, ZESESIE 26714), 209% 92714 (ZHA|
A4 29714, ZELHSIE 50704, 371 5 A9
1371)e2 mid F7kskal QIItHTable 3). A=
BT A=y o 7HeE 18W Y]
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Table 4. Rate of change in the number of IARS participated
in the non—-mandatory proficiency test

Number of IARS Rate of
Analyte change
2018~2019 2020 (%)
Crystalline silicon oxide 75 29 286
Formaldehyde 26 50 92
Airborne asbestos - 13 -
" mean value
www.kiha.kr



116 24S - AXI2 - T3 - Yol

[

Ho

Table 5. Comparison of the number of participating institutes
by participation score in the non—-mandatory
proficiency test

Participation ~ Number of Number of

score’ IARS (%)  WMIs (%) p-value
0 14(26.9) 1048190 < 0.001
1 14(26.9) 13(10.2)
2 8(15.4) 7(5.5)
3 7(13.5) 3(2.4)
4 3(5.8) 0
5 5(9.6) 0
6 1(1.9) 0
Total 52(100.00  127(100.0)

"1 point for 1 participation in the non- mandatory proficiency
test, up to 6 points
1 Chi-square test

445)0] wet BASE7| o] tiet AR =] ozt
ojFatH AuE & 4 lon, T AEHEaTof
oot SA7IH = TS AR AEHH

Ay o] Sl=(13] o] A] 13, A 6%)
o W=t HEslsto] SHARY BASE 50l w2t
718 £ F F Ad 719 wAEA (TR A

AR AAlett. 11 23, E45g7|Ho] 24
B2 oFA| %2 7] H|sf| Aeg e o] Ha
7F BAACE F5HA =UTHp<0.001). EA5E]
o] 70% olide] g ol AR e of rofgt A
o2 ZRIEtKTable 5).

EASFE7 e AR e frojojRel BASE
9 IAE 457 s HES FARA(Mann-
Whitney U Test)= AAISIAT. AAA] AstA &=
9] A%, Aol ofet 7= 12714,

eI

Table 6. Table 6. Comparison of the number of IARS according to their participation in non—-mandatory proficiency test by analyte

Analyte Participation Number of IARS Mean sDf p-value®

Yes 12 1,144 768 0.044
Crystalline silicon oxide No 2 67 47

N/A 14 - -

Yes 24 475 899 0.036
Formaldehyde No 4 42 50

N/A 10 - -

Yes 4 92 59 0.157
Airborne asbestos No 1 8 -

N/A 6 - -

" Number of participation in the non—-mandatory proficiency test, but not requested samples from other WMIs

T Standard deviation
T Mann-Whitney U Test

Table 7. Descriptive statistics of participating IARS by main analyte

Main analyte Number of IARS Mean SD’ Median Range (%)* Sum
Organic compounds 21 527 1,213 151 3~5,040 (45) 11,070
Metals 20 577 1,335 83.5 2~5,947 (52) 11,545
Formaldehyde 28 413 843 123.5 1~4,265 (37) 11,571
Acid 39 543 991 186 4~5,619 (27) 21,165
Crystalline silicon oxide 14 990 807 736 20~2,420 (17) 13,863
Asbestos 5 75 63 91 5~156 (42) 375
Metal working fluids 6 188 310 54 2~804 (71) 1,129
Other gases 13 158 404 40 9~1,500 (73) 2,065

" Standard deviation

T Percentage of the number of IARS that requested the most samples by other WMI

www. kiha.kr
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