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ABSTRACT

Objectives: By law, companies in Korea must periodically measure workers’ exposure to harmful chemicals
(the system is called the Work Environment Monitoring Program (WMP)[a]) and report the results to the
government. The government also measures exposure to monitor the WMP’s reliability (called Reliability
Assessment (RA) for WMP[b]). The issue is that measured data from these two sources are so different that
the objectivity of WMP needs to be confirmed by comparing the results using the European Centre for
Ecotoxicology and Toxicology of Chemicals’ Targeted Risk Assessment (ECETOC TRA).

Methods: Step 1: Data collection from WMP reports submitted by companies (n=586) and RA for WMP written
by the government (n=33). Step 2: Data Standardization by key information included. Step 3: Data conversion
to input-variables required to run the ECETOC TRA model, and run the model with specific data (n=514) which
meet the predetermined exposure scenario. Step 4: Statistical data analysis by process category (PROC) and
ventilation type from each source ([A] and [B]). Step 5: Additional analysis of any unexpected results.

Results: The process categories of the production and handling of Dichloromethane were classified into 12
PROCs, and ten of them were selected to run ECETOC TRA. Modeled values tended to be higher than measured
values from both sources. For the measured values from WMP, RCR distribution by PROC was narrow
(0.197-0.267, 95% Cl) and did not have a relationship with ventilation type, which differs from the tendency of
the modeling result. Meanwhile, the measured values from RA for WMP were relatively widely distributed
(0.301-1.177, 95% Cl) by PROC. In particular PROCs (13,19) were high enough to exceed 1. Also, they become
low with better ventilation types and appear differently depending on the ventilation type, similar to the model
result.

Conclusions: This study revealed that ECETOC TRA might have the potential to serve as a screening tool for
exposure assessment and to be used as assistive method for WMP to estimate exposure. Further empirical
study is required to confirm its availability as a screening tool.

Key words: dichloromethane, ECETOC TRA model, work environment monitoring, risk assessment, process
category
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Figure 1. Flowchart for data collection and processing with the exposure scenario to run ECETOC TRA
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Table 1. Data conversion into input variables to run ECETOC TRA

ASHAE™A ECETOC TRA 2z HluHT 321

Variable

Step 2
(Data standardized by key information)

Step 3
(Input variables of ECETOC TRA)

PROC

Ventilation type

Duration of
activity

Use in closed equipment

Use in closed equipment and sometimes use in Manual

operation to charge/discharge DCM'

Use in the space in which DCM is gradually volatilized /
Use to clean equipment / Unclassifiable how to use because

of lack of information
Batch mixing or blending

Industrial spraying

Transfer of substance or preparation at non—dedicated facilities

/ automatic cleaning

Transfer of substance or preparation at dedicated facilities

Roller application or brushing

Treatment of product by dipping (with hoist) /
cleaning product with ultrasonic machine

Use as laboratory reagent
Hand-mixing with intimate contact

With doors and windows open
With windows open

With LEV® installed
With GV operated and LEV operated properly
Using enclosed machine

With GV operated and LEV installed

Without LEV system

With GV operated but LEV poorly installed
Without ventilation

Nothing written on the document about ventilation

Work outside or half-outside a building
Work over 4 hours a day

Work 1-4 hours a day

Work 15 minutes to 1 hour a day
Work less than 15 minutes a day

PROC2
PROC3

PROC4

PROCbH
PROC7
PROCB8a

PROC8b
PROC10
PROC13

PROC15
PROC19

Indoors with good GVT
(ERRT: 30%)

Indoors with LEV
(ERR: 90-95%)

Indoors with LEV and good GV
(ERR: 93-96.5%)

Indoors (ERR: 0%)

Outdoors (ERR: 30%)
> 4 hours

1-4 hours

15 mins to 1 hour

Less than 15 min

Concentration of
DCM in product

Do not use product including DCM

Less than 1% of DCM is included in the product
About 1-5% of DCM is included in the product
About 5-25% of DCM is included in the product
More than 25% of DCM is included in the product

No
1%
1-5%
5-25%
> 25%

"PROC: process category
TGV: general ventilation
TERR: exposure reduction rate
SLEV: local exhaust ventilation
'DCM: dichloromethane
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4. ECETOC TRA & AlsH

Zt glolgof tfgt d A3 dggre= PROCH 2
7S A9t BE B0 53Ut A2 Z85kith
4 YojH&= 387 =2WE 133 AATHSHA
20]7] o] 2d A% At F 7S ==l
T(long-term inhalation risk characterization
ratio, long-term RCR)TFS ZEgto = ZEistict.
A= (risk characterization ratio, RCR)= EEoj
Al di&et A E HEEEHHY E7|F0E Ui
o] A= o E, =7t 12 2HSIH diF 2R
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THECETOC, 2004). 183 87159 keasdidi=e 8
ARt =2 Al ISi=E Qushy REoi= A7 k&
F4(long-term exposure estimate)s TWAZ L}
= &l siggtet

qhH, 2dg Blud 5 ks AAYES4 DB
oF AAF S A=Y B7F AROAY SHgS Z
At=0] 71" H0oESPS HEEEMEY k27
TOE W o= AA9ste] RCR FA2= Yeiy
Rom, HEiZty s R gho] 1S Z3shd LIk
T7F =0 #E5HIH. olA™E kst 190 7HEA
U I ol A o 9AQ Heix: H7Hrisk
assessment)’} SFEHTHECHA, 2016). $HH, A3k
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‘Work Environment Monitoring Program — Measured value
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‘Work Environment Monitoring Program — Modeled value
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@ Outdoors . . o .
® ILGGV . = . .
RCR .
.
1
. . . . . .
. : : :
0 ° . :
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PROC
RCR: risk characterization ratio
ECETOC TRA: Targeted Risk Assessment made by European Centre for Ecotoxicology and Toxicology of Chemical
PROC: process category
ILEV: indoors with local exhaust ventilation
ILGGV: indoors with local exhaust ventilation and good general ventilation
IGGV: indoors with good general ventilation

Figure 2. RCR variation by PROC using ECETOC TRA with data obtained from work environment monitoring program

Reliability A for Work Envir Monitoring Program — Measured value

® ILEV
10 @® Indoors
® IGGV

RCR

~ ° L4
° °

2 3 4 5 7 Sa 8b 10 13 1o
PROC

Reliability A for Work Envir Monitoring Program — Modeled value

@® ILEV
4 @ Indoors
® GGV

RCR

2 3 4 5 7 8a 8b 10 13 19
PROC
RCR: risk characterization ratio
ECETOC TRA: Targeted Risk Assessment made by European Centre for Ecotoxicology and Toxicology of Chemical
PROC: process category
ILEV: indoors with local exhaust ventilation
IGGV: indoors with good general ventilation

Figure 3. RCR variation by PROC using ECETOC TRA with data obtained from reliability assessment for work environment
monitoring program
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Table 2. Data statistical analysis by data source

LEAR0| St NYSAZHZT ECETOC TRA Bt HmX7 325

. WMPT RAT for WMP

FROC N AM Min Max N AM Min Max
PROC2 2 0.022 0.000 0.045 3 0.108 0.000 0.181
PROC3 2 0.113 0.035 0.191 1 0.000 0.000 0.000
PROC4 191 0.166 0.000 1.058 3 0.129 0.077 0.224
PROC5 5 0.341 0.024 0.808 0 - - -
PROC7 10 0.267 0.000 0.912 0 - - -
PROC8a 10 0.253 0.045 0.366 3 0.433 0.176 0.896
PROC8b 1 0.279 0.279 0.279 0 - - -
PROC10 1 0.410 0.410 0.410 0 - - -
PROC13 205 0.309 0.000 7.220 9 0.979 0.215 2.286
PROC19 64 0.172 0.000 0.963 4 1.546 0.312 5.008

Sum 491 23
Average 0.232 0.739
95% C.1.5 0.197 ~ 0.267 0.301 ~ 1.177

- We divided the measured data by the occupational exposure value (OEL) of Dichloromethane (50 ppm)

"PROC: process category
TRA: reliability assessment
N: number of sample

Min: minimum

PRO PROC 3

TWMP: work environment monitoring program
8C.1.: confidence interval

AM: arithmetic mean

Max: maximum

PROC 4 PROC S PROC 7

@ Modeled value(
® Measured Valu

RCR

: . & .
04 % . M C p ' 3 (_5 . -
§ o@ o@ b\v b“cé § (:C’A o@ bse b“oé} \‘zj C:QA o@ bee.\% b°§) \‘»OA 06\ o@ 55\% b“eé \,C\ OC’A @ §°% b"‘g@
VY Vs TY VYIS TY VNS T TS O YTY VY S
PROC 8a PROC 8b PROC 10 PROC 13 PROC 19
10
- - -
RCR - - -
1
T .
04 o E
A s & RS & Ry &
S $ & RS & & & $S$ c§’A 3
T VS T VTS TY VeSS

RCR: risk characterization ratio

Ventilation Type

ECETOC TRA: Targeted Risk Assessment made by European Centre for Ecotoxicology and Toxicology of Chemical

PROC: process category
ILEV: indoors with local exhaust ventilation

ILGGV: indoors with local exhaust ventilation and good general ventilation

IGGV: indoors with good general ventilation

Figure 4. RCR comparison between measured value and modeled value using ECETOC TRA by PROC with data obtained from

work environment monitoring program

Journal of Korean Society of Occupational and Environmental Hygiene, 2021: 31(4): 317-330

www.kiha.kr



326 HFl - HiAL - O|LLE

ol g7 wE AU ZEg2 2E PROC
oA Mz o2 AP B PROCTS ALg &
£ PROCY] HloJElojlA], &7]4Rio] 22 HlolH 1+ &
g3ke] ®ol= & §Hd, B¢ PROC WollA E7|%Ho]
2 glo|g 7tojl= Wol7l 34| go} gr|upo] &4
ol Y nFcky 1| ojgfith s R &4
ol PROCO] whet gepdicty B7]% o ek
g ZAeE S A= B2t HlolE 9] 2 PROC
o] & S 942 Figure 59 #o°]

o.

RAR AL Bk

4) TH PROC & 27| gt
o¥l Aol ARE wEAteooH HEaa
%9 PROC % #7/]48 Bghe Figure 63} 2.
715 sl PROC22F PROC3OIA = =4xHl7]
S 7SI TAWIS 4N WA 81
4%0] 1dgzo] SR 1 9 PROCOIAIE
%iﬂﬂﬂxc}ﬂ% HER Bool S18715 st

PROC13 & Tﬂ _4 PROCOﬂ/ﬂ 57(4%}:_4— El:-ﬂ%}\-o] i‘}ig 3‘12& q]é_.a}%u}_
PROC 2 PROC 3 PROC 4
@ Modeled value(Long-term RCR)
10 @ Measured Value
RCR
°
°
1
o
0-4-«® ¢ 1% B .
I X 3 6 & A X 2 & & & X I & &
S EE TS LTS 8L S
Yo ¥ &§ YV ¥ &S \\\’\\“b@*
PROC 8a PROC 13 PROC 19
10 T
° - o
RCR hd *
1
Y ® L ]
& g
0 - - -
A QA A &> & A PN & & A A A & &
$ L 6 &FF L L F&FE L LS
VFeEFF YFoEFF Yy oFSs

Ventilation Type

RCR: risk characterization ratio

ECETOC TRA: Targeted Risk Assessment made by European Centre for Ecotoxicology and Toxicology of Chemical
PROC: process category

ILEV: indoors with local exhaust ventilation

ILGGV: indoors with local exhaust ventilation and good general ventilation

IGGV: indoors with good general ventilation

Figure 5. RCR comparison between measured value and modeled value using ECETOC TRA by PROC with data obtained from
reliability assessment for work environment monitoring program
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RCR: risk characterization ratio

Ventilation Type

ECETOC TRA: Targeted Risk Assessment made by European Centre for Ecotoxicology and Toxicology of Chemical

PROC: process category
ILEV: indoors with local exhaust ventilation

ILGGV: indoors with local exhaust ventilation and good general ventilation

IGGV: indoors with good general ventilation

Figure 6. Simulated results of RCR that varies depending on PROC and ventilation type using ECETOC TRA

5) SO|C0|E

ZagT SRS dauAe] By AdedS
A=/ dY7F AmoAs B dlolH e Rdgho] 4
Hoh 213 A4e434 DBolA= AA Hole F 7
A(1.43%)= Aefet RE dlolH e Edgho] SAHE
o ET Sl BEgEY w2 749 HolHE
ofdlo[&)o] tiste] ARG Soll detste] ddS F71
ZARE A¥= Table 33 & 71 24 23, 71
S 270 disiA e F740] 7Re AL YHAlE
]l meto] E7kssAY 382 571 metd & 9

%ict. 9ol 4o 7KsAE 249 Holss 2uAt
424 Arke] /AR ke e 3R

Journal of Korean Society of Occupational and Environmental Hygiene, 2021: 31(4): 317-330

27gio] magiuc ¥ trehd

dS5A =S} ol 22| 5715 o
o

ook

= N 2Z O
e

24, A - 25 A
wale) 29

www.kiha.kr



328 FaZl - HiAIRE - O|LIR

Table 3. Additional analysis for unexpected data

Data PROC Analysis result Description

No. / Ventilation type Y P

(14] PROC4 / ILEVT -1 * Impossible to get additional information about the process
required to find a more accurate PROC for the data

[77] PROC13 / Indoors Unaccountable * In the process, the grease of parts is removed with DCM® and

any ventilation system is not installed. Unaccountable why the
measured value is higher than the modeled value.

[120] PROC13 / ILEV Unaccountable * In the process, some parts are coated with DCM the LEV/
system installed in the process works properly. Unaccountable
why the measured value is higher than the modeled value.

[186] PROC3 / ILEV Assumable  * Actual exposure of the worker to DCM might be higher than
expected because the equipment that worker uses to treat
DCM was improperly sealed unlike to the document.

[259] PROC4 / ILEV - * Refer to the description of data [14]

[323] PROC5 / ILEV Assumable ¢ Actual exposure of the worker to DCM might be higher than
expected because the worker not only mix DCM but do
carries out routine maintenance of the equipment.

[485] PROC13 / ILEV - * Refer to the description of data [14]

"PROC: process category

TILEV: Indoors with local exhaust ventilation
T—: lack of information

SDCM: dichloromethane

'LEV: local exhaust ventilation
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