BIZAAEAHBIS|K|, K32 H45(2022) ISSN 2384-132X(Print) ISSN

2289-0564(0nline) Original Article

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(4): 350-358

https://doi.org/10.15269/JKSOEH.2022.32.4.350

EELNEEVEY

ton

N
>
Y
(]
(0)%]
oot
N
MHA
g
10
ra
h-)
JA

|d|

HEo| et 1FH

r

O[}I%! + O|LIZ"

[

BITAIOHEI TR ARIOFHBIOITY

Study on the Tiered Applicability of Health—-Based Reference Value in
Chemical Risk Assessment

Hye Jin Lee * Naroo Lee”

Occupational Safety and Health Research Institute(OSHRI),
Korea Occupational Safety and Health Agency(KOSHA)

ABSTRACT

Objectives: For chemical risk assessment in workplaces, it is necessary to determine a reference value
through hazard assessment. In general, OEL (Occupational Exposure Limit) is used for this value. However,
since chemicals with OEL were not enough, the concept of DNEL (Derived No Effect Level) was introduced in
chemical safety assessment. In this study, the possibility and approach of applying DNEL for chemical risk

assessment in domestic workplaces were investigated.

Methods: The characteristics of OEL and DNEL were investigated. In addition, ACGIH TLV and GESTIS DNEL
were compared and the corresponding scopes were analyzed among the chemical substances notified in

South Korea.

Results: OEL and DNEL are similar concepts reflecting reference values that should not be exposed based on
health effects. While their evaluation and derivation are determined based on similar information and
procedures, they may vary depending on the responsible actor, data availability, principles of judgment, and
more. As a result of the comparative analysis of ACGIH TLV and GESTIS DNEL, it was confirmed that there is
some correlation between TWA and DNEL. The conservatism of DNEL was around 50%. Additionally, it was
found that the available range of DNEL among chemicals in South Korea is considerable.

Conclusions: This study showed that DNEL can be applied when assessing the risk of chemical substances in
domestic workplaces considering several regards. However, since this is not the same level as OEL, we have
proposed a proper approach to carry out risk assessment step by step.

Key words: Workplace chemical risk assessment, OEL, DNEL, GHS
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AAoltiLee et al., 2020).

) FHolA= 2 oIA Y FFA sek=4 A8
d g7t BdolA foid B VISR R ARt F
G329 wDNEL(Derived No Effect Level for
worker, ©]5} ‘DNEL )& &85} JTHECHA, 2011).
DNFL2 F-H4%2] REACH(Registration, Evaluation,
Authorization and Restriction of Chemicals) A&
oA 2008 =UH ME-L FEH] 7IEX|oH, AZF
10€ o139 A= - = Fet=4o] gt kA B7t
£ Hlsfl 283k AEOITHECHA, 2021¢). °l& AREO]
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=Y 27|E A A2 T G19] IRkl 93F
of dztoto] AHEE HEZFe] et 9 9kejel ACGIH
TLVOl 7]§kstal Qict.

ACGIHY TLV= 3petado] 37] & =8 4938e
ACR o7 sk offoA= A9 BE ZAFAF bt
2H07 mjd ZAAAZEERE =EEoE AAS UE
AL AR U= Aoz Wolx= AHE 9u|sitt
(ACGIH, 2021). =UiollA d¥tdog F&sh= 7IE
?l ACGIH TLVY] =&7]% 4482 =3 A8 I, 5
8 78 5= xoboto] HA|A e
WS AASS glew, IkEddE TeAm
(documentation)E ¥E & Hsle] 1 ZAS 3l
SHEE Stal ITHACGIH, 2020). ¥H8, X f-HolA
+ REACH Al =943t 97 ofsh=d e AA At
o] 7jHEI o, AAF LE&7|E A Hof E3t
slehE4d g7 #ofet 85t 2 Stk /EdA
oA AEHR &7le A A2 AYY &
71& st YU3(SCOEL, Scientific Committee on
Occupational Exposure Limits)2] #alof 7]4Hlskal
Ao, L 7Ge JAFEAA A 2ot 11 JgS
O ghEd g9l @ A= 4, @ f9d g1, @ =
JeH 4 28 71d 87 & SAY F84, © A%
Pl 7|9t &7 52 U9t 98 4] ¢ 71E
7] A 2R, @ =F HYEHPoRE FES ot
I8 AE8E 2 Al 7R, © AY9d =20 3l
o] fofiotA] g2, @ AYPH =Fof o] fofioht, =

Table 1. Summary of GESTIS DNEL and ACGIH TLV

ol gt ed davt o]FoiX|, ZHE YIE
AA A 57t ZHHHECHA, 2021a).

FUjEatk oflgl FAFoRE &7|ES HISY
Aot A2 1 Axe A& Y8o] wsto] 37t
oh= SO FHE Aok olgot. olo] 4-Hol
A& REACH A=E TYstHA sistEd QradS
H7lsk7] $1si DNELQ] 7HdE Edstqlth. DNEL2
REACH Ak o] fIste] 108 o9 shadS
Az - Yok A5 AASoF sk SHEd QhdA
g7k "83t 4o 7|Egkolth. €9 REACH +F
A Bax ToA FolE DNELS diat Qo] of
of wEAE, 717t 9 A3GFe| wet oz |39
DNELe| 4784 4= qlth. DGUVE olFollA 4hdekd
B 549 A% F7ME ot AGAF tiidel &
717 £ &G4, F4 Pl digt DNELS 4
- H¥3lo] GESTIS DNEL =207 dHrx AlFsla
ATt

0|9} Z-& GESTIS DNEL EZ23} U -£7|%9]
7191 ACGIH TLVE ¥| w3t 2= Table 13 2t}
ACGIH TLV 55| ZgH 532 oF 6787(CAS
No. 7| 762%)°]H, o|o] ¥t} GESTIS DNEL &£5
o =3te E2L oF 6,611A(CAS No. 71& 4,686%)

GESTIS DNEL

ACGIH TLV

Chemical 6,611 cases

(4,686 cases by CAS No.)

¥ 1~23 data sets

Responsible actor
(Compiled by DGUV)

Manufacturers/Importers

678 cases
(762 cases by CAS No.)

Industrial Hygienists

Characteristic Submit registration dossier Publish documentation
Not reviewed by scientific professionals Independently peer-reviewed
Comply with Integrated Regulatory Comply with operation manual
strategy of ECHA (expert judgement)
(not specific for DNEL)
Type Inhalation/dermal Inhalation

Systemic/local effect
Long-term/Acute

Notation (carcinogenicity, biological exposure
indices, sensitization, skin, etc.)

* GESTIS: Information system on hazardous substances of the German Social Accident Insurance, DNEL: Derived No
Effect Level, ACGIH: American Conference of Governmental Industrial Hygienists, TLV: Threshold Limit Value, DGUV:

Deutsche Gesetzliche Unfallversicherung
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O CAS No. 7I& °F ovff opdel qtioltt. ot
GESTIS DNEL £59] 3¢ siehad A% - A7t
REACH 717 °ld< sl AlEst 22 594 24
i of= MES the gheel ZohE 4 9low,
AAH ez FRstehad(ECHAS SStAIEol
T2 X[k o] Z]&grel it ¥xe] £ S s}
A olE Adste] B7RekaLl A At kE7IEd
FRFFE2 A 1A GFl 7Hste] g ol
= e VIEEelRkE Y MdeR, wiset datet
AR W82 7Rt 7t - ARt e A= 7t
849, W 39 zte], FrEel A2 Sofl wek 1
grol gekd 5 gl

2. ACGIH TLV % GESTIS DNEL DB H|Z - 24

T 2R sishEd A B7F Al O A8 HY
o} AlgFE Hee] sty st ZF 583 =& I
of wat Xol7t & £ Ue F ITFY 7IEd
ACGIH TLV®} GESTIS DNEL9] X E 3Hols}9ich
Z oA #8313 = ACGIH TLVE} §3 REACH
A olgoz Hx F7Iskal = DNEL % 2=
L3 @7t 49 713 et GESTIS DNEL &=
2 e stk o] F E5o| F8HLE T
Sl= 232 269742 F DNELY A% 59 E4 o
o o2 2 AQbekal = AT o] R EE2
5 Z3siint.

ACGIH TLVY A% A4l =4 S AAH =
15t 2 Y Al =E27|eS AP B ST

logDNELsystermic

4
logTWA

(@) TWA - DNELsystemic

FTWA), DAF=E7|=(STEDS] FH=ZE Algstal
UTh ¥ DNELS tdde, =54 =, A49E =
E717+s 7 FHEoto] ARkRl(general population)/
A worker), E(inhalation)/T¥(dermal)/3
(oral), AAIFGHKsystemic effect)/=ZAFH local effect),
Z71(long-term)/S7](acute)?] Zgo=z EES 4
AT, GESTIS DNEL E52 247 194 371 Al
Zrarsty] fgt HH o2 et Ao|EE, AdAt &Y
A7eEE R okl glow HA 32 =4 7
F9FS =5kl ot &, DNEL inhalation-
systemic(®l8} ‘DNELgysiemic ), DNEL inhalation-local
(©]5} DNELjpea )3 22 F 739 BERES Al5s}
I ot wEbA FY 7@ B A7 EY =
)9 & v|mwslr] Yot ACGIH TLVE TWA,
GESTIS DNEL®] DNELgsiemic?t DNELiocarsr T2
2 5ttt of&e TWA= A4l ¢ =4 JFS Aty
oz st HAAH Fo|EE DNELAH JFTFERE
TFE3t7] ofFt. o] TWA-DNELysemicZr TWA-
DNELiocars ZH2F £8(ZF 2307, 116790 sid)stoq
vlwslor, I ZA¥= Figure 13+ ZAth TWASH
DNELgystemic, TWASF DNELjocarer 212 HlW S A3},
R*= 742 0.5966, 0.74252 & o o] 928 &
I &= ATk

Hop Ao =s 7F 7|Ego] duiv © BEaARIA]
I F7EE ERIsk] Hote] TWASY |8t DNELsystemic
9] HleZ gl 7|4 ‘H4A ol 9k &
d 4o Hfsf o 2 Ve 7= AL Rl

-

logDNELlocal

4
logTWA

(b) TWA - DNELcal

* DNELgystemic: Worker DNEL for systemic effect during long—term exposure, DNELqca: Worker DNEL for local effect during

long—term exposure, TWA: Time-Weighted Average

Figure 1. Comparison between TWA by ACGIH and DNEL compiled by DGUV
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Table 2. Ratio of DNEL compiled by DGUV to TWA by ACGIH

chemicals
e DNELsystormie/ TWA DNEL jocat/ TWA Remark
-1 121(52.6%) 55(47.4%) Conservative DNEL
1 - 109(47.4%) 61(52.6%) Conservative TWA
230(100%) 116(100%)

* DNELgystemic: Worker DNEL for systemic effect during long-term exposure, DNELiar: worker DNEL for local effect
during long—term exposure, TWA: Time-Weighted Average

T} Table 2049} 7] DNELC] © E42%91 H7} GHS classification’
12174(52.6%), TWAZ7} © H$AQ #AL7F 1094

(47.4%)0.2 H]s=5[A|qF DNELC| HE42A9l HArt =

2 o YU DNEL.d ASE olsh fARH GESTIS DNEL

DNELe] & H2<1 397} 5571(47.4%), TWAZL H
B0l 397t 61A(52.6%)°0 dgstact. & st
S22 9514 Wrlol| Hesitiy s1Asd sk ol 194 | 220 2,700 12,422
A7} AE - GOt olsol4 9 DNELO| Mt}
54309 BE ekl o] 2 A3} e o
2 o brt 44T 4 ook, W TWAZ o 24

ACGIH TLV®

?_] A5 oy 8o & oE 7

- ; c}L_]: ;}? ﬂi}]qDl}IE% o wet OTﬂW17} r:ﬂ-/]i"‘x} [Notified existing chemicals in South Korea" 1

A : Mz A i g " Notified existing chemicals in South Korea (8", '21.6.30)
Aoul Woe wrh MEslsle] AHE Anl fii having CAS No.

E(88~90%) IOHH 141 H*—Joﬂ sl oy, 1 oAt T Chemicals having GHS classification: 15,545

- i I | :
O e B9 S A 10 o Aept | QeI b 06T DI 207

L ol _:_Exqo] 49 ol & Qloix|ul,

rg ru{o ) ;%L‘

= o = . : H
Az e w4 el AR, 4 gl ol O o e e ot Koree
O Al AR 22 gt A ARE B85k T =
AEE ARG7E Gt oF 43.5%zH= Fo|t}. webs] Ar|H o o]zt X}i
otzd] A =y fraelehadel tste] ea7le gl °ﬂ it R A AR, 284, O 9v] 52
FIFrE &8 7hedS AT 2, Figure 200 HE "art 3le Aol
Aot o] Aatd 7|EsfetEd 55 3§ CAS Hﬂgﬂ Y FAgrES A9l VIR b
gl 240 45 5 245 ARt 15,545F ZIEE 2ol Mg rE tEA gt ddE
=710l AHH 42 41430132, ‘joﬂ%’“zo 71T FIFrEES AT olfe EVIEE ¢
E%ﬁ}i ‘Zl% =42 2,929%°1%0. & kE71%0 9] Ao 7ot HJgrE] eHdS Hlw
44E =4 o FIFrE AET s %@8 3t7] flgol ofy=t ?1“41 A4 ok 9 3
709 OH‘:‘fo} o & 7IE00 BEVF SEt 22 7 A B8 7ls oRE ofF BRI Elshr] A%t
(71 =278 A4 28)2 Atk w2 skl | ATt 1 At lcgﬂzﬂr FIFTEL o= A=

o A% 934 ARE TR AGYY] N 7l o TS selslgm T BE HE AT
%g}\-.g_ /}__—_]X—]‘é‘}- A ohj-}:_ 7(40]1;]- o:‘ly]/q _ﬁ_gsﬁ;ﬂ 7@. 0]_;(]1:[]. quo(})\zo] (}M' }\;(.]cl)l 730(};_ q‘qLHL

2R & REE JIEANGA A0 A GHS #HY Ao ohine U5 Agol a7H. 5 2AYRE

/\
ERE BE FUSHEE ohu Qo 47 S8 B 2 mow g¥AS WSS W 88 Jhset 9
4HE AAT + gt Augeo] PR Bho @ swolEln 29 A9he APYTonyy 2
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23 olgdlel BYHOZ FaY 7|22 nﬂ;é W)
Sh= WAloth. floAE AFdRe] 2 %lowt
REACH AX Ald1 317 S8 RE2s g8st= A
L Slo] ARA FIRREG waTe] B
ol MW % GES DNELOJIE 9L £33
th. o] fde FEajok sh= olg FujolME sfet
EASEE7HY AR A 7149 SekEd AH
AﬂA]-o] _7;7].3]._,—1_ glon:] -_,—1L;q]7<4 ogL Qﬁ}%m ] =1
o] £g/do] ZAxHM ZF 55 FE7T I Q7

oIt} ok&? IujolA F8&sh= ACGIH TLVE]
Lw&7]%, GESTIS DNEL &5, =W /\}X%]I'_%Q =
%g FYdon 5T AnS vEos i Sg
A A B7HIA foid otE B 712 Figure

33} 7ol AL,

ARl s}5Ed 94 Bk oS - A8}
o) AAZ FEE d7] Aol A EAIRI 9
-7 FHL faldL ik Folth o] % B}

Ae #3148 B7F =F B7E 181 ol HEeE
ARge AHshe Aolul, o] AT wet HA

Yﬂ

=

r:L Ay

o = 5 o
< 248] A%FFFel ]‘%}%} SR Q1A wet 2po] 7} =
- oo 1
7| A9 Deveau et al., 2015), 2¥¥ o2 =&7|F o= Aolnt. olF faAY &9 72t I9L ¥
o B =] o o
o] FIFrEH= 7%_0} 7Y 85t 7¥ohe WA AA Aol wet AR S R
e S
T i G & \\‘\.
7 o O~ Yes _~Subectiowork™—_  ves Comply with Work
<_ N > environment S .
~_  established? - ~ - Environment Measurement
- L \\\r]leasurement/?//
~ ~ ﬁ Quantitative
complementary
- AN
No Apply exposure
No nent model ¥ jU>
(reference value: OEL) % 5
g8
g3
g W0 E_" g
_— S . . a =
i _ e Yes Apply quantitative risk 2 -2t
< d[:;st 47 \,\) —————— assessment model E ;5‘ %
T~ LI . (reference value: DNEL) i @3
W i a3
< 8 g
Apply qualitative risk o v
No ment model Qualitative
(reference band: GHS
classification)

" OEL: Occupational Exposure Limit, DNEL: Derived No Effect Level, GHS: Globally Harmonized System of classification

and labelling of chemicals

Figure 3. Reasonable phased application logic of health—based reference value for chemical risk assessment in domestic

workplaces

www.kiha.kr

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(4): 350-358



% ol
i o clzﬂ‘- ok

x 1o fo

(

fl

[¢]

_

w o P
ox RIorlr e

deb A2E 27t Q}Eou g

22 5ol 4l 7

ex 73?4% QEEM SER

sjeted AR wotel wY
AtEo] =L 3l
g2 9% sl 43
Az J,}g/q :}141 v27)2S AZge
A 2ok w4
]L 712402 WA
a8 5? ]Oﬂ vOH” - leE BUHIA9 &
125, ok&E ‘—_E.LLH iaﬂzo |
}% | ofsf d=tet A
Q3T AR i%}%‘:‘r. E}E}/ﬂ =i
’“047“ stek=d 194 B7F Al Rl
| O}h JJJ(EOﬂ oA HA kE7]E A
Sfjof ?tt}. 1@ a =i 8 A BE h:z7]—u: 6|
2101 %X—] XT—@_Q}?LZ_}Q T:H/K]—.Q_ 0]—147]0“ 1:]-7:"
:F-_r_o]‘oq X]-Oqﬁl-ﬁ XFG q]/ﬂ‘ 01
WE ﬂ%l%‘r%‘éﬂ A=E &
) SAddol OME}‘E 3
/‘EW_E *‘Zﬂ iz "ﬂol o] F0]%]7] °1§7]°ﬂ Sl
d EHANAE 71
= /\]'—9-0]-_1_ =

N
>

)
i ﬂlm m{w

)

l“_u

Hn

o
H-[

[
ﬂllo fF =
Y

N

o?d fok o @ it Hz 2 O
ruﬁ

& @i, ol o)

_—

oA 9 e

= J_q;g Z2A3 pde &3

o

9

/\}_Q:EQ ki _9_7]_ ohq.
a9y =27

QIBIM W} A| LS 7|FZf0| T 0| &+ 1E 357

Qe A whao e A 71agt B WY
o

1w [e] fLs L
£ A4 & 9lon, o] A% GHS 8% Hxg B8
SF

SHEE Sttt GHS 5% FHE= MSDS 5 spshEdd
Huy SHE4 55 A 1—"‘5:31% E3}eljof sh= AHE
o|7]o] sl %741# FAgto g AAJgjof sk= H7F
AZ 754 4 Ut

v.2 E

B4 w3710 4E B4 Woloh 1 M) 28
Flote oS By gf
71 ol ol B @7 JHom ol
_g_o]o]- ‘joﬂo SO 5111,]] 7(1—%}1} Q'—]Eﬁ Ho—lﬂg u:]
Aol BT 4 heA ofef ZReI 1 5N ¢
ot sision, 2 dske ol e A,
WA, TR BYY =B71E AP I TIG
& £2e 540 404 Wl e SUT 7124
AL wed,
£, 2715 4o Bad Fuo Wel, A4,
A8 A Bo| RIYLE w0 aFHE SRuc
PP Jud B ke

é T o
UARE, I EEAFL =S Uit
AR, =ioll 1 ’:oé}% ACGIHY »2&7|&3}
GESTIS F9F-ES vl B4 Ay}, Altalo] &+

AR 0.5966~0.7425) =k

A, 2 55 SEhEd FolA fad 718 71E
o] B He A AR 23 ACGIH =&7]&
{ GESTIS F43r=E ( GHS EF3H ¢07 &7]
Fo] 44" 24 94011 FdTrFo] =29 EHo| oF
24 79 oF o R Afds] ottt ok =4 - 9 3}e}
EASEY7 B 13Y GFOE o] i AR S
7¥e Zojtt.

]/Ll-sq 73_74.1_—_ ZPCQXP 5].61-%%] _?46‘1/&3 ﬁ7} /\] _l‘?,_
oid 7|9te] il 71EFe s FPFrES E8F &
WS HolEr} w&7|8d BT 7IEX 2=
a2 FARRY 1 7ekA 7‘019} A o= o
2t} olo] FY FFEOE AREoH= Zo] oy} T
Aoz HI, HEY ¢ UESE H%.“é B7F Al 75143
oES fH 7S AQtelth ok ARFITFe]
7, B3y B9 Zo] To& AL A o
5 shshEdof oigt A B4 ZIis dAdew o
Hglols AL AL 9o, FJFrEe a4zl

= U=

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(4): 350-358 www.kiha.kr



358 O[3 - O|L}Z

A Rl 447 1 ofu)g A8 olsfs)
I, A, Wistel sekEAe s BelsiEs
sk Zeltk

el =

2 =2 202149% S=ARAREA
HAAT-HoAN 3t AFIAIE 7IHe = A=

p
Ho
Y
of
L
2
2
2

o 2

References

American Conference of Governmental Industrial Hygienists
(ACGIH). 2021 TLVs and BEls. ACGIH.; 2021.
American Conference of Governmental Industrial Hygienists
(ACGIH). Operation manual threshold limit values
(TLV) for chemical substances committee. ACGIH.;

2020.

Deutsche Gesetzliche Unfallversicherung(DGUV). GESTIS
DNEL List. [Cited 2021]. Available from: URL:
https://www.dguv.de/ifa/gestis/gestis—dnel-liste
/index-2.jsp

Deveau M, Chen CP, Johanson G, Krewski D, Maier A et
al. The global landscape of occupational exposure
limits — Implementation of harmonization principles
to guide limit selection. J Occup Environ Hyg.
2015;12 Suppl 1(sup1):5127-44. doi: 10.1080/
15459624.2015.1060327

European Chemicals Agency(ECHA). Guidance on
information requirements and chemical safety
assessment Appendix to Chapter R.8: Guidance for
preparing a scientific report for health-based
exposure limits at the workplace. ECHA.; 2019.

European Chemicals Agency(ECHA). Guidance on
information requirements and chemical safety
assessment Part B: Hazard assessment. ECHA;
2011.

European Chemicals Agency(ECHA). Occupational
exposure limits. [Cited 2021a]. Available from: URL;
https://echa.europa.eu/oel

European Chemicals Agency(ECHA). REACH registration
statistics. ECHA.; 2021b.

European Chemicals Agency(ECHA). REGULATION (EC)
No 1907/2006 OF THE EUROPEAN PARLIAMENT

www.kiha.kr

AND OF THE COUNCIL of 18 December 2006
concerning the Registration, Evaluation, Authorisation
and Restriction of Chemicals (REACH). ECHA., 2021c.

European Commission(EC). Methodology for derivation of
occupational exposure limits of chemical agents
(adopted 2017). EC.; 2018.

European Commission(EC) & European Chemicals
Agency(ECHA). Report - Joint Task Force ECHA
Committee for Risk Assessment (RAC) and Scientific
Committee on Occupational Exposure Limits
(SCOEL) on scientific aspects and methodologies
related to the exposure of chemicals at the workplace.
EC & ECHA.; 2017.

Lee HJ, Lee IS, Choi BK. Study on the classification criteria
of hazard banding in chemical risk assessment.
Occupational Safety and Health Research Institute
(OSHRI). 2020.

Ministry of Environment(MoE). 2021 Environmental White
Paper. MoE.; 2021a.

Ministry of Environment(MoE). Notified Existing Chemicals
List. [Cited 2021b]. Available from: URL: https://
www.chemnavi.or.kr/chemnavi/spboard/noticede
tail.do

Ministry of Employment and Labor(MoEL). Occupational
Safety and Health Act(Act No. 18180).; 2021.

Ministry of Employment and Labor(MoEL). Occupational
Exposure Limits of Chemicals and Physical agents
(MoEL Public Notice No. 2020-48).; 2020a.

Ministry of Employment and Labor(MoEL). Regulation on
Hazard and Risk Assessment of Chemicals(MoEL
Established Rule No. 166).; 2020b.

Scheffers T, Wieling G. Careful with that DNEL,
occupational hygienist! BOHS Exposure Magazine 3
(2014) No. 6, pp. 39-40

Schenk L. A scoping survey of attitudes towards
occupational exposure limits and REACH derived no
effect levels for workers among chemical risk
managers at Swedish workplaces. International
Journal of Occupational Medicine and Environmental
Health, 33(5), 611-620 (2020).

Schenk L, Johanson G. Will worker DNELs derived under
the European REACH regulation extend the
landscape of occupational exposure guidance
values?. Arch Toxicol 93, 1187-1200 (2019). https://
doi.org/10.1007/s00204-019-02439-0

<K E >
oA, °IHFAIE)

Journal of Korean Society of Occupational and Environmental Hygiene, 2022: 32(4): 350-358



