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ABSTRACT

Objectives: The objective of this study was to develop a standardized exposure condition category (ECOC) coding
system to facilitate the use of work environment measurement data in occupational exposure surveillance.

Methods: We reviewed the conceptual exposure assessment model and the Exposure Control Efficacy Library to
identify key modifying factors (MFs) affecting workplace exposure levels, and used them to develop standardized
ECOC codes. A pilot application was conducted with ten industrial hygienists who retrospectively evaluated 11,781
measurement records drawing upon their knowledge of site—specific exposure conditions.

Results: Based on three selected factors—source enclosure, local exhaust ventilation operation, and near—field
work frequency—we defined twelve combinations that were later simplified into eight ECOC codes. Each ECOC
was assigned a dimensionless MF score reflecting the relative exposure potential. Experts successfully classified
nearly all records using the ECOC system, with high response rates across all categories. Among 2,918 detected
chemical exposure records, the exposure index showed statistically significant differences across ECOC groups
(ANOVA, R0.001). ECOC8—representing the least controlled exposure conditions—was associated with the
highest exposure index, while ECOC1—indicating highly controlled environments—had the lowest.
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Conclusions: The ECOC coding system effectively reflects workplace exposure variability based on key MFs. It
provides a practical framework to supplement existing exposure databases with contextual information and can
support more accurate exposure assessments, job—exposure matrix construction, and occupational disease
prevention policies. Further validation across broader industry sectors is warranted.
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Table 1. Summary of workplaces and measurement counts evaluated by exposure condition

, Workplaces Measurements
Institute Expert Career, years

N % N %

A Expert 1 15 17 8 584 5
Expert 2 3 31 15 619 5

Expert 3 8 8 4 473 4

Expert 4 8 11 5 167 1

Expert 5 3 53 25 957 8

B Expert 6 8 35 17 2,935 25
Expert 7 6 17 8 1,226 10

Expert 8 1 20 10 890 8

Expert 9 5 13 6 1,060 9

Expert 10 32 4 2 2,870 24
Total 209 100 11,781 100

www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2025: 35(3): 248-259



THoE ThEo] 7R AR AT AR 54y
272 15t SHSHES SHIT
A& =01, FHGA 47| FA7E 7FeEIL UUSF
d&o] sl ‘o/oHe/F HEZS F sht
2 ol s ololth. SAFAl &40 High 7|9
Fmemory bias)E 438} 517 Yafl 7 2L 671€
ojyje]l &2 AAIRE AFAH2024 AR ST
of ATt SHES sttt =& oigk 71
o] YA gAY who] HA| gkS A & HEZF o
2 BGriotes 519lal, 871 5719 AYg=E =0]
7] 98 HodAEolA A9l AEE(15TY/ADE
Al F5tAct.

g7tof Zofdt HETFe] A A 195RE 32
QA7HA] ooFier, 38 79 ©o|st] Junior 1&°] 5
4, 79 23t Senior IF°] 59|t 2 MEIPE
29 9 g7t did SF ARE 2 Am ¢ @2
Table 1°] Q9Fs}oit.

2) NHE7L LA Xtz

A7 g ARE F 20970 AMRIFCZRE
20243 Ao AAE 11,7817] &4 Zdxto|d, A=
o] 9,16871 A== 7FF Woky, thgog o5 9
FAAGRN), BAY L AEEA AHAH(5247h),
AR, It 9 7]& AuAA4367h) «olith |3l
A SR ExE By B9 Q% 353 sk Q1A
170%0 disll SA= oM, f7153HE(5,86771)°] 7+
2 WY o ® F455(1,7657H), A 9 gZElR
(1,3387h), &e(1,2177H), EX1(8447K) <=0t

4. SHEA

Al H7lo] 285t 11,7817] ARS] & 52 A&
7F=°] B7IzF ECOC 1] wet of2A Zjo]7} L=A4]
Bl wsigtt. A= 02 2% F9(meg/m’, ppm) &
< 231 Q= ol RElRIARES] AkEol7] wizel &7
58 LE7|E0 7 Yol =EA4(exposure index,
EDZ BESRE & E3SF0 = o859, ECOC 1
ol W& &R0 Hita} 95 RS T g H]
ok A0 A =3RS S3E SUE(dB)
o st 5l-8==Al7Hpermissible exposure time, PT)
02 o] uEAFE Ao, & EAR
ofgff 2] (2)2} Zol AAkstAitt.

Journal of Korean Society of Occupational and Environmental Hygiene, 2025: 35(3): 248-259

NN E ZAXA M TisE =EXUET A= Y 251

PT = CT x HlCL-SL/ER] _ 8 x 2lo0-51)/5] 4] (2)

* PT: Permissible exposure time,

* CT: Criterion time (permissible exposure time
for the criterion level: 8 hour),

* CL: Criterion level (8-hour permissible exposure
limit for noise: 90 dBA),

* SL: Measured sound level (dBA),

* ER: Exchange rate (5 dBA)
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Table 2. Components of the conceptual exposure assessment model, modifying factors, and inclusion in exposure condition
category (ECOC) code development

Component

Modifying factor

Description

Included factors
for ECOC code
development

Source

Activity emission
potential (H)

Substance emission
potential (E)

Describes the potential of the activity to generate exposure;
determined by the following characteristics: type and amount
of energy transfer, scale (e.g. amount product used), and
product-to-air interface (e.g. level of containment)

Determines the intrinsic emission potential of a substance, i.e.
dustiness for particulate agents and volatility for liquids

Control measures in proximity of the source intended to remove
emissions, e.g. local exhaust ventilation, airborne capture

Isolation of sources from the work environment without
containment of the source itself, e.g. separate drying room

Natural and mechanical ventilation characteristics, determining
the dilution of air contaminants through the room, i.e. between

Orientation and distance of the worker to the source in the NF,
determining the potential exposure, e.g. worker positioned at
very close distance during precision work, overhead work

Providing a worker with a personal enclosure within a work

Emission related to release of deposited contaminants on
surrounding surfaces (including worker clothing) due to natural
means or general workplace activities (e.g. moving

LCIR® Localized control (LC)
sprays
Source Segregation (Seg)
enclosure
NF™ and Dilution (D)
FF' zone
NF-FF zone and FF outside
NF zone Personal behavior (P)
Personal Separation (Sep)
enclosure environment, e.g. air-conditioned cabin
Surfaces Surface contamination
(Su)
equipment/vehicles)
Receptor Respiratory protective

equipment (RPE)

Efficiency of RPE preventing the inhalation of airborne
substances (not addressed in this paper)

"LCIR: Local control influence region,

S ZHAAIA 7H] el acle]l AEEe oA
=E 7E0 9% & & Ue 5/ 840t 2

T3 849 MFe] gt 2°F 91 ECOC & 7idof 1
&g MFE Table 2] 82kttt

1) At ZAXLO| AT (Source/Personal enclosure)
Hg o] 2% ol o] duE o] ZeE|of
A 5H AS- olg WY FHFH(source
enclosure)olZfal & 4= Qlk. E3E AHRLe] SHoA =
ZgREo] A Wi 9] AR B2 FFEAlA
242 FooA F2 HYE st 94 245k=
sh= 745 ol& 7%l dH*Y(personal enclosure)©|
2ol o o Qloh Y 52 iRl Uy B ARdRE
9] & T M= & 5 T WS & FFE =

o]
AR

==
T=

www.kiha.kr

“NF: Near field, TFF: Far field

2) ZAHM0 & F2Y(Local Control Influence Region,
LCIR)

ol AR ool % wEThY A
oA 1B FHANN {IABLES Alo] sh=
oJo] 44 4 glon], oA o] T ICIRo|
213 oftgich. o] e WY Fuo] HAE £
9l o ek Au(el: Ajehe}, £4] BRHNE 53t
A AA 5), T4 ALY 7 (0 =
3, Aloj 9] W9, Aol )l ot 282 5
uoH, At 294 AR FEoh = olEa, HA
A 8] o8 LCIRC] BE 4= UL, ol= AR
LZ 7FsdE €0l 92 s "ok
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A7} eE 2o 7P IA TS E Ao THE
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o} 7+ g4 27, 270, 3709 MFE &3 HFE
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AR, YU gt MF= Y3 2 AR 284
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Ao] st Rl do] 7V 2 Qe R 29l
% sfolu], CEMOIA BAe/4- 8419 Ze] 32 sl

)

H A E 25 23ty Y 3 52 AR, A
o] A Yol He= =1 Ui 3L Qo A
u, 2R e A AT 22 e 2 3l
A F2 AFob Aok 49 BF A do] UH/4
% ZH(enclosure or isolation) = A& 4 9t
oj7]o] HFEA = Be AF S AT AAXTH
247 Wofl §A FEsh Ahste F-9= DAYl
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T A 4= oA WS [SQIAt] Hgt
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SAZ(NF) 299 HrE HAXZHEE 119]g o|yjo]
U o] sk sk vl 2 Aolstal, AA 2t
JAZE 5 TAIZE o]l9] ZFE A (intermittent)’ Q1 3%
OF TAIZ-4A1ZE Freo] i AAAIZH half shift), 71
Y AA ZAAJAIZE hFRE(full shif) 1 Al 7H] =&
2708 RIS

Qr
o
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o
=

Table 3. Components, determinants and modifying factors for exposure condition category (ECOC) classification

Component Determinant Modifying factor

Description Score

Enclosure or
isolation

Isolation of the
worker from the
source

Source

Non-enclosure

Local control LEV" status LEV in operation

The worker and the source are not in the same space 1
but are physically separated (e.g., the worker operates
remotely in a control room).

The worker and source are in the same space. 10

Ventilation equipment is in operation for local control of 1

hazardous factors produced from the source.

LEV absent or
not operating

Ventilation equipment for local control of hazardous 5
factors produced from the source is either absent or not

in operation.

Near-field
exposure

Intermittent
(1 hour)

Half-shift
(1-4 hour)

Full-shift
(>4 hour)

Frequency of
working close to
the source

The worker spends less than 1 hour of their total work 1
time within 1 meter of the source.

The worker spends 1-4 hours of their total work time 5
within 1 meter of the source.

The worker spends most (>4 hours) of their total work 10
time within 1 meter of the source.

"LEV: Local exhaust ventilation

Journal of Korean Society of Occupational and Environmental Hygiene, 2025: 35(3): 248-259
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Table 4. Classification of exposure condition category (ECOC) codes by modifying factor combinations

Source Local control Near—field work Final score’ ECOC code
Enclosure LEV™ in operation Intermittent 1 ECOC1
Half-shift 5 ECOC2a
Full-shift 10 ECOC3a
LEV absent or not operating Intermittent 5 ECOC2b
Half-shift 25 ECOC4
Full-shift 50 ECOCba
Non-enclosure LEV in operation Intermittent 10 ECOC3b
Half-shift 50 ECOCbb
Full-shift 100 ECOC6
LEV absent or not operating Intermittent 50 ECOCbe
Half-shift 250 ECOC7
Full-shift 500 ECOC8

"Final score was derived by multiplying the scores of the constituent modifying factors

“LEV: Local exhaust ventilation

FE =224 HFRECOC)= Table 49} o] Al 71A]
Q49] Z+ MFE9] 238KH2x2x3=12)2] 127]9] Z=&
R 4 qlow, 7 MPE A9 522 7F ECOC Z&=
o] MF &4o] AAF=|SlH. o] MF F3°0] =2 &A1
w2t ECOC & ¥k AXES R, 2= MF
Aol A 5YS Mo JE ARAZE FEO:
BECOC2a, ECOC2b)st3itt. meta]l ECOC1S ¥z
A2 A =1l F48E7] AA|7F 7 EEA, EAY
OFRE 1 m oJfjollA] st HlEr} & olojA

O} =EA oL B 2AS Yehln] Aeixje] nEs
F2 W e Ao 7|ig 4 ek whEle] ECOC8S
R A7} AelElo] 91X ek 24s] A7}
QAL TREEIA] Qe Aol Ak Mo R
F7ke FolA TisEe] AAZHe B Hoto] 1nd
ZA0ltL @ 4 Ut

2) =33}t Q01 H4(MF score)
Table 39] Z} =&24¥ MF #4~= ECEL(Fransman

Table 5. Estimated average reduction efficacy values and modifying factor (MF) scores by exposure control method

Exposure control efficacy library”

Control measure

Estimated reduction efficacy

MF score without control

N , ( (95% confidence interval)”
(95% confidence interval), %

Enclosure 14 50 (4 to 74) 2.0 (1 to 3.9)
Complete 3 86 (30 to 97) 7.1 (1.4 to 33.3)
Partial 6 23 (=103 to 70) 1.3 (0.5 to 3.3)
LEVT 280 82 (78 to 84) 5.6 (4.5 to 6.3)
Exterior 65 81 (75 to 86) 5.3 (4.0 to 7.1)
LEV + enclosure 9 86 (69 to 94) 7.1 (3.2 to 16.7)
Separation of workers 14 87 (71 to 94) 7.7 (3.4 to 16.7)
Complete 9 90 (75 to 96) 10.0 (4.0 to 25.0)
Partial 5 71 (=31 to 94) 3.4 (0.8 to 16.7)

"Library data sourced from Fransman et al. (2008)

“Modifying factor score was calculated using equation (1) described in method section

TLEV: Local exhaust ventilation
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Table 6. Summary of expert responses on exposure condition categories

Junior (n=5, Senior (n=5,

Exposure condition categories Response item < 7 years) S 7 years) Total %
Was the worker isolated from the Yes 1,643 740 2,383 20.2
source? No 3,101 6,289 9390 797

Not sure 8 0 8 0.1

Was local exhaust ventilation Yes 2,712 1,436 4,148 35.2
equipment in operation? No 1962 5,503 7 555 641

Not sure 78 0 78 0.7

How often was the worker working Intermittent ({1 hr) 527 992 1,519 12.9
within 1 meter of the source? Partial (1- 4 hr) 1,635 4,602 6,237  52.9
Full-time work (=4 hr) 2,590 1,435 4,025 34.2
Total 4,752 7,029 11,781 100.0
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Figure 1. Comparison of the arithmetic mean (AM) exposure index (measured value divided by the exposure limit) and the 95th
percentiles between exposure condition categories using personal sampling results.
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Figure 2. Comparison of exposure index (measured value divided by the exposure limit) distributions of chemical agents by
exposure condition category (ECOC) codes, based on detected data (n=2,918, ANOVA &0.001).
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