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Background: South Korea’s Act on Registration and Evaluation, etc. of Chemicals (known as K-REACH) was Accepted November 22, 2023

established to protect public health and the environment from hazardous chemicals. 4,4'-Methylenedianiline
(MDA), which is used as a major intermediate in industrial polymer production and as a vulcanizing agent
in South Korea, is classified as a toxic substance under the K-REACH act. Although MDA poses potential
ecological risks due to industrial emissions and hazards to aquatic ecosystems, no ecological risk assessment

has been conducted.
Highlights:

Objectives: The aim of this study is to assess the ecological risk of MDA by identifying the actual exposure
- This study performed ecological risk

status based on the K-REACH act.
assessment of MDA in accordance

with the K-REACH act.
- In-site sampling was conducted to
validate modeling-based risk assessment.
- Risk level of MDA emitted into the

environmental compartments in

Methods: Various toxicity data were collected to establish predicted no effect concentrations (PNECs)
for water, sediment, and soil. Using the SimpleBox Korea v2.0 model with domestic release statistical data
and EU emission factors, predicted environmental concentrations (PECs) were derived for ten sites, each
referring to an MDA-using company. Hazard quotient (HQ) was calculated by ratio of the PECs and PNECs
to characterize the ecological risk posed by MDA. To validate the results of modeling-based assessment,
concentration of MDA was measured using in-site freshwater samples (two to three samples per site).

Results: PNECs for water, sediment, and soil were 0.000525 mg/L, 4.36 mg/kg dw, and 0.1 mg/kg dw,

respectively. HQ for surface water and sediment at several company sites exceeded 1 due to modeling data

Korea found to be low.
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showing markedly high PEC in each environmental compartment. However, in the results of validation using Risk Assessment Division. National

in-site surface water samples, MDA was not detected. Institute of Environmental Research,

Conclusions: Through an ecological risk assessment conducted in accordance with the K-REACH act, the 42 Hwangyeong-ro, Incheon 22689

risk level of MDA emitted into the environmental compartments in South Korea was found to be low. Republic of Korea
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k.Y whaba 14387t Tgoll A Ae AefAel mlAlE 9
F= 8] metshy] YsiAe EAEE] foidel Tt 7t
& A= o] ARk} S AAH o2 HESooF sh, A
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A eES oIS & Uth= HolA F 9L ok 2= AAA
1 B7t= ShehE4o] Al fsiAd, ] JekE nhdst
7] gig 283 Fgolet ¢ 5 ek

eolte} BARAME fgATe] AsksB A4 wel
Registration, Evaluation, Authorization and Restriction of
Chemical (REACH)Z HI&}o 2 20154 3let8d 52 9
7 ol et WECEIS SHYS A L Agstol, et
o] 52 413 52 S ARV oA 02 Foshar-
ard) A=} S (use), =B A|HE] 2 (exposure scenario) 5
AlEstes skl vt E5] 2hgR A242(R1s1887holl A=
=W AE2F B AEE o] ATt 10€ odel FEHEE,
Frofdaar 22t fisi/dB7PF Bastthal s sketEE
o thal HsigEHE AAetEs FAsta 9lon,” oy
YRGB R ol A6572)) whEt 201995H #d 1
3197HA] 1187t A8l 4=Hstofof gtk o]F 7[Hte &
=Y IeH2 20189 E M| {34 dEE &
A FHES 714, =& 7S SEH 2R 185t 8

Registration

B AHE A2 (FIsHdE7H B 5)E 7INe R A
Ao g AAE 4o digt ISl d87HE HAlskal 1 A&
S EAlA SAstaL Ak

A8 A dEE B4 F 4.4 -wgdAtord®(4,4
-Methylenedianiline; MDA, CAS No. 101-77-9)< “-20] 4]
Py EL 89 2902 EAE PFE oluF BA=,
27143 83l == 7+t 0.000027 Pagl 1 mg/mLo|H, =
ehe-8 FiljAlgE 38.90]ct 3 St EAM Y] 519
AEAA =] BEH, MDAS] 5% A<l 20184 7% ¢
Az - pAFE 410,839E] Dotal hFE oA AL
= 208 RIEGIth FH AME &= SUY A8 A
A, 72k, = Al(resin) &2 S1%F SHA|19F AH5AHE 1%
AE BAA] 7HA 71 EA] 822 AR EE AR &
4 55 A EEQItHFig. 1). =219 ¢ Eotutolt,
Edolm|y, E et 22 EH TS It SHA,
Methylene Diphenyl Diisocyanate (MDI) $/3 A]9] HA=2
Al wo] A= o ZA] HZ HoHA|, dE A Al AR
ARE SEES” B T4 SARE ez A3gd o
stAtolA &, AE & AEERE 248 g, o5 EF,
g TAYIke] fofst Aol ERolgo] ekl 2e]o)
of2] AR T HF7|ol4= MDAS] ZHjeHg &7
F& Aok Sk v]= A9 E 3] (American Conference
of Governmental Industrial Hygienists, ACGITH)OJ|A&= 8A]
7t =& 5]-87]%(Threshold Limit Value, TLV)< 0.1 ppm
(0.8 mg/m’) 2.2 AAJ5tAL gloH TAIZE k& 7|E(Short-
term exposure limit)-2 0.5 ppm (4 mg/m’) 2.2 A|AISHIL Q)
o}1? b=t AFIoR H AT % (Occupational Safety and Health
Administration, OSHA)°l A= MDAS] A7V FEHd e E7]5
(Time-weighted average, TWA)< 0.01 ppm 2.2 AAJo}2L Q)
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Fig. 1. Use-map of business in MDA industry of Korea
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P e 2 APd AAESA Aol W=, 771 A
I 578 A7 5 TWA m[Rto|glom T4 235t
= A 22 AT B3 0% = F50] 39 2 A1 &
Ot ket =4 Y A TSR] g2 A0 E SAESL
q_.M)

MDAZ} =8 AlC B A= o T3 of2] ARt RS
ol =t & =57]& %7 (National Institute of
Technology and Evaluation, NITE)°lA] A|&-5t1 Q= Al&Ak

£ H|Esto] FAEZH /N 741 (Organization for Economic
Co-operation and Development, OECD) ¥ 3-#3}5tE22%
(European Chemical Agency, ECHA) 5 =% HJa1/d%7l 21
Alof| 1-&-H 734 b0l =W, MDA+ 1 mg/L °[5t9] &
ZoANE A AZRONA 79 Al 59 3458 Ails
A3t 59 HIEAS Fdshe Aoz HuEQchs Y ol
w2} g o A= MDAE "a1et=49] B/ 9 #4] 5o ¢
St 174, GRS UIIA] A2021-44635)°] QAT 4=
AR F8/ = 12 B57 sk, FoldAAt
2%y A3} shgio] w2} 5588 A 1y ol
S Fofi ol e sk, = 2 S = HiEE MDAO]
S Sl E 7= obd] H e vl glow, T QIR A9
S/gell oA oF2] A=t BiZ} wH|gt Aotk whebA 2
Aol A= S A24x0 Tt 55 - AAPE SEE shet
E4 7he of FFAQA AFE 1Este] 4407 A
El MDAS] U] -5 X ARE] TE & 5 =E4HE o
ofskar, T12 QIgh SFuAE e 95 B7FstalAt skl
=4

. A= L e

1. MDAS| MEjRsiM Xz =X

MDA #4587+ fall, =i - <] 7]olA Taget
HuA 8 feld Al ARE 853t 4 78S 21
A]= OECD2] eChemPortal (https://www.echemportal.org/
echemportal/substance-search),” ¥ NITES] CHemical Risk
Information Platform (CHRIP) (httpsi//www.nite.go.jp/en/
chem/chrip/chrip_search/systemTop), ZL2] 1! Japan CHEmicals
collaborative Knowledge database (J-CHECK) (https://www.
nite.go.jp/chem/jcheck/top. action?request_locale=en)'®'9} 2+
= A= =& HlolEHo] 204 4,4-MDA2] CAS H5(101-
77-9)8} 5}5HE2 (4,4 -Methylenedianiline) & 7| ¥ =2 of
of AASHRTE BalA ol QI8 Ataet DA o)A
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g 717 U, SAGY S S A9EE Aust 2y
3t A 470 ShAOIA] Aljsteict 2 AREle] 7]z
24| Sl 7t B Al IR S = Ao] 4, 4]
g 9fstol AR 24| AlR7o]=2IOECD TG 5)
24 oln g Tefete] o Az B8tk

2. E4iAE oIS FESST(PNEC) L&

S A Q] of| & F 35 (Predicted No-Effect Concentration,
PNEC)&= = H&74¥std Talst=4 flsid57te] #4014
WSl B 7778(2021),00 wHet ©@4+(PNEC,,.), A&
(PNEC,gmen). EF(PNEC,,) Al 7HA] wiAJof] Ths}of 4h=513d
A (D). £ 272292 AA 3E MDA H SR =
% AAE 9 AIERe] A 7Fo] =2HRI(OECD, EPA 5) &5

5 S 55 185t A& 7Het AmE Ak, 7+
A= 9] WA A5 (Median Lethal Concentration, LCsg), ¥
SF =% (x% Effect Concentration, ECx) & FJFTH2=1= (No
Observed Effect Concentration, NOEC) & 7} H291 ZFH
28519t H7F Alo(Assessment Factor, AF)Q] A% wh4]2
ECHAO]A a3t 1ol = ehQlg =3}9ict?

PNEC _ Lowest LCy,or EC, or NOEC 1)

compartment AF

3. EHHEIXE KIS EASE(PEC) =& ¥ lel AP

g Al24x 9 AYFA] A34%0] whet S5 MDA 5
& AAERE SHE AT 9 wiEAS AR, 191 &
A5 SstEAPA Ao AlFota U= EH W& - o]
=F A H (Pollution release and transfer register, PRTR) A]
280 25 MDAS] YA W& HRE S Usnt. of
¥ BU SimpleBox® B}F0 2 F1) B3] AotEE 7
8 WHEES HHSe B3 H=1E oA FEEE
(SimpleBox Korea v2.0)& ©]-83}0],'” MDAS] #1=+2], 2] 2]
AFFAHE) FRoA 9] &3+ 5 (Predicted Environment
Concentration, PEC)S =Z35}9th A& 4 EQFo] AL HEl
YaEEof o FETE= VISR AAtENenE =Y
s sto A Algst= TakehE2o] flsi/dol et At 2+
4 AX(2021),00 2HE AF] 2A8(ILBEHA=1:9)2}
EQY 2AH(ELEF7]=6:2:2)F 1Esto] Bd 5 2
Hgholl FE-A12FH A% AFRHAE 4.6, EF 1.13)E 4
B3tk wiAE Yz 4] ()9l wEt F3)A15(Hazard
Quotient, HQ)E At&5}to] ZAXSH3Irh HQEtel 1 oY 4
5 918l 7HsAdel woH, 1 et A% flsfl 7hs/dol Wt
skt

PEC
Q= pNEC @
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4,4’-Methylenedianiline2| EtZOHXIE 2|5H 4= 7t

4. FQX|H &HEA = *MF ¥ MDA &3

MDA FHF A% 5 (1) A7 MDAQ] AH&Fo] 10 t o4
o]l (2) HiETF AFY Al HiEASE E85t3 o (3) AFER
Qlo] spxlo] fJA|gt A HS ATES Bl Eloto] 8
AFo R AHSIALE o|F AT B ARE AFsto] A=
Y MDA 5=E S5ttt AE 9 7)Aol o2 4 HE&
T 5 TS 4 24 ARAHHE FPSHIH, AR
O] ¥y S=1= 30]th. E AT HAIF 7| ES 04130.1e Al
29 A3 ¢ B2 o] &5ko] Al=E AFHE F, 250 mL
£ cartridge (OASIS®, SPE C18, 1,000 mg)& 1A} %3}
of Hgt=2 &5ttt o]% &2|H-Z ShimadzuAl2] Nexis
GC 2030/QP 2020 NX& &85t +H AT EAIR7IE ES

splitless, A& M= 198, 1972 AA4stAct WRESEZ
2 Phenanthrene-d10.2. 2 AF85}9]on ek M= 188, 94
2 AR5t 8% g R R EE dojxl HhASIHA
0.105 pg/Lt.

.2 2

1. MDAS| QaH4XIRE 7

MDAS] A S S S5 23, FAEA Aut g
25, SARAEEE, oF 37) JFA] ek vt 2l
Hglon], MR AR BRER, SAREEEE 2]
A Tt A7t Selseleh 44T FAS 87 B

04603.5¢l &3to] 714 A=rtedn] AFEAHe s & H AEFY EfF(taxon)o w2 FERt B3 Y= 3
A3t B4 Al column Shimadzudl] DB-SMS AIEGH  EFd 850 tiste] 147 B, AAAEL 1852 15
2 30 mx250 pm IDX25 pm)Z& AHESFHAL 2HE714= He, tisto] 7 28, S8 EL 287 350l tiste] 271 &3
F9 72 1.0 mL/min, &8 HF2EE 280°C, FYuE o2 SRIFITH(Table 1, 2).50 SR TBHATIA]
Table 1. Ecotoxicity data of 4,4-MDA in aquatic compartment
Aquatic compartment
Taxonomy Species Duration Endpoint Value (mg/L)  Reference
(effect)
Algae Selenastrum capricornutum 72 hr EC,, (biomass) 5.34 1621
72 hr NOEC (biomass) 0.93
72 hr EC,, (growth rate) 12.6
72 hr NOEC (growth rate) 2.00
Scenedesmus subspicatus 72 hr EC,, (biomass) 9.8 15:19)
72 hr EC,, (biomass) 2.4
72 hr EC,, (growth rate) 11.0
72 hr EC,, (growth rate) 0.3
72 hr EC;, (growth inhibition) 21 1622
Crustacea Daphnia magna 24 hr EC;, (immobilization) 8.08 16239
48 hr EC;, (immobilization) 2.47
48 hr EC,, (immobilization) 0.105 “)
21 day EC,, (immobilization) 0.0149 16:29
21 day NOEC (reproduction) 0.00525
21 day LOEC (reproduction) 0.0182
24 hr EC;, (immobilization) 2.3 626
Moina macrocopa 14 day NOEC (reproduction) 0.15
Vertebrata (fish) Oryzias latipes 96 hr LC,, 20.6 627
48 hr LCs, 32 o
Danio rerio 96 hr LC,, 42 )
96 hr LCs, 65 629
21d NOEC (reproduction) 0.58 0
Leuciscus idus 96 hr LC,, 53 3
96 hr NOEC 10
Oncorhynchus mykiss 96 hr LC,, 39 632

https://e-jehs.org

337



338

o
rok
i
o
=
4]
Jo
o
A
Jo
=
rlo
o
0
L]
Ral

N

ol
R
o
el
!
Foh
g}

Table 2. Ecotoxicity data of 4,4-MDA in sediment and terrestrial compartment

Sediment compartment

Taxonomy Species Duration Endpoint (effect) Value (mg/kg dw) Reference
Arthropoda Chironomus yoshimatsui 28 day ECs, (development rate) >436 o
28 day EC;, (emergence rate) >436
28 day NOEC (emergence rate) 436
28 day LOEC (emergence rate) >436
Terrestrial compartment
Taxonomy Species Duration Endpoint (effect) Value (mg/kg dw) Reference
Plants Avena sativa 17 day NOEC (emergence rate) 320 639
14 day EC;, (growth) 353
14 day NOEC (growth) 100
14 day NOEC (survival) >1,000
Lactuca sativa 17 day NOEC (emergence rate) 100
14 day EC,, (growth) 128
14 day NOEC (growth) 10
14 day NOEC (survival) >1,000
Invertebrate Eisenia fetida 14 day LC,, 444 )
14 day NOEC (weight increase) 32
14 day NOEC (behavior) 56

"afe e SleldEstel TAA Wy 5
oA B G FULE BE WS AW
AR AN BRI A 57 ol
2 WSS B8] S RGP

2. SZ0xE of

A

21. 8%

—

of Tt 74(2021),

& e Ao
F531) oo
Al

= —_

TR

g

ol

2HSEE(PNEC) M8

FAg] Het MDAS =4 AEE ASFITFsE
(PNEC, )= = HEd o] Toteh= 2 ffsiid7te] +
A W 5ol e ++78(2021),00 vt B7HAISE E-8-5ko
Aot A ES] SR T 7MY Ee Al g de
Daphnia magna®] 21¥ NOEC Z¥} 0.00525 mg/L<& &%7]
SAR AL, 37] FFLACIA T A=t Sl w
gt W7l 102 #8501 PNEC,, & A4t A= offi<t

£t

PNEC,...=Lowest NOEC+AF=0.00525 (mg/1)+10=

0.000525 (mg/L)

2.2. H&

AAZAH gt MDAS] A& T YT EE(PNEC, gimend) = =
ATt A TSEA e Erte] A1A B 5ol
st 714(2021),00 Wt BrHASE 2-8-51o] AFgSERTh A
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AAEC] tist 3-LSt WAEAA=A XEL] Chironomus yo-
shimatsui®] 284 NOEC 436 mg/kg dws SF7|&A= A%
star, 7] FFTACIA =2 =7t Zlg] whet B7H
> 1002 2851 PNEC, e = AT A= oFfieF 2k

PNEC,jimen=Lowest NOEC+AF=436 (mg/kg dw)~+
100=4.36 (mg/kg dw)

2.3. EY

EY ol tigk MDAY] ol&FYF 5L (PNEC, )= = H
St A| EleHEE Qs B 7] A4 W Sof
gt #73(2021),00 whet BrHAISE E-8oto] APYSieltt. S4
el gt 544 = 5, WasdA = 7Y BaAl gk
S ZF= Lactuca sative®] 14Y NOEC 10 mg/kg dwS &3F7|
SAE Aok, 17l YIDAE A=)l dsfiAvt THd=
d A= 7E g1l whet B7HAIS 1002 4-8-510] PNEC, &
A4t A= o} 2} 2Tk

PNEC,,,=Lowest NOEC+AF=10 (mg/kg dw)+100=

soil

0.1 (mg/kg dw)

3. 20X PEC == X #loi 4F
MDA 552 93 Sl AdFC2RH AlEd A8 %
HEAIS A=, 22a R Stk el AlEsta



4,4’-Methylenedianiline2| EtZOHXIE 2|5H 4= 7t

Table 3. Local emission and PEC in environmental compartments calculated by SimpleBox Korea v2.0

Emission PEC
Sites Surface water Soil Surface water Sediments Agricultural soil Grass land
(ton/year) (ton/year) (mg/L) (mg/kg dw) (mg/kg dw) (mg/kg dw)
Company A 0* 0* 5.26E-04 2.13E-01 7.74E-04 1.52E-03
B 0* 0* 5.26E-04 2.13E-01 2.15E-06 2.15E-06
C 2.60E-01 1.30E-03 3.59E-02 2.63E+01 1.47E-05 2.68E-05
D 3.80E-01 1.90E-03 5.22E-02 3.84E+01 2.05E-05 3.81E-05
E 2.80E-01 1.40E-03 3.86E-02 6.27E+01 1.57E-05 2.86E-05
F 4.20E-01 2.10E-03 5.77E-02 7.05E+01 2.24E-05 4.19E-05
G 2.00E-03 1.00E-05 7.98E-04 3.80E-01 2.25E-06 2.34E-06
H 1.80E+01 9.00E-02 2.45E+00 3.01E+03 8.71E-04 1.71E-03
I 0* 0* 5.26E-04 2.13E-01 1.84E-03 3.60E-03
] 0* 0* 5.26E-04 2.13E-01 8.69E-03 1.70E-02
*Data from Pollutant Release and Transfer Register (PRTR), Korea (2020).
Table 4. HQ of local environmental compartments
Hazard quotient
Sites
Surface water Sediments Agricultural soil Grass land

Company A 1.00E+00 4.88E-02 7.54E-03 1.48E-02

B 1.00E+00 4.88E-02 2.10E-05 2.10E-05

C 6.84E+01 6.04E+00 1.43E-04 2.60E-04

D 9.95E+01 8.80E+00 2.00E-04 3.71E-04

E 7.36E+01 1.44E+01 1.53E-04 2.79E-04

F 1.10E+02 1.62E+01 2.18E-04 4.08E-04

G 1.52E+00 8.72E-02 2.19E-05 2.28E-05

H 4.67E+03 6.91E+02 8.48E-03 1.66E-02

1 1.00E+00 4.88E-02 1.79E-02 3.50E-02

] 1.00E+00 4.88E-02 8.46E-02 1.66E-01

Table 5. Domestic PEC calculated by SimpleBox Korea v2.0 and HQ of environmental compartments

Surface water
(PEC unit: mg/L)

Natural soil
(PEC unit: mg/kg dw)

Agricultural soil
(PEC unit: mg/kg dw)

PEC
HQ

5.26E-04
1.00E+00

2.16E-06
2.16E-05

9.93E-07
9.93E-06

Q1= PRTR A]A"] 0 2 HE] MDAS] 2020 4AE wj&=F &

= 475} Table 39] Emission &&=9] A2]|5}c) shstE
A 55 Al 554 L sHAMEAIRA] Wi HEE A=
0‘% PRTR “JolA= 23]=A] = AFFA] 3ol 7t v
Aol tiste] EURIAAA AT Q= vjEAOE &8
sto] B &S APgotaltt. =g thaiA| 5B 2 (SimpleBox
Korea v2.0)= &-8&5to] 52|14 7fuo] 3t PECE =53 2
3, BE ARG ol A E4=et Ao A9] ¥ F MDA s%7}
e} mjAo] vle] AHH 02 -2 A0 E o SE|9) OH(Table 3)

LHE A-9 g S g5 A[H9] A HHollA HQELol

< 235k 20 & A SE T (Table 4). =A% #2.9] PEC
7t A 02 EA oSl what A=t 15e] @4 37 PEC
BE 3 EYO] HlF] 2 g2 UER o HQER: &4
SHA| 12 Z23F5FITHTable 5).

4. 8% W2 9 HAAIZ Lj MDA 24 2

]]ﬂ ]—é ;J,}_,] HZex Ul 23149 Kokl 9
Z AL} AR W MDA 33 @3o] o
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HE2 - oty - 3% - SAI2 - oIS - X[FS] - MR- ZEH|
Table 6. Environmental concentration of MDA measured in sampling site
Sampling date Result
Sampling site
1st 2nd 3rd Sample # 1st 2nd 3rd
C (freshwater) 2022.10.27  2022.12.05 #1 ND ND -
#2 ND ND -
#3 ND ND -
Average ND ND -
H (freshwater) 2022.10.19 2022.12.08 - #1 ND ND -
#2 ND ND -
#3 ND ND -
Average ND ND -
Tand] (freshwater) 2022.06.08  2022.08.10 2022.10.12 #1 ND ND ND
#2 ND ND ND
#3 ND ND ND
Average ND ND ND
Iand ] (waste water disposal facility) ~ 2022.06.08  2022.08.10  2022.10.12 #1 ND ND ND
#2 ND ND ND
#3 ND ND ND
Average ND ND ND

ND: Not detected.
Method detection limit: 0.105 p/L.

o AES AW 7 B AR AAE 9T FRAUL A
Sto] 27 % MDA 52 S5tk AY 4 8% 24
A3, D, E, F A vire] Q189] 917 912o] 5ol ¢

Ao 2 SRIEQIc). T e 7|1 E-2 H7]E A IA
Boll A A A= 2ol F]l=o] FaXH Aol
A A5kt G AFGAS MDA Al-&eFo] ThE AFgiAto] H]
3l 1/10 0.2 o] 8 A FTHo|A A LJst9rt 1, J A
P72 PRTR A4 AJoflA] = B &=ko] 022 FRIEgle
U, o2 ARl vl MDAS] A-&EFo] 1008 o4 B2 X
Ho= sRlEle] T Az B4 g4 Aoz AAstch
F|FHOZ C H, I, ] F 43S A7gsto] AGA QA e 5
oA E4= AlRE Aot o, o] F 19 ] AFFS 2
AFAHA] Yol IA18f A3 48 I TFEASES B
3 Hzjots Ao 2 ERIF o] s shAEAolA B4 W
A DAY HeEa=g AFHoto] A5tk 2 AlE2] MDA
S GC/MSE EASH A3 A AHoA BF EHE(TE
£33 0.105 pg/LE == AcH(Table 6).

e rie
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ECHAE: SISIEAERY 2047 4 34S Bos] 9
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= EU SYA)of|A| A7 1E oA & B FHE V& &
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42 SRt W SEHEE o Rakep] A
o=, YT HRS F8 7 E FARE B2 AAS
EJoHA EHHA, U ESE S-S A sko] sfehEEd o
gt =7hE {8l #e] AA H-gskaL Aok 2 AFolME =
U shgiol wet 55 9 Fol AT drE SetEd &
MDAO] tet S miAE fIsi/d87HE 215ttt

MDA= 94 5%, 49 &= s 7+ =40 J54 ¢
#27] uh-go] WAt A7} ohg B ago] whet
71 Fofide] diFER e, 8F-uE AR 9 =4 71 B
5|21zt b FERY 7IRke] A ARERE uE ARl
T 3AAE Bl g o #ART|IEA, RAsA, T
o] 8HQlIE]0]*340 guof| A= SVHC (XA EZ), =
o= SHHEEE 4 s7HEEE AU OSHAE St
U ol LisE S AW Ao =& B2 HE 74
o T¥ =2 YA/ ABESY TS Fxste B °lE
A QA SAEEE AASHL Uk NIOSH= o A%
MDAE FA1A A4 W= (potential occupational carcin-
ogen) A3 QAT 41 FAAE o ot o
o Qo)A 1B} Wk 7ho] ARBAL £ WA
Al SHRIEA] 931 Qlo] Zh=9] SietEd T 7| oA =
golet &5 WAl IAISHL Qlek wl= e Zyot Fofl A=
NTPO] A|3] A} o]-gsto] 24 17 f-3l/d B 7HCalifornia
Office of Environmental Health Hazard Assessment, OEHHA)



4,4’-Methylenedianiline2| St OHxIE 2IsHdH 7t

= MDAY] T}t 4+ ety 4t
£ #2747 4.60E-04 (ug/m’)", 1.60E-00 (mg/kg/day)” 2.
2 AAJSlaL Qlt}. EU CLPY} =] NCISO| A= MDAS] 2Hef
< 1BE FE3}I Qlth IARCOAE AgEEoA 9 vhet
S FEES Q1A 7]8t Hlolg7t &3 AR I
roup 2BE FE3}1L glom ) EpA TA)
d AE F7FokA| €Al Tt EUE in vitro W in vivo 4
SAAIENA FAdol ERldol what o] B[9A]4d(non-
threshold) ©]2F= ZA| 3}f| Carcinogenic group A & &3}
3! Occupational Exposure Limit (OEL)S At&% 4= Qlttal 4
EXQIcE w2 ACGIH ¥ =] F-gleFHojlA ZAehgie
£71%2 0.8 mg/m’ 2.2 AAISHL Q&= ATt gjxZ o]t}
AR W =Eo] o3t AR} A= W AAEES
4 A7E 53 FA8) B2 Ao RuERlon Y B 5
S 535 34 502 vi&EEE MDA Higt FeiY=s &
7R B v glek 2 Ao A= sl g8 7te] 71 93
Ql B4z b5 Xggsl] flste], 4202 thujA] FH
d 15 59 ST EEE TEM EAHE Tfote}
1A} SFQITE =A|A FRof|A E=eF A viA| ] MDA &
7} g viA|of] v FiH o & =4 d&EH A EAT & 3L
+=0|(Table 3), ©]= PRTR A=A v ETFo] ERI=|A] ob= AL
FA] A EUolA AAISHL Q= BiEAsE ZAR 5%
fe] HiEEZ AFYSH7] wi=olch ZF AFYAS] MDA AHE-
70 digk =2 EFAALL} A EFAA, £ EFRAAE
ghelsto] Z2AH wiEA S+ 7] 0.00001, B 0.02, EY
0.0001%, ©<9] 3% MDA 559 72 2%7F A &=
3o g & Aolghs el Bl A2 7Hgstal
AUtk o2 Qs A=A vj&=Fo] FLotA A= HA(Table
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QI TR WRoles A0 E HuEQth E3t E9-
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F T4 E ASH( pg/L vl whet fisid>
ke $291 A0 2 B7ISHEY 2] 49 MDA
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