HEA FER#E R (EU-RAR) JR3C (EU-RAR)
101 MEER
SUBSTANCE INFOMATION
CAS&S 101-77-9 101-77-9
MEL (BAER) 44-AFLIDT=)Y
MEL (ER) Bis (4—aminophenyl)methane Bis (4—aminophenyl)methane
FIEES
ERERESDES
ERBERESYES
OECD/HPV£&#: 7= 44-2FLUER— Aniline, 4,4'-methylenebis—
SFR CigHisN, Ci3HiuNy
$§ﬁit : NH, : NH,
= 4 F&:198.3 g/mol Molecular weight: 198.3 g/mol

1.02 REMIFRNEEE MEEEREICETHHER

SPONSOR _INFOMATION

B4

OECD/HPVZ 0% 5L (SIAM10) [ZEYIRE S h 1= 1E#R .
(http://cs3-hq.oecd.org/scripts/hpv/)

OECD/HPV Program , SIDS Dossier , assessed at SIAM 10(15-17
March 2000) (http://cs3-hqg.oecd.org/scripts/hpv/)

REHBD

P TE #h B UNE AR S

HUYERS
SUERD

8 2
B E B (BEES)

%
%

HLEERKE (A= TFLR)
HEEERR

&%

AR —FE RV

Sponsor Country: Germany

1.03 A7 3 —EF

DETAILS ON CHEMICAL CATEGORY

1.1 —fRET Y E IR

GENERAL SUBSTANCE INFOMATION

MEDZAT

MEOE- 2B - BREOER

RE~RE. TIVITU-HME. BRMERR

a colourless to yellowish crystalline powder with a faint amine—like
odour

WERRYIREE (20°C, 1013hPa)

Pure 44’ -MDA is at 20 ° C and 1013 hPa a colourless to yellowish

LLCIELES crystalline powder with a faint amine—like odour.

HEEE/FE%) > 98 % w/w > 98 % w/w

High

EE

1.2 FfEH

IMPURITIES

CASEE

ME £ (IUPAC)

ER#EREE0ES

BRZESICETLEH

=2HE (%)

Hi# BUA, 1994 BUA, 1994

IFE3 TERAMDAI, N7V RUZKTIV BWIR)T—1)%F Technical-grade MDA is used as an intermediate in the form of an
AR S TETERKESYOHREIR>THY., FR{KAEL  |isomer mixture with a varying content of tri- and polynuclear
THASN S, BEMNGEA I ETHRIEATHY., LTDORS |amines (so—called ,polymers®). A typical standard product is liquid
%5 (BUA. 1994) : at room temperature and comprises the following (BUA, 1994):
4,4’ -MDA:59- 61 % w/w * 4,4’ -MDA: 59- 61 % w/w ”
MDA 7R1J<—: #5 36 % w/w MDA polymers: approx. 36 % w/w
2,4 -MDA: #3535 % w/w 2,4’ -MDA: approx. 3.5 % w/w
2,2’ -MDA: < 0.1 % w/w 2,2’ -MDA: < 0.1 % w/w
7K : < 300 ppm water: < 300 ppm
F=1)>: <100 ppm aniline: < 100 ppm
)44’ -MDAD S A EITEEHEICE-TELDM . BEEHE [*) Depending on the production process the content of 4,4 ~MDA
DIELED TI0~40%TH 5, can vary, the minimum content produced has been 30— 40 %.

CASEE

ME £ (IUPAC)

ER#EREEOES

BRESICETSEH

=2HE (%)

s BUA, 1994 BUA, 1994
"= 4.4’ -MDADFEREFRIAELTRIASA, #ARIZLL T DEYT [Pure 4,4’ -MDA is also used as an intermediate and has the

% (BUA, 1994) ,

44 -MDA: > 98 % w/w

24’ -MDA R U 22" -MDA: &K 2 % w/w
4-TF3/)-4 - AFIITI/OTI=IAE: HE
T HE

following composition (BUA, 1994):

4,4’ -MDA: > 98 % w/w

2,4’ -MDA and 2,2" -MDA: max. 2 % w/w
4-amino—4’ —~methylaminodiphenyl methane: traces
aniline: traces




1.3 &Y

ADDITIVES

1.4 3%

SYNONYMS

B 41 AA-FAFLIDT=)Y 4,4'-Methylenedianiline
MEL-2 44-CF3I/TVTILAEY 4,4'-Diaminodiphenylmethane
ME£-3 44 DT WA DTEY 4,4’ -Diphenylmethane diamine
mE -4 44 FAFLIONT— VTS 4,4 —Methylendibenzolamine
ME£-5 44 FAFLUERRV BT 4,4’ ~Methylenebisbenzeneamine
MEL-6 4-(4-FI/RUD VT =) 4—(4-Aminobenzyl)aniline
hEZ-7 MDA MDA

Hig

EZ

15 8- WAE

QUANTITY

HE-MAE

MDAD ML EM THAMDIAFL U DT LTI T R—E)
DFEI—OV/THOEEE (L, 19935254 F b THof=. Th
1Z1E. 94325 > DMDALME SN F=C 1275, 19804 DMDI
DHEERUMIEEZENEN26THI 215FTHY. &
HIEMIERIZ$H S E£%ERLTL S (Frey. 1990; CEH, 1994) ,

In Western Europe, 540,000 t MDI(Methylenediphenyldiiso-cyanate),
the subsequent product of MDA, were manufactured in 1993. For
this, in proportion about 432,000 t MDA were needed. The
production and processing volumes have an increasing tendency. In
1980, 267,000 t MDI were produced and 215,000 t processed (Frey,
1990; CEH, 1994).

HREF

H B

&EE

TE BAR

EUD#KEHE - A ZICE T H1FMIT AL,

There are no informations about the total EU export and import
volumes.

HEEF

g

&%

1.6 FlIEH
USE PATTERN

REF: LLTIX. [RATIZ2. GENERAL INFORMATION ON
EXPOSUREDIAIZEREH TN TL\EAY, AZICE T HEHTHD
=6 ZIZEEELT,

FHARER MDA(T M) DIEEZEDI8WLLEM, AFL T TTZ)LT A [More than 98% of the total production volume of MDA, i.e. the
Y7 x—hk (MDI) D& iE A A (UC=33,1C=3) &L T. LH" [technical-grade MDA, are used as an intermediate (UC = 33, IC = 3)
PELSFE—HRTHERAIN TS (BUA, 1994) . MDIIFRYIL  |for the production of Methylenediphenyldiiso—cyanate (MDI),
AUOMIEHELT. BI—OAV/NTHEEF1,000DEZEE(Z  |exclusively at the same site (BUA, 1994). MDI is further processed
FOoTHERASIN TS (Frey, 1990), to polyurethanes by almost 1000 users in Western Europe (Frey,

1990).

TEMAR

Aikn58

Hig

EE

FAZRER MDAD EFEUSNDRAZEELT: Further uses of MDA are:

- TR RS AL HI (UC=55.1C=11) * hardener for epoxy resins (UC = 55, IC = 11)
BEERICEENSELEF (UC=2.1C=11) - hardener in adhesives (UC =2, IC = 11)

B RER) T — 0 SE FRE{A (UC=33,IC=11) (Ciba UK, - intermediate in the manufacture of high—performance polymers
IUCLID) (UC =33, IC = 11) (Ciba UK, IUCLID)

44 -AFLUER(7ONFHUTIV)DAMIEFR (UC=33, |- processing to 4,4-Methylenebis(cyclohexaneamine) (UC = 33, IC =
IC=3) (BASF. 1992a) , 3) (BASF, 1992 a).

CNSOMDIUSND AR TOEREIEL. &K4,000 b/ EHETE [The amount for these non-MDI uses is estimated to be maximum
Eh 3 (APME. 1995), 4000 t/a (APME 1995).

EHRIZ, MDAZ L2 LT T ICEEFEAT 2L ARILA |Actually there are no direct uses without chemical transformation
UM (BUA. 1994)., (BUA, 1994).

TEMAR

Aikn58

Hig

EE

THHEFER FUR—ITIHIT5 b/ E(ToR—I R G EE%;1995) . /)L In Denmark, 175 t/a are used in hardeners, adhesives, paint,
HI—TlE21 bo/E (/DT —R G E$5%:1995) . AV T—T Y |lacquers and varnishes (Danish Product Register; 1995). 21 t/a are

(X7 b/ E (R —T OB R 8% 1992) AN EEIEH. $##7EH. |used in Norway (Norwegian Product Register; 1995) and 7 t/a in
B SYD—RUZRICERAIA TS, Sweden (Swedish Product Registry; 1992) in the same use
categories.

TEMAR

Aikn58

Hig

EE

17 BRESLVANORERER
SOURCES OF EXPOSURE

REICHTHER

NETICBONTLSERILIE, BEDIEZEEET GETH
) TlE., F-HE HWE Cartasol YellowH HMDAASIEE R HY
ISR SN S ATEEMEA RSN TLVSD, EUSA A SEUTTIZEA D
Cartasol YellowDEIA EIXE/M 10, LI ETH D, FME L.
HRE FRAIUY EROLHELTHERASNS, ChLL
S, EMEOR®&PL. AR OMDAKHEIZET 2 EEME
EHESC Y (R AV AN

There are information available, that from the notified new
substance Cartasol Yellow under special chemical conditions
(reductive cleavage) MDA may be liberated unintentionally. The
quantity of the substance imported to the EU market from a Non—
EU country amounts more than 10 tones/year. This substance may
be used as a dye for paper, leather, writing inks, and textiles. No
further quantitative information on the use of the substance nor on
the liberation rate of MDA for the different applications is available.

Hi B

&EE




REICHETSER

TV EH (MDAR) Mo lE, ARDETHEH T TTIVRS A
FERMISHESNDATREMEAH D10 . FBE SISO
T.RAEHOERICELTERT2VENDHD,

BiEY R 2B DN TIE, MDAD KR H BB TEL8THHE
#ESNT=,

For workers in general the uptake of azodyes (based on MDA) has
to be considered because the amine component could be
unintentionally released by reductive conditions in the body.

Concerning the environmental risk assessment the possibly
released amounts of MDA are estimated to be negligible.

Hig

REICHTHER

REA DR

MDAIE. BB DEE T . RILAFILTEREFTZ D EDRIGIC
FYBHENDG, COMARISIZ, NvFXRGRICTERSN
Hh. EFHTOERELTEBSh . RIGERPELTO T/
LEMRURYTI/LENDREEMNEOND, CORIGER
WEBREOFEY—F THMLTHETHE. —HOEEY
NEEND, COSLAEWEE S BEL ., BB TRSH%. X8I 5,
EURLT=KIE, %% TR TORRKELTHIASN ., KRR
D7) UIEHRERGIETHENMASND, — . hiEOK
#8(E. EMDAD KR TIE TRV KB KEEHETFZULT
FHESN. BELTOAMDANRE SN D, ot KABIFESIC
ERBLTT=UVERELR%. TKE~AHEKSNS(HMSO,
1995) , EFKDERUVT =)/ IKTOMDAD S EFZ M T
Bt SO EBEHEET S EIFHELL,

Releases into the environment

MDA is synthesized by reaction of formaldehyde and aniline in the
presence of hydrochloric acid. The condensation reaction may be
carried out in a batch reactor or, alternatively, as a continuous
process. The reaction product is a mixture of diamino and
polyamino compounds. It is neutralised with an excess of caustic
soda and allowed to settle into a two layer mixture. The organic
layer is separated, washed with hot water and distilled. The water
recovered is recycled to provide the wash water for the washing
stage. Unreacted aniline is recycled to the condensation reaction
stage. The aqueous layer produced after neutralisation is combined
with the aqueous washings from the crude MDA washing stage. This
mixture is then washed with aniline to remove dissolved MDA. The
remaining aqueous layer is distilled to remove aniline and then
discharged into the sewer (HMSO, 1995). As the volume of the
wash water and the partitioning of MDA in aniline/water is not
known, the emissions can not be estimated on this basis.

AN T2, /KM EMDATEIHISN S, RUTIVIEDTIV LY
{IEYAMEHES (44’ -MDA:1.25 g/I . 3-core-MDA:42.5
mg/| ; 26158 REE) | FERISHKShZIDET=>
MIBERI- R THHIZEN D, RUTIVOHEEIESTIVOH
HELYIABYDLENEEZLND, CORKEERLIZIGE.
BHENZDIEHEIZ44 -MDADH L1 D, RYTIVABREEHE
FRIBIEASEDEFEZIKNIEN S, BERTMICE TS
RUTSVOHEOEERIFENEEZSND,

After the neutralisation step, the water phase is saturated with
MDA. As the polyamines are substantially less soluble than the
diamine (4,4'-MDA: 1.25 g/I; 3—core-MDA: 42.5 mg/|; cf. 1.3), and
this phase is finally discharged after aniline treatment, it can be
concluded that polyamines are emitted in much lower amounts than
diamines. If the waste water is monitored, always the 4,4'-MDA is
detected only. It is unlikely that the polyamines will significantly
raise the total emissions. Therefore, the emissions of polyamines
are of less importance in the exposure assessment.

MDAD98% L EMWHRRT L EDRIGZEBLTAFLUOTI=)L
DAVITF—E(MDDA~NEMIEN D, BEDGHEETERS
HRND, EEKEEEIRYERALAVESBESA TS
M KPEAOKHE FDENEFBEN S (HMSO, 1995;
Gilbert International Isocyanates, 1996) ,

More than 98% of the MDA are processed to
methylenediphenyldiisocyanate (MDI) by reaction with phosgene.
Releases to water are expected to be not significant, since any
application of cleaning water is scrupulously avoided to prevent
deleterious effects on product quality (HMSO, 1995; Gilbert
International Isocyanates, 1996).

FLESNT-MDAD S5, & K4000 ~>/FEAMDIA FX LLSY D %
THRFE. RSN TL S (APME, 1995),

Maximum 4000 t/a of the produced MDA are sold and used for
other applications than MDI synthesis (APME 1995).

MDAD #3&E R UMDINDIITHD AT HAANDH E, TBHEYX
JFHEICEWVTEETHINEEZ DN S,

The releases into the atmosphere during production of MDA and
processing to MDI are expected to be not significant for the
environmental risk assessment.

HEDEHF T TIE, MDIDINK S BRI EYMDADL T REh 515
BB, =L, ABREIEMDIEKEDEREEISICL>TER
B, iR AY 7 Rr—rEKPISEALIZIGAED EHER
MIFRYRFRTHZH., LEDOMDIZ KBRIDKEREABLI-EE
IEMDAM B SN B (Hirzy. 1985) . S HDEER L. Gilbert
International Isocyanates (1996) [C&>THERIN TS, L\Th
& MDIEKEMNED KSITRET MM, RIGFHICE>TR
52T, —MBIC. DAV T R—bEKITSEALEZHZEK. £
HERMIERIRFZTHY . MDAIZIZFEALEH DT FE SRR
HEhiin, PEDOMDIZKIBEIDKEMLGEEIRELI-EES
DFH . MDANEELHETHEINEH . BRMICZDREITHE
HTIEL% S (Gilbert International Isocyanates. 1996) , ') fR %
[FEBEICEZEERIFT-OH. TXIETOREKOERAE
BTSN TS,

MDA can be formed by hydrolysis of MDI under certain conditions.
However, this reaction is depending on the ratio of MDI/water
mixing: If the pure isocyanate is spilled into water, polyurea is
formed as the main product, while with small MDI amounts mixed
with a great excess of water MDA will be formed (Hirzy, 1985).
These results are confirmed by Gilbert International Isocyanates
(1996): In any case the course of reaction of MDI with water
depends on the reaction conditions. Generally if the diisocyanate is
spilled into water polyurea is formed as the main product with no
detectable or only trace amounts of MDA. Only when small amounts
of MDI are vigorously mixed with a great excess of water is MDA
formed in significant yield, and then of necessity at very low
concentrations (Gilbert International Isocyanates, 1996). As
polyurea would cause deleterious effects on the equipment, any
application of cleaning water is avoided at the technical processes.

ZH LIED (MDIE RIS D) AR IZERL TO XK HF A~ DMDA
DM FIFEAERL,

Releases of MDA into the atmosphere during the further (non-MDI)
uses do not occur in significant amounts.

R)I—HIOFERAH DO EERERIC, RYIL 2V PIRFD
HB P TIEERIELI=MDAXMDI(MNK 5 R1%) LR E 3%
AL H D, MEDEREFE/ I —HIBITOREICL>THRE
SNBAREMEA D D

Diffuse releases can occur from MDA or MDI (after hydrolysis)
chemically reacted in polyurethane or epoxy matrices during use
and disposal of polymer products. Trace amounts of residual
monomers may be released via migration and leaching.

HigE
EZ
REX:RXTII1I)THSM. KR TIE26.11THBHL TS,
(FR&EE: [RXDI3.1 Environmental exposure |DNED S5, 3.1.1
General discussion b) Degradation c) Distribution ] I&. A&l 3. IR1HE
MERRIDBIEBICAAL. ZOMOE A EUTICEEHTAAN,)
REICEHTSEHR KA IR—FAVR Aquatic compartment

KEBISH T HRATEDE=FIVT T—RIFHL,

There are no monitoring data for the hydrosphere available.




Clocal DHE / — N 770—F : HWERVMT

TR E R VEEYEICET 25i4iiEst 1 TlE. MEROG
AN IR KANDBE T 52— RIARELFUAEIRTRL
T3, SO F)ATIE, MDAIEHEELE R 30.3% T T K IZHKH
Sh. FDk. BEKALES (wwpt) TiFibSh 5 (SIMPLETREAT
ETFIVIZLDEERA%) EBELTIVD, KIRELZRERRT
[EMDAD £ A EZF-IT KIS HMDICIN I EN S, ZD KRG
TORBEFFESALGN(1.7 BE~OKE S8 RET).

55% MDAD 115 &=\ DR KEREERF110,000 b ELT,
TGDETILICKYLLTFDEEYClocallBEZEF H LT=:
TE2AMDANBLES 110,000 ko /4
44-MDAE H  55% = 60,500 b/
BEIKA~ D (0.3%): 182 b/
BEKLEISICLBERE (41%): KB~

=107 b/ 5
3008 DHE: IKBEANDRH

=357 kg/H
ANIFRE 60 m®/s: Clocal =69 g/l

Estimation of Clocal / Generic approach: production and
processing

In the Technical Guidance Documents for New and Existing
Substances, a generic exposure scenario for the release of
intermediates into surface water during production is proposed. A
release factor of 0.3% into the sewage and subsequent purification
in a wwtp (41% elimination according to SIMPLETREAT) is assumed.
At the largest sites the total production volume or the major part is
processed to MDI. For this reaction no releases are expected (cf.
3.1.1).

Using the highest single production quantity of yearly 110,000 t 55%
MDA, the Clocal is estimated according to the TGD model:

production volume of

technical grade MDA: 110,000 t/a

content 55% 4,4-MDA = 60,500 t/a

release into waste water (0.3%): 182 t/a

elimination in stp (41%): release into hydrosphere
=107 t/a

production during 300 d/a: release into hydrosphere
=357 kg/d

river flow 60 m*/s: Clocal =69 ug/l

Clocal DHE / EREF770—F : HERUMT

MDAD & H5& - M THEE% (T 4HE RIAETH 576D . MDARLE B K
UMDIND T OMDABEH (E BN SDHEHE ELTEHET 2
WENHD,

FTRTOEEMRIZDOULVT, BEKENLIZMDABEHICBET %F
WET—ANFEN TS, MRKPEERVTKREND
MDABFHEZFH HLT=,

Clocal DEHEIZIE . SAIF TOREKDFHRNLUTDESYEE
hd:

Clocal = Ceff / D CZCZT D = Qriver / Qww
Ceff : BE/KLEIFHURKIRE MIEMBDIHE L, FI244- MDA
ITEIGIDTH D, .

D: FREH
Qww: TKRE
Qriver: SAJJIIGRE

Estimation of Clocal / Site—specific approach: production and
processing

The MDA emissions during production and processing to MDI have
to be assessed as point source emissions as the single
production/processing sites are identifiable.

Valid data about the discharges via waste water are available for all
production sites. The emission amounts are calculated from the
effluent concentrations and the sewage flows.

For calculating of the Clocal, the dilution of the waste water in the
river is considered according to

Clocal = Ceff / D with D = Qriver / Qww

Ceff : concentration in wwtp effluent. If measurements are available,
they are always related to 4,4'- MDA.

D: dilution factor
Qww: sewage flow
Qriver: river flow

UTORIZ. EELI-HEE. Clocals RAIEIEAOIZE
FHESNTLBINEDOEFROERT—4%EHMLTLS:

% @ET—4 Clocal [1 g/l HEHHE [ke/%E]
A REE. TREANIGE 80107 60
B IGREBE. FAEMIIGE 271070 75
C IFREBE. FKEANFE 040 14
D NIk
E  MURIRE (FEHE0%I) .

TKEANIFRE 0.11 360
F  IRRE. TAEAIRE 0088 76
H  BUREE. TAKREMIIGRE 023 110
I RERE. TAKSANGRE 002 38
N &t

In the following table, the estimated emissions, Clocals and
underlying specific data of these sites which are localized at rivers
or river mouths are summarized:

Company Specific Data Clocal [ 1 g/I] Emission

[ke/al

A effluent concentration,

sewage and river flow 8.0.10-3 60
B effluent concentration,

sewage and river flow 2.7.10-3 75
C effluent concentration,

sewage and river flow 0.40 14
D processing stopped
E effluent concentration (mean and 90%ile),

sewage and river flow 0.11 360
F effluent concentration,

sewage and river flow 0.088 76
H effluent concentration,

sewage and river flow 0.23 110
1 effluent concentration,

sewage and river flow 0.02 38

production stopped

2L\ LFREE DN S DGR DTRA T AN 2DH 5, ZDf=
H BREPREXIERLYOBHENSEE LT-ClocalfE &
Y1E<15, CD551DB OANIALIIEHEELF EERRHA %
ELTWS=8H. REDFRIZE I TClocalfEZE LFHELTLY
%, 2D B ARV IXFEERALHEEREABEEL THEY., MEERC
[ECDINIFRBWICH D, MEERCOHEH = (14 kg/F) ITFEERXA
(60 ke/ %) RUEERE (360 kg/ %) IZEERDIZNCED D, BE
E0BEFHEZEE T 5= IZHERAREDC ClocallE D #% L 5
#LTLVS,

)i 2 Clocal [ g/1]
F, H 0.32
AE 0.12

There are two rivers which receive the effluents from 2 resp. 3
sites. This can lead to environmental concentrations which are
higher than the Clocal figures calculated from single site emissions.
At the first river, sites F and H are in close vicinity, so the Clocal
figures are added as a worst case approach. At the second river,
sites A and E are vicinal, and site C is located at a small tributary.
As the emission volume of site C (14 kg/a) is relatively small
compared with 60 (A) and 360 kg/a (E), only the Clocals of the sites
A and E are added in order to prevent an overestimation of the
exposure:

Sites Y Clocal [ g/1]
F, H 0.32
A E 0.12




Ff=. 5SDDMDARLE M AN BICEL THY .. BEKILA O HE
HEhd, oD T—2E2UTORICENT S:

¥ @ET—4 Clocal [y g/I] HEHE [ke/£]
G WRBE.
TKRE. LEHEL 1.0 51
J BRIRE. TKRE 0.047 144
K BURRE. TARE 1.0 1,870
L EEdik
M BRERE. FTKRE 1.0 29

SEHEP DL 44’ -MDA HHE 2 (3. 2,830 ke/ FELEH S

°

5 MDA producers are located at the sea, the waste waters are
emitted into the estuary. In the following table, these data are
summarized:

Company specific data Clocal [¢ g/I] Emission

[ke/al
G effluent concentration,
sewage flow, no wwtp 1.0 51
J effluent concentration,
sewage flow 0.047 144
K effluent concentration,
sewage flow 1.0 1,870
L production stopped
M effluent concentration,
sewage flow 1.0 29

The total 4,4’ -MDA emission volume during production is
calculated to 2,830 kg/a.

h%:

i+ G:
RE20 mDBFEMSREKEDIHETOEREIL2,000 mTH D,
R DRH LB HIFRIRE1:14002FKELTLSH, ZOEA
EQLSICHEHEIN-2DTHEIMNETBHTHS, AFATRELE
HERFLER. MHBRBOFERFHEL TIX100AE Y] TH
bEEZLND,

J1oE NN

BB QMK IEHHKTISTRSN BARAT BRI
DAHIKFRF T1054Z1ZFHIREN S, ClocallEDHH TlE., &5
ISEKTOHFRGRER110EZFREL TS,

Remarks:

Company G:

The end of the sewage pipe is in a distance of 2,000 m from the
coast in a depth of 20 m. The local authority accepted a dilution
factor of 1:1,400, however it is unknown how this value was derived.
Considering the available information a dilution factor of 100 seems
to be appropriate for an initial step.

Company J:

The wwtp effluent is added to a cooling water stream where it is
diluted 1:105 before entering the sea. For the Clocal calculation a
further dilution with seawater of 1:10 is considered.

TEK:

COBEKIEEICOBEAYBKEEL TERABICHHIND, Z
DFEECNIZESS HEATHSE D BIEZLDHMDAEE L8

HERF D1 yeg/IRETHoI=1=8. ThEClocalEEL TERAL
2o EHETIL HOTmEER) CORELOHRRE. HRERE
EAADFEAERHT mODI5E1:10, 500 mT1:100, 8,000 mT

1:5,000&%%,

£EM:

BEKE DIHILREIS mDIBAICIIES 5, AFAREAERE
BELI-#ER . DHEBEOFREHRELTIZ100BEY THLE
Zzbh5,

Company K:

The waste water is emitted into an industrial harbour which
contains seawater and which has an open connection to the sea. In
8 measurements, the MDA concentration in the harbour and the
connected canal was below the detection limit of 1 £ g/ which is
chosen as Clocal. A model calculation (which considers the tides)
results in dilution factors of 1:10 after 7 m canal length, 1:100 after
500 m and 1:5,000 after 8,000 m.

Company M:

The end of the sewage pipe is in a depth of 18 m. Considering the
available information a dilution factor of 100 seems to be
appropriate for an initial step.

RUILE BIEIZE 1+ HMDIDE FANS D BUH

BEDSEH T TIE. MDIDMKARIZLYMDAN SN 515
ELHBH(1.7 BE~OKESE RET). MDINO N IE
RYH LA BLERTE) ICMDAAKIE SN A D TIXAL A ELY
SEENLELD,

LML, MDIZ&BRIL A DEE FEARMICEKTIETH
518 MEDMDANEA T DEKEL-LFT LEAHL F
T=. LAV TA— L (PUR) B GBS 1SN, —ARIC. 5%
BDFEFIEEIC, BHENSKEHTDI-OY R ITSAMOE
HAFIZ AW EBOFIEICKVITS. HEIC&TIE. %<
REFHFZEEOBKTOERSELETESND, ZODBKIEMDIE
ERLAVD, BN FIEEMTH IR ILEVRUKRYILT
LIFEMT B, CNEDOB/RFHFEOMKDFRIZEYMDAD T
BEhBI LT,

Releases from use of MDI in polyurethane manufacturing

As MDA can be formed by hydrolysis of MDI under certain
conditions (cf. 3.1.1.b), there is the question if there are MDA
releases during MDI processing, e.g. during polyurethane production.

Production of polyurethanes on a MDI-basis is essentially an
anhydrous process not leading to waste waters that could be
contaminated with traces of MDA. Also, PUR-products are not
“washed”. Generally, equipment cleaning is done predominantly
using mechanical procedures, e.g. sand blasting or organic solvents
in order to exclude any water from the machinery. Occasionally,
sometimes may be cleaned with hot water, possibly containing
tensides. This water will not be in contact with MDI, but with
polymeric polyurethanes and polyureas, instead. These polymeric
materials are not sources of MDA from hydrolysis.

BENOT A, A, BERGEERET S-ODEXRTOHR
BFICEBITK(RUREFER) SMERASNS, ChbD A
BNDRYDILAVEER) LT TH DA REME (L H B H. &
HEMDITIXALY, YEEFTIZR RIS DMDANTFEL TLMIHET
B, HHKICEEN DR ATAELEMDA(LppmE AL DM E (BT
T#910 ppmET) THAHEEZ DN B, Hirzy (1985) [FE % KZEH
THHESINEMDAREZE, #ESND VLAV TA—LILHT-Y5
gLHELTLVS, LEEDHAICHEAT. COBEITSHORER
BIICIE B TIEEST AR IL AV EE RN SKI R—F A
FMDAM T B4 —R I EB DN S, ZDIHEICE,
MDADRER Ut ZL LB TETLIEE RBRKPTOHR
I_C%J:L% 1 ug/IREDHELNEHTIRHINDEE) THIHEER
=Y (%

Work area washdowns are always done with water (and tensides) to
remove dirt, oil, spots and stains. Again, these spots and stains may
be polyurethanes or polyureas, but normally not MDI. In case there
was unreacted MDI in the work area, the washdowns may contain
detectable amounts of MDA in the lower ppm range (up to
approximately 10 ppm, locally). Hirzy (1985) estimated the amount
of MDA emitted via wash water to be 5 g/t PUR produced. In the
light of explanations above this figure appears not to be applicable
to today's production units. Instead, emissions of MDA from
polyurethane manufacturing sites into the aquatic compartment
may occur in a small number of cases. However, both their
concentrations and their absolute masses can reasonably be
considered as being negligible (i.e. occasionally occurring traces,
certainly lower than 1 (£ g/, due to the dilution in the wash water).

R < —ABRE)
CORZATI)—TIL, #7544 -MDALMBERIZERASh
%, ERAEX4000 b/ EEHETESOT=,

Releases from further uses (epoxy hardener, hardener in adhesives
intermediate for polymers)

In this use categories, pure 4,4 —MDA is used in preference. The
use amount was estimated to be 4000 t/a.




ZOHATI)—TIE—BIZERXIENERINS, LEEOLVT
NHODRRITEASNEZV AT LRIZTMETH>THKRA M
BFENTVSE MEEDETABELLS, CAODOXED AR
TIXE2ITM00%ER 1D AT L, T b bR, BLH 5
EREH, M HLGENERESND, HEICE>TIEFEBIR
TLOREEES AT LEE)  HAELETIEA-OICHHRE
FAMAZONDZELHDIMN, CDBEDBEFIELTHKITEST=
GHELTLVELY,, EBIS, SNV AT LDMIICERASN 3
B (R RURLIGE) EERRICKTHRSETH LT TER
WOKIEMI SNBSS RATLIZERALELNBEITHDT=0) . kif
ICIFBICHEBBFRINMERAIND, oD BEHEEAKICEIR
Sh. FEALEBEIEBETBH=HIC)YAIILEhEh., HBL
[FM B RO IFERFCTHRNL S ESNDS, ULEDERY, TREFD
BAEDELFIEL TOMDAN T N THRARTIE, Hft LOEH
NoFELICEKIBETILENH D, LBROFHOHRITE
f=. MDAZRYDIL AL DERIGHMELTHERAT HIHE L. KA
SR/ERTLASRIZERT 25 ECHE RSN S (APME,
1995)

Generally, dry processes are used. The presence of even trace
amounts of water in systems used for any of the applications would
inevitably impair performance. In the majority of the applications,
totally “100% solids” systems are used, i.e. resin, hardener, viscosity|
modifier, fillers etc. In some cases (e.g. laminating and surface
coating systems), organic solvents may be added in order to reduce
viscosity. Water is totally unsuitable as a solvent in this cases.
Similarly, equipment used in the processing of such systems (e.g.
moulds, mandrels) can not be cleaned after use with water, because
water is an ineffective solvent for the systems being processed.
Cleaning is always performed with organic solvents, which are then
collected and either recycled to recover used solvent, or burned in
a “state of the art” incinerator. Thus in summary, all uses of MDA
as a hardener for epoxy resins must for technical reasons be totally
non—aqueous. The above conditions/reasoning also applies to the
use of MDA as a coreactant for polyurethanes, and use in
polyimides/bismaleimide (APME, 1995).

CNEDRARHNSKENKEDMDALRE SN S LIEFEE
Nig =8, PECOEEIFTETH S,

As significant MDA releases into the hydrosphere from these uses
are not expected, the calculation of a PEC is not necessary.

RYDIL A R UIRF gD DB

RYILAD RUIRFHIEN S DR RIEMDAD A HIZBIL
T HHEORBRIERESNA TS, RUDILALE4T~48° COD
SRR THIE LERERTIE, 2B/ ~61 A % THMDAAMRH S
nihotz, Fz. RUDL AL IV LEF—FIL—TRELTZ
HERTIE, BHKPICRE T2 1 g/IOMDAN RISz, L
L. #ESNZMDAIEF —FIL—T k22N IBREIZH RS
=3 D TH 1= (Ernes & Hanshumaker, 1983) ,

MDATHE L L= TARF S #tiEE ALV A HEERTIX, 011 1
g/dm’E THEDMDANE EEN 1= (Baumann & Marek, 1980) ,
IR HBIBETMILHICEMT 24 DT AU BhER I
BNT, IRF 1 kg241=Y7.6 mgE TOMDANAH SN T=
(Larroque, 1988) , iBAHHEN=-MDAIXZD LS IV ETHBHT-
. RRBRIRFLREETASEN,

Releases from polyurethanes and epoxy resins

Several tests on migration of unreacted MDA from polyurethanes
and epoxy resins are available. In water extracts from polyurethanes
at 47-48° C, no MDA was detected after 2 weeks resp. 6 months.
After autoclaving of PU—films, up to 24 1 g MDA/| were found in
the elution water. The extracted MDA was just formed during the
thermic treatment (Ernes & Hanshumaker, 1983).

In a migration test with MDA-cured epoxy resins amounts up to
0.1 £t g MDA/dm? were determined (Baumann & Marek, 1980). In
different wine simulants which were in contact with expoxy resin
barrels, up to 7.6 mg MDA/kg epoxyd migrated (Larroque, 1988).
Because of the small amounts there will be no significant pollution
of the environment.

EE

MDAIZ TSV BITHETHMENHA LMD, EEHDOMDAE
BENFEEND. Koo water B177 m°m R LR TEMLE
Clocalye kY. Clocal, fEZ LA TDESYEHL-:

i Clocalyge, [1g/I] Clocal,q [ 1 g/kg ww]
A 80x10° 1.2
B 27x107° 0.42
© 0.40 62

E 0.11 17

F 0.088 14

H 023 35

I 0.02 3.1

d 0.047 72

G 1.0 150

K 1.0 150

M 1.0 150

Y AE 0.12 18

Y F.H 0.32 49

CCTHEEEN-EEIZ44 -MDAIZET LD THAHA ., EE
POMDAITEICHEMELBHELTVIAICEETILEN
H%o.

Sediments

Because of the binding properties of MDA onto humic substances,
an accumulation of the substance in sediments is expected. With a
Ksusp-water OF 177 m’m™ and the Clocaly,, values calculated above,
the following Clocal,.4 are calculated:

Company Clocal,,., [ g/l] Clocalyy [ 1 g/kg ww]

A 80.10° 1.2
B 27.10° 0.42
® 0.40 62
E 0.11 17
F 0.088 14
H 0.23 35
I 0.02 31
J 0.047 72
G 1.0 150
K 1.0 150
M 1.0 150
I AE 0.12 18
Y FH 0.32 49

It has to be kept in mind that in sediments MDA is always
covalently bound onto the organic fraction, although the calculated
concentrations are related to 4,4’ ~-MDA.
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&EE

REE EATIECS 311, THAD, AFETIE. 1.7 BE~ADOKEIZE
#WLTLB,

REE: RATIECf. 3.1.1b £HBHA, 3.1.1.a03
B ATFTIE 1T BE~AOKEICIBREL TS,

CHEBDND.

REICHTHER

P33

HWERUMT
MDAD &3 & UMDIND AT (E. BH X EHRTIETERSIND
2. RRHBPANDOMDAD R FIFEAERELLZNEEZ LN

o

f=2L. R — T EFADMDAZ SxE - BRFEL TLVA 14 A, Sl
B E B (pastillation unit) MDD EEHEEREL TS, EEMD
DERIE. REFAFHEINDHIZTIILE—IThHFEND, E
ZRYUGHERIZEDE MDADHEH £1X80~140(2 100) mg/
BRI & #E E STz (Ciba-Geigy., 1997) . BLERFRIZ1 B 24B5R8.
FER/E008 LT BHE. BiHE(1X720 o/ F 12D,

Atmosphere

Production and processing

The production of MDA and processing to MDI is generally carried
out in continuous processes, and no significant MDA releases into
the atmosphere are expected.

However, one company which produces MDA for sale to the
polymer industry reports emissions from the pastillation unit. The
exhaust air is filtered prior to discharge to atmosphere. From
monitoring results, the MDA emissions were estimated to 80-140 (2
100) mg/hour (Ciba—Geigy, 1997). Assuming production during
24h/d and 300 d/a, the emissions would be 720 g/a.




R)T—TIRICHITHER

IRFIBEADMI P, EEBREDRTHIMDATEL SN
T=EWSREHSH S (Boeniger, 1984 ; Boeniger & Phillips.

1984) , BRI D TIHITDWTIE, BT —20\ b of=, &/
1000~ MMDAZ BE Y 2K E N D TIHIZ DLV TREEAF
ATES, ATBICELTMDADEREEEAELI=ECA (17
VAT . 0.4~46.1(2 9.5) 1 g/m* T#Hot=, 1B THRASKE (60,000
m) BANBDZETHE, ERBHBI057 gbBiHEh 3,
DFHETIE, RN TALI—ZNFDNBIEFERICAND
NTUVEN =8 EEOMDAKRH BT &Y D EHEAIS
h3, Li=poT. COEIFT—RM—RELTRAEShZRE
T (Ciba—Geigy. 1997) .

Use in polymer industry

During processing to epoxy resins, a MDA contamination of the air
at working places is reported (Boeniger, 1984; Boeniger & Phillips,
1984). There were no emission data submitted for European plants.
For an American plant which processes 1000 t MDA per year, an
exposure estimation is available. The room concentration of MDA
was measured (17 values) to 0.4-46.1 (2 9.5) 1 g/m°. With a total
air volume (60,000 m®) removed during one day, the emission
amount is calculated to 0.57 g/a. This calculation does not take into
account that the exhausted air is filtered, which may reduce the
MDA release, therefore it has to be regarded as a worst case
estimation (Ciba—Geigy, 1997).

THfiTE &t 1D IRIB T A HEHI R 30075 TH 5. FRUHES
1,000 b, ERESELEEH 00BN TIBENBE. HEX1EDH
1=Y75 b 1B &HTYITRE T 5L250 kek#i b, ERDEERE
B (FREEEHE 057 o) ITHA, COERHFEYICEIEHREMN
Thd= . RFHEIZERALLEL o1,

Ll DOKREDTIHEOFI A MO T15IZEE AT EEMNEHITTEA
THHH (BIEEPRIET HHIENRLLTIHELH D). K
T—ITEMNSOHHITOVTIIERTEDLDEEZ LN,

The Technical Guidance Documents propose a release factor of
0.075. For a plant with a consumption of 1000 t/a and a production
period of 300 d/a, the emission would amount to 75 t/a or 250
kg/d. Compared with the 0.57 g/a calculated above, this value
seems to be unrealistic high and is not used.

Although the representatively of the American plant is not quite
clear (other plants may apply other techniques and produce other
resins), the emissions of the polymer industry seem to be negligible.
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&EE

REICHTHER
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MDADHER UMIICHEL. TIEHADMDAD KL (XIFEAE

RELGWNEEZOND, BEEINETNMETORERRYILEY

%g?gﬁ#%ﬁ-ﬂﬁmiﬁﬁqﬂ:, MEDMDAN B SN B ATRE
\ )

ARHNDBBFIFEEAELNEEZEZOSND=H, TNITHES L
BEADEBLREISLGVDEHEESND.

TKFBRADRFIZODVTEHERTELI LMD, FREIRHE
LTERLESEICLREATIEANDOMDADKIE (XIFLAEL
LYo

Terrestrial compartment

During production and processing of MDA, no significant releases
into the soil are expected. Only trace amounts may be discharged
during deposition of polyurethane and epoxy resin wastes on
controlled landfills.

As no significant releases into the atmosphere are to be expected,
also a relevant deposition into soils will not occur.

Adsorption onto sewage sludge is negligible, thus significant
releases into agricultural soils due to the use of sludge as fertilizer
will not occur.

Hbigi SRR

MRSt I &N (L, BE . BEYRYFHEICHBELHRPECE
ROBIHE L. HIEPECR I BAPECE A& T A AN LN
%, F=FZLMDAIZ DWW TIE, UTFDEAIZLY, COHEIFRY
TIFAELY:

KBEANOKREDOKRED &, RERICH LI RRENREERE
EoTLVS, MDADHEH eI RBKDHTHY . $H5HH = THEH
SNT-MDALME D A A~EIE S HE[HEMEITIELY, LI=AY > T,
T TITHEREINTVSREAREENMDAZHH T 5 &IE4
;;\&%;‘Tﬂllénér:m KZRYRZEHBIZ DV TIXBRIPECH &%
FRALT=,

*MDAZLEM S D HEH IZEE R | MDIAA D A& IZ £ 5MDAD 1K
HEHER I DA BIRBHRREICIFEAEFTSLAL,

L1=hS> T, B RYEHE Tl&. /KRPEClocal &0, LR &
HIET

Regional exposure

According to the Technical Guidance Document, generally the
regional and the local PECs have to be added to calculate the total
PEC which is relevant for the environmental risk assessment. This
method is not appropriate for MDA, because of the following
reasons:

- Point sources which are scattered over a large region cause the
major releases into the hydrosphere. The substance is only emitted
into surface waters, and it is unlikely that the emission of one site
will reach a second source. Thus, it cannot be assumed that the
producers are emitting into a pre—polluted environment. Therefore,
only local PECs are taken for the aquatic risk assessment.

- The MDA releases from non—MDI uses are relatively small related
to the producers emissions. It will give no significant contribution to
the total environmental concentrations.

Therefore, for the environmental risk assessment the aqueous
PEClocal are equated with the Gy,

=L, BIEZ&ALEELORBHREZHTET HEOA NN
FA—HA—EL T, MIBPECEHTE T 2R ENH D, FRERHEH
(%, 2,830 kgkHfstEht=(1.7 KAV /N—bAURS B RE
3E) o KEERUVEUDIZHEMBET ILICHITDANIEE. ThE
2,550 kg/4E R U 283 kg/ETH>1=, EUSESDH N F.
SR UTRLz. UTFICHEREE O

However, regional PECs should be calculated as input parameters
for the indirect exposure of human via the environment. The total
emissions were estimated to 2,830 kg/a (cf. 3.1.2.2). The input is
2,550 kg/a for the continental and 283 kg/a for the EU standard
regional model. The EUSES output is given in Appendix I. The
results are:

A IS—R AR KpEEpE iR E Compartment Continental Regional
xKEBK 29107 ue/l 0.01 ug/l concentration concentration
Eg 1.9 1 g/kg dw 6.4 1 g/kg dw Surface water 2.9.10° pg/l 001 ug/l
K& 13107 pg/m® 46.10"° pg/m® Sediment 1.9 ug/kg dw 6.4 1 g/kg dw
Bt 95.10° pg/kgdw 3.2.10° wg/ke dw Atmosphere 1310 yg/m® 4610 pg/m’
BEATE MRk 6710 ug/ 23107 pg/l Agric. soil 95107 pg/kgdw 32107 pa/ke dw
T¥2@EtiE 3510° pe/kgdw 12107 gg/ke dw Agr. soil, pore water 6.7.107" g/l 23107 pg/l
KALE 3510° yg/kgdw 12107 pg/kg dw Industr. soil 3510° yg/kgdw 12107 pg/ke dw
Nat. Soil 35.10° ug/kgdw  1.2107 pg/kg dw
Hi#
EZ

REF RATIE31.22THAHD . KIFTIE, 1.7 KA/ I—FA
UMZEBEL TS,




REICEHT HER BYEHICEETIRRMREDI /—FAVFEELY Non compartment specific exposure relevant to the food chain
KENLI-BE~DOMDANEREMEITIEL =0, BFENSA B [Because of the low accumulation of MDA in fish via water, the
BEANORERBIIHFTVEETHNEEZLOND, 5L, exposure route fish — fish eating bird is likely to be not relevant.
MDAL EBEE#MMED RISERWIFEE PIZEFEL., B5<E  |However, the reaction product of MDA with sediment organics
PRI ARIRETHAEHAEIND, EEIDEGEBEY |accumulates in sediments and is probably bioavailable. A
AL SHIZAFFELEEALVWSEMER/BIRICOULNTIE, ATHEME [biomagnification via the route sediment — sediment dwelling
ZHEBRTEALY, organisms — fish or bird can not be excluded.
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ADDITIONAL INFOMATION
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S|
-(TBRE IS5

T A
h72Y-2 R45 MNAZEBIZRTEZTILHS
g:ﬁ%ﬁ R20/21/22 /AT DL, RIELEMT IERLURARAL LR
ek
R 48/20/21 HEM :RAICL DB LUK EHEMICEL I RPRTEIC
FUEEDREEEDRRME

JREAEME R43 RELEMT DERELSIESRITHTNLHD
N Bt R51/58  KEEMICHEME KEBRBPTRAOBRLELR

[ES R BT T

Classification
- (Classification according to Annex I)
T Carcinogenic Cat. 2 R 45

May cause cancer.

Xn Harmful
and if swallowed.

R 20/21/22 Harmful by inhalation, in contact with skin

R 48/20/21 Harmful: danger of serious damage to health
by prolonged exposure through inhalation and in contact with skin.
Sensitizing R 43 May cause sensitization by skin contact.

N Dangerous R 51/53 Toxic to aquatic organisms, may cause for
the Environment long-term adverse effects in the aquatic environment.

- (RBASINI5E)
19984F9 A (RE%) . 1998 10 (EMBRR) ISR DA FERTOERART—
FUTTN—TILBNTHEORIT N B LS L=

T Ef R 39/23/24/25 #HME:WAT DL, REEEMTDESLIUER
HALEFRBICEEDTALMEZEDBIRE

RA A
h73Y-2 R 45 NAESIFRITHTALHD
Xn:HEM R48/20/21/22 HEMW:RAICLD, RIEEMICLIEIUH
HRAHLDRPRTECSVEEDRERE OFIRME
h73-3 R 40 TEHRRZEDY RH DRI REH GREE)
JREAEE R43 RIELEMT DERIEESIFRIT TGS
%
N :fER&tE R 51/53 KEEIEN. KERRPTREOERZE

EREFTIETILHS

- (adopted classification)

Revision of classification was finalised in the Commission Working Groups on the
Classification and Labelling of Dangerous Substances in September 1998
(environment) and in October 1998 (human health):

T Toxic

irreversible effects

through inhalation, in contact with skin and if swallowed
Carcinogenic Cat. 2 R 45 May cause cancer.

R 39/23/24/25 Toxic: danger of very serious

Xn Harmful R 48/20/21/22 Harmful: danger of serious damage to
health by prolonged exposure through inhalation, in contact with skin and if

Mutagenic Cat 3 R 40 Possible risks of irreversible effects.
Sensitizing R 43 May cause sensitization by skin
contact.
N Dangerous R 51/53 Toxic to aquatic organisms, may cause

for the Environment long—term adverse effects in the aquatic environment.
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PHYSICAL CHEMICAL DATA
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MELTING POINT

BRI $5552001/59/ECOHFEE I T, R40IET Limited evidence of
a carcinogenic effect.; EMNAMEERDRONIZFEHLAH D | RS
nTd,
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#ER

AR

SRR

HE:

B

ERR

EEHERa7

B QTR

g
5| SR

Moore, 1978

Moore, 1978
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BOILING POINT

HEMES

CASES

HEE

IR

5

GLP

HERETo5F

SEREH

#ER

e °C

398 - 399 °C 398 - 399 °C |

Eh

[1013 hPa

11013 hPa




»EE: °C
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ER

EEHERa7
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Windholz, 1976

Windholz, 1976
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23 FE(LE)

DENSITY (RELATIVE DENSITY)

HBRYEH

CASES

MEE

EZTY
BiE

GLP

HERETo5F

SERE N

#ER

1.056

1.056

247

BE(C)

100 °C

100 °C

EZTN

EEHERaT

B QTR
g

= A

Moore, 1978

Moore, 1978
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VAPOUR PRESSURE

HERMEH

CASES

HEE

ERR
5

GLP

HERETo5F

SEREH

#EER

ERE

2.87 x 10° hPa

2.87 * 10 hPa

mE: C

20 °C 1)

20°c?”

R C

fietl

EZN

EEHERa7

ERE QR
Hi B

5| SRR

Bayer AG, 1988

Bayer AG, 1988

"%

1) 635~117.2°CCRIESN-KRIE GRREXFE) . 20°COH
k. AR EERNSNMELTH .

1) Experimental value (vapour pressure balance) measured in the
range 63.5 ° C-117.2 °C. The value at 20 °C was received by
extrapolation from the vapour pressure curve.

2.5 53R (log Kow)
PARTITION COEFFICIENT

HBRYEH

CASES

MEE

3

Hix

GLP

HERETo5F

SERE N

#ER

Log Kow

1.59

1.59

mE:  C
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EEHERaT

B QTR

g
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Hansch & Leo, 1985

Hansch & Leo, 1985
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26.1 KM (RBTEHEST)

WATER _SOLUBILITY & DISSOCIATION CONSTANT

HERMEH

CASES

HEE

ER

HiE

GLP

HERETo5F

SEREH

#ER

KRR

1.25g/1 ¥

125 g/1 °

mE:  C

20 °C

20 °C




pH
gﬁﬂﬂﬁﬁ@%ﬁiﬁx

fE R

EZTN

EEERa7

B QI ETIRAL
g

= FXE

"E

3) TXRARKRDK~DARE (THOLBHBLI-2TOMNED
&&t)1£20°CT1.55 g/1 (4,4 -MDA=1372 mg/I, 2,4’ -MDA=
127 mg/l. =#MDA=42.5 mg/l; 75 X% THIE. Bayer AG.
1996a)

1372mg/IEVNS BB . TERARIKFR D44 -MDAD KA DA
R,

1.25 g/II&. filifn (I >98%) Z{EAL THLONIETHY. &
HICIFCOEZERAL =,

FEEEE 2

3) The water solubility of the technical product, that means the sum
of all solved substances, is 1,55 g/I at 20°C (4,4 -MDA = 1372 mg/I,
2,4 -MDA = 127 mg/|, trinuclear MDA = 42.5 mg/|; measured with
the flask method, Bayer AG, 1996a).

The value of 1372 mg/| is the result of the water solubility of the
4,4"-MDA in the technical grade substance.

The value of 1.25 g/| was determined using the pure substance
(purity > 98%) and was used for the calculations.

E—

Hik

°c

SRE:

GLP

HEREH

HERETo5F

#ER

B

R
fEEEzayY

ERE QR

Hi B
5| FXER

Bayer AG, 1996a

Bayer AG, 1996a
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SURFACE TENSION

HBRYEH

CASES

MEE

ER

Hix

GLP

HERETo5F

SEREH

#ER

RERAN

69.5 mN/m 2

69.5 mN/m 2

mE:  C

,}%’E mg/L
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Bayer AG, 1995a

Bayer AG, 1995a

"E

2) RAE (V> T3R) | SAERKBRBEC=91801 mg/l; T=20.1°C

2) Experimental value (ring method), concentration of the aqueous
test solution ¢ = 918.01 mg/I: T = 20.1°C

2.7 5K = GRIE)
FLASH POINT(LIQUIDS)

HBRYEH

CASES

MEE

IR
BiE

GLP

HEBRETo5F

SERE N

#ER

5| Rm: °C

HBO21T
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HIE TELL (EE)

not determined (solid)
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Chemsafe, 1994

Chemsafe, 1994
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28 BTN (BA/KE)
AUTO FLAMMABILITY (SOLID

S/GASES)

HBRYEH

CASES

MEE

ER

Hix

GLP

HERETo5F

HEREH
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not flammable ¥
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Chemsafe, 1994

Chemsafe, 1994
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4 AMEDRLAIL8I°CTHY . BERFEEITHNEEZLND
1=, A16IZE DHBRIEEML TLVELY,

4) Test according A.16 not conducted, due to the melting point of
89°C an auto—flammability of the substance is not expected.

29 5L
FLAMMABILITY

HEMEH

CASES

HEE

ER

FiE

GLP

HERETo5F

SEREH

EE I —

EfAD5E

Bl REMNFL

SADEE

KE DA
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B kALY Y

not flammable *
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Chemsafe, 1994

Chemsafe, 1994
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5) BEEDERICEY, A10, AR UABIZEIGRERIIER
LTLVELY,

5) Test according A.10, A.12 and A.13 not conducted because of
structural reasons

210 1RFEN
EXPLOSIVE PROPERTIES

HERMEH

CASES
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FiE
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HERETo5F

SEREH

#EER
KITEYERSH

m-DZ AN E L LY ERICEUR

m-C kAR B LY RIS
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not explosive
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Chemsafe, 1994

Chemsafe, 1994
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OXIDISING PROPERTIES
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3. IR Em SR
ENVIRONMENTAL FATE AND PATHWAYS

31 REM
STABILITY
311, RoE
PHOTODEGRADATION
HERYE A
CASES
HEE
TN
Hik
247
GLP
ABEITo-F
HRERE(hm)
ABSHRECE DX HRE
MEDARIEIL
HEREH
e . ———
MERE
| JEE(°C) |
| B AR
AL /2
D EREC)EFFHE
ETFIRE (%)
BEEAN R |
BRI (A T)
BRAIEE
REER
FEHAL1/2
PDERERY
[t
SR DR Degradation
7K Water
EEHMREART )L (289 nmTlmax) M, K THOEEHL SRS [The UV-spectrum (Imax at 289 nm) indicates that direct photolysis
HELBATHEMATRIEL TS, KBRPTORSEAERTIL,  |in water may occur. In a test on photolytic degradation in aqueous
ZENXT COEELNRIZESIETFINEIL0.006 THY . Zh I [solution, a quantum yield of 0.006 for direct photodegradation in
HEOSL PN E H STz (Bayer, 1996b) , polychromatic light was determined and half-lifes were calculated
GC-SOLARTAJ S LIZ&>THESIN = FHB L. ZHAL3.0 |(Bayer, 1996b).
BH.XZE(I52BTHS RASEH  REFHED#K, $E10° | |According to the GC-SOLAR program, the half-lives are 3.0 d in
1EES0° (BXR. HEMLERRDAVYURE), summer and 52 d in winter (marginal conditions: pure water from
close to the surface, 10th degree of longitude, 50th degree of
latitude, clear sky,
typical ozone concentrations in the atmosphere).
Frank & Klspffer® 7 O7 S L TIX, FBAADEHEIFHRZIEA6 [According to the Frank & Klspffer program, the mean values of the
Bm40B . ZEMN2BD1908 THo1= (BREH : REFTED |half-lives range from 4.0 d in June to 190 d in December (marginal
flik. EiEK, BES0° TOMIBMRUR[REM. thDE 5 F [conditions: pure water from close to the surface, stagnant water,
F-EZHFHRIOERADEELEL), geographic and climatic conditions of 50th degree of latitude, no
contribution of another mono— or bimolecular elimination process).
Frank & Klopffer®ETIL DA NEERDIBEEMHEIZEL -8, Z [As the model of Frank & Klspffer is closer to real environmental
LELDNEDANETHIELEEZONDD ., AEPERBKD |conditions, the respective values seem to be more valid. However,
REIZDVWTIEZEEIA TGN, ThoDBRIZE->T, EFE [dullness and adsorption of surface waters are not considered.
DRBKTORSRFET —VIFREDSGAIZERSNTLY |Because of these effects, the photolytical active zone is only close
b, KIREHREEETHE EEDRETTOEBEAIL, 5HE  |to the surface of real surface waters. Considering the total water
ELVIHTULEREVEEZSND, LIz > T, BEFHETHAL [body, the real environmental half-lives should be at least one order
AN REEEHIE36X10 B (DT50=1900H) EL1=, of range higher than the calculated. Therefore a degradation rate
constant of 3.6.10* d™' (DT50 = 1900 d) is used in the exposure
assessment.
EEERIT
EFEMEQ FETIEHL
Hig
5| A3k
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3.1.2. KPR EM (KD AEME)
STABILITY IN WATER
HERWE LA
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HEE
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SER DFBENSIT. BEZHET TIKSBRITEISEVEH TS [Based on the molecular structure, hydrolysis is not to be expected
N, under environmental conditions.
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STABILITY IN SOIL
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33. BEENE

TRONSPORT AND DISTRIBUTION

331 RERSH OB

TRANSPORT BETWEEN ENVIRONMENTAL COMPARTMENTS

332 7L
DISTRIBUTION

HEMEH

CASES

HEE

R

BRAK
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SEREH

#ER

Fh

R

SE

MDAD E A % (Z KB TH B, AL —BIEHZE44% 107 Pa
“m® - mol ' ETBE KMLDEREFEEAERNEF RSN,

Distribution

The major releases of MDA occur into the hydrosphere. With a
Henry's law-constant of 4.4.10” Pa.m®mol™' no significant
volatilisation from water is expected.

TRETERZR L 144 -MDAZRALV-ER I 5. AMENLERD
AREDEHXFREEMRTHIENHIBLI, PLbA—LA
DMDAD FHRURE &, IF KK T TIRABFRLLNICIZIERE T
T3, —H. BRNESETTIE. 7TEBIZHELIGENHEITLT
WAKSIZRZITENTz, KocfB I, IFRBIEH T TIX8RFRI%
124,848 I/kg, TE 127,041 I/kgTHY | RIS T TIZ8RERI
123,828 I/kg, TH#1210,729 I/kg THo1=, SHIZ, HiMES
FHRVEEDOM T, RERBEF AR @AITHRTL
1=(1l1, 1996) , 585 MKoc I (ZRAMKEHHMEDBTOE B
BONEERTAETHIN., HETLURMELYEMIZ
EELTLWBIEEICALLNADTH> T, (LERENERIST
WAIBEITEAT 2D EEWEEE 20

Experiments with radiolabelled 4,4'-MDA revealed that the
substance forms covalent bonds with the organic fraction in soils.
Initial sorption of MDA in silt loam was nearly completed by 4 hours
under aerobic conditions. Under anaerobic conditions, sorption
appeared to still be proceeding at 7 days. The Koc values were
determined to 4,848 Lkg ' after 8 hours and 7,041 Lkg™' after 7 days
for aerobic conditions. The values for anaerobic conditions are
3,828 Lkg ™' and 10,729 Lkg ' for 8 h and 7 d, respectively.
Furthermore, surface adsorption or ion exchange processes were
found with minerals without organic content (I, 1996). It should be
kept in mind that the term “Koc” generally describes the
distribution of a substance between the pore water and the organic
matter when the substance is physically bound; if chemisorption
occurs the use of this term is not quite correct.

CDEFHEDERE. EUDFEIREBEDE) ANNE N7
YU RUB4A-SHO07 =Y UIZBVTIXBEMOEETHY., =
NoDYBEDRE)RVFHEE THBIN TV,

The chemical binding effects are already well-known as a property
of aniline and 3,4— dichloroaniline and are described in detail in the
respective environmental risk assessment reports in the scope of
the first EU priority list.

BRAGT7ZYVFEKR(MLADUEE, /007 =) 8 EMDA
L) [SDWT, IRV EHMEYOET LM BELOR SIS
LHABENEBESN TS, TI/ELDREHEFIE, TIVEIC
BEYICRONDTILTEREDOT N X/ ARRD_ERE
THBHZENHIBALT= (Parris, 1980) , ZD K3 IZRGHEFHARE
INTWD1=0. TKFERADIEERE NS HEMETE
LY LI=AS2 T, FKERANDMDAD I 55 (LIRS D& E77
M. ThIZDUVTldlog PowfE1.59IZ & ITGDET ILIZE ST
HBAII D,

Investigations were carried out on the binding of different aniline
derivatives (toluidines, chloroanilines, not MDA) with various humus
extracts and model substances. Reaction partners of the amino
moiety were found to be aldehyde or keto groups as well as double
bonds of quinoid systems which are typically for humic substances
(Parris, 1980). Because of the specifity of the reaction partners,
chemisorption onto sewage sludge is not expected. The adsorption
of MDA onto sludge should only be physisorption, which is
described by the TGD models based on the log Pow of 1.59.

Kousp-water B UKeg vater| S B  HRERMBITAF L TLVELY,

There are no empirically determined values for K
available.

and K 4-

susp-water

water

Koc%7,041 I/kgk L. TGDETILIZKY B H SN -5 B iR IF L
TOBEYTHS:

Koo 141 I/kg Kogiyaer 211 m°m™°
Kpsusp 704 1/kg  Kouspmater 177 mem
KPog 352 1/kg Kougyater 177 m’'m™°

With a Koc of 7,041 I.kg_1, the following distribution constants are
calculated in accordance to the TGD models:

Kpgoi 141 1Ke" Kegiparer 211 m°m”®
KPausp 704 1kg" Koyspuater 177 m*m®
Kpeeg 352 1k Koogwater 177 m°m™®

FNKIYRILHT-Y DBRBEYEREZEZ15 mg&dT & MDAD
1% D HFISHEET D LIS,

With a concentration of 15 mg suspended matter per liter river
water, 1% of the MDA are particlebound.

SIMPLETREATET JLIZKYEESh - NIBIFIZH 11544 -
MDADEd (&, LLFDEY THS:

ENRIZEDBRE 41%
)i G & 2322 [0 2 3] 59%

The fate of 4,4’ -MDA in treatment plants according to the
SIMPLETREAT model is:

elimination by
biodegradation 41%
emission via effluent  59%
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AEROBIC BIODEGRADATION

HERMEH

CASES

HEE
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HiE
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GLP

RERE(To-F

HEREH

AR EIRE

BERE

ERRE °C

BB L L VIRE(me/L)

NEERES &

DREEHEE

R
REOMEE®) BE

W (BH) W (HHE)
SERE-1
DREE-2
NERRE-3
DEEE—4
SERERY
LERBERLSN DL RERES X
RUZDHER
HNEMEDNT, 14BEDHRE
Z Dt
[t
EZ SR Degradation
K Water
AFARERE SRR L, TXT44 -MDAHIFZEALVTE  |All available biodegradation tests were performed with the pure
BEh TS, 4,4"-MDA.
ENREREBRDERNS . MDAIZESBIN N EIZBAET |As the biodegradation tests clearly show, MDA is not readily
»Hb. AFAEEA3 DD 55 iR ER (OECD 301 BK U301 C) |biodegradable. The three available tests on ready biodegradation
DFERTIE. 28BEDHARE(IF0~19% TH 1=, JEMHEFIE®D [(OECD 301 B and 301 C) indicate 0 to 19 % degradation after 28
EC5ohY100 mg/ B TH->1=2eh D, CNDRERIZHALV-ME [days. The used substance concentration of 10, 20 and 100 mg/|
SRR (10, 20 18100 mg/1) A5t T BPAZE FE %R LT= |could not have inhibiting activity on the microbial population, since
EIEEZ SNV (Ciba Geigy. 1985; MITI, 1993;Yakabe, 1993; |the ECs, for activated sludge was determined to > 100 mg/| (Ciba
Bayer AG. 1986) Geigy, 1985; MITI, 1993; Yakabe, 1993, Bayer AG, 1986).
AREMESBMEICEALTIX, EHORBRNEREINTLVS, £ Different tests on inherent biodegradation are available. A modified
IZ# T FKICHET 55EMHERE AUV IS EMT-IEER MITI-II-Test (OECD 302 C) with activated sludge from
(OECD 302 C) Tl&. 28 H & D5 iR 3R (343% Tho1= (FliE predominantly municipal source indicates 43 % degradation after 28
99.7%. Bayer Ag. 1986) . SRERIZ{FERAL-MERE30 mg/ll&. |days (99.7 % purity, Bayer AG, 1986). The used substance
MEMIR T EEEEEERTICIZETEIRETH. concentration of 30 mg/| was too low to have inhibiting activity on
the microbial population.
EERKOLIBBAHAEDFMEFREZBL -2 MEKER(OECD |A degradation test with activated sludge from an industrial waste
302 B, T KB R &E 5 R4 {8 IEZahn-WellensiXE& 1) Tl&. 148 |water treatment plant (OECD 302 B, “Inherent biodegradability:
HBRU2IBEDSREITZTNTNIS%RUIT% THOT- Modified Zahn-Wellens—Test”) indicates 95 % degradation after 14
(BASF. 1988) , SHERICAALMV - E R (X389 mg/ITdH>T=, [E |days and 97 % after 21 days (BASF, 1988). The substance
REBROLERIL. RILEXR/KLIBZHFEDFEMFRZHLVT |concentration in this test was 389 mg/1. This study is confirmed by
EEEN 1= 5l D Zahn-Wellensix 5k (OECD 302 B) THHEEREIM  [an other Zahn-Wellens—Test (OECD 302 B) performed also under
= BEDHRTIX. SBE DD AERIFTI0ON LU ETHo1= the use of activated sludge from industrial wwtp. The results of this
(BASF. 1994) , test indicates > 70 % degradation
after 3 days (BASF, 1994).
25 RBIMEL =R S HETEIR (2RI K, S JIIK, EEETIE [A Coupled Units Test (OECD 303 A, Ciba Geigy, 1986) with
DBAR) BEDFEMEFREALV=Coupled Unitsi{EX (OECD |activated sludge produced from a mixed inoculum (secondary
303 A, Ciba Geigy. 1986) Tl&. 34B#NDELBRE(XH T H effluent, Rhine—water, suspension of garden soil) with an adaptation
6.5% TdHoT=, phase of 25 days indicate only 6.5 % biodegradation after 34 days.
DRI, 44 -MDAIFEN RSN #L BIMELI=FEZE [These results show very clearly that 4,4 -MDA is not readily
IKMIBREDIEEREAN-BADARENESREDEE |biodegradable and fulfils the criteria stated for inherent
-9 CEEBALMIZRLTULVS, Coupled UnitsiRER D EER A |biodegradation only if an adapted industrial inoculum is used. From
SlE. 25BEOEIEEARB TIXA+ 59 ThHEHAISN D, LT-  [the Coupled Units Test can be deduced that an adaptation time of
MoT. 44’ -MDAIFFEEREKNIEBIZE THOAREHEDBRMET |25 days is not sufficient. Therefore 4,4°-MDA has to be considered
hALERTITOND, EICH T TAKERIXEA#HEIERIZHSE |as inherently biodegradable in industrial wwtps only. Degradation in
FHEMFRERAV-REBERENDIE., 44 -MDAMERTIBE/K  |municipal wwtps can not be deduced from these results, as shown
WEBIZICEWTHBMEERT LEE 2 H#HL, in the test with activated sludge from predominantly municipal or
mixed source.
AFARELGENBERBRISIL. AYMENBREEFHTTES
REINDEERTTEIETHEEEL, On the basis of the available biodegradation tests it is not possible
to conclude that the substance is biodegraded under environmental
conditions.
EEHRIT
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BEERE °C

xERYIE 85 L iR BE (me/L)

DERERIES
NEREEEHAE
=R
SRORE %) BE W (HH) W(HH)
S AEEE1
NERRE-2
DR
NRRE4
DERE R
LERERLUNODBRERE S E
RUZDHER
NEMED7, 14BBDHRE
ZDith
1R
EE SR Degradation
pat:d Soil
THEDOMEMIZEAMDAD S RIZDWLVTIL. “CigF4EHL [The microbial degradation of MDA in soil was investigated under
~MDAZ AL\ TSR UES LML T CREBEMNEMIN T  |aerobic and anaerobic conditions using carbon—"*C labeled MDA
L3 (International Isocyanate Insitute. 1996) , IF R AIERER T (International Isocyanate Institute, 1996). The results show, that
&, TEEDEAREENSESBMNIREY., TIUMNTIEIZHES |biodegradation started immediatly after mixing with the aerobic soil.
FBIZONTHEFEERENETLTL T, FRERTHDESAEE With the binding of the amine to soil the degradation rate decreased
1. 38#%T29%. TH#% T9.1%, 56 A& T11.6% T 1=, 1EHE [later. The test indicates biodegradation of 2.9% after 3 days, 9.1 %
HRD®E, — 2D "CO,AEKLI=T=6. 2108 #% KR 13658 |after 7 days and 11.6 % after 56 days. During the latter period of the
HBONREIRN SN, THERUS6BZDDREMNS, :gcubatlon some of the
MDAM DIV B EHEESETM LR ITENEMNEIELT-C& | CO, was lost, so the results for 210 and 365 days must be
WNRESINT= (332 DECSE RET), Bo-ERHNSEBH |rejected. The degradation rates after 7 and 56 days indicate that
ZEHTAHEITHEELGLD ., HEDICHEHE S LI=MDAIX. 7 |biodegradation is disrupted after MDA had formed covalent bounds
IUBBREIFERFICHBINDEHAISN S, 34-2-007 |with humic substances (cf 3.1.1.c). From the remaining results it is
=) OHBBERERCL, FHIFHAIZ10008 EHE SNz |not possible to calculate a half-life, but it can be assumed that
(332 NESH; RET) MDA covalently bound to organic matter is degraded almost similar
to the humic acids themselves. Analogously to the investigations
for 3,4—dichloroaniline, a mean halflife
of 1000 d can be assumed (cf. 3.1.1.c).
BRI AR R E T TI3AMIEELT#(L. “CH,Ef=IE  |Under anaerobic methanogen conditions no "“CH, or CO, was
“co21FEUNE L1 Mo T= (Gilbert International Isocyanates. recovered after 73 days of incubation (Gilbert International
1996) , Isocyanates, 1996).
EEHRIT
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EZ P Degradation
EE Sediments
EHHRTND4L -MDADE D RMEICEET BT —RIXAFESIN T [There are no data available on biodegradation of 4,4' -MDA in
W, BEBREREBGRICOVTIE., TEBERICRIGES (1000 |sediments. For the oxic sediment layer, the same reaction constant
H)ZRAW=, LIz 2T LMEDRZBENETETIX. EEO> (1000 d) as for soils is used. Thus, in the following exposure
IN—PAUPDFF#AE 10,0008 ELT=, calculations a half-life of 10,000 d is assumed for the sediment

compartment.
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KRB TOHALFEMBRIL D FREREBR NS, OHSDAILED RIE
EHMABLNTEY (Becker, 1987) , FCMDEF SN =L B
($12. 8B T 7= (Coy=5 X 10° molec/cm®)

Degradation
Atmosphere

In a test on photochemical-oxidative degradation in the atmosphere
the reaction constant with Ohradicals was determined (Becker,
1987), from this a half-life of 12.8 h can be calculated (Coy = 5.10°

3
molec/cm®).
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LT Q5 R E X ERETEICEAchS:

ER SR Degradation
il Summary

The following degradation rates are used in the further exposure
assessment:

kbioy, 0.1 BsR
Kbio,ater 0 kbiog, 0.1h"
kphoto,..r 3.6.10* B~ kbiozter 0
kdeg, . 3610 8" kphoto,,ter 3610 d"
Kbio,og 6.910° 8" kdeg,uer 36107 d”
kbio,; 69.10% 8~ kbioeq 6.9.10° d'
kdeg,: 138" kbio,; 6.9.10° d'
kdeg,;, 134"
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3.5. BOD-5, COD#7=[&BOD-5./CODLtL
BOD-5,COD OR RATIO BOD-5/COD
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BIOACCUMULATION
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A/ ZFAV6ER O E YRR RERIZHLNT, 200K U201 g/|
DHEBREETOBCFA TN ENI~14RUIRFE~15TH>1z
(MITI, 1993) , S 5D fEIE. A THEMRBEEITENILET
LTW%,

Accmulation

In a bioaccumulation test on carp BCFs of 3 — 14 resp. <3.1 — 15
were determined after 6 weeks at concentrations of 200 and 20
g/1 (MITI, 1993). These values indicate a low bioaccumulation in fish.

MDAL TS EEE D R I E R D EMZ R FIFREEIZ DLV TILER
EINTLVELN, 34->9007 =oAL -RE T, EE%E
BT 2EMTOEERRENERICE o1z, AFETOBCF
[$4~45 1/kgTHoT=M. BEICERTHEYTOBCFIEHRK
800 I/kgTHY. 34-2>/O0 T =Y ETIUEEED RIS ERMH
EMFEMICTIATRETH I LN TSN,

The bioavailability of the reaction product of MDA with humic acids
was not examined. In experiments with 3,4—dichloroaniline an
extraordinarily high bioaccumulation was found in organisms with
sediment ingestion. While BCFs between 4 and 45 |/kg were
determined for fish, values up to 800 I/kg for sediment dwelling
organisms indicate that the reaction product of 3,4— dichloroaniline
with humic acids is bioavailable.

MDAt R MHEEFDEEZ OIS,

We expect that MDA has similar properties.
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HEA FNER#E R (EU-RAR) JR3Z(EU-RAR)

-1 A~DAMEN
ACUTE_TOXICITY TO_FISH

—mmg 4,4— MDA 44— MDA

— DMF. #lifE 95.5~98 % DMF, 95.5-98 % purity
7’:‘&
GLP
HEBRETo-F
R N Brachydanio rerio Brachydanio rerio
IURRAVE

ERVEDRTDEE
RRMEOSHEE
$= R DR TR
HEREH

HRADER. AR . KE
HBRAKEHYORKE
BENECORZERBHE
LwAlbZ#H

FHKR

FHK DM E
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96RFRILC50 = 42.0 mg/| 96 h—-LC50 = 42.0 mg/|
#53R (96h-LC50) HERE nominal concentration
EFHERDT
F—RETA
{EETE D FIBTIR L
Hig

SIAXER Ciba-Geigy 1985a Ciba-Geigy 1985a
KEDEHBMICEALTIIENRBOBERDAAFAIEETSH (Vertebrates: Only results from short—term tests are available.

%, 2EEMEE (LC50) (X 32 mg/I D> 65 mg/| DEFTH S, |The acute effect concentrations (LC50) range from 32 mg/I to 65
mg/|.

&%

‘:t%ﬁ%ﬁ 44— MDA 24— MDA
— % R 99.7 % 99.7 % purity
7‘3‘&

GLP
HBREToFE
B8 Rk BHIEE Brachydanio rerio Brachydanio rerio
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#£2 (96h-LC50)

96FFHLC50 = 65.0 mg/I
BERE

96 h—-LC50 = 65.0 mg/|
nominal concentration

BT

F—RETA

ERE QIR

Hi B

Bayer 1986

Bayer 1986

5| SRR

e

KEQOBEHEMICEL CTIXEHRABROBRDOAAFARETH
%, BMEEME (LC50) (& 32 mg/I M5 65 mg/| DEFETH S,

Vertebrates: Only results from short—term tests are available.
The acute effect concentrations (LC50) range from 32 mg/I to 65
mg/I.

44— MDA

44— MDA

E—

HEE 96 %

96 % purity

Hix

GLP

HEBREToF

B8 R fHGE

Leuciscus idus

Leuciscus idus

IVRRAUE

HEYEDAMDEE

HEBRMBED ML E

FEIR DIRETARAT T &
FRERE
HERAD /. AR, KE

HBRAKEH-YDAKSE

SEMECORZMEHBER

CowAfb&H

FIUKIR

FFKDILFHHEE

iﬁ%ﬁi@f& (RURTFRR) LZ DR

FRMEOEAE COREE

AR/ BROEREZORE

EEDH

EEHE

EEA

1E7K

static

oK/ BUKEEE

B ELYDAK

FENRRINDAEDTRER
BRUXEBRXICEH1THKE

SRR B #0

BREADIKE

TOAEREDH AL
E

RERE

SEAlRE

AP EEE

RRRECEDR

HiEtmER

IR
SBRICHITHELTE

EERIS

Ot DEEER

fEam

#5522 (96h-LC50)

96RFfEILC50 = 53.0 mg/|
96BFEINOEC = 10.0 mg/|
RERE

96 h—-LC50 = 53.0 mg/I|
96 h—-NOEC = 10.0 mg/|
nominal concentration

EEHERa7

F—RETA

ERE QR
Hi B

5| FAXCER

BASF 1988a

&%

BASF 1988a

KEQOBEHEMICEAL CIFEHABOBRDOAAFARETH
%, BMEEME (LC50) (& 32 mg/I M5 65 mg/| DEFETH S,

Vertebrates: Only results from short—term tests are available.
The acute effect concentrations (LC50) range from 32 mg/I to 65
mg/I.

44- MDA

44- MDA

B —1f%
Bk

GLP

HEREToEF

BIE. R HigE

Oryzias latipes

Oryzias latipes

IVRRAUE
HBRNEDLITDEE
AR

HEME DS

BEOGIHEN T %
HEALH

ax\
HRAD A, AR, AE

HEBRRAKEH-YDARKS

SEYETORZHARRER

CoAfbZH

KR

FIKDIEZHEE

zﬁﬁiﬁiﬁ(&lﬂ%ﬁiﬁi&)t%@%ﬂ

HEBRMENFRHTCORES

RRBE] RRIDIBEEZDRE




RERHE

27 1

1E7K ~aE K

static/semi-static

MoK /KSR

EHLESYDRK

HEIPBEINDUELTRER
EUHEBXICEITHKE

BRI P i

BB DIRE

1538 T R D E 5
&R

RERE

SAEE

EMFHT B

RERCEDE

HETRIRER

R
MEXICHFTHFETE

EERIS

Z DI DEEIER
i=F]

#5 2 (96h-LC50)

48RFMILC50 = 32.0 mg/I

48 h-L.C50 = 32.0 mg/I

BT

F—REATA

B QIR

Hi B

5| FAXXER

MITI 1993

&%

MITI 1993

KEQOBEHEMICEAL CIXEHNABOBRDOAAFARETH
%, BMEEME (LC50) (& 32 mg/I M5 65 mg/| DEFETH S,

Vertebrates: Only results from short—term tests are available.
The acute effect concentrations (LC50) range from 32 mg/I to 65
mg/I.

44- MDA

44- MDA

E—f%

DMF . $#ifE 955~98 %

DMF, 95.5-98 % purity

HiE

GLP

HEREToEF

BIE. R Hi6E

Oncorhynchus mykiss

Oncorhynchus mykiss

IRRAUE
TOHE

HBRYMEDS
HERMBED N &

FER DA R E &

AL E3

HRAD A, AR, AE

2’..#
i
by

F

HEBRAKEH-YDARKS

SEYETORZHABRRER

CoAfbZH

KR

FIKDIEZHHEE

iﬁ%ﬁiﬁi&(&lﬂ%ﬁiﬁi&)tf@%ﬁﬁ%

REEOBAT COEEE

RRRBE BRI DIBEEZDRE

ERG

1F 7K

static

Bk %/ BKEE

EHLESYDRK

HENPBEINDUELTRER
EUREBXICHEITHKE

BRI B i

BB DIKE

ﬁ]iﬁ'lii%lﬁd)%‘fﬁ?ﬁiﬁ

HiEtH0RE

T
MERICHIFTHETE

EERIS

T OhDEIERER

fit

#£2 (96h-LC50)

96FFEILC50 = 39.0 mg/I
RERE

96 h—-LC50 = 39.0 mg/|
nominal concentration

EEHERaT

X237«

ERE QIR

Hi B

5| FAXXER

Ciba—Geigy 1985b

e

Ciba—Geigy 1985b

KEQOBEHEMICEL CIXEHRABOBRDOAAFARETH
%, B2MEEME (LC50) (& 32 mg/I M5 65 mg/| DEFETH S,

Vertebrates: Only results from short—term tests are available.
The acute effect concentrations (LC50) range from 32 mg/I to 65
mg/I.

4-2 KEBERDY~ OB BIXEIDD)
ACUTE_TOXICITY TO AQUATIC INVERTEBRATES (DAPHNIA)

44— MDA

44— MDA

E—

EHE

extra pure

Hix

GLP

HERET o5

EWIE, R, fHiGE

Moina macrocopa

Moina macrocopa

IVRRAVE

HEBYEDAMOEE




HERMBE DN &

‘f‘*%@‘fﬁn‘fﬁ*?fﬁiﬁ

“xt%ﬁi%d)iﬁ BIALIE , BB 5%

ZEMETCORZMERBER

SAERBAIA B O B Fl i

KR

FFKDILFHEE

iﬁ%ﬁiﬁi&(&(ﬂ%ﬁiﬁi&)&%@%ﬁ@

FRNEOEAE COREE

AR/ BROEREZORE

1E7K

static

B 1B UORRENE

R EZEABESNDEED
VRERICHEITHKE

BRI P i

B DIRE

FAEREDHESE
&8
RERE

EARE

iff ik B 25 3

LREAREROR
IR

28 BXEE

%%zcaw%&mm;%ﬂ

effect: immobilisation

E[:ﬁ(fé&ﬁﬁ@%éﬁ@%g
i

#5 2 (48h-EC50)

24F5EEC50 = 2.3 mg/|
BERE

24 h—EC50 = 2.3 mg/I|
nominal concentration

EEERa7

X237«

ERE QR
Hi B

5| SRR

Fujiwara 1982

Fujiwara 1982

&EE

4-3 KEEYM~DEM (BIZ LT

TOXICITY TO AQUATIC PLANTS e. g. ALGAE

‘:t%ﬁ%ﬁ 44— MDA 24— MDA
—4 DMF, #iiff 95.5~98 % DMF, 95.5-98 % purity

7‘3‘&

GLP

HBRE(To-F

EWiE, Rk, HHieE Scenedesmus subspicatus Scenedesmus subspicatus

IVRRAE

EHEEHICANV-T—2DiEHE

HBRUEDAMDERE

HERMBE DN %

fER DIEH R F A
FERSE M
SERER CORBRRERS S

BEOIEED S AR KT

SEYETORZHABRRER

FHUKIR

EDILEEIEE

iﬁ%ﬁi@i&(&(ﬂ%ﬁi@i&)&%w? -3

FENEOEAE COREE

AR/ BROEREZORE

3
FERERDODLAELTEIZETEHE
ERPRIARF SR TREDIKE

BRI P i

D IRE

T HEREDHAAE
]
BE R

EST T

NI | 5T [N

il

ERBEE®

BERERICETHERR

ZOhEREHER

FEIR

FE ZEmE

MERTHDEREZ LD

effect: growth inhibition

HIBXIZHTHRIEDZ UMD ER
f

#& R (ErC50)

ZZE#FBE]EC50 =21 mg/|
BERE

72 h-EC50 = 21 mg/|
nominal concentration

#E 5 (NOEC)

EEERaT

23T«

ERE QIR
Hi B

5| SRR

Ciba—Geigy 1985¢

Ciba—Geigy 1985¢

&EE




HEEE T¥H5L—FK MDA technical-grade MDA

EE

5

GLP

HERETo5F

EWiE, Rk HHeE Scenedesmus subspicatus Scenedesmus subspicatus

IRRAUE

SHEBEEHICANV-T—3DEE

HEYEDAMDEE

HBRMBED N E

FEIR DIRETARAT T &
FRERSE
SERIESR TOEBMRAEES X

EBOIIERED L EZRTIRR

ZEMETORZMEHBER

KR

B FRIEE

gﬁﬁiﬁiﬁ(&lﬂ%ﬁiﬁi&)t%d)éﬁﬂ

HBRMENFRHTCORES

ERMASHOBELLORE

RERHE

HERERQODEIEL1EIZEITHE
ERBASRRT AR TR DIKE

SRR B #n

HREADIKE

R ERE DB S &
HER

R

EAIRE

(MG | M (K

HAREE

ERMBEEE®

FRERICEH54 KR

ZDBREFER

R 28 (AR Effect: biomass

MNERTHDEREZLH

SBRICETEREDELEDER
fhim

T2B5REC10 = 2.4 mg/| 72 h-EC10 = 2.4 mg/I|
&8 (ErC50) 72B5MHEC50 = 9.8 mg/| 72 h-EC50 = 9.8 mg/|
BERE nominal concentration

#E5E (NOEC)

EEERaT

F—REATA

EREE QIR
Hi B

5| FA LRk Bayer AG, 1992b Bayer AG, 1992b

&EE

AERYE TERYL—K MDA technical-grade MDA

E—

Hix

GLP

HERET o5

EWiE, Rk, HHieE Scenedesmus subspicatus Scenedesmus subspicatus

IRRAVE

SHBEEHICANV-T—2DEHE

HBRME DN TDE R

HERMBE DN %

faR DIEH R F A
FERSE M
SERER CORBRRERS S

BEOIEED S ER KT

SEMETCORZMHBRRER

FHUKIR

EDILEEIEE

iﬁ%ﬁiﬁi&(&(ﬂ%ﬁiﬁi&)&%@%ﬁ@

FENEOEAE COREE

AR/ BROEREZORE

3
FERERDODAELTEIZE T
ERPRIARF SR TREDIKE

BRI P i

D IRE

TS s 625
G En

EHRE

NI | KT [N

IR

ERBEE®

BERERICETHERR

Z DB RER
AR BE ERRE Effect: growth rate

MERTHDEREZ LD

HERCATARLDEEEDER
b




#& R (ErC50)

72B5FHIEC10 = 0.3 mg/!
72B5fEEC50 = 11.0 mg/I
BERE

72 h-EC10 = 0.3 mg/!I
72 h—EC50 = 11.0 mg/I|
nominal concentration

#E5 (NOEC)

EEERaT

F—RETA

ERE QIR
Hi B

5| SRR

Bayer AG, 1992b

Bayer AG, 1992b

&EE

4-4 WEYP~OEEBIZIZNITY

7)

TOXICITY TO MICROORGANISMS e. g. BACTERIA

44— MDA

44— MDA

B — 1%

HEE 99 %

99 % purity

ik
HERDEE

GLP

HERETo5F

EX7TE]

Photobacterium phosphoreum

Photobacterium phosphoreum

HEBEYEDAMDEHE

HBRMBE DT E

FEEHRE

SHER {4
HER

HifE

304 fEIEC50 = 6.6 mg/|
BERE

30min—EC50 = 6.6 mg/I
nominal concentration

S

HEEh

#ER(EC50%)

2E. HE

3053 FEJEC50 = 6.6 mg/|
BERE

effect: inhibition

30min—EC50 = 6.6 mg/I
nominal concentration

EEHERaT

X237«

ERE QR
Hi B

5| SRR

Kaiser 1991

Kaiser 1991

&EE

44— MDA

44— MDA

B — %

B
HERDEE

GLP

HERETo5F

EXVTE]

Pseudomonas fluorescens

Pseudomonas fluorescens

HEBEYEDAMDEE

HBRMBE DT E

16EFRITGK > 15.0 mg/I

16 h-TGK > 15.0 mg/I

2E. J )L 2—RA5HEEE

effect: inhibition of glucose degradation

#ER(EC50%)

10HHECO > 100.0 mg/I
BERE

16BFRITGK > 15.0 mg/I 16 h-TGK > 15.0 mg/I
EEERIT
X—2R8T4
EEEDFIBTR L
High
Elli: B Bringmann & Meinck 1964 Bringmann & Meinck 1964
|[EZ
HERYME 44— MDA 4.4— MDA
F—1% $E BAED S TLVALY purity not specified
FiE
HBEDELEE
GLP
HEREITo-F
EiE Escherichia coli Escherichia coli
HBRMEDLITDEE
HBYEOR AR
AEAME
ERER M
b
=il 10BFIECO > 100.0 mg/I 10 d-ECO > 100.0 mg/|
=iis SERE nominal concentration
SERR 28 AR effect: growth

10 d-ECO > 100.0 mg/I
nominal concentration

EEERaT

F—RETA

{E3E1E D FIBAR B

g
5| SR

Fujiwara 1981

Fujiwara 1981

{52

44- MDA

44- MDA

=] f‘lﬁ

HiE

OECD 209

OECD 209

HERDIELE

GLP

HERETo5F

EX71E

EEIER

Activated sludge




HERYEDAMDEE

HBRME DDA E

Z M
SRER 1
#ER
EE 3BFREIEC50 > 100 mg/I 3 h EC50 > 100 mg/I
= HERE nominal concentration
SEIR 28 [FIREE effect: inhibition of respiration
bt

+ 3BFRIECS50 > 100 mg/| 3 h EC50 > 100 mg/I
HBRECSOH) BREERE nominal concentration
EFEMERIT
XF—RBT4
(%514 D FI B AR L

Hig

5| SRR Bayer AG,1987 Bayer AG,1987
&EZ

4-5 KEEY~DIEEEN

CHRONIC TOXICITY TO AQUATIC ORGANISMS

A B~DEEEN
CHRONIC TOXICITY TO FISH

B. KEZBFHBY~DIEMESMN

CHRONIC TOXICITY TO AQUATIC INVERTEBRATES

44— MDA

44— MDA

B — %

EHE

extra pure

OECDAHARS42202, /A—F I IZEHL THERBERBRERELT=

The reproduction test was performed according OECD guidlines
202, part II

Moina macrocopa

Moina macrocopa

HEBRMBED T E

IVRRAUE

FEE DA R E
SERS M
BhEIE A DE &

BEIDER, RE. BRI BEXOHHE

HERRE

pH

R

SRER BH SR B [ 245 RS o K i

at the beginning of the test less than 24 hours old

RBEDNDER
FHHUKIR

ERADLEHEE

gﬁﬁiﬁiﬁ(&lﬂ%ﬁiﬁi&)t%@%ﬁﬁ

REEORAT COEEE

FRRRBE] AR DIBEEZDRE

EEHE

REEDH

EHLELTYQHEBREYH

i

WX EZENBREINDHED
1TRERICETHKE

R EREDE S &
=S
RE R

EALRE

EHRE D

R EKAE

RIEEFR

RBBRIZE DRI EZ 2 h

EFET0EA

5z 1z, SBRITHIEKK EL , HERBRIF48BFR LI HL
Tz 2B EICFI R DS ELEHLT -,

ABROZ LM

IR 2E. B effect: reproduction

- K, 48EFRE O &I THRK semi-static, test solution renewed every 48 h

&

#& 5 (EC50)

+ 14HRINOEC = 0.15 mg/| 14 d-NOEC = 0.15 mg/I

#R (NOEC. LOEC) BREERE nominal concentration

EEERIT

F—RBT4

EFEME D FETIEHL

Hig

5| ik Fujiwara 1982 Fujiwara 1982
Moina macrocopa (STRAUSR ) (FZIP aN—ETH5. Moina macrocopa STRAUS belongs to the daphnids. The
Daphnia magna EDEWNE, KYEAEERBIMNEWLZETH D, &Ko |difference is that Moina macrocopa has a shorter generation
T M. macrocopaZFALND T &IZ&Y . MDAIZ & DI DMK [time than Daphnia magna. So, it is possible by using of M.
BIEEEHBRE 2B TERE T A EMTET-, KEKERIXOECD |macrocopa to examine the effects of MDA on the reproduction
HARS 42202, /8—F I [ZHEHLL | SXERBAIARE 2 T24RFREE5R |of daphnids in three generations within two weeks. The

Bz FDIUUAEFERALTERLT-, 8B&L TEEMASRKEL %18 1[8]|reproduction test was performed according OECD guidlines 202,

part Il using at the beginning of the test less than 24 hours old
daphnids. The daphnids were fed once daily with unicellular green
algae. Under this semi—static condition the test solutions were
renewed every 48 hours. The newborn young of the F1 generation
are counted every two days.




4-6 EEEM~DEN

TOXICITY TO TERRESTRIAL ORGANISMS

A EEEMA~OEHNE

TOXICITY TO TERRESTRIAL PLANTS

44- MDA

44- MDA

E—tt

$HE >99.5 %

>99.5 % purity

5

SBoRE

GLP

HEBRETo5F

£

Avena sativa

Avena sativa

HBRME DA TDE R

HERMBE D%

IVRRAVE

EEHRE

SHER S
HER

HikfE

222 H3F) 17HRINOEC = 3200 mg/kg TiR(EZEE)
(22 BE) 14BRIEC50 = 353.0 mg/kg TIE(BZEE)
(822 BXH) 14HEINOEC = 100.0 mg/kg T1E (B2 EE)

S8 RF14BHDER) 14HRINOEC > 1000.0 mg/kg L1F
(EE)

BERE

(Effect: emergence) 17 d-NOEC = 320.0 mg/kg dw soil
(Effect: growth) 14 d—EC50 = 353.0 mg/kg dw soil

(Effect: growth) 14 d-NOEC = 100.0 mg/kg dw soil

(Effect: survival, 14 d after germination) 14 d-NOEC > 1000.0
mg/kg dw soil

nominal concentrations

IR

EEERaT

F—RE2T1

ERE QR

Hi B

5| SRR

TNO 1992 b

TNO 1992 b

&EE

44— MDA

44— MDA

E—

$HEE >99.5 %

>99.5 % purity

ik

HERETo5F
B

Lactuca sativa

Lactuca sativa

HEYEDAMDEE

HEBRMBED ST E

IURRAUE

27 1

SRER S
HER

HifE

522 H%F) 17HREINOEC = 1000 mg/kg L% (22 &)
2. BE) 14BRIEC50 = 1280 mg/kg TR (L EE)

F2&: H) 14BMNOEC = 10.0 mg/kg TIE (BZE =)

2 ZF14A%OLER) 14HEINOEC > 1000.0 mg/kg 1%
(ZER)

(Effect: emergence) 17 d-NOEC = 100.0 mg/kg dw soil
(Effect: growth) 14 d-EC50 = 128.0 mg/kg dw soil

(Effect: growth) 14 d-NOEC = 10.0 mg/kg dw soil

(Effect: survival, 14 d after germination) 14 d-NOEC > 1000.0
mg/kg dw soil

nominal concentrations

IR

EEERaT

F—RETA

ERE QR

Hi B

5| SRR

TNO 1992 b

TNO 1992 b

&EE

B. TEEM~DEM
TOXICITY_TO_SOIL DWELLING

ORGANISMS

44-MDA

44-MDA

E—

ik

HEREToF
B

Eisenia fetida

Eisenia fetida

HERYEDAMDE

HEBRMBED ST E

IURRAUE

27 1

SRER S 4
HER

HitfE

148 RILC50 = 4440 mg/kg TIEBELEE)
14HRINOEC = 32.0 mg/kg T1E (2EE)

14 d-LC50 = 444.0 mg/kg dw soil
14 d-NOEC = 32.0 mg/kg dw soil

IR

FE: REHEM

effect: weight increase

EEERaT

F—RETA

ERE QR
Hi B

5| SRR

&EE

44-MDA

44-MDA

E—

i FE 99.5%

99,5 % purity

ik
RBRDEE

GLP

HERETo5F
B

Eisenia fetida

Eisenia fetida

HEYEDAMDEE

HEBRMBED N T E

IURRAUE

R




5&%1#

faR

- 148 BINOEC = 56 mg/keg TiE (22 &) 14 d-NOEC = 56 mg/kg dw soil
=Ee BERE nominal concentrations

T FE: TEMBLUSNE effect: behavior and appearance
EFHEMERIT

XF—RBT4

(%514 O FI AR L

Hig

5| SRR TNO 1992a TNO 1992a

&EZ

C. DI ERELER (REEET)~NOEN
TOXICITY TO OTHER NON-MAMMALIAN TERRESTRIAL SPECIES (INCLUDING AVIAN)

-6-1EEEY~DEM

TOXICITY TO SEDIMENT DWELLING ORGANISMS

4-1 EMFHREE=FIT (BYMERILLERESTD)
BIOLOGICAL EFFECTS MONITORING (INCLUDING BIOMAGNIFICATION)

E—

ik
RBRINZBEXETIISRTL

Agelaius phoeniceus (B%8)

Agelaius phoeniceus (bird)

BEINLHE

HERETo5F

SHER S {4
HER

o

LC50 = 148 mg/kg {AE

LC50 = 148 mg/kg body weight

HERYE D

BEEHICETIER

EEHERaT

F—REATA

EREE QIR

Hi B

5| FAXCRER

Schafer et al. 1983

Schafer et al. 1983

&%

MDAD EMEMREIT RSN TOVEWN O, ZRPEICEHT %
SEIIFETH D,

As there are no indications of a bioaccumulation potential for
MDA, an effect assessment for secondary poisening is not
required.

E—

ik

HABREINDEXFIAVRT LA

BEINLIHE

HERETo5F

SHER S
HER

KENLI-RIE~DMDADBIEETIEL V=0, BEAMLARN
BENORBRBEIEETIGVEEZSND, =1ZL, MDAL
EEFOAERNEDRISERMISEERICEREL. EWFHIC
FATRELHRIEI D, EENSEELEYN, SHICAF LSS
ANEVSEMERBRICOVTIE, AIREMZHRBRTELL,

EERT—ANBONTLEWN S, SO RSOV TIXEHMETER
(A%

Because of the low accumulation of MDA in fish via water, the
exposure route fish — fish eating bird is likely to be not relevant.
However, the reaction product of MDA with sediment organics
accumulates in sediments and is probably bioavailable. A
biomagnification via the route sediment — sediment dwelling
organisms — fish or bird can not be excluded.

Because of missing experimental data, this issue can not be
assessed.

HERME D

BEEHICETAER

EEERaT

F—RETA

ERE QR

Hi B

5| SRR

&EE

4-8 EHENYETMETE

BIOTRANSFORMATION AND KINETICS

4-9 BINTEHR
ADDITIONAL INFORMATION

F—1%

7%

#5 R
BONTVSRERIFRD BT #7144 -MDAIZELDEDTH [Most of the available tests were performed with the pure 4,4 —
YU, TE¥RYL—KOMDAIZEET 5T —2IZBRON TS, KE  |[MDA. Limit data are available for the technical grade MDA. The

itk EYI T IEERBERTEELLDZE., 2IBEDMDARL F % |most relevant results from toxicity tests with aquatic organisms
RBILT, LTFXITTRY, are presented below, differentiating the two products.
KEREE:ATUTU—TIRER 4-1~4-7

EEERIT

X—R874

EEEDFIBTR L

High

= FXE
Ez




ERSHHBROANMEERRT 5L T MDAD KT TDRN R
(3.1.1b% BB ITOVTEERTILENH D, thDT7=) BT
DRBRERNSIEHT HL. HBRBRIIKBLINICRESEER
30 O THMEITOTCWEVEHERIZENTHLER DD, DF
Y, BEREICEDVDTEEEREZZVTLAHERITONTIE.
AMERGT RETIFAL,

KEREF  ATUTL—RTIKI31.1. 53R

By validating the ecotoxicological tests, the photolytical
degradation of MDA in water (cf. 3.1.1.b) has to be considered.
According to experience with other anilines, the test solution is
not stable over a few days. Therefore it has to be assumed that
tests without analytical control would be not valid. That means,
that all tests using nominal concentrations as bases for the
derivation of the effects data can not be taken as valid.

o

0 aff
Ciba—Geigy|Z &b —EDHER TIEI N EEREL TLVA A, SKEXE [In some tests of Ciba—Geigy an analysis was provided, but after 2
1hEE LY BHER2. SHE ORBRMERENE Lo TULV =128, |or 3 days the substance concentrations were found to be higher
NODRBOAIZDONTIE, FRILETHRETH D, LH  [than at the beginning of the test; the analytical part of these
L. ABRBOEEZZERELLTRELTEY., RERFER(LT  |tests have to be taken as not valid. However, the prepared
NIZEDEHESh TS, concentrations are accepted as nominal effect concentrations,

and the test results were calculated on this basis.

EEERIT

F—RETA

EEHDFIBTIR L

Hig

5| FER

|[EZ

iz

FERIZKYIKBERDAI4 -MDAITH P REINBIEMRENT |As shown in a laboratory test, an aqueous solution of 4,4 -MDA
V5 (3.1.1b% SH8) , EFE. Frank & KlopfferMEtE L=l [can be photolytically degraded (cf. 3.1.1.b). In fact, calculation of
IIRETIHATHo =, EEMENY (Moina macrocopa) %L = [the half-life according to Frank & Klspffer shows a lowest half-
RHRBRTIE., RERBERDITHITA8EER & I21To1=7=8. X |life of 3 days. In the long—term invertebrate test (Moina
HRRTICIZREMST%ETL TN =C&IZH D (T —R M —R% 38 | macrocopa), solutions were replaced every 48 h, which means
T : MREE [XFrank & KlopfferDHEEEEFIHRET ) . ZHLlE. |37% loss of concentrations between renewal (worst-case
AFLE=TRTOEY (9685/) SRER THRAER B R D B EH60% |assumption: the degradation rate is similar as estimated by Frank
ETLTWAIEEEKRT S, HoWBHREBRT ARSI DRIRT |& Klspffer). That also means for all available short-term test with
X, 20%% B2 5REDETITENERLSN D, duration times of 96 h a loss of concentration of 60%. The loss of
NEREE: RKTFUTL—TIXI31.1. 507 concentration more than 20 % is not valid anymore in the
understanding of all available test guidelines.
HEEFIEIXRAICET HEHEL T2 THS-O. EEDOHER
ZHETTORREEIITHETH D, LI=MN>T, ZOEBETT— We don’ t know the degradation rate under the real test
e ANT—REEETHDILENTHL ER NS, conditions, as the test protocols give no sufficient information
about the light conditions. Therefore, we feel that the worst—
case-reflection is appropriate at this stage.
MDAIZEIT BB TAFARELRED TIE, LWF N5 #7% 47> T |Having in mind the facts, that none of the available tests for
WEWEWSEREZRFZ DL, ChoDRERITAERESMEIER |MDA were done under analytical control, the tests can only be
ISTRETBEDTIIAL ARREREBELTOAEDONSD, |accepted as range—finding tests, but not as a precise
Ciba—Geigy hNEHE L 1= Brachydanio rerio D iRE& (1985a) KU |determination of the ecotoxicity. The two tests presented by
Scenedesmus subspicatus D ERER (1985¢) Tl D#TEFEML T |Ciba—Geigy for Brachydanio rerio (1985a) and Scenedesmus
W=, SRERIR TR D SRER M E B E W\ BAIARF &Y & <A > TUVS |subspicatus (1985¢) were indeed performed with analytical
F—=2EHo1==0 . S ELTIXENTHHEHIBRLT =, control, but from our point of view the analytical part of these
tests is not valid as the substance concentration was sometimes
higher at the end of the test than at the beginning.
EEHRIT
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4,4"-MDA® PNEC,,.,¢ DEH

PNEC,,., DEXE 2. FEHEALERZE ALV ER D5 R (385
EC50 > 100 mg/I) {9 %, TGDIZH Z £, Pseudomonas
fluorescens DFER (TGK = NOEC = 15 mg/I) R U
Photobacterium phosphoreum DHEE (EC50 = 6.6 mg/1) & {E AT
BT LIFTET | EfzEscherichia colil=&2#ER (10HFEEC50 >
100.0 mg/1) IZISFEMEMMENEEZ SN D,

Determination of PNEC,,.s,

For the determination of PNEC,,, the test result with activated
sludge (3 h—-EC50 > 100 mg/| ) is used. The results with
Pseudomonas fluorescens (TGK = NOEC = 15 mg/I) and with
Photobacterium phosphoreum (EC50 = 6.6 mg/l) can not be used
according to TGD and the test with Escherichia coli (10 d~EC50
>100.0 mg/1) is considered as less relevant.

Hhim
THERAVMRE F =100 £F5&. PNECIEAT DEYFHESH  With an assessment factor F = 100, the PNEC is calculated as
% PNEC, i, >/= 1 mg/I
PNEGC,x, >/= 1 mg/I
MERE T FKALEIEER 351+ HPNEC
EEHRIT
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EFEME D FETIEHL
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44"-MDA® PNEC,,,, DEH

44" -MDAITDW\TIE, ERBRBEOEMIETI AR (A
SHEL) DHERNFONA TS, RDOAESEHEKID D
O — ¥ Moina macrocopa CitskSh 1= (24B5REEC50E = 2.3
mg/|) o Moina macrocopa |$EEBEZEDE I >T-EMIETH
Y, RMEHHROBRLESN TS (14HH NOEC = 0.15
mg/1) , $li¥754,4"-MDAIZ LB Z D D REIHRBRIER T /LN
TLWEWHD, TEAYL—FDOMDAIZ&SEFFEDNOECE TNk
IZEAL. 7ERAV MRS F =50 &5 5,

&D2T. PNEC,,,, =150 ug/l /50=3 pg/l

Moina macrocopal~& %R ERER T F 1L /KX TEHEL . 4885H B
ECHREBRBERETHLEA. A FIToTLED, RERGIR T O
MDAD K EDT=8 . RIEDFEREICEIPNECIEEHLE
WEBbNnD, LML, SV aREBRZHEDEVETHDI L
MRERBINTEY . FERAVMEH 50 ZBATHETIOR
ERESIFHDONDIEZSS,

Moina macrocopa DB MEEMRBRIERERIC, TERAAV MR
% 1000 ELTPNECZEH T % &, EDPNEC,, S lDEE
73523 ug/l)o

Determination of PNECZQU‘.i for the 4,4"-MDA

For the 4,4"-MDA, results from acute tests with species from 3
trophic levels without valid analytical control are available. The
lowest acute toxicity was recorded for the daphnid Moina
macrocopa (24 h—EC50 = 2.3 mg/). For the most sensitive
species also a long-term study is available (Moina macrocopa 14
d-NOEC = 0.15 mg/I). Although, other results from long term
tests with the pure 4,4 -MDA are not available, the assessment
factor is set at F = 50, since the NOEC found for the algae with
the technical grade product will be additionally used.

Therefore: PNEC,,,, = 150 ¢ g/l /50 =3 ug/l

The long term tests with Moina macrocopa is a semi—static one
done with a renewing of the test solution every 48 hour, but
without analytical control. Because of the photodegradation of
MDA during the test time, the PNEC based on effective
concentrations should be lower. However, it is ensured that
daphnids are the most sensitive species, and the application of
an assessment factor of 50 will cover this uncertainty.

The determination of the PNEC based on the acute test on
Moina and an assessment factor of 1000 would lead to a similar
result (2.3 ¢ g/l).
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4,4"-MDA® PNEC,,; DE H

EEEPOT—RI/ON TGS KB FOPNECIEERE
TEL, MDAIZEERDISVEITREETHTEND (3.1.1.03%
SR, THAERETERATELGL , EEEYIEREBKPIZEE

l);br:MDAmxjs*/E’;tMDAto)}imiﬁj‘z%m\#m:ﬁiﬁé
%o

REF ATUTL—LTIEI332 HER)

ZOMDOT=)UFERERANHARICLDE, TIVEEET=Y
O RIGERDIEENZHIFI AR AETH D, MDALREIHKIZ,
4-y0a7=)URUB4-2/007 =)L TIEPEEH DI
VEERBHEEMRT D, YIS LDEUAAHERTIE ., BATHR
BEL-/n072) o A BREN RSN SETLIEPTH]
EEL, RICIELDEMEEZ T, BETREZAELT-, ZDH
R.EYICEDMETREDRY AA D ER SN, JSVBEET=Y
FEARLODESARNEMEMICFIAATETH I LTSNS
(Fuchsbichler, 1978 ab) , EU-RARDI34-2oOO7 =) 1DIE
TIEEDHRESSICERICFHBRLTLS,

H—EWBICl2ERORBREICIHEDOIIOaX LRERT
[, METHZE L 1=34-20/ 007 = DB EITE L ERE
Tiﬁ\nﬂ&)bhfzo_a)ﬁ%ﬁ\b 34-2oHn0F7 = ETIUERE
DRIGERDIEEDNZHICFATEETH DI EMNRTE SN
%, MDAICHL RIS DMEE L HHEHRT S,

ELEEYITHT HEMEHIET HICIL, ATHEELIZMDAZ ALY
EEEEYOERESBNVEEL D,

Determination of PNEC, 4

A determination of a PNEC sediment is not possible, because
there are no data with sediment dwelling organisms available. The
equilibrium partitioning method is not applicable due to the
binding of MDA to the humic substances of the sediment (cf.
3.1.1.c). Sediment organisms will be exposed both to MDA
dissolved in the porewater and to the reaction product of MDA
with humic acids.

An investigation with other aniline derivatives indicates that the
reaction product of anilines with humic acids could be
bioavailable. Similar as MDA, 4—chloroaniline and 3,4-
dichloroaniline form covalent bounds to the humic fraction of
soils and sediments. In a plant—uptake test, radiolabelled
chloroanilines were preincubated into soils until the covalent
bounds had been formed. Then different plants were sowed and
the radioacticity was measured. It was shown that radioactivity
was taken up by the plants indicating that the complexes of the
humic substances with aniline derivatives are bioavailable
(Fuchsbichler, 1978 a,b). This point is elaborated more precisely
in the RAR ,3,4—dichloroaniline.

In single species tests and a microcosm experiment, an
extraordinary high bioaccumulation of radiolabelled 3,4—
dichloroaniline was found. The tests give strong indication that
the reaction product of 3,4—dichloroaniline with humic acids is
bioavailable. We expect that MDA has similar properties.

A reproduction test with sediment organisms with pre—incubated
MDA is necessary to determine the toxicity to sediment
organisms.
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TXRTL—K MDA IZEET 58T —42
TXRASRZ(TERAYL—KMDA 70 - 7z=)LR—ZMDA 70)
[2DOWTIE, BETOREREICEIGHBEROANFELN
T3,

T¥%mRYJL—K MDAD PNECzqu,., DHEE
TERYJL—FOMDAIZDOWNTHELN TS T —2(LELEICET

LABHERDATHD. FoT. KT HET—HTHEDPNECE
BHTIILEFETEGV R TIVOFELRBEIFECKNIE
M5 (3111EX SH8) . TXMHY L—FMDAOPNECH H ZFE
THb.

KEREE: ATUIL—hTENT BESLUANDORZEER

Available effects data for technical-grade MDA

For the technical product (technical-grade MDA 70 — phenylbase
MDA 70), only test results based on nominal concentrations for
algae are available.

Determination of PNECZQU‘.i for the technical-grade MDA

For the technical-grade MDA only tests on algae are available.
So, it is not possible to derive a special PNEC on the basis of
this few data. Because there is no significant exposure of the
polyamine compounds (cf. 3.1.1) the derivation of a PNEC for the
technical grade MDA is not necessary.
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REK
MDAZLERFDHEH IZDWLT A~ DB # R RIS A IZH 1+
%HPEC/PNECLLELLTFDRIZIRT (PNEC =3 ue/l),

BlEstt PEC, [1g/] ~ PEC /PNEC
EXV 69 23

A 80-10° 0.0027

B 27-10° 0.0009

© 0.40 0.13

E 0.11 0.04

F 0.088 0.029

H 0.23 0077

I 0.02 0.0067

BEANDBEH SIS BHPEC/PNECLLIFA T DEY THS:

gt PECy.s [1g/ll  PEC / PNEC

G 1.0 0.028
J 0.047 0.016
K 1.0 0.33

M 1.0 0.022

S DB LM 231+ HPEC/PNECLLIZLL T DBY TH S

s 2 Ciocar [ 8/1] PEC / PNEC
AE 0.12 0.04
F,H 0.32 0.11

CDH#ER. PEC/PNECLL (Z £ S THHLMNIIRFE TH D, L1z
Mo T KEEYITHTHIRIEENERESN D,

RYIL AL BER R U TRF D EEHIEL TOMDAEFARIC,
AEGHHIEENETEINS, COBEDPEC/PNECEIFIK
BN EEZLND,

BEIKALIB R R

BEKALEEE THOREKPIREL, mRATE500 1 g/IREERE
INTLVS, PNEC,,,, 1 mg/1(3.2.13% SH) LEEAT,
PEC/PNECLLIFHATOSEH SN D, COEMNS. FKFIRIZ
T HEREITENERESND,
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4,4-MDA® PNEC,,; D& H Determination of the PNEC,;
44-MDAIZDWNT, ZREEFED EWTE GEMRUIIX)EFLY |For the 4,4 -MDA valid results from short-term tests with
HEHRBTHEDERENBON TS, R/ADDAMESMIEIL [species from 2 trophic levels (plants, earthworms) are available.
Avena sativa CitggSN - (14BREEC50 = 128 mg/kgt1E. B  |The lowest acute toxicity was recorded for Avena sativa (14 d—
B). EHHBERNABLN TR =0, TERAAVMEZE F = [EC50 = 128 mg/kg soil, growth). As results from long—term tests
1000 &9 3, are not available, the assessment factor is set at F = 1000.
PNEC,; = 128 mg/kg / 1000 = 128 1 g/ke PNEC,; = 128 mg/kg / 1000 = 128 1 g/ke

e &5 FRi% (TGD, eq. 56) Z@MAL T, PNEC,,; & PNEC,,,, 3 1 |Applying the equilibrium partitioning approach (TGD, eq. 56), a
g/l h5370 peg/kgbBHEND, =1L . iEPIERERKP DI |PNEC,, of 370 1 g/kg is calculated from a PNEC,,, of 3 t g/l
Bf IMDAL., J3SUEEEMDAED RIGAER (B2 DILEWTEH  |However, this approach is not appropriate for the MDA
B)DVWTNIZERETEHIEND. CDHEIIMDADEEEIZIE |assessment as the plants are exposed both to ,free“ MDA in the
WY TIEEL, BBITOVDTIEHEDIZLDEAH DN FEENS  [porewater and the reaction product of MDA with humic acids
M(EESRB). KRETILTIEEELTLVEL, (which is a different compound!). The last is assumed to be taken

up by the plant (see above), but not considered by the model.
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Risk characterisation
Aquatic compartment

Surface water

The PEC/PNEC ratios for the MDA emissions during production
for the sites emitting into rivers or river mouths are given in the
following table (PNEC = 3 u g/l):

Company PEC, [ug/I] PEC / PNEC

Generic 69 23

A 80.10° 0.0027
B 27.10° 0.0009
© 0.40 0.13
E 0.11 0.04
F 0.088 0.029
H 0.23 0.077

I 0.02 0.0067

The PEC/PNEC ratios for the sites emitting into the sea are:

Company PEC, [1g/l] PEC / PNEC

G 1.0 0.028
J 0.047 0.016
K 1.0 0.33

M 1.0 0.022

The PEC/PNEC ratios for the rivers polluted from several sites
are:

Sites Y Coou [ /1] PEC / PNEGC
AE 0.12 0.04
F H 0.32 0.11

The result is that the PEC/PNEC ratios for all sites are clearly
below 1. Thus, no risk to aquatic organisms is expected.

During polyurethane manufacturing and the use of MDA as epoxy
hardener, no significant releases are expected. The PEC/PNEC
ratios are considered to be negligible.

Sewage treatment plants

The highest submitted wwtp effluent concentration is below 500
1t g/1. Compared with the PNEC,,,+, of 1 mg/I (cf. 3.2.1), a
PEC/PNEC ratio of maximum 0.5 is derived. This value indicates
that no hazard onto sewage sludge has to be expected.




EE

PNEC,, fEAHETE TELLV =0 . CO/MREID!) R FHE LR AT
BETH D EEEM (Lumbriculus variegatus ) IZMDAZ RIEE T
PRADEEEBREEETILELNHD.

Sediment

As no PNEC,4 could be estimated, a risk assessment for this
sub—compartment is not possible. A test on sediment organisms
(Lumbriculus variegatus) with pre—incubated MDA should be
performed.

EEERaT

F—RETA

{E3E1E D FIBR B

P 3
T—RIF/ENTLVEL

;;Oi*ﬂﬁ
AREBE~NDEBLAHHEIRNEFEEIN SO, COREICHE
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Atmosphere
There are no data available

Risk characterisation

Atmosphere

As no significant releases into the atmosphere are expected, an
assessment for this compartment is not necessary.
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Risk characterisation

Terrestrial compartment

As no significant releases into soils are expected, an assessment
for this compartment is not necessary.
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LISM, and DISTRIBUTION
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XBEY CAS No.
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HEa

EfREEL TOMDAIZREMIZREAIAEAEARREE B S,

ZTD=h,. RARBZSITECTAIEEMD HIDITINERFLL

TOHTHD, 20 CIZH1TBIKEHN.0-1.25 ¢/ DR U S ELFRER

;I:g Pow) M 1595 . AME D BIF A EYZ MR AEIRIES
B

The solid substance MDA has no practically measurable vapour
pressure. Therefore, inhalative exposure can be anticipated only
as dust particles. Water solubility (1.0-1.25 g/I) at 20° C and
partition coefficient (log Pow) of 1.59 indicate good bioavailability
of the substance.
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MDAIZ R § R SHIL BN bRIEN D,

MDAMD R RINEFET 578 . Hotchkiss 5(1993)(XZEED
SR RUVERDEEZE AL =i vitroRERZE 1T o1=, BIEERTIE T
O—R)L—DHEE/LERWLT, EFAERISICMDAZ BFTE R
(TH/—IVIZARRL T, 17.7 - 406 pg/cm® )Li=, 72BfH#. Lt
TR—E~DOMDADRIRE XSV EETITERED 6.1 + 2.0%
.EFRIETIERI13.0 = 4.3%I2ZF L=, RIEEFEL-HE. MDA
DRREFHERCEML, SYRRVEFDEETERENY
13.3% KU 33%IE LTz, &R DEERE. 8 L7454 = (£923-58%)
WNEREIZERELT=.

MDA is absorbed via skin as well as from the gastrointestinal
tract.

To investigate the percutaneous absorption of MDA Hotchkiss et
al. (1993) used full-thickness rat and human skin in vitro. In this
study MDA was topically applied (17.7 — 40.6 1 g/cm’ in ethanol)
to unoccluded skin, using a flow—through diffusion cell. After 72
hours the absorption into the receptor fluid reached 6.1 &= 2.0%
for rat skin and 13.0 = 4.3% for human skin related to applied
dose. When the skin was occluded, the absorption of MDA was
significantly enhanced reaching approx. 13.3% and 33% for rat and
human skin, respectively. At the end of each experiment,
considerable residual material remained with the skin (about 23—
58%).
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Hotchkiss et al. (1993)
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El-Hawari & (1986)(&14C-MDAMDE (2 mg/ke A E) E1=IE & (20
mg/ke AE) AZTRAMUELZ#EDS YL, EILEYRRUYIL
2B+ 2R EBETot=. TYF TR DEIZR RV EHIZIE
FAED43%RT10%A EURS 1=, BTPI2%ATREFL . RIS S
I2kYIHEE D255\ BRESN Tz, Y (26%) (X5 FE D E R UH
BEICKYEIRS Nz, B 52T HRIREEAEIEKRT S
DB LT=AS, #aIRINE (£90.225 mg/Zybh) (FWVThDAE
BE®IEHKTH 1z, EILEVFTIKIERED10%R U 18%A R
RUZERITHE SN, SRR DIT1%, BIERSFRADIE41%, &
B AR S (F29% A EIRE N =, 5 RICxTT DRIRELE
FAETEFEAD LA, BRINE (mg/{BIX) (X24F A > F=(E-Hawari
et al. 1986),

El-Hawari et al. (1986) performed studies in male rats, guinea pigs
and monkeys treated topically with a low (2 mg/kg bw) or high (20
mg/kg bw) dose of 14C-MDA. In rats, 43% and 10% of the low
dose was recovered in urine and feces during a 96 hours period;
2% remained in tissues and skin washing removed 25% of dose.
The remainder (26%) was recovered by skin extraction and
solubilisation. The percentage of dose absorbed decreased by
increasing the dose, but the total amount absorbed (approx. 0.225
mg/rat) was similar after both doses. In guinea pigs, 10% and 18%
of the low dose was excreted in urine and feces; 1% was
recovered in tissue, 41% in the skin wash and 29% from the
application area. The percent of dose absorbed decreased
following the high dose, but the amounts absorbed (in mg/animal)
doubled (El-Hawari et al. 1986).
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(El-Hawari et al. 1986)
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fE R
R L& & 5(El- Hawari et al., 1986)IZ&kY) ., #AkMIR 5% DMDAD |The disposition of MDA was also examined following i.v.
NmbFAEINT, SYNTIE, 5% 6EMETITIERE (2 administration by the same authors (El- Hawari et al., 1986). In
mg/kg AE) D67% KR U31%M R BV EFIZEUNEST =, HILTIZ |rats, 67% and 31% of the low dose (2 mg/kg bw) was recovered in

HERER TRETREIL IR 5 (2 mg/kg 1A E) £ 168FFEIE TIZEIZFRH (85%) A |urine and feces by 96 h after dosing. In monkeys, the radioactivity

occurred primarily in the urine (85%) by 168 h after dosing (2
mg/kg bw). In guinea pigs, however, 35% and 57% of the dose were
eliminated in urine and feces, respectively, during 96 hours.
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Morgott (1984) [ EEIREFERIZE LI=5 Y bR UIHF T, 14C- [Morgott (1984) studied the in vivo mass balance of 14C-MDA in
MDA®in vivoCOMBEINZZ 1=, S YMER UL T EFIL |rats and rabbits given a single i.p. dose of the compound. Four
ERBEIZOVTIPDHED Y FITZFNZH14C-MDAZ30 male rats, and a male rabbit of each acetylator phenotype were
mg/kg R U550 mg/keik 5 L1=, FRRUVEFRADKETEED HEitt %8 |administered 30 mg/kg and 50 mg/kg of 14C-MDA, respectively.
HABREEEL =, (L EWIIERERNRIE TR S L == . EHK [The excretion of radioactivity into the urine and feces was
StREEXRETHEM D RBE S X 1=, FER(XHFIEELEL28 LLIRIZHT |followed daily for 4 days. Since the compound was administered
SHEEDKER S EHEM T BT EETRT . SV TIXELBEMIRERILIR |by the intraperitoneal route, the amount of fecal radioactivity
. 1 (35.0%) &Y+ (55.8%) THADIZK L., 7Y F(ERIZEZH |provided an indication of biliary excretion. The results show that
SRR MOL T RAPICTRETRED #980% % HEitt 35, Ty R U T EFILIE |both species excrete a majority of the radioactivity within two
ETEOH NS DMETEEDLEIINE (X T EFILILETEID Y |days. In the rat, the main route of excretion is the feces (55.8%)
FH5DEYRELYEFI10MEMNOT=, compared to urine (35.0%); whereas the rabbit, regardless of
phenotype, excretes about 80% of the radiolabel in the urine. The
total recovery of radioactivity from the rat and slow acetylator
rabbit is about 10% less than the recovery from the fast
acetylator rabbit.
TEFIIEERTERVETE Y XEOEIREDOZNDZEIET7E [This difference in recovery between fast and slow acetylating
FIEETER DY X TEEDPHEAE KT HELBIRLTLY |rabbits is associated with the greater fecal excretion by the fast
%, BREBICEITHEEMETAE L2405/ . 9685 EI & IZAFiE. B, |acetylator rabbit. The residual radioactivity in the organs tends to
IREER CRIRIRICBET BER N H D, TV (30 mg/kg) U |localize in the liver, kidney, spleen and thyroid at both 24 and 96
StEasEE "j'jF“(EO mg/kg)K%@ﬂgﬁ_%ﬂ&%_ﬁiﬁq:IZHFfﬁéhf:MC—MDA hours. The relationship between “free” and conjugated 14C-MDA
" OV HERA RUHEE AR YO ORBEEZRERL1.21I2FEELEDT-  [metabolites excreted in the urine after the administration of a
(Morgott, 1984), single i.p. dose to the rat (30 mg/kg) and rabbit (50 mg/kg) is
shown in Table 4.1.2.1 (Morgott, 1984).
& 41.21: SYMRUSHF(Z14C-MDAE B REN % 5 %2R+ Table 4.1.2.1: Fractionation of the radioactive metabolites excreted
Bt S-S se X H M D 2 E in the urine after i.p. administration of 14C-MDA to rats and rabbits
R DA BT EERIE %) Relative Percentage of Radioactivity in the Urine (%)
SE Fvk (n=4) TEFILEITE TEFIAERITE Fraction Rat (n=4) Slow Acetylator Fast Acetylator
X (n=1) X (n=1) Rabbit (n=1) Rabbit (n=1)
pliid 737 604 + 7.2 69.8 50.1 Free 604 = 7.2 69.8 50.1
. N-Z LA+ (K 38 =+ 08 13.9 25.8 N-Glucuronides 3.8 == 0.8 13.9 25.8
HEBRHER 0-7LyaFAF 17 £05 0.2 2.4 O-Glucuronides 1.7 = 05 02 2.4
O-H)L7zAk 1.2 £ 04 0.1 0.3 O-Sulfates 1.2 =04 0.1 0.3
ERRIRE 5 25+ 09 0.9 2.5 Acid Labile 25+ 09 0.9 25
BEt 69.7 = 6.4 84.9 81.1 Total 69.7 + 6.4 84.9 81.1
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Svh (FEIRMITE 5 %) R UYL (El Hawari et al., 1986) RU 4
F(Morgott, 1984) TIXMDAR MDA BIMLIF LA E BN S HE
MEnd, LHL. MDADRERERTE 5 (2. Morgott (1984)IE5 vk
TIRREENLEBEMAERBTHDERE L=,

Renal excretion of MDA and its metabolites dominates in rats
(after i.v. administration) and monkeys (El Hawari et al., 1986) and
rabbits (Morgott, 1984). However, after i.p. administration of MDA
Morgott (1984) reported for rats the excretion via the feces as
main way.
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(El Hawari et al., 1986)(Morgott, 1984)
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% 1-. Sprague-Dawley SO 5 (50 mg/kg KAE)LT=in  |[In a further in vivo study with oral application of MDA to Sprague—
vivo EXERT. N-7EFIL-MDAN X KB ERENT=(Tanaka et  |Dawley rats (50 mg/kg bw) Nacetyl-MDA has been shown being

SEREER al., 1985), NN-C7F JL-MDA BB DMDAL T EMNEE  |the major metabolite (Tanaka et al., 1985). Minor amounts of N,N—

diacetyl-MDA and free MDA were also detected in the urine.
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MDA% Sprague-Dawley Sy M B RIREEA %5 (30 mg/kg A E) [Upon a single i.p. administration of MDA to Sprague—Dawley rats
%, DIKEBITREOR PR EH R S -(Morgott, 1984), £ |(30 mg/kg bw) at least 17 urinary metabolites were found
IZUTO7EFILEREMARESNT=, N-7EFIL-MDA, (Morgott, 1984). Mainly, the following acetylated metabolites have
NN-C7+FIL-MDA, NN-CF7+HF)L-3-EFOFS-MDA, N- |been identified: N-acetyl-MDA, N,N-diacetyl-MDA, N,N-diacetyl—

HERER TEFI-44 -CFI/RJ T/ R NN-OF7tFIL-44" |3-hydroxy-MDA, N-acetyl-4,4" - diaminobenzophenone, and N,N—-

-OFI/RVRERA—)L,

diacetyl-4,4’ —diamino—benzhydrol.
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X DIFIH/0Y—LZERLTMDA®DIN vitro REIFFEH1TH
hiz. ROIDOKBMA RSN, 7Y-MDA, 7V F-
MDA, RU'=FEY-MDA (4-=hOY-4-FI/OTTZILARY)
TIRUTIF AL EMEBERMICEESNEA, =bAVIEE
MILEBRMLTBIEEN L TERSEEZOND, AET
[EMDADEROFL LTIV IFHRE TEGE Moz, LMLEAS, =
EAMDAR BN 7Y -MDAR VT Y ¥ —MDA®D £ I LR 4D
l}(il:F‘I:lﬂP‘/)b75>ﬁfﬁzriiéhé:tbﬁzg%#fﬁ;éé:%i%
%o

RFBOEMZAIEIZE 1T 5:ELDIETFBATHSH. MDADIN vivo
ERRNERBRERICIEN-TEFILERIE. PROC-RFDEIER
YLDV EBIERUVHRERIE~DIRENES5 LTINS,

In vitro metabolism of MDA was investigated using rabbit liver
microsomes (Kajbaf et al., 1992). The following three metabolites
were detected: azo-MDA, azoxy—MDA, and nitroso—MDA (4—
nitroso—4’ —aminodiphenylmethane). The azo and azoxy
compounds were produced enzymatically, whereas the nitroso
compound may have been formed via a non—enzymatic process.
The hydroxylamine of MDA could not been detected in this study.
However, its initial formation has to be supposed as prerequisite
for the formation of the dimeric MDA metabolites azo— and
azoxy— MDA.

Although differences in the quantitative aspects of metabolism
remains unelucidated, the in vivo biotransformation pathways of
MDA involve N-acetylation reactions as well as an oxidation of
the central C—atom and conjugation to glucuronides and sulfates.
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HARMETIZALAY, 40 mg MDA/keg (A EZ B EIERENE 5%
DS+ O Rl CONAFIAA S SN =L DR EH 8 S (Endo &
Hara, 1991),
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Sy ZHLVT. MDAD EEIE O FE - IEMEEERNIR 5248 # 12~ [24 hours after a single oral or i.p. administration of MDA a dose
EJ AE VAR BEREFRZEMA R E SN F=(Farmer & dependent increase of hemoglobinadducts could be detected in
Bailey, 1989; Bailey et al., 1990), £&L TE/7EFILIELMDAAA [the rat (Farmer & Bailey, 1989; Bailey et al., 1990). Predominately
ETOEVERBLTWAED LTSNS, COFERIZHL T, [the monoacetylated MDA seems to react with hemoglobin. In
HREZEOBSEZICMDADANES OEUADIEEZHELT contrast to these results, Neumann et al. (1993) who investigated
Neumann 5 (199)EE/7EFILIERBEMDSELYE . BIEEW |the binding of MDA to hemoglobin after a single oral

SHERGER ICHETEIANETOEAFIMENEYZ N EEZR B LTz, +%7 |administration found more hemoglobin-adducts derived from the

parent compound than from the monoacetylated metabolite. In an
insufficiently reported study DNA-adducts in the rat liver after a
single i.p. injection of 40 mg MDA/kg b.w. were described (Endo &
Hara, 1991).
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(Farmer & Bailey, 1989; Bailey et al., 1990)(Neumann et al.,
1993)(Endo & Hara, 1991)

(Farmer & Bailey, 1989; Bailey et al., 1990)(Neumann et al.,
1993)(Endo & Hara, 1991)
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Schitze 5 (1996)DRIADFAZ TIEMDAN S YR TAES AEY
BRURFIEDNANDIE S REE B T A LN HERINTZ, 0.2, 2R Y
20 mg MDA/kg A E D B EREFEANES I, AESREVRY
DNAfTINAD AEKEFMLSEMARESNTz, EXS Feifzl
D MAENgTERT & AES BE L AHINAD EIZFFHEDNAN D#E
B&YLH10E 2 h o=, DNARIAR UANES BEAHINED
LALIE D EL6BRETIEEREL.

Recent investigations of Schiitze et al (1996) confirmed the ability
of MDA to bind to hemoglobin and liver—DNA in the rat. After a
single i.p. injection of 0.2, 2 and 20 mg MDA/kg bw a
dosedependent increase of Hb— and DNA-adducts was observed.
Expressed in ng adduct/g macromolecule the amount of Hb
adducts was ca. 10 times higher than the binding to the liver DNA.
The DNA and Hb-adduct levels were persistent up to at least for
6 days.
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EEBRBTORE. RUBROER, X EMDAIZFEEIN /Y
DER. DELICETI/ENS. EFTIERA. KEEMREV

BT % ICMDADRIRM BTSN TS, RESNI-EEE DR

(2 [EMDA R UN-7 £ F JL-MDA®DRIFE (2 &Y B hvis D HEtt AV EE
BEh =, MDAD KM E TH ol /S FTRDIZEEE
[8 124885 R A L 1233 mg MDA(0.5% 7 )2 1) D#913%h\5785

FILLIRIZRBICENRES Nz, RY DT ILDFDRAALEFHEEICK
Y, MDAL7 £ F JLIEMDAM R HH S F=(Brunmark et al., 1992),
ThDEDHYERBHD U TFIDRY T ILHEDLA LS, K3
WO R s BEi D A MR B A AN ~ 1 4B R DR L E S 1=

From experience in the workplace and reports concerning
consequences of an oral intake, for example consumption of
MDA-contaminated bread, the absorption of MDA after inhalation,
skin contact, and swallowing in humans have been observed, too.
In the urine of exposed workers a renal excretion was
demonstrated by determination of MDA and N-Acetyl-MDA, while
the metabolized MDA dominates. About 13 % of 33 mg MDA (0.5%
in petrolatum) applied for 48 hours onto the back skin during
patch testing were recovered in the urine within 57 hours. With
the work—up procedure of the urine samples MDA and acetylated
MDA could be detected (Brunmark et al., 1992). The biological
half-time of excretion of these metabolites in urine can be
estimated from levels in end—of—shift and next morning pre—shift
urine samples to be between 9 and 14 hours.
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bi=E)

HEa

hoDREMOHERITBAICKIRBEDSEICREEEL.
BEWRIRTIEI &Y E U BE M &7 5(Cokker et al., 1994), CALIE
EEDISITIHBTMDARZELAE LB RORERTH D, K
YT ISR RIEFBICHELTO 241 ADEEE N SIRIS
Ntz YIFEDRY VT ILDNSR UV TN YT ILDESUT
[X#MDAE E (£50 nmol/mmol YL 7 F = K TH o1z, MDA
~DRENBA (BRYEEEFLLE=FRN DBEIZ, Tk
BORYUTILDOANBEHOIIMEIZERSNA =Y TILEY
LELMDARE THo-EWSTLERTIENEBO NI, BERE
BENTIRENEATHIEEE. FADIIMIICEERSN
EFRYVIILTHEBLBDOL IMEERICERSN R VT
JLEYELMDAREITELMER A o1, KEHSMDAD R HIIZ
BREORBEEZH-{FEETIII>LEVEEMNEERS., $1
A8BERA D BN A SN T= (Smith et al. 1990), DB TITRE
TR AN R R B 12> TULV=RTREME AN H B

Excretion of these metabolites occurs fastest when exposure is
via inhalation, dermal absorption will result in slower excretion
(Cokker et al., 1994). This results from a cross sectional study in
which exposure to MDA was assessed in 45 UK factories. Urine
samples were collected from 411 workers engaged in various
activities. 91% of postshift urine samples and 88% of preshift
samples had less than 50 nmol total MDA/mmol creatinine. Some
evidence was obtained which showed that when exposure to MDA
was through inhalation (as solid material or contaminated dust),
postshift urine samples had higher MDA concentrations than
samples taken preshift the next day. When exposure was most
likely to be through the dermal route, urine samples taken preshift
next day tended to have higher MDA concentrations than urine
samples collected immediately postshift on the day of exposure.
Much slower excretion has been observed in workers with relative
high exposures to MDA via the skin, where half lives of
approximately 48 hours were seen (Smith et al. 1990). Dermal
absorption might here have been the rate limiting step in this
instance.
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fE R
Robert & (1995)[EMDAIZRESNT=63ADEEE NS TR E D [Robert et al. (1995) have investigated the formation of stable
RAPTRELRRBDDERZTRT=, MKD SN TUVEUVR |urinary metabolites in post—shift urine from 63 workers exposed
#> 7L TMDA, N-7tF JL-MDAMAMDA), ZUINN-CF+F [to MDA. MDA, N-acetyl-MDA (MAMDA) and N,N'-diacetyl-MDA
JL-MDA(DAMDA)ZBIFEL . ZILAUMKD R EDRY > TILT |(DAMDA) were determined in non—hydrolyzed urine samples, and
FAMDARZAITE LTz, TN o DABX BT EE (BT FL) [ERD  |[that of total MDA on urine samples after alkaline hydrolysis. Their
JE TR EN =, #AMDA>MAMDA >MDA>DAMDA, MAMDAIZ |relative concentrations (arithmetic means) were found to be in the
#MDAMS50%LL L% 58S H% . MDARUDAMDAILZN Z 4 15%K [following order: total MDA > MAMDA > MDA > DAMDA. While
R U3%EK i THDT=c MDADESFILDEIRD—DESNTLVSD [MAMDA represented more than 50% of total MDA, MDA and

HERHER TEFIVEIFEFCIEEELGRR BRI TH LA RS E A |DAMDA were lower than 15% and 3% respectively. Acetylation of

HIZITE/ 7 EFIVELI-RBIMZERL TREISN S, 1=FZL.
MAMDA/#SMDA®D LE [E{B A TR ELEALS (5 &Z0%~100%)
ENFIBAL TS, FFEA X9~ 14BF I LTz,

SO

MDA, described as a possible way of detoxication, is confirmed to
be an important metabolization route in humans, essentially
through the monoacetylated metabolite. However, the individual
ratio MAMDA/total MDA was found to vary widely (roughly from
0% to 100%). The half-life was found to be between 9 and 14
hours.
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R—ZFFIZLBRIDHZE (Robert et al., 1996) [CFHLVT, 752 R [In a further study by the same authors (Robert et al., 1996) the
DI0TIHDEEE TREOEMDAHEML AN ILEBIET B EIZELY. [exposure to MDA was assessed in workers in 10 French firms by
MDAIZX T R EHE M 1THh Tz, 133 ADEEEMNSERELT= [measuring urinary MDA excretion levels. Analysis of 368 postshift
368D IRERY VT ILDBHTIZEY ., TL—KDMDAER |urine samples collected from 133 workers reveals that urinary
SEEE TILBHRIKDMDAZ RS 1EEE FUMDAD FRPHEM A  |excretion of MDA is much higher in workers handling flaked MDA
FoLZV(0 ug/|1EBZDEIEIE. FNFNA4%KRU8%) ZEM |than in those handling MDA in solution (44% and 8% of values,

SREREE Rehf=, TL—2IKDMDAZ NS4 TISTHFIEEEIL140 U [respectively, in excess of 50 1 g/I). The mean rates were 140

¢/IT. BIRDFIRZRAND6TIHEDFHEFI3ue/ITHY. EHE
[FFENEFN58~197 pg/l RU <2~33 pg/ITHo1=,

‘

g/| for the four factories using flaked MDA and 13 u g/I for the
six factories using liquid formulations, with values ranging from 58
to 197 g/l and from <2 to 33 u g/l respectively.
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Brunmark 5(1995)[%. /Xy F T AN MTERLVT, SADEEAR [Brunmark et al. (1995) exposed five healthy volunteers dermally
SUTATIZAVT O/ — )LIZBAELT-0.75-2.25 1 mol DMDAZ |for 1 h to 0.75-2.25 1 mol MDA dissolved in isopropanol, by use
18R BRMIZRBL=. RERIT/NYFE (TR LI-MDAD |of a patch—test technique. Determination of MDA remaining in the
SAIEICEY . hRET28%(25-29%0 &) ANIRIRE 1=, MK |patch units after exposure showed that a median of 28% (range
fRICMDAZ IEh TRIELIEC A, RMITE—IDHDN.,  |25-29%) was absorbed. After hydrolyzing MDA has been
INFBRERITH D LIz, MDAIXINK S BELI=RMSEBHEEIN [determined in plasma with an initial peak and a decline after
T=o MDA R HEitt R R T RAIA%6-11B5RI TR KR &A=, 3A  |removing the patch. MDA was also detected in hydrolyzed urine.
ECRELIZ2ADHERE DM TIL, FROBEMEIXRFEEIZHA | The maximum rate of MDA excretion in urine was found 6-11
L=, MEIERVRPOEKEFBIAD P RIEITFNZFN13EMB K |hours after the onset of exposure. Within two subjects studied at
VI THo1=, IBDRZEERERDSH8[E THELF FHAILR LY |three doses, the urinary excretion was proportional to the

SHERGEER MIFRTEREL . BVTEFIVEIERPTOEBBOERE  |exposure. The elimination half-lives in plasma and urine had

BHALEEMENH D LSBTz, 48BN R <HEft S h
T=#AMDAE D R {E[£0.75 ¢ mollZRFEL =5 N DHERE TIL33
nm;'I'GELL IRURENT-MDAE D3 & Z16% (2% —26%D &) (Z4H
495,

medians at 13 and 7 hours, respectively. In eight out of nine
exposures, the elimination half-life was longer in plasma than in
urine. Slow acetylation seemed to be associated with short
elimination half-life in urine. The median of total MDA amount
excreted in urine during 48 hours, was 33 nmol for the five
subjects exposed to 0.75 U mol, which corresponds to roughly 16%
(range 2%-26%) of the absorbed dose.
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FRY2TILIZDOVTMDAR U7 £ FILER BN TSI Z T
MDADANES OEUADEESEENEMEHE=F2ULTIALD
5 (Bailey et al., 1990; Greim & Lehnert, 1994), LWFhDFEL
HoWIRERBEENL TRISNAIMDAD KN ELHTE T HD
IZENTHD, -2 BEORBLTTH BEICRIT-RESR
FLEBTEDAT. AES OEL A INEDBITE D IF5HMDAD

ReEE#HDE=2> S LYEH>TLVS (Greim & Lehnert, 1994),

In addition to the analysis of urine samples for MDA and
acetylated metabolites, the ability of MDA to bind to hemoglobin is
used for biological monitoring (Bailey et al., 1990; Greim & Lehnert,
1994). Both methods give a useful estimate of the internal dose of
MDA absorbed via all routes of exposure. Determination of the
hemoglobin—adducts has the advantage over monitoring MDA
excretion in the urine because not only the current exposure but
repeated exposures dated back can be determined (Greim &
Lehnert, 1994).
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(Bailey et al., 1990)(Greim & Lehnert, 1994)

&

HEYES

CASES

HE%E

EEN
75 ik
Bk AAES4>

SERR e

EMEHE=RIY

Biological monitoring

GLPES

HBRESCA-F
5 E DB

EFOT—%

Human data

% (BRI
%

=

58

eSS

ERICiE5sh -8

B 2 R

IRER A

TR AR

REIEY

XEEH CAS No.

‘

b




Schuetze 5 (1995)[X{EL X JLOMDAICERZIN-FEZEDEY
E=A)T DIERITONTIRE Lz, MK DR, R UHE
{FAERICHAMAR VR EMEA RO ST ——BEDH
IZ&Y 5L 1= MDADHbAH INAIE33E DMDAEXED 55314
TSN, SD552084 05 [EMDARUN-7EF )L —
MDA(ACMDA) DA MR STz, MDAIZRBSN - EEED
RBIE. MDADH IR SN I=5BDFISNERRE. 29T IL
MEMDAR FACMDAM LS [THE SN f=, BEINIK S fRER DR Y
FILHS [FIEE MK REIZH 5N BMDALACMDAD A5t LY
F3EEREDMDAN R SN Tz, 38 DS & ERE . MDAIZDLY
TIFREHDA S DR E A K<L TLV=AY, AcMDAIZDLNT
[FAEBAL TLVEN o1z, 18 DEEE TIEMDADHD AL N L
[EFRALARILELEARTHEBH TEM o T2,

Schuetze et al. (1995) published the results of biomonitored
workers exposed to low levels of MDA. Adducts and metabolites
were analyzed by gas chromatography—mass spectrometry after
hydrolysis, extraction and derivatization. Hb adducts of MDA were
detected in 31 out of the 33 MDA workers and both MDA and N-
acetyl-MDA (AcMDA) were found in 20 of these individuals. In the
urine of workers exposed to MDA both MDA and AcMDA were
found in all samples, with the exception of five where only MDA
was detected. Acid hydrolysis of the urine samples yielded an
approximately 3—fold higher concentration of MDA than the sum
of MDA and AcMDA found after base hydrolysis. MDA but not
AcMDA found in urine and in Hb correlate well, except for three
outliers. In one worker the Hb adduct level of MDA was very low
compared to the urine levels.

il

282 DYEESE TIZHLFIIAEL THOMDADL R)LIFIBH TEM >
bt REBEHMELTOLAILIEIBH TEM o F=, BIFE DT —RT
[FEEBETELANILOMDAICRIEICE> TRESNIZCEATRME
Shd, BEDT—ATIIRAEDREEFLEMENESRIZESL
%, BARESE-4—2AVTERLER. MDADZES B
EFBRERARBETHo12A . BME TR RSN =AZETIE. £
TOHEEBITBLTMDAREEARD LN AT RETH o 1=,

Two workers had very high levels of MDA as Hb adducts but very
low levels as urine metabolites. The former case indicates that
the workers were recently exposed to higher levels of MDA. The
latter case suggests a relatively low recent exposure. The air
levels of MDA, monitored using personal air monitors, were below
the detection limit. It was possible, however, to determine
exposure to MDA for all workers with the methods presented in
this publication.
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Conclusion:

The evaluation of the available information shows, that MDA is
absorbed by the three routes of intake (dermal, oral, inhalation) in
animals and humans. Especially in humans a quantitative
assessment of absorption is not possible. There is no evidence for
accumulation in the body. MDA and its N-acetylated metabolites
are mainly excreted in the urine. The N-acetylation apparently

P A 3 ) represents the detoxification pathway, whereas the N—
Rl T BHIEREEZ DN AT OE L EDH AR B D2 HIZEY  |hydroxylation being supposed from in vitro studies can lead to
RRREDEMEME=S)TETITELAHETH S, potentially toxic intermediates. Although the detection of MDA in

the urine gives information on current exposure the formation of
adducts with hemoglobin provides the opportunity for biological
monitoring of cumulative exposures.
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AMEHICET28WERERO KE 5 (XHE DS L IMDATIEZEE [Most of the animal tests on acute toxicity are not performed with
SNTHLT . MDAZEL TEAZNITFHEBTIZEZINTLVEL |pure MDA but with technical products containing MDA or with
REMETITONATIND, MEDSLWMDATERSNT-3RERT |test substances not precisely defined. The tests performed with
&, AP EIXRERL-BPIEIZE > THERIZBASHIZEMH S |pure MDA demonstrate the substance to be harmful or clearely
BIENEBAINTINS, YOR, BILEVRRUDHF([EREO®E |toxic depending on the animal species tested: Mice, guinea pigs,
ARICHEEDEMERELETT (Fairhurst et al,, 1993), MDA® |and rabbits exhibit moderate toxic effects after oral application of

Z0M SyhTO#OLD501E350-450 mg/kg A E DEFEIZH D EM % MDA (Fairhurst et al., 1993). The oral LD50 of MDA for rats is

b

LD50fE X [FLC50fE

MoTUL B (Bayer, 1974, and BASF, 1975), iR U BB~ DE
18HY 100 mg/kg LI EDABTELIRVBEELSHZETHIE

HEIN TV,

found in the range of 350-450 mg/kg body weight (Bayer, 1974,
and BASF, 1975). Damage to the liver and kidneys has been
reported to be the most prominent toxic effect occurring at doses
of 100 mg/kg and above.
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BOMICHESLI-MDAD R SZMEE SV CIEAE R UEEREIC
KFLE-EHT, LREMHOMIEE R MEF RIS SN, BEE
F/NEDOMARE U RRFEEIZH LTS, D Sprague-
Dawley %V 25-225 mg/kg IAE (& 2 mi/kg DIRER=E)D
HEOHAEEIRE T IHTH CURBBREIE -, 155245
BICHRIBEICH=a—LFEBL. BBHE05HERMLIZ, TDH&
SybERMERL THEEFRRLz. AMEORORE(LATFE
EDETOY—h—DOASKEMLELEELCT-, SEORME
25K U075 mg/kg DREIZSH DTz, AFLU ST ILMEALT,
Bitofih. mMEEYILEVEE. GCTEH. RURREEZS
HT,AIELEFEEDETOI—I—DHREMEZEEEEL
Tz, 100 mg/kg D FAEZR 5 LI-EMH S ORFED F(&. KRk
UHhEEDIFRERRBZESIFMROEEN 4D SR EMED
REEEL TV,
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LD50{iE X [£LC50f&

The acute hepatotoxicity of orally administered MDA was
characterized in rats, indicating doseand time-related toxicity
classed as multifocal, cholangiolitic hepatitis, the lesions of which
are distributed in portal and midzonal regions of liver lobules. Male
Sprague—Dawley rats were fasted for 24 hours before and after
receiving several doses within 25-225 mg/kg body weight (2
ml/kg volume each). At 24 hours after treatment the common bile
duct was cannulated, and bile was collected for 30 min. The rats
were then exsanguined and blood collected. Oral administration of
the substance caused a dose—dependent change in all markers of
liver injury: The threshold for toxicity was between 25 and 75
mg/kg substance. Methylene dianiline caused concomitant
changes in all markers of liver injury measured, including serum
ALT, bile flow, serum bilirubin concentration, GGT activity, and
liver weight. Liver sections from animals that received a dose of
100 mg/kg had multifocal lesions consisting of hepatocellular
necrosis with hemorrhage and moderate neutrophil infiltration.

RS (L PIARE B D HRa D 7 Bid & A TULV=HY, PIARER D Y
[FERYBA TNz, LIELIE, REDOGEIXFF/NED SR
T ETIEA > TV, FIIR=E &L -5 E (XRB D 47 Bk
REMNSEOTUM=, PIIRD 2 B ERFEIEARE X LIEE THo
T2 A FLOCTZ) OO EETRESNARL DD EL ISR
BIRETHY ., FESOMBFAET—D—IT16BFRH T4,
BEEMMEMLE T . 23—V BB RO EEZ - B DI
DIRFF R IE. BASHEEEOLZVERGBOMEREZE
<L 7=(Bailie et al.,, 1993),

The necrosis involved segments of periportal hepatocytes but did
not surround portal tracts. Frequently, the parenchymal insult
extended into the midzonal regions of hepatic lobules. The lesions
associated with the portal triad consisted of bile neutrophil
infiltration. A segmental necrotizing vasculitis of the portal vein
was also evident. The earliest change identified with the
hepatotoxicity of methylene dianiline was bile ductular necrosis,
and histologic markers of liver injury continued to increase in
severity over the course of 16 hours. Histologic analysis of livers
from animals receiving corn oil vehicle demonstrated normal
hepatic histology with no apparent lesions (Bailie et al., 1993).
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FOEAXEMDANDEERAORFEICH L TIES v KYHREZMHE
MNEVKSICBHN S, BRICHRESNIHERICH T, 25
mg/kg AE FOBEAZIT1/3ORIMNIETL. 50 mg/kg AE D
MDADBEFARZIZ1/3DA XML LTz, FFiERUERBOEEH10
meg/kg LI ETEHSN, 25-100 mg/kg D RAE TIERITHEIED
EBICKDREEE M ELCT=(BASF AG, 1961),

Cats and dogs appear to be more sensitive than rats to the
effects of single oral exposure to MDA. In briefly reported studies,
1/3 cats died after oral application of 25 mg/kg body weight and
1/3 dogs died after application of 50 mg/kg body weight MDA.
Liver and kidney damage was noted at 10 mg/kg and above, and
doses of 25-100 mg/kg produced blindness due to retinal atrophy
in cats (BASF AG, 1961).
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hEADERE, &U#&%*ﬁlﬁu%ﬁ:u:ﬁ\\ 285 LIRICEELT
(CIBA-GEIGY, 1976), Tt A1) R 75EERIZHLNT, 200°CIZiEEHD
JKiBZEMEL TMDATEIMI - ERIIEDTVRER L=, &

TOFYMIERFLIA, IR TR VERICHPZEEDS - MAH
5N t=(Dow Chemical Company, 1954a),

The inhalative LC50 for rats is demonstrated to exceed the
highest possible concentration of MDA in air at room temperature:
No mortalities were caused by a 4—hour single dose of 0.837 mg/I
applied to 18 rats, exposing only the snouts and nostrils to a dust
containing 66% particles at < 7 micron. The rats showed
exophthalmus, tremors, curved hunched body position, and ruffled
fur, but recovered within 2 days (CIBA-GEIGY, 1976). In an
inhalation risk test 3 rats were subjected to an atmosphere
saturated with MDA by heating a bath of the compound to 200°
C; all rats survived, showing moderate congestion of lungs and
testes at necropsy (Dow Chemical Company, 1954a).
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MDA®50%7K % % T2500 mg/keg A E ZEEEALTE. 200CD
SYRTREHIFELT | BRIEREADNEN DTz, L LD
5. UAF LRIV T A% R TMDAD 50%4 %% 1000 me/ke & A
Lf=&CA, THLRIZS /1061 DTV ATETEL , $iRk. BRI MR
RUEEHIERKEKREL TRESNT=(BASF AG, 1976),

Dermal application of 2500 mg/kg body weight of a 50% solution of
MDA in water caused no mortalities and no clinical signs in 20
rats. But 1000 mg/kg of a 50% solution of MDA in
dimethylsulfoxide killed 5/10 female rats within 7 days,
demonstrating apathy, hyperchromodacryorrhea, and jaundice as
clinical signs (BASF AG, 1976).
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TMDADKH CTHO AR miREE B A HTEMNFEBSN TLY
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IZBhH, 25-50 mg/kg AE OROBREZICETNHON. BT
nﬁg{u‘;ﬂ)ﬁoE%&Uﬁﬁﬂ%o%ﬁl:‘téﬁﬁﬂﬁ%ﬁﬁtéﬁéu
HEThHD,

Acute toxicity in rats is demonstrated by LD50 values of 350-450
mg/kg bw after oral and 1000 mg/kg bw (vehicle
dimethylsulfoxide) after dermal exposure; inhalation LC50 for rats
is demonstrated exceeding the highest possible concentration of
MDA in air at room temperature. Damage to the liver and kidneys
has been reported to be the most prominent toxic effects in rats.
Cats and dogs seem to be much more sensitive than rats with
fatalities observed after oral application of 25-50 mg/kg bw, liver
and kidney damage and blindness due to retinal atrophy being the
most severe effects.

[EElE
BB TR AL

H8

5| FASCHR (T 3X#R)

&

D. RSN (ZDMDORSHER)
ACUTE TOXICITY, OTHER ROUTES

5-3 BRI/ RIHHE

CORROSIVENESS/IRRITATION

A RERBEE

SKIN IRRITATION/CORROSION

HEMES

CASES

HE%E

EE

Bk AAREZAY

GLPES

HERETo1-5F

HER (R

TERI (i M, M- F)

BEE

EHE (K5 DEHE

% (EIEK)

BERR

#Hz=AE(H)

Z D DEAER M

FRETFA L
FER

—RRFHRIT7

RERISE




Z 0t

b=t}

REREE

FIZE T €500 mg D25 € -MDAZ24Bs B E A&/ Sy FZRE
HASHFETHY Y X DOEGORBICILZELARLA SN
ho7=(International Isocyanate Institute, unpublished report
1978a), L LLIKIFSKEE DB RIGLNRESh A o1
(Industrial BIO-TEST Laboratories, unpublished report 1973), &
EORBEISEALEZE. RICDERILIFEAEHLONEND

Zo

No oedema and no (International Isocyanate Institute,
unpublishhed report 1978a) or only slight (Industrial BIO-TEST
Laboratories, unpublished report 1973) erythema reactions were
observed on intact rabbit skin up to 48 hours after patch removal
following a 24—hour application of 500 mg moistened MDA under
occlusion. Little enhancement of the reaction was seen with
application to abraded skin.
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(International Isocyanate Institute, unpublished report
1978a)(Industrial BIO-TEST Laboratories, unpublished report
1973)

(International Isocyanate Institute, unpublishhed report
1978a)(Industrial BIO-TEST Laboratories, unpublished report
1973)
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(Industrial Biotest Laboratories, unpublished report 1973;
International Isocyanate Institute, unpublished report 1978a),

Only a mild eye reaction was observed in rabbits following
instillation of 100 mg MDA into the conjunctival sac. The effects
reversed within 3—7 days after instillation of the substance
(Industrial Biotest Laboratories, unpublished report 1973;
International Isocyanate Institute, unpublished report 1978a).
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(Industrial Biotest Laboratories, unpublished report 1973;
International Isocyanate Institute, unpublished report 1978a)
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International Isocyanate Institute, unpublished report 1978a)
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MDAIE Y X DREERVIRICERBMEDEZEERSIAI LML
BA&M f=(Industrial BIO-Test Laboratories, unpublished report

MDA has proven to exhibit no corrosive effects on skin and eyes
of rabbits (Industrial BIO-Test Laboratories, unpublished report

ZD1ih 1973; International Isocyanate Institute, unpublished report 1973; International Isocyanate Institute, unpublished reports
1978b), 1978b).
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The potential of MDA to produce delayed contact hypersensitivity
in guinea pig was evaluated with the Guinea Pig Maximisation
Test. The study was performed with 15 animals per group and
using a 5% concentration at each induction phase and a 2%
concentration at challenge, 3/15 (20 %, mild) of the test group
animals showed a skin reaction to MDA at challenge.
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AWV -HERREIIMDAD £ &5 % (Thorgeirsson, 1978)&% &1
IR 1=, Landsteiner-Draize JAZEEMNTHELIZEILEVEE
DBFNBAEERBRDORER (L. HRBETITESFTHELOREAD YA
ADEMERFKICEDE, BiETHIEEZ SNz, CORRIID
RERTIE, FEHICITAFHOED ERESEITL., ZD2:BH%I
ERPISIEOEREHET o=, BEFRIIFLLS)a—IL
H0.1%MDATH > 1=, HE5HRURBEHOZN TN TIOEDEHY
Z ML =(Dunn, 1978),

The test concentrations used were selected on the basis of the
systemic toxicity of MDA (Thorgeirsson, 1978). Results from a
guinea pig skin hypersensitization test, a slightly modified version
of the Landsteiner—Draize technique, were considered to be
positive on the basis of the increase of size and redness around
the site of the injections in the test group. In this non validated
test a total of 10 intradermal injections were made during the
induction phase followed by one intradermal injection two weeks
later during challenge. The concentration was 0.1% MDA in
polyethyleneglycol. Ten animals were used in each the treated and
control group (Dunn, 1978).
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MDAILIE D ERERBIM D M (24 BEAE M RIGE TR SHED o T2,

A further study has been conducted using a “repeated insult”
technique, a modification of the Sterner technique involving nine
topical applications of 1% MDA in Dowanol 50B during the
induction phase and of a “challenge”-dose. When tested on the
skin of guinea pigs using a “repeated insult” technique, MDA did
not cause a sensitization reaction in any of the nine test animals
(Dow Chemical Company, 1954b).
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ppm (HfTIX#97.5, 23K W31 mg/kg (AE/B. METIEH 8, 2R U
32 mg/keg AE/B ITHL)DOAE T3, ARSRHKISEE T, I
HEEBOIE DSy MNHRHE: TiFRAIf (SPF)IZ#% 5 L1= (Ciba- Geigy,
1982), % FA & B O It i - 800C 1 20T (4B fE D EIFE A ERIZ ALY
fo BERUVEEHMR TESASHOMB R 0L TRERE
#4701z, SRERIR T HEIZ200C, [EEHARAZIC10E SRR LTz, %
5530 (CIRBRURBERLE-EEER O 1EEERLT-. 400
B U800ppmDMDAZ {EERL -l i 5 b Tld . HEREAR T R V%
S8 THICEER., EKERVAKEEMNEORDNALNT,
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gfof:}bq;mﬁ‘.é.ﬁﬁiﬁ'clﬂﬁ%%TH%&U@iﬁ%ﬁl’aﬁfﬁr:ﬁm
NABILTZ,

In a subchronic study which was accepted as valid (validity
restricted by missing ophthalmo—-logy examination). MDA (> 99%)
was administered in the drinking water for 3 months to 80 male
rats and 80 female rats (strain: Tif:RAIf (SPF)) at doses of 0, 80,
400, and 800 ppm (equivalent to approximately 7.5, 23 and 31
mg/kg bw/d in males and 8, 22 and 32 mg/kg bw/d in females)
(Ciba— Geigy, 1982). 20 out of 80 animals of each sex and each
group were used for a 4—week recovery period. Laboratory
investigations were carried out in 10 rats of each sex and group
after completion of the treatment and after recovery period. An
autopsy was done on 20 animals at the end of the test period and
on 10 animals after recovery. One high dose female was sacrificed
after the 53rd day of treatment with trembling and in a emaciated
condition. Rats receiving 400 and 800 ppm MDA showed
depressed food consumption, water consumption and body weight
gain in males and females during the test period and at the end of
the treatment. Water und food uptake normalised during recovery,
whereas body weight did not recover in the recovery period.

No clinical signs were observed in the low dose groups. Anemia
was

seen in males and females of the mid and high dose groups at the
end of treatment and after recovery.
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FMIRBDFLD . AETOEVEBERUAINYVEDET.
NIZESMCVMCHRE UK R IR D MM RH o=, & F
ERCIHEMERMEHBERICEASEEZRL, B5ERTHOS
AEHOHBERUVEEHOT RS AE# O CIEIFPhERD
xR &ML=, S REHOM CIEHARYIMK THIZUY
INERLEEDEBETAA#ON -, B ASHOMEICTANIVE VB
BDEENEDH NI, KRB TIEANMNES OEVIFBIESIE
Motz

The number of RBC was decreased, the concentrations of
hemoglobin and hematokrit were reduced, in response to this
MCV, MCH and the number of reticulocytes were elevated. In high
dose animals, the number of leukocytes were higher than in
control groups, the relative amount of neutrophils increased in
high dose males and females at the end of treatment and in males
of the mid and high dose groups of the recovery groups. High
dose females had lower percentages of lymphocytes at the end of
the test period. The prothrombin time was prolonged in high dose
males and females of the high dose group. Methemoglobin levels
were not determined in this study.

ER

T ILH)IRRAT758—E ALAT, ASAT, R&.EVILEY aLRT
A—LOIEFRED EENHBRMEE TRICHRUSHAEH
DM TEESNT=, BERICIETILAYRRT7E2—E  ASAT
(HEDH) RURFDREIFKAR LR LT, HE5E THICH
RUSHEHOMTIEREANSEEZRLEZN. ZT0H. bR
UEAEHOMH CIERER THIICIXET Lz, AV LDLA
VSRR THICHRUSAEEOBTIERAD LA, [
BRICHhRUEAEHOM TIXEML I, REEICIKIEEIHE
ELEEEIEROLNEA ST,

Elevated serum concentrations of alkaline phosphatase, ALAT,
ASAT, urea, bilirubin, choles—terol were observed in males and
females of the mid and high dose groups at the end of the test
period. After recovery the concentrations of alkaline phosphatase,
ASAT (males only) and urea remained still elevated. Total proteins
had higher concentrations in males of the mid and high dose
groups at the end of treatment and afterwords decreased at the
end of recovery in males and females of the mid and high dose
groups. Levels of potassium were decreased in mid and high dose
males at the end of test period and increased in mid and high
dose females after recovery. No treatment-related changes were
observed in urinalysis.

ER

hRUSASHOMECIAREDRIEISSLT, EHDHFED
BRNESTRSRUEERTRICHRELVIEEZTL. KEH
DUVIERHICH T SEXMBEEELLZEER T,

Corresponding to the lower body weight in males and females of
the mid and high dose group the absolute weights of several
organs were lower than controls at the end of treatment and
recovery influencing also the relative organ body or brain ratios.
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800 ppm#f TIZFF/NEDREERICH A RMIEZR FSHIEE DB
FoRL, FARARIERE £ R MR DB R R UVEEELIOARHBEES
RSB D UV FA MBI BN RO SNT-, BIEHARER T FF AT
REITFEL TUM=AY, FIRIRFIR M L (FEREL TUMV =, i
3/1061 R Uitk 2/10451 D # Vg R £ R DEEEFIHEELTLV=,
400 ppm MDAIEER# TIER#FGREMBFHELA LYEEIC
o:‘i;iil:;:o ?Efﬁ%ﬁﬂﬁﬁ%!ﬁ#ﬁbtﬁ, FRIRDEAEXFRD
LNIEMDT=,

Rats treated with 800 ppm developed a hyperplasia of small biliary
ducts with initial fibrosis in the peripheral parts of the liver
lobules, a hypertrophy of the thyroid follicular epithelial cells and
diffuse hyperplasia of the glandular structures with marked colloid
depletion. At the end of the recovery period the liver lesions
persisted and the thyroid stimulation was much less pronounced.
Only 3/10 males and 2/10 females showed slight stimulation of
the follicular epithelium. Rats receiving 400 ppm MDA displayed
similar histopathological changes of a less severe nature. After
recovery liver lesions persisted, but no thyroid changes were
noted.
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SBHREHOEIGIRU T AZHOMEE1FITRRIRIZREMHE
fEEE RS A LNTZ,

80 ppmE TIXAFREDBE LROLNEM > 1=HY, FRIRDIERE
LR OBEERIBA L/ 2005) R U H2/205l BRI T,
BERRUBEOM S TERIENEE CTHo-H. AR
LIEFAE0HLGIRVEAEDHN21/306l(2HbN T, 80
ppm B DI R U BEOHELFITEERRILITAH 5N
Motz RERERA S IEINOAELIERH b Aih o=, LOAEL (AR
RTRZEMNZEDOHSNI=1-8) %80 ppm (HESYFTIXT.5 mg/ke (K
E/B. RUMSYFTIE 8 mg/kg KE/B  I2HE) TH S,

One male rat of the high dose group and one male and one female
of the mid dose groups showed a focal nodular hyperplasia of the
thyroid.

In the 80 ppm group no liver lesions were noted, but a slight
stimulation of the follicular epithelium in the thyroids was
observed in 2/20 males and 2/20 females.

Whereas nephrocalcinosis was evident in all females of treatment
and control groups, mineralisation was seen in all males of the mid
dose group and in 21 of 30 males of the high dose groups. One
male of the 80 ppm group and none of the control males showed
kidney mineralisation. A NOAEL could not be derived from this
study. The LOAEL (due to the thyroid lesions observed) is 80 ppm
(equiv. to 7.5 mg/kg bw/d in male rats and 8 mg/kg bw/d in
female rats).
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MDA% Z1EEE1IE L L TERKICEE T14B RUY0R . B6CIF1T ™
ARUF344/N S5 Z =R DREEMNTH Tz (NTP, 1983).,
148 EERTIE 0. 200, 400, 800, 1600, KU\ 3200 ppm (HESy
Tl 0. 17.6. 328, 36.5. 784, 89.2. RUIMESVFTIXO.
16.6. 332, 51.2, 80, 128 mg/kg AE/HIZIZIZHEY. {EKE
MEETIET2%FE T, METIE60%FE THEITHADLI-ZEEEZELT,
{BKE%100 g/kg AE/BERELTEHELT), ST/ /BN
D RIZHE—BEOMDAZEHKISEE TEX (YO RTIX

Another study was performed in B6C3F1 mice and F344/N rats
receiving MDA as the dihydrochloride in drinking water for 14 days
resp. 90 days (NTP, 1983). In the 14-day study five
rats/sex/group received 0, 200, 400, 800, 1600, and 3200 ppm
(equivalent to approx. 0, 17.6, 32.8, 36.5, 78.4, 89.2 in male rats,
and 0, 16.6, 33.2, 51.2, 80, 128 mg/kg bw/d in female rats,
calculated on an assumed water uptake of 100 g/kg bw/d, taking
into account the drastical reduce of water consume up to 72% in

SEIR 0, 31.8, 77.6, 1356, 1704, 100.8 mg/kg {AE/H. M~ X T [males and 60% in females). Five mice/sex/group received the
[%0. 29.7, 57, 102, 132, 100.8 mg/kg AE/BDIFIFHHL. |same MDA concentrations in the drinking water (equivalent to
i EHIEKENTINETE TLIzCLEEEL T, B/KE% 150 |approx. 0, 31.8, 77.6, 135.6, 170.4, 100.8 mg/kg bw/d in male mice,
g/kg RE/BELTEEL) and 0, 29.7, 57, 102, 132, 100.8 mg/kg bw/d in female mice,
calculated on an assumed water uptake of 150 g/kg bw/d, taking
into account the reduced water consume up to 79% in both
sexes).
EKEESYEDLFZREERU1600 ppm KL LD i< 2 R K 1f800|Water consumption was lowered in all dosed rat groups and in
ppm UL EDET IR TET L=, FHEEEME LS YR TILE |male mice that received 1600 ppm or more and in female mice at
T, Y HATIE800 ppm LI ETREMBEMIZHEALT=, 1600F [800 ppm or higher. Mean body weight gain was depressed dose—
121£3200 ppm BEDS YD —ERIZIE B DEMEIZELVNEYE |related in all rat groups and in mice that received 800 ppm or
BLIL—E3—ROBENEDOLNT=, SYNTIIREATETHIE  |[more. In some rats receiving 1600 or 3200 ppm, crater-like foci
H AN o1, 800 ppm LLEDTIRATIXEBFERMNETL. 3200 |with black content in the cardiac part of the stomach were noted.
ppm TIXEBIMNELELIA, SR TIXIEEWIZEELIFZEIL  |No premature deaths occurred in rats. Survival was reduced in
BoHonEh ol MEFRE. BRIEFRE R VBRI |some mice at 800 ppm or higher, all mice died at 3200 ppm. No
ER REFWTHOETHITHON LN o=, NOAELIEZS YR DERERT |compound-related lesions were identified in mice at necropsy.
[TREShEMoT=A, Tr9 X TIX400 ppm THoT= (HTIX77.6 |Hematology, clinical biochemistry and histopathological
me/keg AE/B RUMETIX 57 mg/kg AE/BIZHY), examinations were not performed in any species. A NOAEL was
not determined in the rat study, whereas in mice the NOAEL was
400 ppm (equiv. to 77.6 mg/kg bw/d in males, resp. 57 mg/kg
bw/d in females ).
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AERIGHE
90 B RIERERIZHUNT, ¥ R10L /14 /8£(20, 25, 50, 100, In the 90-day studies 10 mice/sex/group were treated with 0, 25,
200, B U 400 ppm (X ATIX 0, 25, 57, 11.4, 265, 50, 100, 200, and 400 ppm (equiv. to approx. 0, 2.5, 5.7, 11.4, 26.5,
549 mg/kg AE/B. MY RXTIL 0. 35, 7.6, 144, 259, 52 [54.9 mg/kg bw/d for male mice, 0, 3.5, 7.6, 14.4, 25.9, 52 mg/kg
me/keg AE/BIZIFIFHEEZEERE L, £=. 5YMOPL/14% /8 [bw/d for female mice) and 10 rats/sex/group received 0, 50, 100,
£ 0. 50, 100, 200. 400, R U\ 800 ppm (#S5vkTIlL 0. 3.8, (200, 400, and 800 ppm (equiv. to approx. 0, 3.8, 7.1, 13.2, 25.7,
7.1, 132, 25.7, 38.7 mg/kg AE/H. MS5YrTIL 0, 3.7, 7.1, |38.7 mg/kg bw/d in male rats and 0, 3.7, 7.1, 12.7, 20.4, 44.4
12.7. 204, 444 mg/kg (AE/BIZIFIZEY), RRERIZ(X M & [mg/kg bw/d in female rats). This study did not include parameters
RUBSKRELZD/ITA—REEENLEN oA, HBE RS |of hematology and clinical biochemistry, but full histopathological
SR AEBROEYIZ OV THRHRIEBEBFMBRENITHiT-, 400|examination of control animals and high dose animals was done.
ppm BEDS VDI, TEARURIKRAR, R 1200 ppm EED  |Liver, pituitary and thyroid of rats receiving 400 ppm, and liver and
SyrDIFER VCRRRLABFEMICRE L, ETHIXAELA  [thyroid of rats receiving 200 ppm were also examined
Motz 800 ppm BED 5w K% 1400 ppm EDMES YR TILFEL [histologically. No animal died. The mean final body weight was
HIRIKE(FXIET LTz, 200 pm MDALL E DD SV DEETIE  |depressed in male rats receiving 800 ppm and in female rats
EKEIZ10%L EIETLT=, receiving 400 ppm. Water consumption was depressed 10% or
more in both sexes of rats receiving 200 ppm MDA or more.
400 E1=13800 ppmE DSV TIXHEEBEMICEEE D @R K |In a doserelated fashion in rats getting 400 or 800 ppm bile duct
URRIEM FIRIREAERER S 1=, 400 ppm BD—ERDS YR E U |hyperplasia and an adenomatous goiter was observed. Some rats
800 ppm EEDHS VD15l RIRERDBR AL EDH LN receiving 400 ppm and one male rate in the 800 ppm group
1=, 800 ppm EDHES YD EHI R UMES Y D5/9|[C FEIAD |developed thyroid follicular hyperplasia. In all male rats and 5/9
IFER BRI AH DN =, IR TIETEIREILHEQ00 ppm) [female rats getting 800 ppm a pituitary basophil hypertrophy was
R UMt (400 ppm) TIE FL =, IR EBEDHTO RADIEKE IR [found. In mice, mean body weight was depressed in males (200
BIUS MY IRTIEANBELIFZEFRCTHo1=. BED @R |ppm) and in females (400 ppm). Water consumption of dosed male
ALHY400 ppm EEDS/10BI DI AR V4105 DM RIZH |mice was greater than that in controls and in female mice it was
e ot REMRRIREISHEHEDSYNTHESNT=IZEE |comparable to controls. Bile duct hyperplasia was found in 5/10
AR ETIEEM =N, ERAEHOHBR UMY XD 15IZEEEN  |male mice and in 4/10 female mice that received 400 ppm.
1=, MERERDNOAELIX100 ppm (<7 A TlX11.4 mg/kg {KE/ |Adenomatous goiters less severe than that observed in high dose
B. RUMYIRATIE14.4 mg/keg AE/BIZHEL, SYRTIE rats were observed in one high dose male and female mouse. The
NOAELIXHET 7.1 mg/kg A E/H . RUMET 7.5 mg/kg 4AE/B |NOAEL in both studies was identified to be 100 ppm (equivalent
Tho)esntz, to 11.4 mg/kg bw/d in male mice and 14.4 mg/kg bw/d in female
mice, the NOAEL in rats was 7.1 mg/kg bw/d in males and 7.5
mg/kg bw/d in females).
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148 EEER (BASF 1977a)I2H LN T, M D Sprague—Dawley®  |In a 14-day study (BASF 1977a), 10 male and female Sprague—
Zyh&100C(20, 25 mgK U50 me/keg AE/H DMDA%5H /8 T |Dawley rats were treated by gavage with 0,25 mg and 50 mg/kg
BMEROKZES L=, FMRBDBLRUOAETOELRUATE |bw/d of MDA on 5 days/week. Anemia with decreased numbers
DUIRLRIILDIETEESIBMR VA MBI DOEMA S HEE |of red blood cells and reduced levels of hemoglobin and
D THONT=, COREFDTYNTIXERIEFHRETIE |hematokrit and increased numbers of leukocytes were registered
B3R (ALAT, ZILAIKRRI75—E)  BREB (HEDH) . #EEE |in high dose males and females. In rats of this dose group clinical
RUKBEYILEL DEMATRENT =, DL D LLANJLIEEEML., |chemistry revealed an increase of serum enzymes (ALAT, alkaline
EH) U LANIEED L=, EAETIXRIEE DIEERTUTILA |phosphatase), total proteins (males only), total lipids and total
SR YRR I73—EREDEMDANAHONT-, B FHEHEOMH T |bilirubin. Levels of calcium increased and anorganic phosphorus
XA, B, BEERURRIEORZEETE ($Ext/4x) DM |levels were decreased. Low dose animals had only lower values of
RSN, FiEEEDTHEX25 mg DIETEHEMLT=, total lipids and increased concentrations of alkaline phosphatases.
High dose males and females showed elevated organ weights
(abs/rel) of the liver, kidneys, spleen and thyroid. Mean liver
weight was also increased in 25 mg—females.
HCEHMAERELRRE TR ELHONT-, [RIEETEEMLT= [Urinalysis yielded effects in females of both dose groups. Isolated
FHEEVAE ERAEDONT -, RIEMEGFAIZIEWEADER [renal cells and cylinder in the urinary sediment were evident.
HEZESBEBERUVIFEBOXREERIS. B850 EMIZKkDE  |Histopathology showed dose related mild-moderate lesions in both
EOEX., FRIBEEEDBREENSHRIBEENSHEEDIFL  |dose groups consisting in proliferation of bile ducts with initial
AEBREEICEDHONT-, BREEDSEEDMAARIEN S |fibrosis and inflammatory reactions of the liver, enlargement of
FBREDHEFI. 25 mg/kg DHEAF R ME115]. & TU50 mg/kg DI [the spleen due to extramedullary hematopoiesis, hyperplasia of of
6 R UM BIIZEROONT=, HIEED25 mg/kg BARRERD the thyroid epithelium. Minimal renal tubular cell desquamation
ER LOAELT#®HY . NOAELITROSNEEM>T=, was evident in the kidneys of 3 control males, 4 males and 1
female at 25 mg/kg and 6 males and 1 female at 50 mg/kg. The
low dose of 25 mg/kg represented the LOAEL of this study, a
NOAEL was not derived.
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07131000 ppm DMDA(=70 mg/kg AE/BH)Z ST HFE%3-8
/FAEN#IC8EM (TSR 8, 16, RV 24 BRI D EIEHAR) .
168 (TSR 8, 16, R 24 BEROEEHRM) . 2488 (T5R
8R UGB D EIELARM) . 32:8MH (TS R8:EM D EEHRM) F1=
(X408 (A BB L) R 5 L= Wistar S DI E R 58T
B R U [ {E AR L T B I Z#R FE L1=(Fukushima et al., 1979), FFH&
IZIZAEE DE 4. R0 R . SRHEE R U OERE
NHoNf-, REDEEEITRSHMELLICREICEML, 8

The livers of male Wistar rats fed in groups of 3-8 animals/dose
with a diet containing 0 or 1000 ppm MDA (=270 mg/kg bw/d) for 8
weeks (plus recovery of 8, 16, 24, 32 weeks), 16-weeks (plus
recovery of 8, 16, and 24 weeks), 24 weeks (with recovery of 8
and 16-weeks), 32-weeks (plus 8 weeks of recovery) or 40 weeks
(without recovery) were examined at the end of the treatment and
recovery periods (Fukushima et al., 1979). A proliferation of bile
ducts, oval cell infiltration, fibrosis and hepatocellular necrosis of

R R OERIZHEVEEEZRLEA, STE2ARIH LB 5N | the livers were seen. The hepatic parenchym was replaced by
hot=, proliferating bile ducts and portal cirrhosis developed. The
severity of the lesions gradually increased with the treatment
periods and regressed with prolongation of the observation time,
but did not achieve complete reversibility.
FREASEMICIEFAREROBEEA ., BNFARMRE. FF# [Histopathology revealed a periportal proliferation of bile ducts,
0D BEARIRFE R R EIL R URMEED &SN T, FFIED S |oval cell infiltration, focal necrosis and fatty change of
Z(X8EBIRERDBRENKYREIBRS(CLPBEBELEEEFE |hepatocytes and fibrosis. Liver lesions showed a gradual increase
THRAIZEMZERL. REIXRSHMOKRHYICHRETEZE T, [ |from mild severity after 8 weeks of treatment to marked severity
EHRPICEEEEZRL=, 40:BARI DK ST, FEHIIEALT- |with longer treatment duration, the lesions were most prominent
FEE LPIRMEATIEZE ICKYBEMA SN Tz, ASATDEMEIE8E K |at the end of the treatment duration and showed regression
C1GANHBRR TEOSYNTIEEML-A., BE#%1BERILLAN  |during recovery time. At 40 weeks of treatment, the hepatic
ICEBIZELT. SEBEREE THOH . ALATRUTILAYRRA |parenchyme was replaced by proliferating bile ducts and portal
ER I78—EDFED EFENHONT=, HU<T ILEIUEER S AR |cirrhosis. The activity of ASAT was increased in rats at study
§ TFE—EEEDOEMAE RS HME THICHON., EEHR |termination at weeks 8, and 16, levels were normalized within one
RIZLRNLVIFEEDRSERZERL =, week of recovery. Only at the end of 8 weeks of treatment higher
activities of ALAT and alkaline phosphatase were seen. Increased
levels of gamma—glutamic transpeptidase was observed at the end
of all treatment periods, levels showed a tendency to
normalization during recovery.
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B R R AR OMDAIZEEE L = B2 IEF3445 9y R TN MDA-related toxic effects in the liver and thyroid were also seen
B6C3F1Y I RIZH 1T H2E MR THAONT=(NTP, 1983, & in 2-year studies on F344 rats and B6C3F1 mice (NTP, 1983, see
4128 #58), &RFK 12150 % U300 ppm DMDA (iS5, T |Table in 4.1.2.8). Rats and mice treated with 150 and 300 ppm
£ 9 RV 16 mg/kg AE/B . RUESYRTIE 10 U 19 mg/kg|MDA in drinking water (equivalent to 9 and 16 mg/kg bw/d for
HRE/B. I IRTIE 25 R 57 mg/kg RE/B. RUMT™  |male rats and 10 and 19 mg/kg bw/d for female rats, 25 and 57
ATlE 19 BV 43 mg/kg AE/BICHB)ERE LS5 YMRTUT |mg/kg bw/d for male mice and 19 and 43 mg/kg bw/d for female
X HRISEBBHEDFEDZE L DIEEEMERLT=, MDD |mice) showed increased incidences of nonneoplastic liver
ER HhaR (EDH) . B ERER VR BHEMEZEEE S IEES M |changes. Nonneoplastic lesions observed at the end of treatment
RENRERTHRICEAEH AL HAEHEBEL) DSy |including unspecified dilatation (males only), fatty metamorphosis
"ant-, and focal cellular change were observed in rats of each dose
groups (without a clear dose relationship).
FHBEOZEEINTRERDEIIADOKRERVESHEDI® |Liver cell degeneration was evident in most male mice of both
7/50lIZEBH BN Tz, T YD BRKARIC (T I E R P BR AL ENE |dose groups and in 7/50 high dose females. An increase of cystic
BHEOEEDEMAASH ., ERMEBEOBIRKIETIRATH |and hyperplastic follicular cell changes were seen in the thyroid of
btz MIEICHELT, BRIE~NDZEEMHESVRDIEREE  [the rats, follicular cell hyperplasia occurred in mice. In both
RUHRHIRDIERAEH CIIRBREICLERTHRIRMEEIZE D |species thyroid effects were evident with a slightly elevated
EERBLNEN, FNEFNDEDEERAER TITIZELIZEo& |frequency in the low dose groups of male and female rats and of
SHEEICELT, BROARIEDIEEEMA S AEDHS Y |male mice compared to the control groups, alterations occurred
ER Aotz MEIIRATEIPRUEAZHTRED. RUBAE [more frequently in all high dose groups of each species.
BTEIBARAKIEDREFEDNBRELLENTOEMMNEIZRE |Mineralisation of the kidney was seen in increased incidences in
hi=. high dose male rats. In male and female mice higher incidences of
renal nephropathy in the mid and high dose groups and papillary
mineralisation in high dose group than in controls were observed.
HREEVCRRIEOZIISYFRUIIIRIZHEITHMDRERTE |Liver and thyroid changes were consistent to MDA-related
RINTI-MDAREM D EL—FL TV =, FFiER U B IRIRD Z |effects observed in other studies in rats and mice. A clear dose
1EICIXBARE AR T M oTz, LOLEDAS ., THIXZEE/ [relationsship of the liver and thyroid changes was lacking.
BINARELESDRENRBEE-IZEEL TEITT H71-8 &8 |However this may be explanable due to simultaneous or
BANTIRETH D, HFIE~ADEESHFENSENNDIEEB MM |overlapping processes of degeneration/preneoplastic changes and
e ZEOLOAELIEZ YRR ATIE150 ppm (R UMES Y TIE  |tumor growth.
R FNEN IRV 10 mg/kg AE/B ., R VIET IR TIEENE [The LOAEL of nonneoplastic lesions, derived from toxic liver
25 RV 19 mg/kg RE/BICHHB)EHTESN D, RRERTIL |effects were estimated to be 150 ppm in rats and mice (equiv. to
NOAELIERSHENEM 2Tz, 9, resp. 10 mg/kg bw/d in male, resp. female rats, and 25 resp. 19
mg/kg bw/d in male, resp. female mice). A NOAEL was not
estimated in this study.
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Leong & (1987) [XHEDTILE/N—FL—FRELEVNRUEAR
HEEILEVRTRYIFLY1)2—)L200(PEG)IZiAfELT-MDA
I7OVILORAZEERN -, NABRETFRBADEEER
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EHSUEICEL TREBABREZT>TLVEL) , CO14ARERA
SAER (4B5R5/H . 58 /38) TIEMDA (0.44 mg/) DEENRELT
SEEDEMDERICELT- (LB DMIRI (LA ZEMED NI &
DEBRUVAS=ZVEOHEBEERICESHWN EEMEEOERMN
HHNTLD),

Leong et al. (1987) investigated the effect of inhaled aerosols of
MDA in polyethylene glycol 200 (PEG) solution in male guinea pigs
of albino Hartley strain and pigmented guinea pigs of mixed
variety. The study was not reliable with respect to toxic effects
on the respiratory tract (only few organs were investigated, no
histopathology on the upper respiratory tract). Although an effect
of MDA (0.44 mg/|) occurred in this 14-day inhalation study (4
h/d, 5 d/wk) in the eyes of eight exposed animals (the retinas of
all animals showed a degeneration of the inner and outer
segments of the photoreceptor cells and the pigmented epithelial
cell layer, not due to an interaction with melanin).
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No valid repeated dose study with inhalation and dermal
application route was available.
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C3Hf/BAR AN LIzERE LTz, 7R EBEICLIZES
[ZI I3/ 10451 K U 13/ 10651 A 2:B R AR IZFE T L=,

To determine the maximum tolerated dose, Holland et al. (1987)
reported that 4/9 female and 1/9 male C3Hf/Bd mice died after a
14~day dermal exposure (5 d/week) to 50 | of 1 10% (w/v,
corresponding to approx. 100-150 mg/kg bw/d) MDA solution in
methanol. when acetone was the solvent, 3/10 females and 3/10
males died within two weeks.
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No valid repeated dose study with inhalation and dermal
application route was available.
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E®. Ciba—Geigy, 1982, BASF, 1977a, NTP, 1983)D 5V TIXEE
DB R V52 mg/keg {AZE/H (400 ppm, 90HFKER. NTP,
1983) 5D YV RATIEIRE DB ThH 1=, FFiErS AT
F—EEFUOEMNE RS FE X E IR E 4 HER(Ciba—Geigy,
1982, BASF, 1977a)I280VT22 me/kg AE/LL LD AEEHREL
=Sy THRESM =, SYMCIFRRZEEELCXEEE T
(Ciba— Geigy, 1982, Fukushima et al., 1979), Y9 A TIX Tl &
DEEHEICET 5T —2EBoniEm otz TYTE TERSN
ISR EDREREITAELLLICEMT LS SN =008
EX. NTP, 1983, BASF, 1977a),

Summary on nonneoplastic lesions:

Primary target organs in rats and mice after repeated oral
exposure to MDA are the liver and the thyroid. Main effects were
liver cell degeneration in the mouse at doses from 25 mg/kg bw/d
(150 ppm, 2-year study, NTP, 1983), bile duct hyperplasia in rats
at 20.4 mg/kg bw/d or higher (14-d or 90-d studies, Ciba—Geigy,
1982, BASF, 1977a, NTP, 1983) and bile duct hyperplasia in mice
receiving 52 mg/kg bw/d (400 ppm, 90-d study, NTP, 1983).
Elevated liver transaminase activities were observed in rats which
received doses of 22 mg/kg bw/d or higher in subacute or
subchronic tests (Ciba—Geigy, 1982, BASF, 1977a). In rats, liver
lesions were not or not fully reversible (Ciba— Geigy, 1982,
Fukushima et al.,, 1979), no data on recovery of liver effects were
available in mice. The severity of microscopic lesions observed in
the rat liver were reported to increase with the dosage (90-d
studies, NTP, 1983, BASF, 1977a).
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HURIR CIEIMDAK 5 DBEE T2 1375 mg/ke AE/R (0B
E&. Ciba—Geigy, 1982) £1=I& 9 me/ke (AE/H (QFRIHER.
NTP, 1983) A L D AB TA LS04/ R#BE 4> EBMBDE
BB/ IBEARUVUVFEAMDREBO BRI TH oz, TIRT
1. 2EERISKER(INTP, 1983)2H T, FRIREMMB OB K
25 mg/kg (AE/BLLEZ RS LR U443 mg/ke AE/B%E
BELTEERTINT, IRIEME R KIRIEH908 (NTP, 1983)
TlE54.9 mg/ke RE/BDHETIARY 52 mg/kg (AE/B DIt
Y IRATEEINT,

In the thyroid, the prominent effect of MDA treatment was
follicular cell hyperplasia/hypertrophy and diffuse glandular
hyperplasia with colloid depletion occurring at dose levels from 7.5
mg/kg bw/d (90-d study, Ciba—Geigy, 1982) or 9 mg/kg bw/d (2—
year study; NTP, 1983). In mice, thyroid follicular cell hyperplasia
was also observed in 2-year study (NTP, 1983) in males treated
from 25 mg/kg bw/d and in females at 43 mg/kg bw/d.
Adenomatous goiter was observed in a male mouse receiving 54.9
mg/kg bw/d and a female mouse receiving 52 mg/kg bw/d on 90
days (NTP, 1983).
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EHIGKERINTP, 1983)[CH LT, FRIBRELFRTHHZELA
WELETDE SYMERIRLYBEZENBLESITHY. Svb
TIEMEEFHFICHAGNEND IO RITMIIRLYSUESZ
HERLUZ. 2ERREBOS Y CIEFEEZEIC DLW THLA LA
SEHBEE N>, FESICHT2EZMEESYNTIEYD
AFYBEL HYIREMRYLREZEL T VKSICB Tz, 12
MBREDOBRZMEICHTHEUUE TR RRSZEILFEA~DEZEL
BhELTLSATREME A B A LWL S ATREE AV RSN D,

Comparing the effect levels inducing thyroid lesions in the long
term studies (NTP, 1983), rats seem to be more sensitive than
mice without any clear sex preference, and male mice showed a
higher sensitivity than female mice. Although a dose-relationship
was not obviously present for liver effects in rats of the 2-year
study, sensitivity for liver damage seemed to be higher in rats
than in mice and male mice were more sensitive than females.
The similarities in the target organ sensitivity may lead to the
assumption that the thyroid effects were possibly associated to
the effects on the liver.
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52, BMICKY RSN -MASHEEZER VRO EMm &
22 mg/kg AE/BIZHE T HMDAEEE S5 X -5YRTODI0HH
E&(Ciba—Geigy, 1982) TR b 1=, RiETOEMmMDIEMIZ 148

A DSy M AER(BASF, 1977a)T25 mg/keg AE/HULDRAETYH
WESh., FMBR/ S A—2DIE T HMDANDS0 mg/kg AE/AT
#HoNfz, BME RS EMBHELEIAFARELEIIRDORERT
[EFAHDNEMT=AS, FRIMBR/ SSA—LITBRBEIN T, A

ANETOEVLALIEEIALERERSHRBOVT U THLERS

Furthermore hemotoxic effects indicated by anemia and
extramedullary hemopoiesis in the spleen were evident from 90—
day studies in rats at MDA concentrations equivalent to 22 mg/kg
bw/d (Ciba—Geigy, 1982). Increased splenic hemopoiesis was also
reported in the 14—day rat study at dosages from 25 mg/kg bw/d
(BASF, 1977a), depressed red cell parameters were seen at 50
mg/kg bw/d of MDA. Microscopic lesions indicating anemia was
not found in the mouse studies available, red cell parameters were

ER NTULEWLH, MDADEERFE AR E . F1-(XREIZMDAA K %8 |not examined. Methemoglobin levels were not examined in any of
B E R CARERE R T =R A TANMNES OE VIEAH DI |the repeated dose studies cited. However, methemoglobinemia
1=(Hofmann et al., 1966, cited in BUA, 1994), was found in cats which received single oral MDA doses or 4
times 8—hours applications of MDA solutions on the dermis
(Hofmann et al., 1966, cited in BUA, 1994).
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MDAMNBEMEETHILETELEHBRLH S, 545105 [Some studies gave indications that MDA has nephrotoxic
SNV D—EBIZ, MDAD B ARG IZEEL-EEDEE |properties. Mild renal and urinary findings in some rats treated by
RURDFEMNEONF=IEMFRE SN = (BASF, 1977a), A |gavage administration were reported to be related to subacute
HERUVEEZHEDOHKEBROFER TIETE ST RINGE, o MDA treatment (BASF, 1977a). Results from subacute and
M, CNIERSGERRENERLS=HEEZDND, KREAFRERT [subchronic drinking water studies did not endorse nephrotoxicity,
ITHESYFDTR S TIXBIED A RIEH S HEEIZH SN T- (Ciba—|possibly due to the different application routes. In long term

SR Geigy, 1982, NTP, 1983), MDD X TIXSEED BIEA M |studies, there was a higher rate of kidney mineralisation in treated

male rats (Ciba—Geigy, 1982, NTP, 1983). In male and female mice,
a higher rate of nephropathy was registered in both dosed groups
and a higher rate of papillary mineralisation did occur at the high
dose level (NTP, 1983).
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At present no adequate test on the effects after repeated
inhalative exposure exists, in a 14—day inhalation study nonreliable
to its inhalation testing procedures guinea pigs developed retina
degeneration. MDA was not investigated to its effects after
repeated dermal application.
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Hot=o CHLOAELIZS Y TO2ERIHEBRDIEEBUZEIZLS
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BEWSLOAELIZE MRV T ERAVMIAWSELLTIER
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NOAEL/LOAEL

Repeated dose oral studies — rat

The LOAEL representing the most sensitive adverse
(nonneoplastic) effect after repeated oral application was derived
from the Ciba—Geigy study (1982) which was accepted as valid. It
was 7.5 mg/kg bw/d in male rats and 8 mg/kg bw/d in female
rats. This LOAEL is corresponding to the level of LOAEL from the
2-year study on rats on nonneoplastic effects (9, resp. 10 mg/kg
bw/d in male, resp. female rats). Although the NTP-studies had
not examined parameters of hematology, bioclinical chemistry and
urinalysis, the LOAEL of 9 mg/kg bw/d from the long term study
was considered to be the most appropriate value for quantitative
risk assessment. From the studies available no NOAEL could be
derived for the rat.
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REROFSHBR-—IIR Repeated dose oral studies — mouse
T RIZDNTOHOMDAIZEDEMEED T —AN—R(IEHIZER | The database of MDA-related toxic effects on mice was less than
KRR H BT TIVRD T —ER—R LY DALY, NOAELIZI0 |that in rat, because only few drinking water studies existed. A
NOAEL/LOAEL D TFE R L BHERER(INTP, 1983)kUEMh ., TR T11.4 mg/kg 4AE/H. [NOAEL can be derived from the 90-day study (NTP, 1983), which
<D A T14.4 mg/kg AE/B THoT1=. was 11.4 mg/kg bw/d in male mice and 14.4 mg/kg bw/d in
female mice.
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BERTHLDEEZDNT, T, 78 mg/kg {KAE/HDMDA%14
BEEORSLI-YVRATORATFRTHICKY . R 48/22 (2%

Classification

Rat liver and thyroid lesions as well as the anemia were
considered to represent severe health effects which occurred
below the critical dose level of 50 mg/kg bw/d for the oral 90—day
test. Also, premature deaths in mice receiving oral doses from 78

ER EX:E mg/kg bw/d MDA for 14 days efforts the R 48/22.
REBESIZEKYEELREZENHDONI-TEMN D, MDA R4 [According to the severe health effects which occurred after
EHAIR48/20/21/220" HE" IR $ESN 5, repeated dose administration MDA is classified as “harmful”, risk

phrase R48/20/21/22.
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2TOEEEMERER ILHRAEMDAX (IMDATEROSZ OS54 K (I [All genotoxicity tests were conducted with pure MDA or MDA
EZHROMDATIIHL) ZRWLTIThiz, £ TD#FHE(in vivo D |dihydrochloride (not with technical-grade MDA). In all reports
SCE7 YA UM IZEWT., REEAER VT —2D Rk (X1 4% T|(except the SCE in vivo assay) test methodologies and

SERSL BB, LHOWLEDS, LMD R TIXBASIEEERIZEZ SN T |description of data were adequate. However, some findings did not

WEW BB T 20 2R BIERL1.27I2FEDT=,

allow clear conclusions. An overview on genotoxicity data is given
in Table 4.1.2.7.
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S-9 mix FYTIZ, MEDORALEERRERIAIFIRED
TA100E U TAISDE# T, 3.0 ~ 333 ug/ FL—rDERDHE
(Zeiger 5, 1988; SYRRU/NLRSZ—DRFEES-9 mix), XIE30
ug/FL—hLLEDRAE (BASF, 1977; SvBFEZE S- 9 mix) TH
EREMICHEETH o1z, SOELTIE. MADRKEBELIZIEMED
ERNEONT-,

With S-9 mix, bacterial mutation tests were positive in a dose—
dependent manner in Salmonella typhimurium strains TA100 and
TA98 in doses ranging from 3.0 to 333 ug/plate (Zeiger et al.,
1988; rat and hamster liver S=9 mix) or in doses from 30 ug/plate
upwards (BASF, 1977; rat liver S— 9 mix). Without S—9 mix,
negative results were observed in both studies.
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1§1n?-%"€5"<’£5

REEHEIEELTTHONERIR) U I+—IRER T, BULBHE
DIERNESNT=(McGregor et al., 1988), 3[E DEERNITHN
T=e TD5EM2D T, RELI=HRESAEN500 1 g/ml X 700
Kg/ml 'G%E%éziﬁﬁrﬁm—sfﬁwiémﬁﬁéﬁz‘éénto 1000
g/ml [E2ARICHIRaEEE R LT,

In a mouse lymphoma assay which was done only without
metabolic activation a weak positive result was obtained
(McGregor et al., 1988). Three experiments were performed; in 2
of them 2- to 3—fold increases of mutant frequencies were
induced by the highest tested doses of 500 u g/ml or 700 1 g/ml;
1000 u g/ml were totally cytotoxic.
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(McGregor et al., 1988)

(McGregor et al., 1988)
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CHROMOSOMAL ABBERATION
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i e

1’&&1/%1‘&5; Yoz a

REFEELGLOHE

CHOMifaZ AL - B AEERERILS-9 mix HY THME. LT
TEABETHo71=(Gulati et al., 1989), S-9 mix HYTIL, 28R
T1358 R~ 15.0 T T T T 5E033E D EEFIT-
=0 500 ~ 1000 y g/ml D FE T, 14.0%~ 85.0%0 &iFH D & (K
BEEOEENECTz, S-9 mix FLTIL, 265K ZE TSR
18BERICH L T T T BE 2B D EREEIT o1, 1B B D
17TIX500 pg/miETH AR TIEMETH o1z, 2B B DRITTIE.

A chromosomal aberration test with CHO cells was positive with
S-9 mix and equivocal without (Gulati et al., 1989). With S—9 mix,
3 experiments were performed with 2 h exposure and 13.5 h to
15.0 h sampling; in the dose range 500 to 1000 4 g/ml aberration
frequencies ranging from 14.0% to 85.0% were induced. Without S—
9 mix, 2 experiments were performed with 2 h exposure and 15 h
or 18 h sampling; one trial was negative for doses up to 500 u

R 600 ug/ml ETHOHAEIXIEME T, HEBRL-RSHE D800 y g/ml; in the second trial doses up to 600 (£ g/ml were negative
g/ml TEEHEEDI%DEMAH SN, HFEFZMED T —2H% |and an increased aberration frequency of 15 % was found for the
LWDT, COFRRIETATHAEILERTELL, MKLEIRFR  |highest tested dose of 800 £ g/ml. Since cytotoxicity data are
BEETEROVEREEEEETT AETEFIRINS, lacking, the findings cannot be interpreted adequately. It seems
that clastogenic effects were limited to doses with strong
cytotoxic effects.
b=t
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in vivoilBiInEH

in vivo TO/MEZDFEIZRFT AMDADRT v )LIZBT 52D
DHEITENT. EAEDBEERESRICBVEENIONT-.

B L7-Y5LDB6CIFI T I RE ALV EHEERICH LT, 9.3,
18.5 X 37.0 mg/kg DIAE TILBEARIZMEXTER0.17 R 0.19
BELERT2ERT (0.23 ~ 0.35 %) Q/IMEFEIBEEDEMELEL
T=(Shelby et al., 1993), % 5B D ENM TO/NML D F IR E (L 50
éhf—ﬁ)}nd)qﬂ'cﬁ%ﬁéhf—wmAw stLTRLONTIE TR
DEDCHERNTHo -,

In two investigations on the potential of MDA for induction of
micronuclei in vivo, weak effects were obtained after i.p.—
administrations of high doses.

In two bone marrow experiments with 5 male B6C3F1 mice per
group, 3 daily doses of 9.3, 18.5 or 37.0 mg/kg led to increased
micronucleus frequencies which were less than 2—fold (0.23 to
0.35 %) as compared to concurrent negative controls (0.17 and
0.19 %) (Shelby et al., 1993). Micronucleus frequencies in treated
animals were within the range of negative control values obtained
for the 49 chemicals which were tested in the described
investigation.
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(Shelby et al., 1993)
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CD-1Y¥ I ADMKFMEREALV-RERTH, BLEENFLN
= (Morita et al., 1997), BEIHR 5 (2L 52 DDEERIZHINT, L
ﬁﬁmimﬁmmgnuﬁﬁoo%ﬁﬁ(zs ~ 112 mg/kgD FAE) TH
b, £312(28 ~ 140 mg/ke) TIET<BEDEMMA A SN T,
22.8 ~ 90 mg/kg NEED2E N1 HHETIXIEHTH Tz T
MDIDNREERTIE. F=E ARIILDS0EAETH o=,

N
sl
o
‘

In experiments with reticulocytes of CD-1 mice again weak
effects were obtained (Morita et al., 1997). In two experiments
with single treatment, a weak but dose—dependent increase was
observed in one experiment (doses 28 to 112 mg/kg) and a
marginal increase in the other (28 to 140 mg/kg). Two daily doses
ranging from 22.8 to 90 mg/kg were negative. In all three
experiments highest doses were near to LD50 values.
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(Morita et al., 1997)

(Morita et al., 1997)
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HEDFischer-344 5y X% B6C3FITH RN DD FFHIFaZ AL =
in vivo UDSERER TILIEME ThHo1=(Mirsalis et al., 1989), LD50ET
DO GEFEO) AEF ALz (Sybk, 20, 80, 350 mg/ke; <
A, 50, 200, 500, 1000 mg/kg), IRENEFMH LR 52Kk U 126F

% Thot=,

In vivo UDS tests with liver cells from male Fischer—344 rats or
B6C3F1 mice were negative (Mirsalis et al., 1989). Oral doses
(gavage) up to the LD50 range were used (rats, 20, 80, 350 mg/kg;
mice, 50, 200, 500, 1000 mg/kg); sampling times were 2 and 12 h
after treatment.
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(Mirsalis et al., 1989)

(Mirsalis et al., 1989)
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D Swiss ¥ A% AL zin vivo B RESCE (filk & Az #2) 3
EX Tl SCESBE D < EMIEMMAIR U 18 meg/kg DIZREMRIE
5#IZREN =(Parodi et al., 1983), SCESAE DR KB (L 1K IE
ERBEHDIAMETH >z, RABR A ER/UICF+HERES
ATEY (EHTY15- 201@®ﬂﬂﬂiﬁ¢$ﬁbt3@uﬁ‘ﬁﬁL\'CL\U
L BHEOT—200) R (FBARELELZ AL,

e

In an in vivo bone marrow SCE test with male Swiss mice
marginally increases in SCE frequencies were obtained after
intraperitoneal administration of 9 and 18 mg/kg (Parodi et al.,
1983). The maximum SCE frequency was 1.4—fold as compared to
the concurrent negative control group. The investigation suffers
from methodological insufficiencies (only 3 animals with 15 to 20
analysed cells per group, no toxicity data) and the 'effect’ might
well be unspecific.
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(Parodi et al., 1983)
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Sprague—Dawley% 5y DFFDNAZ ALV =in vivo 7ILAYAH
Tyt [EEEDIERZFELV=(Parodi et al, 1981), LD50D Fi=
D74 mg/kg (0.37 mmol/kg)Z B EIFERERES LI=#ER. 54Kk
U24F5 12 [CDNABT AT DBAS MNVEIB M A LT, (& H [FpH12.3T
T>=DT.DNADE—HR U ZEHDO I EITRESNT-
(ZILAVISARELGELLTIEALY) o

An in vivo alkaline elution assay with liver DNA from Sprague—
Dawley rats led to a positive result (Parodi et al., 1981). Single
intraperitoneal administrations of the LD50 dose 74 mg/kg (0.37
mmol/kg) induced clear increases in DNA fragmentation 4 h and
24 h after treatment. Since elution was run under pH 12.3,
primarily single and double strand breaks in DNA were detected
(not alkalilabile sites).
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(Parodi et al., 1981)

(Parodi et al., 1981)
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MDAMDDNAKE S BEZFEM 5 518D, M52 L 7=(BH)MDAZ5.6
RV 1165 umol/kg (1.1 R 23.1 mg/kg IZ4HE T 5 ; Schitze
et al., 1996)() i [E A8 T DWistar RSy D EEICHERER IR
51z, R TIE 1.05(EAZ) RU23(GRAZ) LUV LLERIE
WH AR AR RES NI [CBI = (MDA #54&E 1 mol / DNA
mol ) / (MDA B E mmol / kg AE)],

In order to evaluate the DNA-binding capacity of MDA,
radiolabeled (3H)MDA was administered intraperitoneally to groups
of 6 male Wistar rats at single doses of 5.6 and 116.5 1 mol/kg
(corresponding to 1.1 and 23.1 mg/kg; Schiitze et al., 1996). In the
liver relatively low covalent binding indices of 1.05 (low dose) and
2.3 (high dose) were determined[CBI = ( & mol of MDA bound /
mol of DNA) / (mmol of MDA applied / kg bodyweight)].
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(Schiitze et al., 1996)
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in vivoiBis=E

MDAIFHIE CEEFEREEZELD, IEAURBEROBFET
T, BIEAOMMEE CIIMDAIZ LB AREEDEREMETH
%, EEMTIEEL, HENEHVEE MO MBEERET v A

MDA induces gene mutations in bacteria. In mammalian cell
cultures in the presence of an exogenous metabolisation system,
MDA is an inducer of chromosomal aberrations. Inconclusive or

ER THELNT =, weak effects were obtained in other cell culture assays.
in vivo Tl&, IWVEZHEEDEEDEMNASREREHRDTYIXT |[In vivo, slight increases of micronuclei frequencies were found in
Hohiz, 512, EAEDOMDAIELSY DT HIAE TDNADET F L [mice after treatment to high doses. Furthermore, a high MDA
#H LT, SCEMFEHR (YO RER) RUDNAKES (S MiFHE) IZ  [dose led to DNA fragmentation in rat liver cells. Weak marginal
LT, BLMENZEZEMNBDNT=, In vivo TODNAIETE (UDS |effects were obtained for induction SCE (mouse bone marrow)
R HEBRBRETVERUTIRDIFECRETH . and DNA binding (rat liver). In vivo DNA repair (UDS) tests were
negative for livers of rats and mice.
MDAILEBEMLGETERMEEZED-HOICEMNILEZZELS, |MDA causes concern for man owing to possible mutagenic
In vivo TODNAKTFER T in vitro TOREARREIZLYZIFE [effects. There is evidence from in vivo micronucleus tests
N3 (T<HELBETHZHY)in vivo D/INEERERDN S DEEHLAE  |(although only weakly positive) which is supported by the
%o —H. APEENTIV2ALIB D FEHRETSHEEHIEE  |induction of DNA fragmentation in vivo and chromosomal
ST LY - T DEEREEICHZ L. MDAIZHTIVIDERRMEL |aberrations in vitro. On the other hand, there is no sufficient
- S¥EIND, evidence to place the substance in category 2. Therefore,
according to the classification criteria MDA has been classified as
category 3 mutagen.
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F3445y R UB6C3F1< o X% FHL V=28 FEEAER(NTP, 1983:
Weisburger et al., 1984; Lamb et al., 1986) Tld. 8R/KIZHML TE
5 L1=MDA®D 150 % 1*300 ppm (HESVETIE 9 BV 16 mg/ke &
F/BRUVHESYRTIE 10 R 19 mg/keg AE/B. #XIRATIE
25 B 58 mg/kg AE/H RUMTIRTIEL 19 RV 43 mg/keg
AE/B)TBASHICRLAMELHY . HFE TR KRR URFREIS
EHEELC, £FRELBTRAKTH 1=. S HEHOMSYF
TIER B LY FAREIXEEZ Rz, MOEAERE - (T0H
DEEHEOVTNAOTIIRE~ND—ELHE LA LNEH D

In two—year studies in F344 rats and B6C3F1 mice (NTP, 1983:
Weisburger et al., 1984; Lamb et al., 1986) , 150 and 300 ppm MDA
administered in drinking water (equiv. to 9 and 16 mg/kg bw/d for
male rats and 10, resp. 19 mg/kg bw/d for female rats, 25, resp.
58 mg/kg bw/d for male mice, and 19, resp. 43 mg/kg bw/d for
female mice) was clearly carcinogenic, producing thyroid and liver
tumors in both species. Survival was comparable among all
groups. High dose female rats had lower mean body weights than
those of the controls. No consistent effects on body weights were

ER Tz ERUSHEHOSYMEL YD FE1 BIEKEILH TIE |identified in the low dose females or either in dosed group of
FHEBRRED8T% R U 75%. I TIXF93% K U82% Tdho1=. It &M% 5 |males. The average daily water consumption per rat by low— and
[ZBAEL R RAEK (TR SN E M ofz. EFEICIIMEHES VL  [high dose rats was 87% and 75% that of the controls for males and
DWThOEBICLEELRE XA ONEL ST, 93% and 82% for females. No compound-related clinical signs were
observed. No significant differences in survival were observed
between any groups of either sex of rats.
SybTIERRRERERNADIEENS AE DM TIXXEBEEE [In rats, the incidence of thyroid follicular cell carcinoma was
HARTHEICHREZRLIZ(E 4.1.28A), 2 AEDIS YR TIZIE |significantly higher in high dose males than in controls (Table
BHEREDMEEN N B IVEEICSEEZRL-, B OIER|4.1.2.8A). High dose female rats showed a significant higher rate
HEHFNMERUVEAEOH TIIIBEIYERICELMEEZTR |of follicular cell adenomas than in the controls. Neoplastic nodules
N Lf-. BERDOPEERENSHEDHES YD 1FIZH ST, BEBE |in the liver showed a significantly higher incidence in low and high
ER DBITLERBBOIEEINMERVEAEN2/50% T1/5045l1= [dose males than in controls. One bile duct adenoma was found in
Hohtz, one high dose male rat. Transitional cell papillomas of the urinary
bladder were found in 2/50 low dose and 1/50 high dose rats.
Y ORTILERMBREDCEENSAEDMETHEETH o= [In mice, the incidences of follicular cell adenomas gained
(% 4.1.28B) . FHRENASAEROERUVERAEDI TIEZAE [significance in high dose males and females (Table 4.1.2.8B).
ELUSHEETROLNT . Hepatocellular carcinomas were significantly higher in males of
each dose group and in high dose females. Hepatocellular
ERR adenomas occurred with significant higher incidence in high dose
females.
FERHRY/XILBEREERORRIEFEENSHEDIES Y |Cystic and/or hyperplastic follicular thyroid lesions were
RUMHEIRATEML-, FHAEEDOS YRV YD X TIXRFE|increased in high dose female rats and mice of each sex. Rats and
ICEMFENTOONT-, BEDHEEDEMMN T IZXDMEAE [mice of each dose group showed toxic liver effects. An increased
HTHLH T, SHEDHESYFCIEBRIZAIKIENEHEEIZH |incidence of kidney nephropathy was evident in both dose groups
e bnf-(412688), in mice, high dose male rats showed a higher incidence of renal
ERR ) L
mineralisation (see 4.1.2.6).
= 4128A: BRIBRUOFRBOERSEERVESEREEZE T 57VMDE Table 4.1.2.8A: Number of rats with non—neoplastic and neoplastic lesions in the
thyroid and liver
% ;i3 It
FA= ppm 0 150 300 0 150 300 Sex Males Females
Dose in ppm 0 150 300 0 150 300
ERRAR :
s 1/49 2/47 3/48 0/47 3/47 7/48 Thyroid:
Ptk iliobey o 1/49 2/47 3/48 1/47 3/41 8/48 Follicular cysts 1/49 2/41 3/48 0/47 3/41 1/48
R RasmAa AR AE 1/49 4/47 3/48 0/47 2/47 17/48% Follicular cell hyperplasia 1/49 2/47 3/48 1/47 3/47 8/48
iRRasRAaH A 0/49 0/47 7/48%  0/47 2/47 2/48 Follicular cell adenoma  1/49 4/47 3/48 0/47 2/47 17/48%
3I¥R C-HARaARAE 0/49 0/47 0/48 0/47 3/47 6/48 Follicular cell carcinoma 0/49 0/47 7/48% 0/47 2/47 2/48
C—Cell adenoma 0/49 0/47 0/48 0/47 3/47 6/48
PR :
BIEEESN CUVELMESR  1/50 6/50 10/50 Liver:
RERATEZERE 14/50 28/50 33/50 7/50 20/50 11/50 Unspecified dilatation 1/50 6/50 10/50
LN k4 14/50 38/50 36/50  5/50 17/50 10/50 Fatty metamorphosis ~ 14/50 28/50 33/50  7/50 20/50 11/50
AT 1/50 12/50% 25/50% 4/50  8/50  8/50 Focal cellular change ~ 14/50 38/50 36/50  5/50 17/50 10/50

* EHEOBERXMAINCAREERY . FESEREHNELT,

Neoplastic nodules 1/50 12/50% 25/50%  4/50 8/50  8/50

*Tumor incidences indicated as statistically significant; no statistics available
on the nonneoplastic lesion




ER

b=t
ERBMIEITERELNAK
DEE

* 41288 FRIRRUHEOFRSEHRVIEBHEREER T HVIADHK

i3 1t [\

A& ppm 0 150 300 0 150 300

FRAR :
BRI AL
IR R ABRAARIE
iERafERs A

0/47
0/47
0/47

3/49
3/49
0/49

18/49
16/49%
0/49

0/50
0/50
0/50

0/47
1/47
0/47

23/50
13/50%
2/50

PR :

ezt
AR iE
FF#RaH A

0/50 40/50 30/50 0/50 0/50
3/50 9/50

1/50 6/50

7/50
12/50%
11/50%

10/49 33/50% 29/50%

* EHEOBERMHNLCAREERY . FESEREHNELT,

Table 4.1.2.8B: Number of mice with non—neoplastic and neoplastic lesions in the
thyroid and liver

Females
150

Males
150

Sex

Dose in ppm 0 300 0 300

Thyroid:

Follicular cell hyperplasia 0/47 3/49
Follicular cell adenoma  0/47 3/49
Follicular cell carcinoma 0/47 0/49

18/49
16/49%
0/49

0/50
0/50
0/50

0/47
1/47
0/47

23/50
13/50%
2/50

Liver:

Liver cell degeneration
Liver cell adenoma
Liver cell carcinoma

0/50 40/50 30/50 0/50 0/50
3/50 9/50

1/50  6/50

7/50
12/50%

10/49 33/50% 29/50% 11/50%

*Tumor incidences indicated as statistically significant; no statistics available on
the nonneoplastic
lesion
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(NTP, 1983: Weisburger et al., 1984; Lamb et al., 1986)

(NTP, 1983: Weisburger et al., 1984; Lamb et al., 1986)
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SYRRURIRTIZBVWTHRISAMEICET D ZDRERAY A number of other studies on carcinogenicity in rats and mice
HESKTNDL, FNSIE+2EHAERELTEMSN TLVELY, |have been reported, however they were not well performed or

SRR HBNIEIRE D+ 5 TlEZE M > 7=(Steinhoff and Grundmann, documented (Steinhoff and Grundmann, 1970; Schoental, 1968;

1970; Schoental, 1968; Griswold et al., 1968),

Griswold et al., 1968).
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MDA is carcinogenic in experimental animals. Longterm studies on
rats and mice indicated that oral MDA treatment was associated
with tumors of the thyroid and the liver.
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Fertility impairment: no data available
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DUEKE (MEEREICKYS) OB AN S, HRICET1E
|BIZIE. BEET) FEBERE~NDEBENLGEZELTEHT S
LT BRI ELIEEZ AT,

4JE(ZBIL T, MDADBEMLGEERTY Vv ILICELTIE+5
AU R AN

Data from a subchronic study (3 months drinking water study in
rats, Ciba—Geigy, 1982) were also considered. However, in view of
the fact of severely reduced body weight of less than 50%
compared to the controls and of drastically reduced waterintake
(resp. substance-intake) in the mid and higher dose groups in this
study, informations concerning gonads (e.g. reduced weight) are
not considered of special value for the evaluation of possible
effects on reproductive organs.

There is insufficient information on a possible toxic potential of
MDA concerning reproduction.
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Developmental toxicity: no valid data available
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fifisk 8 5 R H(SCE) D EF B ERER LS9 mix DAY/ ELOEH
TIKEEDOBHETH -, MiasHICET T2 5250 T
LV Gulati et al., 1989), S—9 mix HYTI&. 160 ~ 1600 1 g/ml
DFEEDASCHFHRE. 4BM YTV T DOEBET—DOD
EBRMNTHOITEY. SCEEED ZEMREMAH LN, &
KERIFIE B ELL R T 3METHo1=. S-9 mix ELTIE. 2
BHEIRETO2OORBENTHON TS, 4B YT T D
RUDEEETIL. 16 ~ 160 yg/mIDFEFE D AE I3 L TSCESE

A test for induction of sister chromatid exchanges (SCE) was
marginally positive with and without S—9 mix; data on cytotoxicity
were not given (Gulati et al., 1989). With S—9 mix, one experiment
was performed with 2 h exposure and 24 h sampling; in doses
ranging from 160 to 1600 ( g/ml marginal increases of SCE
frequencies were found; the maximum effect was ca. 1.3—fold as
compared to the negative control. Without S—9 mix, two

ik AAES4>

ZERM

e experiments were performed with 2 h exposure; in the first
EDIHENIDEMAHLN ., ZERERIIEMERIBELLRTH  |experiment with 24 h sampling, for doses ranging from 16 to 160
14ETHot = YTV DERZERLI-2E B NDEBRTET | 4 g/ml marginal increases of SCE frequencies were found, the
{EEDSCEEENEMMNHONT=, maximum effect was ca. 1.4—fold as compared to the negative

control; in a second experiment prolonged sampling times were
included, again marginal increases of SCE frequencies were found.
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& FL. UDS) Tlk. YD RS [ERRLAERE 4L A —LS
CHIST4—REEEDHDRF DR ELLICHL DR T=AY,
FETDIEREEL V=, Mori et al. (1988) [ZEEDACI/NSY ~EHE
DFF#RaZ FALV=. 1.0 ~ 100 ¢ mol/I (19.8 ~ 19800 1 g/ml) M
HEOAZICKLCHABECHREHEEEDOHAIEREREL.
1000 ¢ mol/| DAZIFEALLTHIKESE MM >, Shaddock
et al. (1989) [2&DH &, 100 yg/mIETHHEICX LT, Sprague-
Dawley VrHEXDFHATIEEFETHoIz, JYBAZIEHM

EEDT=DICET SN M 5Tz, Arochlor X[ET//NLERY
THEIN=SYRDIFMBTIE25 ~ 100 yg/ml O FAETED
THMERAL AT,

Tests for induction of DNA excision-repair (unscheduled DNA
synthesis, UDS) in primary rat hepatocytes led to controversial
findings, although — with the exception of rat strains — similar
experimental conditions were used with an autoradiographic
methodology and analysis of net nuclear grains. Mori et al. (1988)
reported on a clear and dose—dependent effect for doses ranging
from 1.0 to 100 1 mol/I (19.8 to 19800 u g/ml) with hepatocytes
from male ACI/N rats; a dose of 1000 ( mol/I was totally
cytotoxic. According to Shaddock et al. (1989) there was no
effect with hepatocytes from Sprague—Dawley rats for doses up
100 u g/ml; higher doses could not be analysed due to toxicity.
With hepatocytes from rats which were induced by Aroclor or
phenobarbitone very weak effects were observed for doses from
25 to 100 ( g/ml.
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iR HESE
MDA ETHRLIEELHIILVHPZ " TIEL T EE"THY. 4 |The most notable instance of MDA poisoning was the so called ,
FYRDIYEL T HRIZIFA TLVS84 A HY19654F MDA TIES |Epping Jaundice”, in which 84 people living in the Epping area,
LI=INEMTEWN /U EBRTELERREWHo-EHITH> |England, in 1965 suffered ill effects caused by eating bread baked
1= (Kopelman et al. 1966a, 1966b), /S>> DH > FILIZDWNNTD with a flour contaminated by MDA (Kopelman et al. 1966a, 1966b).

AR MDAZENRH ML, SNED AR HERLIZMDAD FAZILH 3|From analysis of the MDA content of bread samples it has been

estimated that the dose of MDA received by these individuals was
about 3 mg/kg (Fairhurst et al., 1993).
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YRR I7A—ERUVTFRANSGFEUBETI/ NSV RTIS5—EDL
NILDEFRERLU, RO ERTIERE RUETO#KEE
DEGHI RSN, BHICHMMNAREILRET., RIT/NEDD
TEDREA 2 E I R UM ORERUVEEANLEITLZ, 5
THIELK, BFFE B HEMOHERNICEEL -,

Symptoms appeared within hours to a few days of eating the
bread; they were somewhat variable, but in most cases comprised
upper abdominal pain, followed by aches and jaundice. Serum
clinical chemistry measurements indicated elevated levels of
bilirubin, alkaline phosphatase and aspartate aminotransferase.
Liver biopsy revealed damage to the parenchyma and the biliary
tree. In the early stages the characteristic lesion was
inflammation, which progressed later to centrilobular cholestasis
and hepatocellular necrosis and degeneration. There were no
fatalities, all patients recovering within a period of several weeks.
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MR HESE
196645 AN 51972 DR IZ. BAVARROEERD T TIRFS [Between 1966 and 1972 acute febrile illness associated with
BHETR BIZH RDMDAZERINL =12 ADE LB E%E THIE [jaundice and rash developed in 12 young male workers who added
ERBEHST-RURBBRENELT, FRFREE DX FEZRI% [powdered MDA to an epoxy resin formulation in a hot roller mill.
TITo1=8REH S, ChoDEF TIERERINNELRZBIZIZET |Experience before and after the provision of respiratory
HHZENTREEINT=, TR DEHRENH D, thDEIDHE  [protection equipment suggested that percutaneous absorption
EENTL—IIRDMDAZ IS B EEBIEZTT=, ZMDHRAT |was the primary route of exposure in these cases. A further case
DIEEEFREIBLUAICIFRNELT, ShoDEMEFITIXSE |was also reported: an employee of another company contracted to

ER LIZEEL., FERI0GAMURNICEEICEIRL =, 95 B 555 |pulverize the flake form of MDA. Hepatitis developed within 3

days of commencing this type of work. In all these cases the
subjects appeared to make a complete recovery and returned to
work within 10 weeks of the onset of symptoms. When re—
examined 9 months to 5.5 years later, all were apparently in good
health (McGill and Motto, 1974).
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DL (ECGMZEL. MRk, EME) SRSz, I, MiF
DTI/SVRITIS—HERUEVILEVLRNILDO EREESE
aﬁﬁ;ﬁ&gi&ﬁﬁiﬁ%éhu\ée BRICE LU Vi D M IREE
EHRHoNT,

In another case report of accidental drinking of an unknown
quantity of a solution of MDA in potassium carbonate and
butyrolactone (Roy et al., 1985), myocardial effects (ECG
chances, bradycardia, hypotension) were indicated. Furthermore,
jaundice with elevated serum aminotransferase and bilirubin levels,
haematuria and glycosuria were reported. The particular,
persistent retinal damage in the eyes were also noted.
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PoXiinl
R ES
ES[CMDAIZE A AR O BREMTillmann 5 (1997)IZXKYEREE [A further acute oral intoxication with MDA is reported by Tillmann
NTWVD, BT/ S—T1—D6ADSE (L1482, BHES5A. &F |et al. (1997). Six participants of a technoparty (1 female, 5 males,
BR17-25m%) WMAFLUDA X O TUITAIVDRHYIZEEST ages 17-25) showed severe colicky abdominal pain and
MDAZ 7 JLa— JLERFHZ IR TERA 2112, EE DI E DRESE |subsequently developed symptoms of hepatotoxicity after
ZRL. BIEHmOTHEEDERELEL, BoIEE 8. F— D |ingestion of an alcoholic beverage spiked erroneously with MDA
R 4E CRIFBRZERREIRZ R LT =, EEE 2B LIRICAMEENM |instead of methylendioxyamphetamine. All of them showed similar
HUCT=, BBt 2iE It RIEBERIFTIRICHY T 2L ERL. 800(clinical symptoms, with an identical time course. Acute jaundice
U/I (AP)ETF 380 U/I (GGT) ME—{EIZZELTI=A, S RXF7S  |developed within 2 days after ingestion. Enzymes indicating
FT—EIEREEIC LR L-FETHoI=. 5SHHTHDEIZ, BFE |cholestasis increased steadily over 7 days and reached peak
SR [T28 1 BHFML. KRFACETLRL -, FMALLELENM |values of 800 U/I (AP) and 380 U/I (GGT), whereas
R DIERIEIEI o -, EEFRLEDTOER., FAR1=2DDR |transaminases remained moderately elevated. Between days 5
HMEYMDSELD1DT130 mg/| DEETMDADNTFIENMBASMIZ  |and 7, all patients became febrile for one day, their body
LAY =i temperatures rising up to 40—C. There was no evidence for
hemolysis or an infectious hepatitis. Toxicological analysis
revealed the presence of MDA at a concentration of 130 mg/I in
one of two urine extracts examined.
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MR HESE
A—ALS) T DHFEICIETRF I HBIEER—RICLTZERICH#ET=  |An Australian journal reports the case of 6 workmen engaged in
HoTHELTW-6ADEEEDEFNBESN TLVS, D |laying an epoxy resin based floor: Four of these men developed an
DADANDVERIRZBRICEMIFEEBEEL. 552 AEHH B |acute hepatic illness after a single exposure, in two of them
FZIZMDAIZERBINTEREL -, BU. HBoIEIMER. AFASE. |recurring on re—exposure to MDA a few months later. Again they
ML DEAH THEELZIT. BEREEL . FFEEEREILIE |were most severely affected with nausea, myalgia, pain in the
DTERERERES5Z2-, ChoDAD— AlL145 A#%RZELT= |chest and abdomen, and showed dark urine. Liver function tests
L& FEBI24r ARICHRRIUERERA . HORFIRIEAIEIT |gave grossly abnormal results. One of these man, when examined
E1=(Bastian, 1984), EXE D K EZBL TMDANIRUNIZEET % |after 14 months, and after a further 4 months, still complained of
F=RNOEFIBEICENT, EMIRELEEDEE(XRTEDFE |a variety of symptoms, and his liver was palpable (Bastian, 1984).

FER ELHALMIZEELTWNVDEE DN, A—IHBRIZIF11ADE |In a further case report on absorption of MDA through the skin of

EDEFNALN, ANDRADELGREZRELTREBRAISLY
18 ~3 BRI R ASARFEEZ(T1= (Dunn and Guirguis, 1979),

workers, exhibition and severity of jaundice was said to be
definitely related to the degree of exposure: There were 11 cases
of jaundice within the same factory, exposure ranging from 1 day
to 3 weeks with skin absorption as major route of entry into the
body (Dunn and Guirguis, 1979).
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HOEFEZRL. ZEITEALEMDAREZICKVELELDTH
f=o 3n A, BRER B’]l AR D BE SIRARLL TLIFESH
BHELTWAEVSIDER DA BLN . I FRICLDERIE
EE(Z4>7= (Brooks et al., 1979),

In a last case a young man suffered an acute exposure to MDA
dust with oral, dermal, and inhalative absorption of the substance
due to an air filter malfunction: The next morning he had severe
supraumbilical pain, and proritic macular rash encircling both
forearms up to sleeve level. He exhibited jaundice and
electrocardiogram abnormalities suggesting myocardial injury, both
effects resulting from the MDA exposure. After 3 months the
clinical asymptomatic patient still gave ECG evidence of
myocardial residua, and after 1 year the ECG was normal (Brooks
et al,, 1979).
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W5, ErDAMREFEFTIEEREAZE LI o=,

Acute intoxication of humans with MDA is reported after oral,
dermal and inhalation exposure, leading to jaundice (“Epping
Jaundice”). In addition to acute hepatic illness, in some cases
myocardial effects and persistent retinal damage were reported.
Acute intoxication of humans did not cause any mortality in
humans.
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FEICELT, FIARRET —4

Data on local irritating effects to skin and eyes of humans are not
available.
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Human data on local irritation caused by MDA are not available.
The substance causes slight irritation to the skin and mild to
moderate irritation to the eyes of rabbits reversible within 3-7
days. According to EU legislation, MDA is not to be classified
because of local irritation pro—perties.
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Data on corrosive effects to skin and eyes of humans are not
available.
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Human data on local irritation or corrosion caused by MDA are
not available. The substance causes slight irritation to the skin
and mild to moderate irritation to the eyes of rabbits. According
to EU legislation, MDA is not to be classified because of local
corrosive properties.

S5
1S58 O I BT IR L
H 8

5| AR (GTXR#R)
IES

CASES

R

8 I fERER

HETHAY

[k

Sensitisation

R ERAREE

T—ARESE

HERE D EREA

s HH

5%2!3:?#1&5%?57‘:—9

#ETRIER

HREE

+HES

Xt

R HESE
MDAIFEFCRERIEMEELHEVSHENVEIIINH S, ZXER [There is convincing evidence that MDA can cause skin
EMERTE(NSKIZREIN-BHORZMN) 12T SRE%E  |sensitization in humans. A considerable number of individuals have
EHT, ZHOEI K EBEERERTMDAIZL B E/E T |been shown to exhibit a positive skin reaction on challenge with
RERIGETRT CENTREINTE, MDA in skin sensitization tests, including reaction to cross—
1975FE M 51984 F £ TITIZEMZ/ Sy F T AN TIHERSN 128247 |sensitizing groups (para—group sensitivity).

ER ADBEDN D, MDAIZT L T7.1-15%DIEMT L L X —hVREN Tz |[From 8247 patients tested in the years from 1975 to 1984 in
(Gailhofer and Ludvan, 1987), standard patch test showed 7.1-15 % contact allergy to MDA

(Gailhofer and Ludvan, 1987).
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hDEKERIZH LN T, Gailhofer and Ludvan, (1989) [F0.5%MDAIZ %t
T B0 FTACDGHEREDEREHRET LIz, 202 A DMDARS %
BEOT—HEER. HARVEBE. BPO4/7, BLRUVE
G, RUMAADHERZLLS VICBEALTEMEL . 21
MDAIZR LIS RGE AT 53397 ADEHLI-RBIL TLVELE
AR SR BEDIERELLELT=, Van Joost et al. (1987)1%.
MDAZ B b % T THIKEEBFRL TLV=B 0 AT, MDAICK
YECEERIGDERZERE L, HTHE. ERUFEZSD
hEME A TULX—HEONREET IR AP, EFRUK
DO RS ELC =, BEVRBARINLAELN ., BSHIZR
EBREMOBIZBLTO=(SSKIZRESNE-HOBRZN).

In an other study Gailhofer and Ludvan, (1989) examined the
significance of positive patch test reactions to 0.5% MDA. Data of
202 MDA-positive patients concerning age, sex and profession,
type, localisaton and duration of eczema and combined allergens
were evaluated. The results were compared with those of 3397
consecutive, unselected, contact dermatitis patients with negative
reactions to MDA. Van Joost et al. (1987) reported a case of skin
reaction induced by MDA in a man who cleaned a gutter in a
chemical plant which contained MDA. He developed an extensive
red, itchy, papular, and vesicular eruption, with a toxic/allergic
appearance involving the face, neck and wrists. A broad spectrum
of reactions was obtained, apparently based on cross—sensitizing
groups (para—group sensitivity).
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INSTERY LAY DB TR ET 22 AD K HEARY LA

VDT SAFYIEREUIIRIC. EBEEICRERANLNEED R

5. RU/XISKBEDFEBEECTERZERE Lz, /1S FTR

FCIEAFLUER 4-2HANEX I INAYI T R—R) ER—RIZL

Zgjlz;‘f'f'J I—RUAELEL TROSNMDAIZ L THIEMHE RIS
w~L7T=,

All test concentrations of MDA revealed a positive reaction.
Emmet (1976) reported a case of two women employed in a small
polyurethane moulding plant who developed extensive pruritic,
papular, and/or vesicular eruption on face and neck, when
moulding polyurethan plastic. Patch tests gave positive reactions
to prepolymers based on methylene bis (4-cyclohexylisocyanate),
and also to MDA which was used as a catalyst.
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EREEERDEEDSHRAMDAIZBAESNI-CEN/SVFTR
RSNz, BEROILMRICK D —RIEMEREXIEBHER
EREHT 58230 ADEBEDIL52 N TSN, /Sy FTRE

ISt SAFEBIE DN, ZDS5156][EMDAT/ Sy FTANSHET
Hotzo Y D18 Il IEIEAR RIS & 5451 & Z S f=(Angelini
et al,, 1985),

Patch testing indicated that a large number of patients with
contact dermatitis were sensitized to MDA. Primary contact
dermatitis due to hair cosmetics was diagnosed in 52 from a total
of 8230 patients with eczematous dermatitis. Positive patch tests
were obtained in 34 cases, of which 15 were positiv patch—tested
with MDA. The remaining 18 cases were considered as likely
instances of contact irritation (Angelini et al., 1985).
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SRERLT=2490 A\DEBEEDSB. 212 ATMDA/ XY FTF AN S
BERIEABLN., D55, 130ANFp-F7T=LoSTIVIzHL
THB 1 THo-(Romaguera et al., 1981), D ERERIZH VT, B
R/ FTAMRIZ, WOMDHBLIEMT7LILS VIZK
SE5EE DBAEHERLz. FICHEXD$HD362ADHEEIC
MDAT/\yFTRARLIHER . NTADNEDE ICEHERGERLE
(Agrup, 1968),

Of 2490 patients tested, 212 gave a positive result to an MDA
patch test, and 130 of these were also positive to p—
phenylenediamine (Romaguera et al., 1981). In an other
investigation revealed a high incidence of sensitization with
several common contact allergens, after standard patch tests.
When 362 patients with hand dermatitis were patch—tested with
MDA, 17 gave positive reaction to the substance (Agrup, 1968).
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EMEREXDH D445 ANDEEDSE. 13A(2.9%)HMDAIZRL
T RIEZERLT- (De Agostini et al., 1987), £ REIFFRIZELY
T. MDAA6 D DRI DIREE CIRERSNT=, §FTT21T2ADEE
MNEBT Y HISMDAT/ Sy FTRENT=, 136 A D HEE(4.9%)
M R % < LT=(Breit, 1969),

From 445 patients with contact dermatitis gave 13 (2.9 %) a
positive reaction to MDA (De Agostini et al., 1987). In a joint study
MDA was tested at six European clinics. A total of 2772 patients
were patch—tested with 1% MDA in white petrolatum. 136 patients
(4.9 %) showed positive reactions (Breit, 1969).
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1988 (A B 7 DT LILF—E2—D576 AD BE TIEEMNL
) —XDFREMNITHNT=, MDAIZH L T22A(B.8%) T/ S\yF TR
B RIS EDSNT=, MDAIZ= Y4 )L, /N LRRUD S0
LEEN)Y LIZDONWTIBBIZEVWTFLUILE—HREATHD
(Massone et al., 1990), 8 DD KR [EF DIFEEA D D4140 A D EE
MINYFTFRNEZ =z, BAFTED HERL = ADATHIZH DTz,
EMERBERERTIEEDIINDMDALD /Y FTRTHHE
% ~L71=(Schnuch et al.,, 1993),

In 1988, 576 consecutive patients of the Allergology Center in
Italy were tested with the standard series: 22 (3.8 %) positive
patch—test results to MDA were noted. MDA was the fourth most
common allergen after nickel, cobalt and potassium dichromate
(Massone et al., 1990). 4140 patients from eight skin hospitals
were patch tested. A sensitization was found in 47 % of the people
tested. 3.3 % of 4140 patients with contact dermatitis gave
positive patch tests with MDA (Schnuch et al., 1993).
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MDAZ BT HEBREM B ERSIEEE L F/ XV FT AN TREHIC
MDAIZR L THAL AV R I B ZHEE LD HRESnIZL
WS1BIDFEBFIRE N H D, FH TEFRDIEICE-THEET 5.
BE4E D3R D EFY —E RIBAEBHHIBIME. MVERR
EREECT, ChIFEDRITHEDE > TULVRLBIERTBIZEL
=D, FRTEH>TCW=FICTELCHEI Tz, ZL T, FHAEEE
LAV IEE KL= RTAMI KV O R/NREIXBDET
L. SRS LTIEREBRIGHAMEECED oz, K/ \yFT
A EMDAIZX L TR TéH 7= (Le Vine, 1983),

There is a single case report of a worker handling an MDA-
containing insulating material who developed an apparent skin
photosensitivity to MDA, observed during diagnostic
photopatchtesting. A 39-year—old telephone service installer, skin
type IV, who works outdoors climbing telephone poles, developed
an erythematous, pruritic dermatitis. This occurred on his
uncovered arms and forearms, but not on his hands which were
covered by gloves, in the summer month, and cleared when he
was not working. Phototesting revealed a decreased minimal
erythema dose, and no abnormal reaction or erythema to UVA.
Photopatch tests were positive for MDA (Le Vine, 1983).
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%, MDAIZ/NSHRERBEN-HITHLTRER DTSR EF
DT—HIZEDE MDAIL"BAEMEME "L TBEIZ/H S h . R43
TRRIN TS (REEMICRYBRSCBEREELD),

Animal data on skin sensitization do not result in conclusive
evidence on the skin sensitization potential of MDA. However,
based on the data on humans there is convincing evidence that
MDA is a skin sensitizer. MDA also demonstrates cross—reactions
to para—groups. Based on human data MDA is already classified
as “sensitizing” and labeled with R 43 (may cause sensitization by
skin contact).
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EFMDORERBIZLIEUSZEICEATIHIEEEBMEDH S Little information with limited validity is available on the toxic
AFATREZTERITFAL %L, Bastian (1984) [FRIEFFIEEF%5|E |effect after repeated exposure to humans. Bastian (1984)
FBIL-EE£E TMDAIZL B AN P EFAERZERE L =, ZDS |reported four cases of acute intoxications with MDA in workers

SR BANEHAARICERBICIYRIEBEHRLN., BEERM |resulting in an acute hepatic illness. In two of these men the

illness recurred on re—exposure a few months later and their
reconvalescence period was prolonged.
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Williams & (1974) HhHEE~DFHKDOH T MDAREIZEEELT-
BRERRIGF R RE SN, THERSFSETREOERELLTT
RESBHEZFERALTLV=300 A D5566I TIFERFSV AT
F—ERUEYLEL O L RATENT, BRDIRFREAF
yp?TzuyiﬁtﬁﬁﬁﬁtﬁﬁLtchuiwﬁﬂﬁﬁm
A

Clinical hepatitis related to MDA exposure was reported in a letter
to the editor from Williams et al. (1974). Six cases out of 300 men
who applied epoxy resins as a surface coat at a plant
construction site showed elevated serum transaminases and
bilirubin. The liquid epoxide was mixed with a dry powder
containing methylenedianiline (no further details available).
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EFTORERNAMEICET ST —2XEMIZHIBEAEH S (B Z (X, 32 [Data on the carcinogenic potency in humans are of limited quality
BRFIZODVTOT—24L., T thOME~ADREZIZDULVT |(e.g. no data on confounding factors, no data on exposure to other
DT —EHEN), substances).
AI—TFTUTHDHARETHILT. Selden 5 (1992) [£1963~1968 |In a Swedish retrospective study Selden et al., (1992) tried to
FEIZMDAIZRESNT-19TE2NEHESH R EE DEEIRAEEZA |investigate the state of health of 197 power generator workers,
ELKLSELTZ, MDADEELRER B R U R ERHLEEINL: |who were exposed to MDA between 1963 and 1968. Neither the

SRR otz RRMICAESNTI-ADOHETHATH D, COEETEER [concentration of MDA nor the exposure route and time of

BADESIIZABNIA, NAERRVBERNADRE)RY
[Z2 AOICLEATHEAFHICARICSHEVERVDR BV ERS3H
St T=.

exposure was registered. The number of the finally examined
persons was not mentioned. Although one case of bladder cancer
occurred in this group, they concluded that there was no
statistically significant evidence of an increased overall or bladder
cancer risk compared to the total population.
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Liss and Giurguis (1994) [£1967~1976ZE(Z7BA52.54 A DFHE
MDAIZRZB SN 10 ADEXEZEDERAEEBIHLI-, RALER
HNBREIX0.04-3.11 mg/m3DEHTH 1=, AUREERE
LTHEEENTHZEHD-%, FXEDIB1E THER23E >
TERAADZE SN, FEERTIVEREDHIADFHER
BRI EH920FE £SN TV =D T, MDAICHEMIZRESh -t D
ATHERAADRBENERINTINDI L, T, BIMRERT—
AELEIC, HOIEARAETHONIZA R IIMDAIZERTEA AT
NHILEDAREEICEHESZDEDTHLEMERLT=.

Liss and Giurguis (1994) followed a group of 10 workers exposed
to MDA for 7 days to 2.5 months between 1967 and 1976. The
concentration supposed to be inhaled ranged from 0.04-3.11
mg/m3. After developing an acute jaundice the workers left the
factory, 23 years after intoxication in one of the workers bladder
cancer was diagnosed. For the average latency period for
aromatic amineinduced cancers has been suggested to be about
20 years, occurrence of bladder cancer has been observed in
other persons occupationally exposed to MDA, and because of
animal datas they concluded, that these finding adds weight to the
suggestion that MDA is carcinogenic in humans.
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KEDFHREEHEMERNIOSH)DIERIZKY., Liss and On instruction of the U.S. National Institute for Occupational
Chrostek (1983)I[EM D TMDANDBEERZED &S X 1 T14 B LL [Safety and Health (NIOSH) Liss and Chrostek (1983) conducted a
EREBELEIRFOBIERVT7ZIVELAICRELI-ATHMEDSH |follow-up investigation of 179 white male deaths among
AUEEEDET AIOADBABEDOTRTDBEMAEETol-. |employees with potential exposure to epoxy resins and amine
COEFDIADNEMEEZE TR LIz, oD ADETHESE |hardeners who had ever worked for more than 1 month in areas
EETHERDDE, KIBNA. BERASNA )/ RNABERUHIHE |with potential exposure to MDA. 46 persons of this group died
AEICKBEEENE ANOLLERTHIICHREIZEEDTLY |with malign neoplasms. The proportional mortality rate amongst
t=o Ef=. NADFERFT-LLERHTTEE. BRNADHNEE [these persons revealed a statistically significant excess for

SR ISEWZEAHIBALTz, ChoDERICEDE, NIOSHIZIREE = |cancer of large intestine, cancer of bladder, lymphosarcoma and

(3B EITMDAN D BIERTE D H DX IH T/ ERREFEHLSA
EDMICIFEEEAEDN S LIERHL TS,

reticulo—sarcoma compared to the whole population. In a
proportional cancer mortality ratio analysis only the excess of
bladder cancer remained significantly elevated. On the basis of
these findings NIOSH suggests an association between bladder
cancer and work in areas with past or present potential exposure
to MDA.
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Summary

Various reports of limited reliability describing effects after
repeated exposures of humans showed a coincidence of bladder
cancers and work in areas with exposure to MDA.
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Carcinogenicity
Considerations on the mechanism of action
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MDAIZBAL M RARIRDBREICHEES X . FIRIREEEIETZ
3157, EEEET., AEEBMEOEE., FRMBR, Vs 3k, R
WRENSA—I~DHZERELELLAEZEDORICIIZRRG
ELTHBATEDLDLH D, LMLENS, MDAAFEIESHER U
EEEREEELDAN=ALIIRIECFHETH D, RERTE
FARIR R O T EAERIVES OREICBET 27— 23750 FIRER
BN, FRESREDAD=XLLTHDEETHD, IF
BEEEMTAN=XLELTRMBIEENREINDA, F2
FEBASH TLVEW, > T, BIMERVE=RELNAMSBROBRR
VEESERBHERERUIVEY Y ZROFER U FRIRES O
SRS A HBIRIIE S (BFIE) & 7= (AR RIS (R ARER) 1285
HETHHEVSIANA R RATHEONTIVENLEHEEZD
EBEEENEAN=XLAEEL TSRS HEEL
(AN

MDA obviously influences the function of the thyroid gland
resulting in hypothyroidism. Some of the induced adverse effects,
e.g. the depressed food consumption, lower body weight gain,
effects on red cells, lymphocytes, and clotting parameters were
explainable as secondary responses. However, the mechanisms by
which MDA produced the nonneoplastic and neoplastic lesions are
still unknown. At present, there are no data on the thyroid and
pituitary hormone status. Besides of the thyroid effects, the
mechanism of liver tumor development remains unclear, too. Cell
injury may give indications on a nongenotoxic mechanism,
however it is still unproved. Therefore, based on the results of
carcinogenicity studies in animals and the results of genotoxicity
studies and in absence of evidence that the appearance of thyroid
and liver tumors in rats and mice is a consequence of chronic
tissue—damaging (liver) or tissue—stimulation (thyroid) effects for
the moment it has to be assumed that a genotoxic mechanism is
involved.
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MDA HIEZ N MHED S YRR U RN ISR OB RIRICHS
Nz, CO—BUZKY RKIRES (FERICATIRIES LBEET S
EWSESRMNEM D, RAEZTRRIRICE T2 ESEEORE
BRANZ X LIEHF RSN TGN, FFBOIIAY —LOBESR
EFEL. T ILHOUEERE DM R U= KA R RIRO 12 M4 H
HESIEFEITEEMDAN EIEMICRKRICIERT M ESH.
HAVIEMDANEEM B MIEITIER T AN EINETHAT
Hb, B R CIIRBENTRROEAZHAT LT —2EA
LY, RSB 1TSS R OESFRILIFEESENLER
AN=XLETRELTWSELBIRTESH, —H Tldin vitro BRU
in vivo CIEIEEMHBHEOT—40%H 5, #oT. FEMRBICH
11 3EBERGICOVTEEEEMEAN= X LEHERTEGRLY,

MDA induced tumors were observed in livers and in thyroid of
male and female rats and mice. This coincidence may lead to an
assumption that theoretically thyroid tumors may be associated to|
liver tumors. Until now the pathomechanism of tumor growth in
the thyroid is not investigated. It is not known whether MDA acts
indirectly on the thyroid, e.g. inducing microsomal enzymes of the
liver cell resulting in an increased glucuronidation and a secondary
chronic stimulation of the thyroid, or whether MDA may act
directly on the follicular cell. At present there are no data which
give reasons for a species specific phenomenon. Tumor induction
after cell injury in the liver may be interpreted to give indication
for a nongenotoxic mechanism of action. On the other hand there
are positive genotoxic data in vitro and in vivo. Therefore a
genotoxic mechanism can not be excluded for the tumor response
of each target organ.
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FADIRIE/MASYE. IO RARUENTRD MR RS R UHE5E
INI—UTHELBEH THD. TVMNHITEERFEERRIRES
[XFT. B OIREEIENADFKEEEZ19U T THD
CENKRUNE D EFI445y FTHRE SN TLVA(Boorman and
Elwell, 1996), B6C3F1< ) R D B KR I8 FIARAE (<1%) R U EHAA
A (20.5%) D B ARAEEZIEELIEL (Heath, 1996)EMEISN
TV, MDADFENAMERER THBEOTHY A RRIRICLE
BITBEINGA o1,

At present there are no data which give reasons to assume a
species specific mechanism. Considering the tumor types, thyroid
follicular adenomas/carcinomas and liver cell
adenomas/carcinomas are tumors which occur in rats, mice and
man with similar cellular morphology and growth pattern.
Spontaneous thyroid tumors in rats were infrequent, incidences <
1% for follicular cell adenomas or carcinomas were reported for
untreated male and female F344 rats (Boorman and Elwell, 1996).
None of the rat control groups of this study had thyroid follicular
tumors except one out of 49 males with a follicular cell adenoma.
Also, it is known that B6C3F1 mice have low spontaneous rates
of thyroid follicular adenomas (£1%) and of follicular carcinomas (<
0.5%) (Heath, 1996). No tumor was observed in the thyroid of the
control mice of the carcinogenicity study on MDA.
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R ES
—HRROICERARICH (TR IEEREITEDEE R ZFEMIZHLY [In general, chemical induced thyroid carcinogenesis are
TEETHHESNTLND, LEMEFHEMEDRIRIRRILEVIE [considered to have relevance for the risk evaluation on human
ZIZBWT, (FolEIREFKYRZENT L ENSITEXEIRT  |health. Species-related quantitative differences in substance—
BICIE. FEICEEL-EEMEERITOVNTEH ER R T RNETH|induced thyroid hormonal responses should be well investigated to
%, FIRIRRILEL DIEEMEIZx 3 23EEL IR T 24 B A% T — [claim that rodents are more sensitive than humans. As no specific
BIEMDAZRELT=S Vb, YV RBH DI DFEIZDLNTIZBEAN |data on disturbances on thyroid hormone homeostasis were
TIEBELD T, YRVFHETIERTFHZILIZERDNETH D, 48 |known for MDA exposed rats, mice or other species, risk
LFBErDT—EDENDSENS>T, HIRERDISHELERZE T |assessment should be based on a conservative position. The

IR ETBDITFIZIELAEL, MDAIXS YRR U RATILERIRIRIE |absence of equivalent human data is not suitable to negate

positive animal findings. MDA induces thyroid tumors in rats and
mice and may also pose a carcinogenic hazard for the human
thyroid. Similarly, liver tumors in rats and (because of higher
spontaneous tumor rates to lower extent) also liver tumors in
mice were considered to have potential relevance for humans.
The consistency of findings between two rodent species is an
additional argument to postulate a relevant carcinogenic potential.
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iR HESE
BERED2HESRED 1INy TERES A FZRH 5N T-5 Y From the cancer study in rats (NTP, 1983), where 2 low dose and
DFENATERER (NTP, 1983)5\5 ., Ch 5D IEHHMDAIZ SIS (1 high dose rat developed bladder tumors, it can not surely be
FELz3DTHAHEVWICELFERICHIR T HTEILTELL, BERE [excluded that these tumors were associated to MDA-treatment:
DT LERMIEDOIEEIIRLEHY TIIBO TH THDHEHR |bladder transitional cell papillomas were reported to be vary rare
ESNTWD, EBESOEEIXASRBEERIGA =M. & [in untreated animals. The incidence of bladder tumors did not
ZRBROMBREICTIFEADNEN DT, EFDT—RIIEEBLAS [show dose relationship, and there were no cases in the control

IR AIIMDAD B ERBLFENH D ENITRIEERLIZA. ERD  |groups of the study. Human data have led to a suggestion that

bladder cancer may be associated to occupational MDA-exposure,
but no clear conclusion could be drawn from human data.
Together with the rat data, biological plausibility was not sufficient
to conclude that MDA induce bladder tumors.
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13—DODBOTENLEE THHEEDIREHNNTPDFEAA M [Another extremely rare tumor, a bile duct adenoma was observed
AR TEAZD1/505IDFYNHENT=, FEIREEFIBHTIE |in 1/50 high dose rat of the NTP cancer study. Although the
WA, EESIIMDAR G LDEEEMEERE L, COIEBIENTP |incidence is very low, the authors discussed a possible
INAFTIeAT 0TS LD TRI—RHFDxBEES 36330 1 |association to the MDA treatment. This tumor was not observed

ER TEEBEINT ., BEDBHEBRILRESDBIMNARZEIZHEL T |in 3 633 control rats of this strain in the NTP Bioassay Program

and the bile duct hyperplasia may be discussed as the
corresponding preneoplasia.
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MDA is carcinogenic in experimental animals. Longterm studies on
rats and mice indicated that oral MDA treatment was associated
with tumors of the thyroid and the liver.

From animal data there is a concern on a carcinogenic potential of]
MDA in humans. The results from the reports on human exposure
did not show clearly the presence of a carcinogenic activity in
humans. The available data are not sufficiently to justify the
evaluation as an human carcinogen according to the criteria of the
Directive 67/548/EEC. However, they warrant the classification of|
a carcinogen of category 2.
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