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ABSTRACT

Objectives: The current system for occupational environment monitoring in South Korea largely evaluates whether
measured values exceed the occupational exposure limit (OEL). This study examined uncertainty in exposure data
distributed near the action level (50% of OEL) but without exceeding the OEL, and explored statistical assessment
as a supplementary tool for exposure management.

Methods: Sixteen workplace monitoring data points for flour dust (inhalable fraction) were collected twice a year
over eight years (2018-2025) from a single similar exposure group (SEG) in the mixing process of a large-scale
bakery workplace and analyzed using AIHA IHSTAT Macro—free v2.0. The OEL was 0.5 mg/m®. Concentrations
ranged from 0.3076 to 0.4569 mg/m?®. Lognormal fit, the 95th percentile, exposure category, acceptability, and
a 250—-day simulation were examined.

Results: The log-transformed data did not provide evidence against lognormality (W=0.920), although statistical
power was limited at n=16. Although all 16 measurements were below the OEL, the estimated 95th percentile
fell between 50% and 100% of the OEL, classifying the SEG as AIHA Category 3 with a ‘Tolerable’ decision. A
simulation applying UTL95,95 produced one stochastic realization with 27 days (10.8%) above the OEL out of a
250-day work year. This count is not a deterministic annual forecast.

Conclusions: Workplaces with exposures continually hovering around the action level may warrant supplementary
statistical review even when all observations are below the OEL. Periodic monitoring and workplace inspection
may be considered for these Tolerable’ SEGs. Multi-site validation and comparison with alternative methods are
needed before policy application.
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SEuEe] d9 AASEESE A= ASEH 58 2
7t HA w=&7]5(occupational exposure limit,
OEL)= ZHF=A] of79kS B7lok= o134 129
HE2 AtHHwang, 2019). @3 AEstoA= 4%k

o] =&7|&9] SO‘V(ACtlon Level)Z AF3]slo] OELY
HateElks, &7ggke] ¢ o M= OFLS 49X okt
S 5782 ‘%ﬂ@i S g AR 0= 7
(Park et al., 2015). o|2I’t 41 & S49 B7H=
i H3lol= A 29 A1 HEdS HPsHA] X
sh, ZEAR] Y =F 7FsdS dlSohe d 224
Ql 3]'7412 AdHClerc & Vincent, 2014).

E5], FoliQIAF kg0l A7t OELY] ZAlo| S5t

%X]E]h Al A, @ 7|Ee g2 F7HEQ
A 2AY T =2 biidolA AlLjE= ARt A
7—}7\]q1°ﬂ oA et wEbA T S8A19] WA 7|
A oJs} oFE do], F4H 7| HolHE HFeR
2 E gES dSske A4 Hdol TSk
(Rappaport & Selvin, 1987).

N

Table 1. AIHA exposure category assessment results

Parameter Value
OEL (mg/m®) 05
Number of samples (n) 16
Maximum (mg/m?%) 0.457
Minimum (mg/m?) 0.308
Geometric mean (GM) 0.393
Geometric std. deviation (GSD) 1.132
Lognormality test (W-Test) Passed (W=0.920, Yes)
Estlmated&rl\/tagetlc mean 0.396
95th percentile 0.482
UTL95,70 0.498
UTL95,95 0.540
Percent above OEL (%)OEL) 2.602%
LCL95% (%)yOEL) 0.422%
UCL95% (%)OEL) 11.252%

Category 3 (ORANGE)
Acceptability decision Tolerable (ORANGE)

Note: LCL/UCL are confidence limits for the exceedance
fraction; UTL95,70 and UTL9595 are upper
tolerance limits containing 95% of the population
at 70% and 95% confidence, respectively.

Likely AIHA category

www.kiha.kr

o] A+ollA= 2018HFE 2025W7HA] 8|7t ST
T70lA 544 16719 &4 HolHE BIE 2R, vl=
A E8IS](American Industrial Hygiene Association,
AIHA)S] &4 mdg T2 [HSTAT(Bullock &
Ignacio, 2006)& &8sl A9 =&771 A% &
AL HelKog @rlsty, a3 ALS Hesh &
U= AFH T 9REE AAIStarA gt

I S B e

AT AFREY A2 A, d 32 Al
\;Ll gtz g o2 WS me = o] WUrlEe} thE
E ATt & Hidtete 2EAT Adstal AU
oAt FEEX(JAD IR eH, SUA &
Z]—E =7sto] T8LeFHO] E7|F% 0.5 mg/m’
= A-&s}3lH

o] A= A AR B4 38 U &Y fARE1E
(similar exposure group, SEG)= tio2 = A
D}. g T2 2018EFE 2025W7H4] 8%t 234,
AH|, 2] 1] 5ol Fem)gt s glo] LAgsHA
Hlom, did 2314 FUgt HHo 2 F 16719

A&7 HolHE sttt
A} BA9] 27122 0.5 mg/m’o|H, 16719 &
A= dlolel= F<4gk 0.3076 mg/m’ollA ZHgk
4569 mg/m’ Atolo] RE3}GLE Hlo|E 9] EAZ
240 = AIHAOA AlSsh= 4Ag 98 A4 4 ==
J138Q1 THSTAT Macro-free v2.0 &AL &-83519ch
(Lee & Ceballos, 2020).

77t 2E2 2 @ AE49] E Hlo|E7} o4
ol 2 I1AHEE(ognormal distribution)& W=
PEAE HFo 2 d dQ509)7H] g T2 A
Ed|o]Adgt Rappaport & Selvin, 1987). 3% dlo]
B & gsto] Aote FHS AAIsI e, AIHA 71o]
Zaielo] wet 95HA HE<=(95th percentile) F7
A& 7Hkto g & SdLikely AIHA Category)d} &
7Fs7d(Acceptability Decision)& 35 tHBullock
& lIgnacio, 20006).

AFSFAESHA|(upper confidence limit, UCL)= B
oy =E7|E 2NES 42 By P9 AlF
7t Asto|oy, v ARSES]-8SHA|(upper tolerance
limit, UTD)&= ZATY 474 Hl&S Zots 473
3t &= 5

) :|or

7]
A]
el
o
€

Omﬁ

SHAlelTh. UTL95,959 UTL95,70-& H7]
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Table 2. Repeated exposure measurements of the target SEG(2018-2025)

No. Date Concentration(mg/m?) OEL(mg/m®) OEL ratio(%)
1 2018-H1 0.3594 0.5 71.9
2 2018-H2 0.4569 0.5 91.4
3 2019-H1 0.4417 0.5 88.3
4 2019-H2 0.4267 0.5 85.3
5 2020-H1 0.3975 0.5 79.5
6 2020-H2 0.4042 0.5 80.8
7 2021-H1 0.3076 0.5 61.5
8 2021-H2 0.3615 0.5 72.3
9 2022-H1 0.4269 0.5 85.4
10 2022-H2 0.3487 0.5 69.7
1N 2023-H1 0.4452 0.5 89.0
12 2023-H2 0.4550 0.5 91.0
13 2024-H1 0.4026 0.5 80.5
14 2024-H2 0.4255 0.5 85.1
15 2025-H1 0.3422 0.5 68.4
16 2025-H2 0.3344 0.5 66.9

* Note: H1 = First half of the year; H2 = Second half of the year.

9] 24 95%7} EFSE L 27 95%Sk 70%¢]
NHrEOR AN Webd Table 19 LCLIS%
9 UCLOS%= ZIHEE9] AlZgHA eI, UTL95,70
% UTL95,.95% 9547 WE91e] 3§aAolrt.
. ¢ At

3 16789 =4 HlolHel tiste] THSTAT HA|

Hos &3 21 282 AT 2, W-TestE &
Hsto] s dlojg7t nEle] 7|2 7Pl 28

25 AlFaE HolA Ads] gEa 930l SRIE
tHRappaport & Selvin, 1987). T3t Ho|E]Q] At
TS Yele 7IsIEEHAHGSD) %Al 3.0 ofsk= 4b
S5 o], Ad 89t s 34 A o] Fom|g
H3} glo] o g B4 9 fFAHUS FAZL

2 dBshch

Number in Concentration Range

0

Histogram

1

@

Probability Density

0

a 0.1 0.2

Concentratior

0.4 0.5 0.6

Figure 1. Distribution of the 16 Repeated exposure measurements, overlaid with the idealized lognormal probability density
function. The bars represent the frequency of measured concentrations, and the orange line indicates the probability

density

Journal of Korean Society of Occupational and Environmental Hygiene, 2026: 36(3): 187-193

www.kiha.kr



g -

Table 3. IHSTAT 1-year exposure simulation results under three statistical models

Model GM GSD Predicted OEL exceedance days(out of 250) Exceedance rate(%)
|dealized Lognormal 0.393 1.132 3 1.2
UTL95,70 0.400 1.140 14 5.6
UTL95,95 0.415 1.170 27 10.8

Note: The displayed counts are one stochastic simulation realization and may change when the workbook is recalculated:;
they should not be interpreted as deterministic annual forecasts.

16719] AESARto 2= EaubA] ofd Azt =&
AEE R o= Brishr] sl A7t 2509 A 719
19 =& AlZ3SKvisualizing one year of exposures)
AlEdlo]dS 5ttt g AlEdoldS B 5
o WZ FAH ESAGE dtgsty] 5l o3l 2
IR 2 9 A 8TAUTDE A-83k Al
7HIA] g vl A=t

AR, EAAES IEokA] 2ol o ARl BT E
2Z9kE 7P 712 RdolA= 7IsHEwHGM) 0.393,
7IStEEHAL 113202 A==9lom, A7k 250Y 5 3
A(1.2%)°] =E7|HOEL)S 235 A 0= A=
A, 4% 95HA WMEL|o]| thste] 70%2] 4l=4
& A83F LE(UTLI5,70)°l4+= 715H8 o] 0.400,
7St EEHA} 1142 A5stelon, d&d &7

23 IYLS 1496G.6%)E et mpAgre g 7}
B Bl H P 95HAl HEels FAAf

95%9] AlF4FS F83F LE(UTL95,95)S 43t
Ay, 715t gw2 0.415, 7IstEsHA = 1L.177H4] &
7kstor, AlEdold Adt Az 27YU(10.8%)0lA]
LE7|&E 26k o= AEE

Z 1639 @4 &4 HolEoAN &7& 24 1
7F ‘o old=ole &5, A AFEH S A
&oto] AA 19 &9 ZAdd=E Asto] Bk A
$ @Y A B o2 EREE ARG CIAE AA
SRR A7 AT He g2 7SR E 2ok B9
AR =Ed & QUSS Alddolal FFEH o= A4}
5l= Ao|tiClerc & Vincent, 2014).

71 AR A ;] AIHA k=% SH(category)
Y 23, 16709 ASA] A= 25 HE 27|&
?l 0.5 mg/m’ TlFto]lont, 95HA] WEOS 23|
£ OELY 50%14 100% 7ol 45l+= Category 3
(ORANGE)°2 2 =5 dciBullock & Ignacio, 2006).

Visualizing One Year of Exposures
Model Assumes [dealized Lognormal Distribution

Mode| Parameters:
GM=0.363; GSD=1.13; %>0EL = 2.6%

Sim
>OEL=3; %>OEL

Visualizing One Year of Exposures
Model Assumes UTLS5,70 is 95%ile Mode! Assum

Model Parameters:
GM=0.4, GSD=1.14, %=0EL = 465%

Simulated Result
EL=14; %

OFEL = 56%

Visualizing One Year of Exposures
odel A es UTLD5,95 is 05%ile

.
OEL Campare

r ay (~250/yr)
(F9 to Refresh)

()
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(b)

(c)

Figure 2. IHSTAT one-year exposure simulation results comparison under three statistical models: (a) Idealized lognormal
distribution, (b) UTL95,70, and (c) UTL95,95
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AIHA IHSTATZ &8%t =£7|Z 0|
ol HIgo = 3t FF 78 7FsAd W (Acceptability
Decision)ollXl= tid 540 =2718S 20 B4
A ggo] 5%°A 30% Alelo] EAek= 518 7ks
(Tolerable, ORANGE) AlgQl Ao 2 el tHHewett
& Bullock, 2014).
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o] A7t & TZZanlel AH

712 71¥(Rappaport &

Selvin, 1987)& 834, &7 SHA7 27|
ojgtolgt sieEt: A7) kE DR dRoiE
23 eZo] YL & AUEE Aok T o] AT

Ly

o|& A34 HlolEet BAH AlEdoldS B9l +
AHog Q5 Aot

L3 7S ARH o R A&t AAF R g
St7] o= THSTATH 22 BAF A=x: B71 7]
Mol jo] WA og g4 HEHLavoué et al., 2019;
Lee & Ceballos, 2020). IHSTATS 71& 2e4=
4 HlolEE 71 v flo] ARATE 5 e =FE,
HE o] &% =4 glol®: Y & S s
T Atk AR Aol ek oln] 39 A7) 54
HolEE H{eH AFgAeletH, SA] THSTAT 4
A8sto] g 5749 AIHA Category®}t & 7Hs4d
< ERlsk= Aol 7hssith
ATHA A2 SEG L=&E829 95HA HWELTE
L27]&30 vlwste] 49 Agde] =& tErh
o 2= APHAAHS}L HMEF wHE HHdsks "ol x|t
AAA EA(Banerjee et al., 2014; Hewett &
Bullock, 20147 ¥ 7|4t Expostats(Lavoué et al.,
2019) 5ol Sit}. Hlo] At HEL A2 49| FE 4]
71E AAE AT 5 AT APHERE A HEY
dfj4o] Z Qi

WA FEEFHE IR AHEAo] A 7
gstetr] flolf AlHAC R E9stad YT
ZUE PR 9] Bt o] ol FAA =&
S g HeHo R AAloh= Bk AET &
HHwang, 2018). RUEZLUS= 7 A
Zrojsto] ZAASA Aol oE AR i 2
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o} ARE ARAoR ABFE B Sy @
& AEA} e5715S 2T AR ofe, of
A7 Aot 2ol A B9 AP At 27 F
o] A= F8 b5 FRY AR 1Y A
P BUEPIALY A4 R B oz =
FAA AMALS S e, B Amo] Az
A shasta APHols AAH B4R A
2 olZojule a4 Y A o] B & 9t

(Banerjee et al., 2014; Torres et al., 2014). tjqt
A=A 28] SHA th AR FofiIARE ZERt
A5ol Adg=]ojof gt

ozt o] A= e AEEY A7t v
St A E5(compliance) S04 A 99 e
(risk management) SHOE HEsfof 3hZ AlARRE
ot AIHAS] =% H7} HZHexposure assessment
strategy)< T S L&7|E 23 oJHE doj,
SEG @919l 644 & ZEud &4, Ho]x|et 9
AHA7A HA(Bayesian decision analysis), 183l 0]
£ 7IHte= 3t AAF #E RAE dilsk Ao
(Bullock & Ignacio, 2006). o|&|gt AL Al £2
A9 AA =& S Ho dAFoE Hristal, A
& Aozt dAgsty] Aol AAACE A 2AE FHS
= A Bt 3o AR ARoA L o]=gh
Ad =& 71 AAQ Hed F& 784S AE
487t Aot wEbA dY Ao HAE HYsta
229 AEH A% AE st Yl did &
of thste] ATHA 7pol=giRlo] Hilsh= thad] &
ZA(action / follow-up)s 11HY < Ut

AR, SAH EFAEEZ SAH] fg 714 =Y
Hyg AY ¢ 9 A4S o|gyo] FasitHLavoué et
al., 2019). €4, @ A4 A3E 5o &Y 249
a|AgE H3lo] o3t 23t & 7S X Astefjof gt
HClerc & Vincent, 2014). AR, A} Z=2A10] o
ol 9Jsta ZX|(medical surveillance)S ®agsta] A
7 AE 2710 TAE-ofRsioF ttK(Steenland &
Deddens, 2004). WA, §= AR 9= =& =
e S Bo 1Y AR 7] EHE E
AAE F=3loF SHHKim et al., 2014).

o] A= ¥ 7HA HAE Adt. AA|, G AFIYA
o] Fd FHES gAOC R 3t case reporto] 22 AT
A3te] dbtslo)] Fo7t gttt E4, IHSTATY 2
JARFFEE 7Pgo] BE =& HojHo H&E 4 Sl+=

¥ oox rl ok of wok

1
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AL ofyw, AA dFA= thFst 2t 81 9
3 B 7go] fujE £ ok AR, o] AFolAE
[HSTATS] Z3ts FS4HOE =08 AMstgoy, B
t} g =F &S siAE HolAt B4 7%l
U Ze7IEE AlEHCld 59 71 B4 HHE HE
o] I Q3gl 4= Qlt}. ES| A& 7 & 16712= W-test
9] A7g=o] ot AA| 71 uiE BRI &
AL, 95HA RISl UTL 49| E&4l4o] #A-
4 A} E3F gdo] AR W] A7o AEA-LEA
ZHW ®olE THSTATO] E&JskA] ERith= ol A
T Iyl E6tal, o] A d@9 Alx9 1xF
SHAIE HEs] A Heta, BAA =E 83t A5

gt A= "o o7t o

V.2 B

o] g AYIRE ZAghe] w2712 50%S Z3
ShRA] Z12A00] QA el 34l dhstel, &

Agel =3 AAAH A WAL APeha B
AH BUS E5 AR oA Bevh Baghe A
siolch 24t TAL 167 ARt BE w37l
uEhe 7SS BAY RaTe Fo 20 Y
o] WAlE ‘518 7Rs 0 Wl wheb 71 A
o] o], [HSTATH 2:¢ 544 3 ¥/ =78
424 Ane Brd 4 SuoR EYst,
o5l WESee} UTL AR & A%H wd vel
AAE TEIORN AW olLH B ALAYE
Bt wast ek

ne

&

HAre 2

o] A& 202609k ARISAAAEE H 4Hd7le7]
SY7HAKEIT) A7-8] A€ol 23 A+A(RS-2026-
25535455).
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