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1.5.1  SDS  
 
1.5.1.1 SDS

SDS SDS

a  
b   

 
1.5.1.2 SDS GHS

UN

SDS  
 
1.5.2 SDS  
 

SDS GHS

1.5.3.1

SDS
1.5.3.1  

 
1.5.3  

1.5.3.1 /  

1.5.3.1.1 SDS 1.5.1 /  
 

1.5.1 /  

 /  
 1.0  

/  1.0  
/  1.0  

  0.1  
1  0.1  
2  1.0  

 0.1  
 0.1  

 1.0  
 1.0  

1  1.0  
2  1.0  

 1.0  
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SDS

 

1.5.3.1.3
1 SDS
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SDS  
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1.5.3.2.1 SDS 16  
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14.  
15.  
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1.5.3.3.1 SDS

1.5.2 SDS
2 SDS

GHS SDS
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SDS SDS
 

                                                   
1

ATE
3.1 4.1

/ 3.2 3.3
1 SDS
 

2 SDS
SDS  
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4 A4.3.14.7 MARPOL

I IMO
MSC MARPOL I MSDS

(MSC.286(86) 
SDS MARPOL

I MSC.286(86) GHS SDS   
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b  GHS
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2.1  

 

 
2.1.1  
 
2.1.1.1  
 

 
 

 
 

 
 

Division I
UN Division

GHS Category  

 

UN
 

2.1.1.2  
 
2.1.1.2.1 2.1.1.2.2  
 

(a)  
 

(b)

 
 

(c) a b
 

 
2.1.1.2.2  
 

(a) 2 2.13 2 2.14 ANE
8

 
 

(b) 2.17
 

 
(c)

 
 
(i) 2.8  
 
(ii) 2.15  
 
(iii) 6
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(iv) 2

 
 
(v) 6 UN

1  
 

2
2

C 2.8  
 

(a)  
 

(b) 2000J/g  
 

(c)  3(a) 3(b)
 

 
(d)  2(b) 6mm

 
 

(e)  F.3
10 100ml  

 
2.1.1.2.3 UN 1

 
 
2.1.1.2.3.1 2 3 4 5

GHS
 

 
(a)  

 
(b)  

 
(c) 2.1.1.3.4  

 
2.1.1.2.3.2 9 GHS 2C

 
 

(a)   
 

(b)   
 

(c)  2.1.1.3.4  
 

1 6 6.1 8
GHS

2.1.1.2.3.1 (a) (c)
 

 
2 UN GHS

GHS  
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2.1.1.3.1 UN  
 

GHS UN

I GHS

GHS

 
 
2.1.1.3.2  
 

GHS  
 
2.1.1.3.3  
 

2 UN 1
2

1
1

1 2
 

 
2.1.1.3.4  
 

2

2
1

 
 
2.1.1.3.5  
 

1.4  
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2.1.2  
 
2.1.2.1 2 1

2 3 1   
 
 

2.1.1  

 
a 2 2
2.1.1.3.4  
 
b 2B 2C

1.4 2A  
 
c 6(a) 6(b)

 
 

 (i)  
 

 (ii)  
 

  

    

1 

   
(a)  

(i)  
(ii) 2

 
 

(b) a

 
(i)  
(ii)

 

 
2 

 

2A 

 
(a) 1.1 1.2 1.3 1.5 1.6  
(b) 1.4 2B 2C

b  
 

2B 

1.4 S
 

(a)  
(b) 6(a) 6(b)

 c  
(c)

c  
 

2C 

1.4 S
 

(a)  
(b) 6(a) 6(b)

 c 

6(d)  
(c)

c  
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2.1.2.2  
 

(a)  1.1
 

 
(b)  1.2  

 
(c)  1.3

 
 

(i)  
 

(ii)   
 

(d)  1.4

 
 

(e) 1.4 S

 
 

(f)  1.5

 
 

(g)  1.6

1.6  

1
UN 2.1 2.1.2  

 
2 1.4 S  

 
3

 
 
2.1.3  
 

 1.4
1 3
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2.1.2  
 

 1 2 

  2A 2B 2C 
a     

     

    
 

 
 

 

b 
 

c 
   

 
a UN 1.4 1.5 1.6  
b 3 4

 
c  
 

 2.1.1.2.2.(c)(v)

1.5.2 2.3
9 10

 
 
2.1.4  
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2.1.4.1  
 

2.1(a) 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 

 
  

1 

 
1 

 

 
 

 

? 
2.1.1.2.1(b)  

 
 

2 
 
 

2.1(b) 
 

  

 

 

? 2 
I

? 

 (i) 

 (ii) ? 

? 

2

? 3 
6

? 

 

 

 

 

  

  

 

1 ANSs 2.1.1.2.2
 

2 2.1.1.3.4  
3 2.1.1.2.2  
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2.1( )  
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

 
 
 

2A 
 

 
 
 
 

 

1.4 ? 

2 

? 

6(a) 6(b)
? 4 

2.1.2.1 2.1.1 c  
 

4  6(a) 6(b) 6(d)
2.1.2.1

2A  

 

? 

S ? 

2B 

 
 

2C 
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2.1.4.2   
 

  
2A 2A

 
2B 2B

 
2C 2C

 
 
2.1.4.3  
 
2.1.4.3.1  
 
2.1.4.3.1.1

UN
 

 
2.1.4.3.1.2

 
 
2.1.4.3.2  

I

 
 
2.1.4.3.3  
 
2.1.4.3.3.1 GHS 2

 
 
2.1.4.3.3.2

 
 
2.1.4.3.3.3
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2.1.4.3.4  
 
2.1.4.3.4.1

GHS 1 GHS 2
1

2.1.4.3.3  
 
2.1.4.3.4.2

1

1

 
 
2.1.4.3.5 3 4  
 

1 3 4
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2.2  

 
 
2.2.1  

2.2.1.1 101.3kPa 20
 

2.2.1.2 54 ºC  
 
2.2.1.3  
 
2.2.2  

2.2.2.1 1A 1B 2
/ 1A  

 
2.2.1  

  

1A 

 

101.3kPa 20  
(a) 13%

 
(b)

12%  
1B  

 54  

 

A 101.3kPa 20
 

B 101.3kPa / 20
 

1B  

1A

 
(a) 6  
(b) 10 cm/s  

2  1A 1B 101.3kPa 20
 

 
1  

 
2 2.3  

 
3 1B 1A

1A  
 

4  
 

5 1
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2.2.3  

2.2.3.1 1.4
1 3

 
 

2.2.2  

 1A A/B
1A  

1B 2 

 
 

A B 
       

       

 
 

 
 

 

 

 

 
/

 

 
 

 
 

 
 
2.2.3.2 /

4
 

 
2.2.4  
 

 

2.2.4.1  

1B
2.2  
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2.2   
 
 
 
 
 
 
 
 
 
  

20 101.3kPa  
?

/  

 

1A 

 A 

 
 

101.3kPa 20
? 

54 ? 1 

101.3kPa 20
? 

1A 

 B 

 
 

1A 
  

 
 

101.3kPa 20
? 

1A 
 A 

 
 

1  1
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2.2.4.2  
 
2.2.4.2.1 ISO ISO 
10156:2017 -

1B ISO 817:2014
C: 

 
 
2.2.4.2.2 54°C IEC 60079-20-1 ed1.0 (2010-01)  – Part 20-1

– DIN 51794
 

2.2.4.2.3 54 ºC

1
1

 
 
2.2.4.2.4 III

ISO 10156:2017
 

 

20 101.3kPa  
? 

1A 

B 

 
 

101.3kPa 20  
(a) 13% ?  

 
(b)

12% ? 

2 
 

 

 1A 

 
 

6 /  
10 cm/s ? 

 1B 
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2.2.5 ISO 10156: 2017  
 

 

 
 

Vi%  =  
Tci  =  
i    = i  
n   = n  
Ki  =  

 

Ki  
 
 

 

 
 
 

 
 

 
2% (H2) + 6% (CH4) + 27% (Ar) + 65% (He) 
 
 

 
 
1. Ki  

Ki (Ar) = 0.55 
Ki (He) = 0.9 

2.  Ki  
2% (H2) + 6% (CH4) + [27% 0.55 + 65% 0.9] (N2) = 2% (H2) + 6% (CH4) + 73.35% (N2) = 81.35% 

3.  100%  

100/81.35  [2% (H2) + 6% (CH4) + 73.35% (N2) ] = 2.46% (H2) + 7.37% (CH4) + 90.17% (N2)  

4.  Tci  

Tci H2 = 5.5% 
Tci CH4 = 8.7% 

 
5.   
 

= 2.46/5.5 + 7.37/8.7= 1.29 1.29 >1 
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2.3  
 

 
 
2.3.0  

2
2.3.1 2.3.2

 
 
2.3.1  
 
2.3.1.1  

 
 
2.3.1.2  

2.3.1.2.1 2.3.1 3
1  

 

 

31.4 31.5 31.6  
 

 
GHS / 1

1 2  
 

GHS  
2.2  

2.6  

2.7  
20kJ/g  
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2.3.1  

  
1 (a) 85 / 30kJ/g

 
 

(b) 75cm  
 

(c)  
 

   (i) 20cm 2  
 

   (ii) 4cm 7  
2 (a) 1

 
 

   (i)  20kJ/g  
 

   (ii) 20kJ/g 15cm  
 

   (iii) 20kJ/g 15cm  
300s/m3  
300g/m3  

 
(b) 1 4cm

2  
3 (a) 1 20kJ/g

 
 

(b) 1 20kJ/g
1 2

 
 

 1 /
 

 
 2 / 1% /

20kJ/g 1  
 

 3 2.2 2.3.2 2.5
2.6 2.7

 
 
2.3.1.3  

1.4
1 3
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2.3.1 b  
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.3.1(c)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

20kJ/g ? 

75cm
? 

        

1

  
 

   2 

  
 

15cm
? 

?  
(a) 300 /m3  
(b) 300g/m3  

   2 

  
 

 2 

  
 

?  
(a) 20cm 2  

 
(b) 4cm 7  

   

1 

    
 

2

 
 

4cm  
2 ? 

3
 

 

3
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2.3.2  

2.3.2.1  

20
200kPa

 
 

50 50
 

 
2.3.2.2  

2.3.2.2.1 / 2.3.2
3 1 2.3.2.4.1  

2.3.2.2.2 / GHS /
 

2.2  

2.6  

2.7  
 

2.3.3  
 

  
1  

(a) 85% /  
(b) 20kJ/g  

2  
(a) 1% /  
(b) 20kJ/g  

 
(a) 85% /  
(b) 20kJ/g  

3  
(a) 1% /  
(b) 20kJ/g  

 
1 /

UN  
 

2 2.3.1 2.2 2.5
2.6 2.7

 
 
2.3.2.3  

1.4
1 3
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2.3.4  
 1 2 3 

  
 

 
 

 

    
  

 
 

 
 

 
 

 
2.3.2.4  

2.3.2
 

2.3.2.4.1  

/
2.3.2  

 
2.3.2 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1  
 

/
20 200kPa ? 

 

 3 

  
 

1 /
20kJ/g ? 

85 /
20kJ/g ? 

 1 

  
 

1 

 2 
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2.3.3  

2.3.3.1
 

Hc ( )  =  [ w(i)% x Hc(i)] 

 
Hc  = kJ/g  
Hc(i) =  i kJ/g  

w(i)%  =  i  
n  =  

 
kJ/g ASTM 

D 240 NFPA 30B 100
95
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2.4  

 
 
2.4.1  

 
 

ISO 10156:2017
23.5  

 
2.4.2  

 
 

2.4.1  
 

  
1 

 
 
2.4.3  

1.4
1 3

 
 

2.4.2  
 

 1 
  

  
  

 
2.4.4  

2.4.4.1  

ISO 10156:2017 -
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2.4  
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.4.4.2  

 
ISO-10156:2017  
 
ISO-10156 0.235 23.5%

 
 

oxidizing power: OP   

 
 

Xi i  
Ci i  
Kk k  
Bk k  
n  
p  

 
9% (O2) + 16% (N2O) + 75% (He) 

 
 

 
1  

                            
Ci Kk

 
 

Ci (N2O) = 0.6  
Ci (O2) = 1  
Kk(He) = 0.9  

 
 
 
 
 
 

 
? 

 

1 
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2  

 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

- 67 -



68  
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2.5  

 
 
2.5.1  

20 200kPa
 

 
 
2.5.2  

2.5.2.1 4
 

 
2.5.1  

 
  
 

 
50

50  

 
 
 
 
 
 

50
2  

a 50 +65  
 

b +65  

 
 

 
 

 
 

 
 

 
 

 
2.3  

 
2.5.3  

1.4
1 3

 
 

2.5.2  
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2.5.4.2  

 
 

(a) 50  

(b) 20  

(c)  

UN 1
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2.6  

 

 

2.6.1  

93  

2.6.2  

4  

2.6.1  
 

  
1 < 23 35  
2 < 23 >35  
3 23 60  
4 > 60 93  

 
1 55 75
1  

 
2 35 60 III 32

L.2
 

 
3

1
 

 
4 2.3  

 
2.6.3  

1.4
1 3

 
 
 

2.6.2  
 

 1 2 3 4 
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2.6.4  

 
 
2.6.4.1  

 

 

2.6  

 

 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

1 55 75 1

3 4  
2 35 60 III 32

L.2  

3

4
 

 

35 ? 

23 ? 

60 ? 

93 ? 

/  

2

    
 

1

    
 

 

 

1, 2 

 

 

 

 

1, 2 
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2.6.4.2  

2.6.4.2.1
 

2.6.4.2.2 3

2.6.4.2.3
5 4 

 
 

(a)
 

(b)
 

(c)  

(d)  

2.6.4.2.3 Gmehling and Rasmussen Ind. Eng. Chem. Fundament, 21, 186, 
(1982  

 

2.6.4.2.4
 

2.6.4.2.5  
 

 

ISO 1516 
ISO 1523 
ISO 2719 
ISO 13736 
ISO 3679 
ISO 3680  

 
 

100 Barr Harbor Drive, P.O.Box C700, West Conshohocken, Pennsylvania, USA 
19428-2959: 

 
ASTM D 3828-07a  
ASTM D 56-05  
ASTM D 3278-96(2004)  
ASTM D 93-08 Pensky-Martens  

 
 
 
 
 
 
 

 
3 6

 
4    5
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AFNOR, 11, rue de Pressense. 93571 La Plaine Saint-Denis Cedex  

NF M 07-019 
NF M 07-011/NF T 30-050/NF T 66-009 
NF M 07-036 

 
Burggrafenstr. 6, D-10787 Berlin: 

 
DIN 51755 65  

 
113813, GSP, Moscow, M-49 Leninsky Prospect, 9 

 
GOST 12.1.044-84 

 
2.6.4.2.6  
 

 

ISO 3924 
ISO 4626 
ISO 3405  

 
 

100 Barr Harbor Drive, P.O.Box C700, West Conshohocken, Pennsylvania, USA 
19428-2959 

ASTM D86-07a  
ASTM D1078-05  

 
 

 
EC No440/2008 5 A A.2 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
5 (EC)No1907/2006

REACH 2008 5 30 (EC)No440/2008 No.L142. 31.05.2008, p1-739
143 03.06.2008, p.55  
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2.7  

 

 

2.7.1  

 
 

 

2.7.2  

2.7.2.1
III 33.2.1 1 45

2.2mm/  

2.7.2.2 100mm 10
 

2.7.2.3
 

2.7.2.4 III 33.2.1  
N.1 2  
 

2.7.1  

  
1  

 
a   
b  45 2.2mm/  

5  
2  

 
a  4  
b  45 2.2mm/  

5   10  
 

 1

 
 

2 2.3  
 
2.7.3  

1.4
1 3
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2.7.2  

 1 2 
   
   

   
 
 
2.7.4  

 

III 33.2.1
N.1 2

2.7  
 
 

2.7  
 
 
 
  
 
  
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
(a)  

< 45 > 2.2 mm/ ? 
(b) 10 ? 

1

 

     2 

   
 

/  

(a)  
? 

(b) >5 ? 
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2.8  

 

 
2.8.1  

2.8.1.1
GHS

 

2.8.1.2
 

 
2.8.2  

2.8.2.1  

(a) 2.1 GHS  

(b) 2.13 2.14 5%

 

(c) 2.15 GHS  

(d) 300J/g  

(e) 50kg SADT 75  
 

5%
a c d e

 

B F 2.8.2.2
 

 
2.8.2.2 A
G 7  

(a)
A  

(b)
B

 

(c)
C  

(d) D
 

(i)   
 

(ii)  
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(iii) does not detonate or deflagrate at all and shows a medium effect when heated under 
confinement; 

 will be defined as self-reactive substance TYPE D; 

(e) Any self-reactive substance or mixture which, in laboratory testing, neither detonates nor 
deflagrates at all and shows low or no effect when heated under confinement will be defined as 
self-reactive substance TYPE E; 

(f) Any self-reactive substance or mixture which, in laboratory testing, neither detonates in the 
cavitated state nor deflagrates at all and shows only a low or no effect when heated under 
confinement as well as low or no explosive power will be defined as self-reactive substance 
TYPE F; 

(g) Any self-reactive substance or mixture which, in laboratory testing, neither detonates in the 
cavitated state nor deflagrates at all and shows no effect when heated under confinement nor any 
explosive power, provided that it is thermally stable (self-accelerating decomposition 
temperature is 60 °C to 75°C for a 50 kg package), and, for liquid mixtures, a diluent having a 
boiling point greater than or equal to 150°C is used for desensitization will be defined as self-
reactive substance TYPE G. If the mixture is not thermally stable or a diluent having a boiling 
point less than 150°C is used for desensitization, the mixture shall be defined as self-reactive 
substance TYPE F. 

NOTE 1: Type G has no hazard communication elements assigned but should be considered for properties 
belonging to other hazard classes. 

NOTE 2: Types A to G may not be necessary for all systems. 

2.8.2.3 Criteria for temperature control 

Self-reactive substances need to be subjected to temperature control if their self-accelerating 
decomposition temperature (SADT) is less than or equal to 55°C. Test methods for determining the SADT as well as the 
derivation of control and emergency temperatures are given in the Manual of Tests and Criteria, Part II, section 28. The 
test selected shall be conducted in a manner which is representative, both in size and material, of the package. 

2.8.3 Hazard communication 

General and specific considerations concerning labelling requirements are provided in Hazard 
communication: Labelling (Chapter 1.4). Annex 1 contains summary tables about classification and labelling. Annex 3 
contains examples of precautionary statements and pictograms which can be used where allowed by the competent 
authority. 

Table 2.8.1: Label elements for self-reactive substances and mixtures 

 Type A Type B Type C and D Type E and F Type Ga 

Symbol Exploding bomb Exploding bomb and 
flame 

Flame Flame 
There are no 

label elements 
allocated to this 
hazard category 

Signal 
word 

Danger Danger Danger Warning 

Hazard 
statement 

Heating may cause 
an explosion 

Heating may cause a 
fire or explosion 

Heating may cause 
a fire 

Heating may 
cause a fire 

a Type G has no hazard communication elements assigned but should be considered for properties belonging to other 
hazard classes. 
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(iii)  

 
(e)

E  

(f)

F  

(g)

G SADT 50kg 60
75 150

150
F  

1 G
 

 
2 A G  

 
2.8.2.3  
 

SADT 55 SADT
28

 
 

2.8.3  

1.4
1 3

 

 

2.8.1  

 A B C&D E&F Ga 
      

 

     
 

 
 

  

 
a G
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2.8.4  

2.8.4.1  

II
A H 2.8  

 

II A H
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3.2  
3.3  

2.2  

4.1  

4.2  
4.3  

5.1  

5.3  

5.2  
7.1  

9.3  
9.4  

10.2  

10.1  
11.2  

11.1  

12.3  

12.1  
 

 12.2 
  

 13.1 
  

8.2  
8.3  
8.4  

 

8.1  

7.2  
7.3  
7.4  

1.3  

3.1  

1.1  

1.2  

13.2  

9.1  

2.1  

6.2  

9.2  

6.1  

14.2 

15.2  

16.2  

14.1  
 

16.1  

15.1  

2.8  
 

 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

/  

 
 

 
 

 
 

 
 

 
 

 

 
 

 

 
 

400kg/450l 
? 

 
 

 

 
 

 

 
 

Box 2 
Test B 

Box 1 
Test A 

Box 3 
Test C 

Box 4 
Test C 

Box 5 
Test C 

Box 6 
Test D 

Box 7 
Test E 

 
 

 

Box 9 
Test E 

Box 11 

Box 12 
Test F 

Box 13 
Test E 

Box 10 
Test G 

50kg  
SADT 60  

 

150  

Box 14 
Test H 

Box 16 

Box 15 

A B C D E F G 

Box 8 
Test E 
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2.8.4.2  

 

(a)
6 A6.1 A6.2

 

(b) SADT 75
300J/g

20.3.3.3  
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2.9  

 
 
2.9.1  

5  
 

2.9.2  

33.4.5 N.3
 

 
2.9.1  

 
  

1 5
5  

 
 

2.9.3  

1.4
1 3

 
 

2.9.2  

 1 
  
  

  
 
 

2.9.4  

 
 
2.9.4.1  

33.4.5 N.3
2.9  
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2.9  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.9.4.2  

 
 

 
 

5 ? 

/  

1

 
 

1

 
 

5 ? 

  

 

 

 

- 86 -



87  

2.10  

 

 
2.10.1  

5  
 
2.10.2  

33.4.4 N.2
 

 
2.10.1  

 
 
 
 

 
 
2.10.3  

1.4
1 3

 
 

2.10.2  

 
 
 
 
 
 
2.10.4  

 
 
2.10.4.1  

33.4.4 N.2
2.10  

 
 
 

  
1 5  

 1 
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2.10  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.10.4.2  

 
 

 
 

5 ? 

/  

 1
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2.11  

 

 
2.11.1  

 

 
 
2.11.2  

2.11.2.1 III 33.4.6
 

 
(a) 25mm 140  

(b) 100mm 140 100mm
120 3m3

 

(c) 100mm 140 100mm
100 450

 

(d) 100mm 140 100mm
100  

 
2.11.2.2 III 33.4.6

N.4 2.11.1
2  

 
2.11.1  

 

 

 

 

 

 

 

 

1

 

2 27m3 50
27m3 50

  
1 25mm 140  
2 a  100mm 140

25mm 140
3m3

 
b  100mm 140

25mm 140 100mm
120

450
 

c  100mm 140
25mm 140
100mm 100  
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450 50
1  

 
2.11.3  

1.4
1 3

 
 

2.11.2  

 1 2 
   
   

   
 

 
2.11.4  

 
 
2.11.4.1  

33.4.6 N.4
2.11  
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2.11  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.11.4.2  

 
 

(a) Grewer Oven VDI 2263, Part 1, 1990, 
1 80K    

 
(b) Bulk Powder Screening Gibson, N. Harper, D.J. Rogers, Evaluation of fire and 

explosion risks in drying powders, Plant Operation Progress, 4(3), 181-189, 1985
1 60K  

   

 1

 

3m3 ? 

450 ? 

100mm 100
? 

 2

 
 

2

 
 

 2

 
 

100mm 120  
? 

25mm 140  
? 

100mm 140  
? 

/  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

- 91 -



92  
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2.12  

 
 
2.12.1  

 
 
2.12.2  

33.5.4 N.5 3
 

 
2.12.1  

  
1 

1 1kg 10
 

2 1
1kg 20 1

 
3 1

1kg 1 1 2
 

 
1

 

2

 
 
2.12.3  

1.4
1 3

 
 

2.12.2  

 1 2 3 
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2.12.4  
 

 
 
2.12.4.1  

III 33.5.4 N.5 2.12  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.12.4.2  

 

(a)  metalloids  

(b)  
 

 

(c)   

  

2

 
 

1 1kg 1 ? 

/ 1 1kg
10 ? 

1

 
 

 3 

 

 

1
1kg 20 ? 
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2.13  

 
 

2.13.1  

 
 
2.13.2  

III 34.4.2 O.2
3  

 
2.13.1  

  
1 1:1

1:1 50%
1:1  

2 1:1
40% 1:1
1  

3 1:1
65% 1:1
1 2  

 
 
2.13.3  

1.4
1 3

 
 

2.13.2  

 1 2 3 
    
    

 
   

 
 
2.13.4  
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2.13.4.1  

34.4.2 O.2
2.13  

 
2.13  

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.13.4.2  

2.13.4.2.1

 

2.13.4.2.2

34.4.2  

2.13.4.2.3  
a  

b
 

2.13.4.2.4
 

1:1
2070kPa

? 

1:1
65%

1:1
? 

1

 
 

  3

 
 

/  

1:1

50% 1:1
? 

2

 
 

1:1

40% 1:1
? 
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2.14  

 
 
2.14.1  

 
 
2.14.2  

III 34.4.1 O.1 III 34.4.3
O.3 3  

 
2.14.1  

 O.1  O.3  
1 4:1 1:1

3:2

 

4:1
1:1

3:1
 

2 4:1 1:1

2:3

1  

4:1
1:1

1:1
1

 
3 4:1 1:1

3:7

1 2
 

4:1
1:1

1:2
1 2

 
 

1

IMSBC 2 5
 

 
2

 
 
2.14.3  

1.4
1 3
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2.14.2  

 1 2 3 
    
    
 

    
 
2.14.4  

 
 
2.14.4.1  

III 34.4.1 O.1
III 34.4.3 O.3 2.14  

 
2.14  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

4:1 1:1
? 

4:1 1:1

3:7  
 

1:2
? 

 1

 
 

3

 
 

/  

4:1 1:1

3:2  
 

3:1
? 

2

 
 

4:1 1:1

2:3  
 

1:1
? 
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99  

2.14.4.2  

2.14.4.2.1

 
 
2.14.4.2.2  
 

a  

b
 

2.14.4.2.3
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2.15  

 
 

2.15.1  

2.15.1.1 2 -O-O- 1 2

1  

a  
 
b  

 
c  

 
d  

2.15.1.2
 

 
2.15.2  

2.15.2.1  
 

a 1.0% 1.0%
 

 
b 1.0% 7.0%   

0.5%  
 

(%)  
 

 
 

 ni = i  

ci = i %  

mi = i  
 
2.15.2.2 7 A
G  

a  A
 

 
b

 B  
 
c

 C  
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d  D
 

 
i

 
 
ii  

 
iii  

e
 E  

f

 F  

g
 G

SADT 50kg
60 150

150
 F  

1  G
 

 
2  A G  

 
2.15.2.3  
 

 
 

a SADT 50 B C  
 
b SADT 50 1 SADT 45  

D  
 

 
c SADT 45 E F  

 
SADT

28
 

 
 
 
 
 
 
 
 
 
 
 
1 E  
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2.15.3 Hazard communication 

 General and specific considerations concerning labelling requirements are provided in Hazard 
communication: Labelling (Chapter 1.4). Annex 1 contains summary tables about classification and labelling. Annex 3 
contains examples of precautionary statements and pictograms which can be used where allowed by the competent 
authority. 

Table 2.15.1:  Label elements for organic peroxides 

 Type A Type B Type C and D Type E and F Type G a 

Symbol Exploding bomb Exploding bomb 
and flame 

Flame Flame There are no 
label 

elements 
allocated to 
this hazard 
category. 

Signal word Danger Danger Danger Warning 
Hazard 
statement 

Heating may cause 
an explosion 

Heating may cause 
a fire or explosion 

Heating may cause 
a fire 

Heating may cause 
a fire 

a Type G has no hazard communication elements assigned but should be considered for properties belonging to other 
hazard classes. 

2.15.4 Decision logic and guidance  

The decision logic and guidance which follow, are not part of the harmonized classification system, but 
have been provided here as additional guidance. It is strongly recommended that the person responsible for classification 
studies the criteria before and during use of the decision logic. 

2.15.4.1 Decision logic  

To classify an organic peroxide test series A to H as described in Part II of the Manual of Tests and 
Criteria, should be performed. Classification is according to decision logic 2.15. 
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2.15.3  

1.4
1 3

 
 

2.15.1  

 A B C&D E&F G a 
   

 
   

 

     
 

 
 

  

 

a TYPE G
 

 

2.15.4  

 
 
2.15.4.1  

II
A H 2.15  
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3.2  
3.3   

2.2  

4.1  

4.2  
4.3  

5.1  
5.3  

5.2  

7.1  

9.3  
9.4  

10.2  

10.1  

11.2  

11.1  

12.3  

12.1  

12.2  

13.1  

8.2  
8.3  
8.4  

 

8.1  

7.2  
7.3  
7.4  

3.1  

1.1  

1.2  

13.2  

9.1  

2.1  

6.2  

9.2  

6.1 
 

14.2  

15.2  

16.2  

14.1  

16.1  

15.1  

2.15  
 

 
 
 
 
 
 
 

 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 

 
 

 

/  

 
 

 
 

 
 

 
 

 
 

 

 
 

 

 
 

400kg/450l 
? 
 

 

 

 
 

 

 
 

1.3  
Box 2 
Test B 

Box 1 
Test A 

Box 3 
Test C 

Box 4 
Test C 

Box 5 
Test C 

Box 6 
Test D 

Box 7 
Test E 

 
 

 
Box 9 
Test E 

Box 11 

Box 12 
Test F 

Box 13 
Test E 

Box 10 
Test G 

50kg  
SADT 60  

 

150  

Box 14 
Test H 

Box 16 

Box 15 

A B C D E F G 

Box 8 
Test E 
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2.15.4.2  

2.15.4.2.1
2.15.2.1  

2.15.4.2.2
II A~H

 

2.15.4.2.3
2

SADT  
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2.16  

 
 

2.16.1  

 
 
2.16.2  

III 37.4
 

 
2.16.1  

  
1 55

6.25mm  
 

 
 
2.16.3  

1.4
1 3

 
 

2.16.2  

 1 
  
  

  
 
 

/
1.4.10.5.5  

 
2.16.4  
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2.16.4.1  

2.16  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2.16.4.2  

37.4
 

a   
S235JR+CR 1.0037 resp.St37-2  
S275J2G3+CR 1.0144 resp.St 44-3 ISO 3574,
UNS G10200 SAE 1020 

b  7075-T6 AZ5GU-T6  

6.25mm 55oC ? 

/  
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2.17  

 

2.17.1  

2.17.1.1

2.1 2.1.2.2 1 

2.17.1.2  

(a) 
 

  

(b) 
 

2.17.2  

2.17.2.1
 

(a)  

(b) 6 (a) 6 (b)
V 51.4

1200 kg/min  

(c) 300 J/g  

1 (a)  (b) 2.1
(c) 

 

2
II 20 20.3.3.3   

2.17.2.2 4
V 51.4

Ac 2.17.1   

                                                   
1 2.1 2.17

3 I
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2.17.1  

  

1 Ac 300 kg/min 1200 kg/min  

2 Ac 140 kg/min 300 kg/min  
3 Ac 60 kg/min 140 kg/min  

4 Ac 60 kg/min  

 

1

  

2
UN 2.4 2.4.2.4

2.3 2.3.1.4  

3 2

32 32.3.2
33 33.2.3   

4 2.1 2.6
2.7   

2.17.3  

1.4
1 3

 

 

2.17.2   

  1  2 3 4 
     

     

 

  
 

 

 

2.17.4  
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2.17.4.1  

V
2.17.1  

 
2.17.1   

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 6 (a), 6 (b) 
? 

?  

300 J/g ? 

/ ? 

V , 51.4  
? 

AC > 1200 kg/min? 

1.1 

  

1.1 

 

AC  300 kg/min ,  1200 kg/min? 

AC  140 kg/min , < 300 kg/min? 

AC  60 kg/min , < 140 kg/min? 

AC < 60 kg/min? 

1 

 

 
 

 

 
2.1  

2 

 

3 

 

4 
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2.17.4.2  

2.17.4.2.1  

(a) 2.1  

(b) 300 J/g.   

2.17.4.2.2

II 20 20.3.3.3  
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3  
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- 114 -



- 115 - 
 

3.1  

 

 
3.1.1  

 
 
3.1.2  
 
3.1.2.1

5 1 LD50

LC50 ATE in vivo
LD50/LC50 in vivo

3.1.1  
 
 

3.1.1 ATE  
 

 1 2 3 4 5 
mg/kg  

(a),(b)  
ATE  5 5 < ATE  50 50 < ATE  300 300 <ATE  2000 2000<ATE 5000 

(g)
 mg/kg

(a),(b)  
ATE  50 50 < ATE  200 200<ATE 1000 1000 <ATE 2000 

ppmV  
(a), (b) ,(c)  

ATE 100 100<ATE 500 500<ATE 2500 2500 <ATE 20000 
 

(g)
 mg/l  

(a), (b) ,(c),(d), 
(e)  

ATE  0.5 0.5 < ATE  2.0 2.0 < ATE 10.0 10.0 <ATE 20.0 

mg/l  
(a), (b), (c), (f)  

ATE 0.05 0.05 <ATE  0.5 0.5 < ATE 1.0 1.0 < ATE  5.0 

 
 

ppmV  
 

3.1.1  

(a)  (ATE) LD50/LC50  

(b) (ATE)  

(i)   LD50 / LC50  
 
(ii)  3.1.2  
 
(iii)  3.1.2  

 
(c)  4 1

2 4  

(d)  
UN  

(e)  
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1 (100ppmV) 2 (500ppmV) 3 (2500ppmV) 4 (20000ppmV) 
ppmV  

 

(i)   :  
  

(ii)  :  
 

(iii) :  
 

1 m 100 m
 

(f)  OECD

 

(g)  5

LD50 2000-5000mg / kg
5  

(i)  LD50 LC50 5

5  
 

(ii)  
5  

 
-   

 
-  4 1

 
 

-  4
 

 
-  

 
 

5

 
 
 
3.1.2.2
IOMC CG/HCCS Coordinating Group/Harmonization of Chemical Classification Systems

5

3.1.2.3

LD50
1.3.2.4.9

 

3.1.2.4 1 3.1.1
 

 

- 116 -



- 117 - 
 

3.1.2.5 5
5

LD50 2000 5000mg/kg
1 5

 

 

3.1.2.6  
 
3.1.2.6.1   4 1

1 2 4
4  

3.1.2.6.2
mg/l ppmV

mg/l
ppmV

OECD
 

3.1.2.6.3
 

3.1.2.6.4
MMAD 1 4

2mg/l

OECD
 

 
3.1.2.6.5 

in vitro pH
 

 
3.1.3  
 
3.1.3.1

3.1.1  

                                                   
1 5 OECD HCL 5

3.1.1 2000 5000mg/kg
3.1.1 (g)  
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3.1.1  
 

 
           

 
 

       3.1.3.5  
                 

       
            3.1.3.6.1                  

   
  3.1.3.6.1     

 
            

  10%     
  3.1.3.6.1                 

        10% 
  3.1.3.6.2.3                           

 
3.1.3.2 1

 
 
3.1.3.3

 
 

(a) 1
/ / 1

1 2  
 
(b) 3.1.3.6.1 3.1.3.6.2.3

(ATE)  
 
(c)

 
 
(d) 3.1.3.6.1 3.1.3.6.2.3

3.1.2  
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3.1.2  
 

 
 

 
 

 
1  

 
Conversion Value  

2  

 
mg/kg  

0  1 5 
5  2 50 

50  3 300 
300  4 2000 

2000  5 5000 

0.5 
5 

100 
500 

2500 

 
mg/kg  

0  1 50 
50  2 200 

200  3 1000 
1000  4 2000 
2000  5 5000 

5 
50 

300 
1100 
2500 

 
ppmV  

0  1 100 
100  2 500 
500  3 2500 

2500  4 20000 
5 3.1.2.5  

10 
100 
700 

4500 

 
mg/  

0  1 0.5 
0.5  2 2.0 
2.0  3 10.0 
10.0  4 20.0 

5 3.1.2.5  

0.05 
0.5 
3 

11 

/  
mg/  

0  1 0.05 
0.05  2 0.5 

0.5  3 1.0 
1.0  4 5.0 
5 3.1.2.5  

0.005 
0.05 
0.5 
1.5 

 
ppm ppmV  

 
1 5

2000 5000mg/kg
LD50

5
 

 
2 ATE

1 2 3 5
1/10  

 
 
3.1.3.4  
 

3.1.1

 
 
3.1.3.5

Bridging principles  
 
3.1.3.5.1
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3.1.3.5.2   

3.1.3.6.1  
 
3.1.3.5.3   

 
 
3.1.3.5.4   

1 1
1  

 
3.1.3.5.5 1   

3 A B C A B
C A B

A B C A B  

3.1.3.5.6  

 
 

(a)  2  (i) A+B  
 (ii) C+B  
 

(b)  B  
 
(c)  (i) A (ii) C  
 
(d)  A C A C

B  
 

(i) (ii)
 

 
3.1.3.5.7  

 

 

3.1.3.6  

3.1.3.6.1  

(ATE)  

(a) GHS  
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 (b)  
 

 (c) 3.1.1 4  
 

 
ATE

3.1.3.6.2.3 3.1.1 (b) 3.1.3.3  
 

ATE ATE
 

 
 

 

Ci = i  
 

n i 1 n  
 

ATEi= i ; 

 
3.1.3.6.2 1  
 
3.1.3.6.2.1  ATE

3.1.3.6.1  
 

 
 

(a)  2

 
 

(b)  
 

(c)
/  

 
(d)  

 

3.1.3.6.2.3  
 
3.1.3.6.2.2 1%

x / /
SDS

/
 

 

                                                   
2

3.1.3.2
 

100
ATEmix  =  Ci

ATEi  
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3.1.3.6.2.3 10% 3.1.3.6.1
10% 3.1.3.6.1

%  
 
 
 
 
 
3.1.4  
 
3.1.4.1 1.4

1 3

1 5  
 

3.1.3  
 

 1 2 3 4 5 

   
 

      

  

--   
 

 
 

 
 

 
 

 
 

--  
 
 

 

 
 

 

 
 

 
 

 
 

 

--  
 

 
 

 
 

 
 

 
 

 
 

 
 
3.1.4.2

1 1
1 1

4 SDS
3.1.3.2 3.1.3.6.2.2

x % / /
x %

x %

100 ( C unknown if > 10%)
ATEmix   =  Ci

ATEi  
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3 

 
 

3.1.5  
 

 
 
3.1.5.1  3.1.1  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

: ? 

1 

 
 

3.1.2  3.1.3.4 ? 
(a)  LD50  mg/kg 
(b)  LD50 50   200 mg/kg  
(c) LC50 100   500 ppm  
(d) LC50  0.5   2.0 mg/l  
(e) /  >   mg/l 

2 

 
 

3.1.2  3.1.3.4 ? 
(a)  LD50  5 mg/kg  
(b)  LD50  50 mg/kg  
(c) LC50  100 ppm  
(d) LC50  0.5 mg/l  
(e) /  mg/l 

 

 
? 

3.1.2  3.1.3.4 ? 
(a) LD50 300   2000 mg/kg  
(b) LD50 1000   2000 mg/kg  
(c)  LC50 2500   20000 ppm  
(d)  LC50 10   20 mg/l  
(e) /  LC50 1   5 mg/l 

4 

 
 

3.1.2  3.1.3.4 ?
(a) LD50  50   300 mg/kg  
(b) LD50  200   1000 mg/kg  
(c)  LC50  500   2500 ppm  
(d)  LC50  2   10.0 mg/l  
(e) /  LC50  0.5   1.0 mg/l 

 

 

3.1.2 ATE 

 

 

 

 

 

 

 

 

 
:  

? 
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(a) ? 
 

(b) 4  
?  

(c) 4
?  

(d)  
? 

5

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
3.1.5.2   3.1.2 3.1.3.5  3.1.3.6
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

3 1
/ /

SDS
/  

? 

ATE

? 

10 ? 

ATE

Ci = i
n = i 1 n

ATEi = i  

10
 
ATE mix 

3.1.1 

? 

 
ATE mix 

3.1.1 

3.1.2  3.1.3.4 ? 
(a) LD50 2000   5000 mg/kg 
(b) LD50 2000   5000 mg/kg 
(c)  LC50 

 LD50  mg/kg 

 
5 

 
 

 

 

 

 

 

 

 

 

 

 

 3 

 3 
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3.2  

/  

3.2.1  

3.2.1.1
  

  
3.2.1.2 /

OECD

3.2.2.1 3.2.2.6   
3.2.1.3 3.2.2.7 /

/

/ 3.3.3.7.3
1.3.2.4.9 3.2.5.3.1   

3.2.1.4 3.2.5.3  
 
3.2.2  

3 1  

(a)  1  

3 1A 1B  1C  

1  

3 1A
1B 1C  

(b)  2  

(c)  3   

2  
 
3.2.2.1  

/
3.2.5.3.2

1.1.2.5 (c) 1.3.2.4.7 1.3.2.4.9
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3.2.2.2  
OECD 404

3.2.1 3.2.2
OECD 404 3 3 OECD

404 3.2.5.3.3
 

3.2.2.2.1

3.2.2.2.1.1  4
1   

 
3.2.2.2.1.2 1 1 3.2.1

3 1A 3 1
1B 3 1 14

1C 1 4 14
 

 
3.2.1  

  

1 4 1
 

 1A 3 1 1  

 1B 3 1 1 14
 

 1C 1 4 1 14
 

 
3.2.2.2.2   
3.2.2.2.2.1  4   
3.2.2.2.2.2  2  

a  
b

 1 1
3   

3.2.2.2.2.3 1
2

 

3.2.2.2.2.4

3 1 14

 
 
3.2.2.2.2.5 2 3.2.2

3 2
3.2.2

3 2 2.3 4.0
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3 2 1.5
2.3

 
 

3.2.2 a, b 

  
 

2  
 

 

(a) 3 2 24 48 72
3

/ 2.3 4.0  
(b) 2 14

 
(c) 1

 
 

3  

 

3 2 24 48 72
3 /

1.5 2.3
 

a OECD 404  
b 4, 5 6 3.2.5.3.3  

  
3.2.2.3 in vitro /ex vivo  
 
3.2.2.3.1 in vitro/ex vivo

in vitro/ex vivo
3

in vitro/ex vivo 3
  

3.2.2.3.2 in vitro/ex vivo

in vitro/ex vivo
  

3.2.2.3.3   
3.2.2.3.3.1 OECD 430 431 435
3.2.6 1 1A 1B

1C   
3.2.2.3.3.2 in vitro/ex vivo 1B 1C 3.2.6

in vitro/ex vivo

1   
3.2.2.3.3.3   
3.2.2.3.4   
3.2.2.3.4.1 OECD 439

3.2.7 2
 

 
3.2.2.3.4.2 3 in vitro/ex vivo

OECD 439 3
1 2

3  
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3.2.2.3.4.3 3

in vitro/ex vivo OECD 439
 

 
3.2.2.4  

3.2.5.3.5
in vivo /

/

3.2.5.3.5  
 
3.2.2.5  

2 11.5 pH /

pH 2 11.5
1 pH /

in vitro/ex vivo
pH OECD 122

 
 
3.2.2.6  
 
3.2.2.6.1

SAR QSARs
read across  

 
3.2.2.6.2 read across

(Q)SARs  
 
3.2.2.6.3 (Q)SARs

(Q)SARs
SAR

 
 
3.2.2.7  
 
3.2.2.7.1 3.2.1

 
 
3.2.2.7.2 3.2.1

in vitro/ex vivo
/

 
 
3.2.2.7.3 /

3.2.5.3
in vitro/ex vivo

in vitro/ex vivo     
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3.2.1 a 

 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

 
 
 

 
 

 
 
 
 

 
 

 
 
 

 
 
 
 
 
 
a 3.2.5.3 3.2.2.7

 
b  

- /
/  

-
 

- 3 3 2
3  

-
3.2.2 3.2.5.3 in vitro/ex vivo

 
 

1 
3.2.2.1
3.2.2.2  

2 
in vitro/ex vivo  

3.2.2.3  

3 
 

3.2.2.4  

4 
pH(2 11.5 ) /

3.2.2.5  

5 
(3.2.2.6  

6 
 

3.2.2.7.3  

  

 

 
 
 
 
 

(3.2.2.7.3  
 
a) 

6  
 
b) 

 

b 

b 

b 

pH /
/ b 

b 

b  

 

 

 

 

 

a)  
b)  

- 129 -



- 130 - 
 

 
3.2.3  

3.2.3.1  

3.2.3.1.1  
3.2.1 3.2.3.1.2 3.2.3.1.3

3.2.3.2
3.2.3.3.

  
3.2.3.1.2  in vitro/ex vivo

  
3.2.3.1.3 pH 2 11.5

1 pH
/

in vitro/ex vivo  

3.2.3.2    
bridging principles  

3.2.3.2.1 /

 
 
3.2.3.2.2  

/ /
/

3.2.3.3
 

 
3.2.3.2.3  

/

/
 

 
3.2.3.2.4 /  

2  

3.2.3.2.5 1  
3 A B C A B /

C A B
A B C A B /
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3.2.3.2.6  
 

 

(a)  2  (i) A+B 
 (ii) C+B 

(b)  B  

(c)  (i) A (ii) C  

(d)  A C / A C
B /

 

(i) (ii)
 

3.2.3.2.7  
/

 
 
3.2.3.3  
  
 
3.2.3.3.1 /

 

1%
/ /

1 /
 

3.2.3.3.2

1
10

/
 

3.2.3.3.3 3.2.3
/  

3.2.3.3.4
1

3.2.3.3.1 3.2.3.3.2
pH 3.2.3

3.2.3.1.2
3.2.3

1% 1 3%
2 3 3.2.3 3.2.4

 
 
3.2.3.3.5 3.2.3 3.2.4 /

/
/

1.3.3.2 3.2.3 3.2.4
/
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3.2.3 3.2.1
 

 
 
3.2.3.3.6 1% 3% /

/ 1.3.3.2  
 
 

3.2.3 1 2 3  
   1 2 3  

 

 

 
  

1 
 

2 3 

1 5% 5%  1%  
2  10% 10%  1% 
3   10% 

10× 1  
2  10% 10%  1% 

10× 1  
2  
3 

  10% 

 
1 1A 1B 1C

1A 1B 1C 5% 1A
5 1A 1B 5% 1B

1A 1B 5% 1A 1B 1C 5% 1C
1 1

5 1  
 

 
3.2.4  

 
     

pH 2 1% 1 
pH 11.5 1% 1 

1  1% 1 
2/3  

 3% 2/3 

 
 
3.2.4  
 

1.4
1 3
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3.2.5 /  
 

  1  2 3 

 1 A 1 B 1 C 

     
 

      

    
 

 
 
3.2.5  
 

 
 
3.2.5.1 3.2.1 /  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

/
/ ? 

/ / ? 

 
/ / ? 

3.2.2

3.2.2.7 3.2.1
3.2.2 3.2.3.1

3.2.2 3.2.3.1 3.2.2
3.2.3.1 ? 

1

 
 

 

/
3.2.2  

2

 
 

3 
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3.2.5.2 3.2.2 /  
 

/ /  

 
 

 
 
 
 
 
 
 
 

 
 
 
  

 

3.2.1.1, 
3.2.2.1.1  3.2.2.2  1%1,2 3.2.3.3.4 ? 

3.2.1.1, 
3.2.2.1.2 3.2.2.2  3%1,2 3.2.3.3.4

? 

3.2.3.2 ? 

 1 

 

 

 2 

 

 

1 1
3.2.3.3.2  3.2.3 1

  5%2 ? 

 1 3 

 

 

/
? 

1  < 1%  3.2.3.3.1  
2 3.2.3.3.6 / 1.3 1.3.3.2  

1

1 3.2.3.3.2  3.2.3
2  

(a) 2  1%  < 10%  
(b)  3  10%  
(c)  (10 × 1) + 2  1%  < 10%  
(d)  (10 × 1) + 2 +  3  10% ? 

 3 
 

 

1

1 3.2.3.3.2  3.2.3
2  

(a) 1  1% < 5%  
(b) 2  10%   
(c)  (10 × 1) + 2  10% ? 

 2 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

- 134 -



- 135 - 
 

3.2.5.3  

3.2.5.3.1  

IATA OECD 203  
3.2.5.3.2  
3.2.5.3.2.1

/
OECD 203 section III. A, Part 1, Module 1

 
3.2.5.3.2.2 HPT

HPT
HPT iv vivo HPT

HPT
 

3.2.5.3.2.3 HPT 1.3.2.4.7
HPT  

3.2.5.3.2.4 2 3 HPT
HPT

4 HPT

3.2.5.3.2.5

 
3.2.5.3.3 3  
3.2.5.3.3.1 3 GHS

6 GHS 3
4

 
3.2.5.3.3.2 3 3.2.2.2 4 5 6

/
24 48 72

3  
 
3.2.5.3.3.3 6  

(a) 4
1 1

 
(b) 6 4  2.3  

 4.0 2  
(c) 6 4  1.5  

 < 2.3 3  
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3.2.5.3.3.4 5  

(a) 4
1 1

  

(b) 5 3  2.3  
 4.0 2  

(c) 5 3  1.5  
 < 2.3 3  

3.2.5.3.3.5 4  

(a) 4
1 1

 

(b) 4 3  2.3  
 4.0 2  

(c) 4 3  1.5  
 < 2.3 3  

3.2.5.3.4 in vitro/ex vivo  

in vitro/ex vivo OECD 430 431 435 439
1 1A 1B 1C

2 3.2.6 3.2.7  
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R
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R
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o CD

S

 

/
 

1 /  

2 /  

1 
(a

)
TE

R
5k

 

(b
)

TE
R

5k
 

(i)
 

(ii
)

 

1 

3
60
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0

35
 

2
3

4
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3
50

 

3
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60
15

 

24
0

 
60

 

1A
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3
35
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3 

3 18
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5 

3 15
 

0
3

 
0
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3
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0
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3 25
1

 

3 18
1

 

3 15
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3
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3
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0
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1
4

M
TT
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0
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3.2.5.3.5  
 

3.2.5.3.5.1  

 

3.2.5.3.5.2  

3.2.5.3.5.2.1
in vivo / OECD 404

 

3.2.5.3.5.2.2 OECD 402
1 1A 1B 1C

3.2.2

 

3.2.5.3.5.2.3 OECD 410 411

 

3.2.5.3.5.2.4 OECD 406

 

3.2.5.3.5.2.5 OECD 429 442A 442B

 

3.2.5.3.5.2.6 OECD 427

 

  

- 139 -



- 140 - 
 

 
 
 
 
 
 
 
 
 
 

 

  

- 140 -



- 141 - 
 

3.3  

/  

 
3.3.1  
 
3.3.1.1

 
 

 
 
3.3.1.2 in vitro 

in vitro 

/ 1.3 1.3.2.4.9  
 
3.3.2  
 

1 2
1  

(a) 1 /   

 3.3.1  

(b) 2 /  

 3.3.2  

1 2
2A 2B 3.3.2  

 
3.3.2.1  

3.3.2.1.1 1 /   
1

3.3.1
4

21
1 3 2 3

1.5
21  
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3.3.1 / a, b, c 

 
  

 1:   

/
 

(a) 1
21

/  
(b) 3 2 24 48 72

 
 (i)  3 /   
 (ii)  > 1.5  

 
 

a   3.3.2.2 1.1 1.1.2.5 c 1.3 1.3.2.4.7
 

b   OECD 405  
c   4, 5 6 3.3.5.3  

 
3.3.2.1.2 2 /  
 
3.3.2.1.2.1 2A 2B

2
2 2A

 

3.3.2.1.2.2 2 2A 2B  

(a) 3.3.2
2A 2B  

(b) 21 2A 7
2B  

 
3.3.2.1.2.3

 
 

3.3.2 a, b, c 

  
  

2/2A 3 2  
24 48 72

 
(a)   1 /  
(b)   1 /  
(c)   2 /  
(d)   2 

21  

 2B 2A 7
2B  

 a  3.3.2.2 1.1 1.1.2.5(c) 1.3 1.3.2.4.7
 

 b  OECD 405  
 c 4  5 6 3.3.5.3  
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3.3.2.2  
 
3.3.2.2.1

3.3.1  

3.3.2.2.2

/
 

3.3.2.2.3 in vitro  

3.3.2.2.4 pH 2 11.5 pH /

pH 2 11.5
1 / pH

pH
in vitro  

3.3.2.2.5  

3.3.2.2.6

1 3.3.2.1.1
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3.3.1 /  
3.2.1  

      
1a: 

/
a  

 
 

 
 

  b  
 / /

 
  

    
1b: 

 
  

 
  

 / /
 

  

    
1c: 

/
 a 

 

 

 

 /    
    
2: /

 c 
 

 

b   

 /    
    
3:  ex vivo/in vitro 

d 
 

    
     b  
 / /

 
  

    
4: pH

/  e 
 pH2  11.5

/
/

 

 

 pH pH
pH

/ /
 

   

    
   

  
5: 

SAR  
   b  

     
 /    

   
6:  f

 
 

  
     b  
7:     
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(a) 

 
(b)  
(c) /

 
(d) /

OECD 
TG 437 (Bovine Corneal Opacity and Permeability (BCOP)) 438 (Isolated Chicken Eye (ICE))
460 (Fluorescein leakage(FL)) in vitro 

in vitro 
 

(e)  pH
 

(f) 

in vitro
 

 

3.3.3  

3.3.3.1  
 
3.3.3.1.1

3.3.1   
3.3.3.1.2

pH 2 11.5 1
/ pH

in vitro
 

3.3.3.2    
bridging principles  

3.3.3.2.1

 

3.3.3.2.2  
 

/
/

/
3.3.3.3  

 
3.3.3.2.3  
   

/

/
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3.3.3.2.4 /  
 

1

1 / 2 2A

2 2A  
 
3.3.3.2.5 1  
 

3 A B C A B /
C A B

A B C A B
/  

 
3.3.3.2.6  
 

 
 

(a)  2  (i) A+B 
  (ii) C+B 
 

(b)  B  
 

(c)  (i) A (ii) C  
 

(d)  A C /
A C B /

 
 

(i) (ii)
 

 
3.3.3.2.7  
 

/
1  

 
3.3.3.3  
  
 
3.3.3.3.1 /

 
 

1%
/ / 1

/
 

 
3.3.3.3.2

/ /
1  

 
 
 
 
1
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/
10 /

 
 
3.3.3.3.3 3.3.3

/  
 
3.3.3.3.4

1
/ 3.3.3.3.1 3.3.3.3.2

pH 3.3.3
/

3.3.3.1.2 /
3.3.3 1%

1 3% 2
3.3.3 3.3.4  

 
3.3.3.3.5 3.3.3 3.3.4 /

/
1.3.3.2 /

3.3.3 3.3.4 / /
/
3.3.3 3.3.1

 
 
3.3.3.3.6 1% 3%

/
1.3.3.2 /  

 
3.3.3 1 1 2  

1 2  
 

  
1 2/2A 

 1 +  1 a  3%  1% < 3% 

 2  10% b 

10  ( 1 + 1) a + 2    10% 
 

a  1 1 1
 

b  2B 2B  
 
 

3.3.4  
 

   
 

pH 2 1% 1 

pH 11.5 1% 1 

1  1% 1 

2  3% 2 
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3.3.4  
 

1.4
1 3

 
 

3.3.5 / a 

  1  2A  2B 

    

    

   
 
a 1 /

1
1.4 1.4.10.5.3.3  

3.3.5
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3.3.5.1  3.3.1 /  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

2    
3 pH /

in vitro
  

2 2A

 

2B
 

 

3.3.1 3.3.2.1.2 3.3.2.2
 3.3.3.1 2 ?  

(a)  
(b) 3.3.2.1.2  3.3.2 2/2A

 
(c)  
(d) ex vivo/in vitro  
(e) SAR  

 / / ? 

  
/ / ? 

/
/ ? 

 3.3.1 3.3.2.1.1 3.3.2.2 3.3.3.1
2 ?  

(a)  
(b)   
(c)  
(d)  
(e) ex vivo/in vitro  
(f) pH   2   11.53  
(g) SAR  

1

3.3.2  

2B ? 3.3.2.1.2 3.3.2  
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3.3.5.2  3.3.2 /  

/  

 
 

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
__________________________________________________ 

4  < 1%  3.3.3.3.1  
5 3.3.3.3.5 3.3.3.3.6 / 1.3

1.3.3.2  
6 2B 2B  
7 1 1 1   
  

  1%4,5 3.3.1.1, 3.3.2.1.1 3.3.2.2
3.3.3.3.4 ? 

3.3.3.2 ?  

  3%4,5 

3.3.1.1, 3.3.2.1.2 3.3.2.2 3.3.3.3.4 ? 

 

1 

 

 

 2/2A6 

 
 

 

1 4 3.3.3.3.2  3.3.3
1 1   3% 5 ? 

 

 /
? 

 1 

 

 

/ 4 3.3.3.3.2  3.3.3
5  

(a)  1 +  1  1% < 3%  
(b)  2  10%  
(c) 10 × 1 +  17 +  2  10% ? 

 2/2A6 
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3.3.5.3  

3.3.5.3.1 3 GHS
6 GHS

3 4

 

3.3.5.3.2 3 3.3.2.1 4 5 6
 

24 48 72  
3.3.5.3.3 6  

(a) 1  

(i) 1
21  

(ii) 6 4   3 /
 > 1.5  

(b) 6 4
2/2A  

(i)   1 /  

(ii)   1 /  

(iii)   2 /  

(iv)   2  
21  

(c) (b) 7
2B  

3.3.5.3.4 5  

(a) 1  

(i) 1
21 /  

(ii) 5 3   3 /
 > 1.5  

(b) 5 3
2/2A  

(i)   1 /  

(ii)   1 /  

(iii)   2 /  

(iv)   2  

21  

(c) (b) 7
2B  
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3.3.5.3.5 4  

(a) 1  

(i) 1
21 /  

(ii) 4 3   3 /
 > 1.5  

(b) 4 3
2/2A  

(i)   1 /  

(ii)   1 /  

(iii)   2 /  

(iv)   2  

21  

(c) (b) 7
2B  
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3.4  

 

 
3.4.1
 
3.4.1.1  
 

 
 
3.4.1.2 2

induction elicitation
 

 
3.4.1.3

 
 
3.4.1.4

3.4.4.2  
 
3.4.1.5  
 

(a)  

(b)  
 
3.4.2  
 
3.4.2.1  
 
3.4.2.1.1  
 
3.4.2.1.1.1

1  
 
3.4.2.1.1.2 3.4.2.1.1.3

1A 1B  
 
3.4.2.1.1.3

3.4.1 /

2 1A 1B  
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3.4.1  

1   
  

(a)  
 

(b) 1  
1A  1

 
1B  1

 
 
3.4.2.1.2  
 
3.4.2.1.2.1

/

 
 
3.4.2.1.2.2

 
 

(a)   
 

(b)   
 

3.4.2.1.2.3  
 

(a) 
 

(i)  in vivo  

(ii)  in vitro  
(iii) 

 
 

 (iv)   
 

(b) 
 

 
3.4.2.1.2.4

 
 
 
 
 
 
 
 

 
1
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3.4.2.1.2.5

 
 
3.4.2.1.3  

2 1

 
 

(a)   E (IgE)  
 

(b)   
 
3.4.2.2  
 
3.4.2.2.1  
 
3.4.2.2.1.1

1  
 
3.4.2.2.1.2 3.4.2.2.1.3

1A 1B  
 
 
3.4.2.2.1.3 3.4.2.2.2

3.4.2 1A
3.4.2.2.2.1 3.4.2.2.3.2 1B 3.4.2.2.2.2 3.4.2.2.3.3 

/
2 1A 1B

 
 

3.4.2  

1   
  

(a)  
(b)  

1A  /
 

1B  /
 

 
 
 
 
 
 
 
 
 

                                                   
1

 
2
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3.4.2.2.2  
 
3.4.2.2.2.1 1A  

 
(a) 500 g/cm2 HRIPT HMT  
 
(b)

 
 
(c)

 
 
3.4.2.2.2.2 1B  
 

(a) >500 g/cm2 HRIPT HMT  
 

(b)
  

 
(c)

 
 
3.4.2.2.3  
 
3.4.2.2.3.1 1
30%

15% 1
3 OECD

406 Maximisation Buehler 429

MEST
 

 
3.4.2.2.3.2 1A 3.4.3  
 

3.4.3 1A 

  
 EC3  2% 

Maximisation   0.1% 30%  
 >0.1 % 1% 60%  

Buehler   0.2% 15%  
 >0.2 % 20% 60%  

 
 
3.4.2.2.3.3 1B 3.4.4  
 

3.4.4 1B 

  
 EC3  >2  

Maximisation   >0.1 % 1% 30% <60%  
 >1 % 30   

Buehler   >0.2% 20 15 <60%  
 >20  15   
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3.4.2.2.4  
 
3.4.2.2.4.1

  
a   
b  

  
c    
d  1.3  1.3.2.4.7   
e  

  
f

3.4.2.2.4.2

 
 
3.4.2.2.4.3 1

2
 

(a)   
 

(b)  
 

 
(c)  3.4.2.2.3

 
 

(d)   
 

(e)   
 
3.4.2.2.4.4  
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3.4.3  
 
3.4.3.1  
 

3.4.5
3.4.4.2  

 
3.4.3.2
 bridging principles  
 
3.4.3.2.1

 
 
3.4.3.2.2  
 

 
 

3.4.3.2.3  
 

 
 
3.4.3.2.4   

1 1A 1 1A
1

1A  
 
3.4.3.2.5 1   

3 A B C A B /
C A B

A B C A B /  
 
3.4.3.2.6  
 

 
 

(a)  2  (i) A+B  
 (ii) C+B  
 

(b)  B  
 
(c)  (i) A (ii) C  
 
(d)  B A  C  
 
(e)  A C B  

 
(i) (ii)
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3.4.3.2.7  
 

 
 

3.4.3.3
  
 

1 /
3.4.5 /

 
 

3.4.5  
/  

 

/  
 

1 
 

1 
/    

 
1 

0.1%  0.1%   

1.0% 0.2%  
 

1A 0.1% 0.1%  

 
1B 1.0% 0.2%  

 
1 

  0.1%  

  1.0% 
 

1A   0.1% 

 
1B   1.0% 

 
3.4.4.2 0.1% 1.0%

0.1 0.2% SDS /

 
 
3.4.4  
 
3.4.4.1 1.4

1 3
3.4.6

 
 

3.4.6  

 
 

 1 
1A 1B 

 
 1 

1A 1B 
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3.4.5.2   3.4.2  
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3 1.3 1.3.3.2 /  
4 3.4.4.2  
6  1 3.4.2.2.1  

? 

  
? 

1

 

3.4.3.2 ?  

3, 4 
(a)  0.1%?  
(b)  1.0% ?  

3.4.3.3 3.4.5  

1

 

3.4.3.1 ? 

 

 

 

 

(a) /

?  
(b)

? 
3.4.2.2.1 3.4.2.2.4
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163  

3.5  

 
3.5.1  
 
3.5.1.1.

 
 
3.5.1.2

in vitro / in vivo
 

 
3.5.1.3

 
 
3.5.1.4

DNA

  
3.5.1.5 DNA

DNA
DNA DNA

 
 
3.5.2  
 
3.5.2.1

2 2  
 
3.5.2.2

 in vitro
 

 
3.5.2.3

 
 
3.5.2.4

OECD
 

 
3.5.2.5  in vivo  
 

OECD478  
OECD485  

 
 
3.5.2.6  in vivo  
 

OECD475  
OECD474
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164  

3.5.1  
 

 
1

 
 

1A  
 

 
1B  

 
(a) in vivo   
(b) in vivo

in vivo /
  

(c) 
 

 
2  

 
in vitro  

 
(a) in vivo   
(b) in vitro in vivo  

 
in vitro

2  
 

 
3.5.2.7 in vivo /  
 

(a)  

(OECD483)

(OECD488) 
 

(b)  

SCE  
DNA UDS  

 
3.5.2.8 in vivo  
 

in vivo (OECD489)

(OECD488)
DNA UDS OECD486  

SCE  
 
3.5.2.9 in vitro   
 

in vitro OECD473  
in vitro OECD476 490  

OECD471  
 
3.5.2.10
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3.5.3  
 
3.5.3.1  
 

/

 
 
3.5.3.2

bridging principle  
 
3.5.3.2.1

 
 
3.5.3.2.2   

 
 
3.5.3.2.3   

 
 
3.5.3.2.4  
 

  
(a)  2  (i) A+B  

 (ii) C+B  
 

(b)  B  
 
(c)  (i) A (ii) C  

   
(d)  A C A C

 
 

(i) (ii)
 

 
3.5.3.3  
 

1 1 2 1 2
3.5.1 /
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3.5.1  
/  

 
/ / /

 
 
3.5.4  
 

1.4
1 3

 
 

3.5.2  

  1 
1A 1B  

 2 

   

   

  

 

 

 

 

 /  
1  2  

1A 1B 
1A  0.1% -- -- 
1B  -- 0.1% -- 
2  -- -- 1.0% 
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3.5.5  

3.5.5.1  

 
 

3.5.5.1.1. 3.5.1 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 ? 

3.5.2  
(a)     

 
(b)  

? 

 

1 

2 

 
 

3.5.2
? 

 

 

 

 

 

 

 

- 167 -



168  

3.5.5.1.2  3.5.2 
 
 
 

 
 

 
 

 
 
 
 
 
 

 
 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3.5.5.2  
 

in vivo
3.6 3.6.2.5.3

 
 
 
1 1.3 1.3.3.2 / 3.5.1  
2 3.5.3.2

  

 
/

3.5.3  

1  

 
 

1 2
  0.1% 1 ? 

2 

 
 

1 1
  0.1% 1 ? 

? 

?2  3.5.3.2  

? 
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3.6  

 
 
3.6.1  
 

 
 

 
 
3.6.2  
 
3.6.2.1 2

 
 

3.6.1  

 
3.6.2.2

 
 
3.6.2.3 1 2

 
 
 

 
1  

 
1

 
 

1A  
 

1B  
 

  
1 A B  

 
2  

 
2 1

  
2  
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3.6.2.4

IARC 3.6.5.3.1  
 
3.6.2.5

 
 
3.6.2.5.1

 
 
3.6.2.5.2  

(a)   

(b)   

(c)   

(d)   

 

(e)   

(f)   

(g)   

(h)   

(i)    

(j)    

(k)  
 

 
3.6.5.3  

 
3.6.2.5.3

in vivo
 

3.6.2.5.4 1 2

1 2  
 
3.6.2.5.5
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3.6.2.5.6

 
 
3.6.2.6

 
 
3.6.2.7

WHO/IPCS 

1995,Carshalton,UK

 
  
3.6.3  
 
3.6.3.1  
  

/

 
 
3.6.3.2

bridging principle  
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GHS
IPCS Conceptual Framework for Evaluating a 

Mode of Action for Chemical carcinogenesis 2001 ILSI Framework for 
Human Relevance Analysis of Information on Carcinogenic Modes of Action Meek et al., 2003; Cohen 
et al., 2003, 2004 IARC 12(b)  
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3.7.2.5.1

OECD 414 ICH  S5A 1993
ICH S5B 1995 OECD
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3.7.2.5.2 OECD 421 - /
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3.7.2.5.6
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3.7.3.2.3  
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/  
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2 
 

 
1A 1B 

1A  
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-- 
 

-- 
 

-- 0.3% 2  
1B  
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-- 
 

-- 0.3% 2  

2  -- -- 0.1% 3  -- 
-- -- 3.0% 4  -- 

 

-- -- -- 0.1% 1  
-- -- -- 0.3% 2  

 
a  

 
 

1 1
0.1% 0.3% SDS

0.1% 0.3%
 

2 1
0.3% SDS

  
3 2 0.1% 3.0%

SDS
0.1% 3.0%

  
4 2 3.0% SDS
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1
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3.8.1  
 
3.8.1.1

3.1
3.7

3.8.1.6  
 
3.8.1.2

 
 
3.8.1.3

/

 
 
3.8.1.4

 
 
3.8.1.5

 
 
3.8.1.6 GHS 3.9
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GHS
 

 
3.8.1.7 1 2 3.8.2.1 3 (3.8.2.2

3.8.3 3.8.1.  
 
3.8.2  
 
3.8.2.1 1 2  
 
3.8.2.1.1 3.8.2.1.9

1 2 3.8.1  
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1
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(a)  
(b) 

/
/ 3.8.2.1.9  

2
 

 
2

/ 3.8.2.1.9  
 

2 3.8.2.1.9  
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1 2
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/
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3.8.2.1.7 1 2  
 
3.8.2.1.7.1  
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3.8.2.1.9 1 2  
  
 
3.8.2.1.9.1 1 2

/

/  
 
3.8.2.1.9.2

/
/  

 
3.8.2.1.9.3

 
 

3.8.1 a 
 
  

   1  2 3 
 mg/kg  C 300 2000 C 300 

b 

 mg/kg  C 1000 2000 C 1000 
 ppmV/4  C 2500 20000 C 2500 
 mg/l/4  C 10 20 C 10 

 
/ /  mg/l/4  C 1.0 5.0 C 1.0 

 
a 3.8.1

 
b

 
 
3.8.2.1.9.4 / 2000 mg/kg
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 bridging principles  
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1 2 
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2 
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1 1 1.0% 10%
SDS
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3 1 1.0% 10%
2
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3
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1
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(a)    1.0%  
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1 1
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/

/
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1 3.9.2 3.9.1 3.9.2 1.3 1.3.3.2 /  
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3.10.1.4
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1
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2
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2  
 

1 1  
 

2 3 13
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2 
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213  

3.10.5.2  3.10.2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1 10%
40 20.5mm2/s

? 3.10.3.3.1  

? 3.10.3.2.1
3.10.3.2.5  

 
 

1 

 
 

2 

 
 

2 10%
40 14mm2/s
? 3.10.3.3.2  
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- 214 -



215  

 

 

 
 
 
 
 
 
 
 
 
 
 
 

4  
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217  

4.1  

 
 
 
4.1.1  

4.1.1.1  

 

 

/
 

 

 

/
 

 

ECx x%

NOEC NOEC
 

4.1.1.2  

4.1.1.2.1 GHS  

a    

b  

c    

d    
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218  

4.1.1.2.2

OECD
GLP

 
 
4.1.1.3  

96 LC50 OECD 203
48 EC50 OECD 202 72

96 EC50 OECD 201
Lemna

 

4.1.1.4
 

OECD 210 211
201 9

A9.3.3.2 NOEC
ECx  

4.1.1.5  

/ OECD
107 117 123 log Kow

(BCF)
BCF BCF OECD 305

 

4.1.1.6  

4.1.1.6.1
4.1.2.11.3 OECD 301(A-F)

OECD 306
BOD 5 / COD 0.5

 
4.1.1.6.2

9  

4.1.1.7  
4.1.1.7.1 4.1.1.7.3

 
4.1.1.7.2

2 9
10

1  
4.1.1.7.3 EU GESAMP IMO

ADR/RID

MARPOL 
73/78 II  
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219  

4.1.2  

4.1.2.1 3 4
3 3

4.1.1(a) (b) 1 3 
EC50 LC50

1 3

2 
4.1.1

4.1.2.2

4 1

 
 
4.1.2.3 1mg/l 0.1mg/l

0.01mg/l

4.1.1 2 4.1.3.5.5.5  
  
4.1.2.4 4.1.1

4.1.2  
 

4.1.1 1
 

(a)   
 1 2  
96 LC50 1mg/l /  
48 EC50 1mg/l /  
72 96 ErC50 1mg/l 3  
 

1 L(E)C50 0.1mg/l 
 

 2 
96 LC50 > 1mg/l   10mg/l /  
48 EC50 > 1mg/l   10mg/l /  
72 96 ErC50 > 1mg/l   10mg/l 3  
 3 
96 LC50 > 10mg/l   100mg/l /  
48 EC50 > 10mg/l   100mg/l /  
72 96 ErC50 > 10mg/l  100mg/l 3  

 
L(E)C50 100mg/l  
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220  

4.1.1 1

 (b) 4.1.1  

(i) 4   
 
 
 
 
 
 
   

 
(ii)  

 
 
 
 
 
 
 
 
 
 
 

 
 
(iii)  

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

(c)  
  
 

 
 

 

 1 2  
 

NOEC ECx 0.1mg/l /  
NOEC ECx 0.1mg/l /  
NOEC ECx 0.1mg/l 

 2 
NOEC ECx  1mg/l /  
NOEC ECx  1mg/l /  
NOEC ECx  1mg/l 

 1 2  
NOEC ECx 0.01mg/l /  
NOEC ECx 0.01mg/l /  
NOEC ECx 0.01mg/l  

 2 
NOEC ECx 0.1mg/l /  
NOEC ECx 0.1mg/l  

/  
NOEC ECx 0.1mg/l 

 3 
NOEC ECx 1mg/l  /  
NOEC ECx 1mg/l  /  
NOEC ECx 1mg/l 

 1 2  
96 LC50 1mg/l /  
48 EC50 1mg/l /  
72 96 ErC50 1mg/l 3  

BCF 500
logKow 4 4 5  

 2 
96 LC50 > 1mg/l  10mg/l /  
48 EC50 > 1mg/l  10mg/l /  
72 96 ErC50 > 1mg/l  10mg/l 3  

BCF 500
logKow 4 4 5  

 3 
96 LC50 > 10mg/l  100mg/l /  
48 EC50 > 10mg/l  100mg/l /  
72 96 ErC50 >10mg/l 100mg/l 3  

BCF 500
logKow 4 4 5  

 4 

logKow 4
BCF 500 

NOEC 1mg/l  
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221  

1

  
2 1 1

M 4.1.3.5.5.5   
3 ErC50 [ = EC50 ] 100

ErC50 EC50 
ErC50 EC50

  
4

  
5 BCF 500 BCF

logKow 4 logKow
logKow logKow BCF  

 
 

4.1.1:

 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.1.2.5 GHS 

 

3

4.1.1
2  

1 2

 

4.1.1 (b) (i)
4.1.1 (b) (ii)  

 
(a) 4.1.1 (b) (i) 

4.1.1 (b) (ii)  
 
(b) 

4.1.1 (b) (iii)
 

 
 

4.1.1 (b) (iii)  
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222  

4.1.2.6
L(E)C50 100mg/l 

1000mg/l 1 
MARPOL 73/78 

L(E)C50 0.1mg/l 
  

4.1.2.7 L(E)C50 
1mg/l 

1mg/l 

NOEC 1mg/l
1 3 L(E)C50 100mg/l 

  
4.1.2.8 MARPOL  73/78

  
4.1.2.9    
4.1.2.9.1

EC50 EC50
EC50

EC50 EC50
  

4.1.2.9.2

  
4.1.2.10   

n- /
BCF GHS

log Kow 4
log Kow BCF BCF

BCF<500

  
4.1.2.11   
4.1.2.11.1

1

28 70%
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223  

9

 
 
4.1.2.11.2

OECD

9   
4.1.2.11.3   

(a)  28  
 

(i)  70%  
 

 (ii) 60%  
 

10 
10% 9(A9.4.2.2.3)

10 28
 

 
(b) BOD COD BOD5/COD 0.5  

 
 
(c) 28 70%  

 

4.1.2.12  

4.1.2.12.1

 

4.1.2.12.2

10

 

4.1.2.13 QSAR  

log Kow QSAR
QSAR

log Kow QSAR
 

 

- 223 -



224  

4.1.2.14
 

4.1.2
 

 
1  

2  
  

 
1  

 
3  

 
3  

1 1 1 1 
L(E)C50 1.00 NOEC ECx 0.1 NOEC

ECx 0.01 
L(E)C50 1.00

 
BCF 500

logKow 4 
2 2 2 2 

1.00 L(E)C50 10.0 0.1 NOEC
ECx 1 

0.01 NOEC
ECx 0.1 

1.00 L(E)C50 10.0
 

BCF 500
logKow 4 

3  3 3 
10.0 L(E)C50 100  0.1 NOEC

ECx 1 
10.0 L(E)C50 100

 
BCF 500

logKow 4 
 : 4 4  

: 5  
NOECs 1mg/l

BCF 500 logKow 4 

1 L(E)C50 
(mg/l) QSAR  
 

2 3 1mg/l

(Q)SAR
 

 
3 NOEC(mg/l) ECx(mg/l)

 
 

4
 4

 
 

5
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225  

4.1.3  

4.1.3.1
1 3 1 4

 
 

1 1 0.1% w/w
1% w/w

0.1%
 

4.1.3.2
 

4.1.2
 

 
 

4.1.2  
  

 
 

 
                                             
 
 
 
 

 
 
 

 
 
 
 
 
 
 

 
 
 

  
 
 
 

 
 
 
 
 
 
 
 
 

 

 
4.1.3.4  

( )/ ( )
4.1.3.3  

( )/ ( )
   

( )/ ( )
 

 

 
 

 

 

 

 

 

( )/ ( )
 

 
4.1.3.5.5  

(a)
(%)  

(b)
(%)  

(c) 
(%)

4.1.3.5.2

L(E)C50
EqNOECm

 

 
4.1.3.5  

4.1.3.6  
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226  

 
4.1.3.3  
 
4.1.3.3.1

/ 4.1.1.3 4.1.1.4

4.1.3.4 4.1.3.5 4.1.5.2.2   
4.1.3.3.2

 
4.1.3.3.3 1 2 3  

 
(a)  L(E)C50 100mg/l LC50 

EC50  
1 2 3 4.1.1(a)  

 
(b) L(E)C50 100mg/l

LC50(s) EC50(s)   
 

 
4.1.3.3.4 1 2 3   

(a)  ECX NOEC 1mg/l
ECX NOEC   

(i) 
4.1.1(b)(ii) 1 2 3

  
(ii) 4.1.1(b)(i)

1 2  
 

(b) ECX(s) NOEC(s) 1mg/l
ECX NOEC  

4.1.3.3.5 4   
:  

4.1.1(c) 4  
 
4.1.3.4  

bridging Principles  
 
4.1.3.4.1
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227  

4.1.3.4.2  

4.1.3.5  
 
4.1.3.4.3  

 
 
4.1.3.4.4 1 1  

1 1 1 1 

 
 
4.1.3.4.5  

3 A B C A B 
C A B

A B C A B 
3 

 
 
4.1.3.4.6   
   
 

(a)  2  (i) A+B  
 (ii) C+B  
 

(b)  B  
 
(c)  (i) A (ii) C  
 
(d)  A C 

B  
 

(i) (ii)
 

 
4.1.3.5  

 

4.1.3.5.1

4.1.3.5.5  
 
4.1.3.5.2 1 2 3 1 2 3 4

2
(a) (b)
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228  

(a)  
 

 
 
 

 
Ci     
L(E)C50i 
n      
L(E)C50m 

= i  
= i LC50 EC50 mg/l  
= i 1 n  
= L(E)C50  

 

(b) 

 
Ci = i ; 
Cj = j ; 

NOECi = i NOEC
mg/l ; 

NOECj = j NOEC
mg/l ; 

n = i j 1 n ; 
EqNOECm = NOEC; 

1

4.1.1(b)(ii)

 
4.1.3.5.3

3

1 2 3 1 2 3
 

 
4.1.3.5.4 1
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4.1.3.5.5  
 
4.1.3.5.5.1  
 
4.1.3.5.5.1.1  1/ 1 3/ 3 1

10

1/ 1 3/ 3  
 
4.1.3.5.5.1.2 1 1

1mg/l
0.1mg/l 0.01mg/l

1.3 1.3.3.2.1

/

4.1.3.5.5.5 M
  

4.1.3.5.5.2  
 

1 2 1
1  

 
4.1.3.5.5.3 1 2 3  
 
4.1.3.5.5.3.1 1 M

(%) 25% 1
1  

 
4.1.3.5.5.3.2 1 2

M 1 (%) 10 2
(%) 25% 2

2  
 
4.1.3.5.5.3.3 1 2 3

M 1 (%) 100
2 (%) 10 3

(%) 25% 3  
 
4.1.3.5.5.3.4 (%)

4.1.3  
 

4.1.3   
(%)   

1 M a 25% 1 
M 10 1 + 2 25% 2 
M 100 1 + 10 2 + 3 25%  3 

 
a 4.1.3.5.5.5  
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230  

4.1.3.5.5.4 1 2 3 4  
 
4.1.3.5.5.4.1 1 M

(%) 25% 1
1  

 
4.1.3.5.5.4.2 1 2

M 1 (%) 10 2
(%) 25% 2

2  
 
4.1.3.5.5.4.3 1 2 3

M 1 (%) 100
2 (%) 10 3

(%) 25% 3  
 
4.1.3.5.5.4.4 1 2 3 4

1 2 3 4 (%) 25%
4  

 
4.1.3.5.5.4.5

4.1.4  
  

4.1.4   
(%)   

1 M a 25% 1 
M 10 1 + 2 25% 2 
M 100 1 + 10 2 + 3 25% 3 

1+ 2+ 3+ 4 25% 4 
a M 4.1.3.5.5.5  

 
 
4.1.3.5.5.5  

 
1mg/l 0.1mg/l

0.01mg/l 1 1

1 1 4.1.3.5.5.3 
4.1.3.5.5.4 1 1

4.1.3 
1 4.1.4 1

4.1.5
/ 1 

M 

4.1.3.5.2  
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4.1.5  
 

 M  M 

L(E)C50   NOEC  NRDa 
 

RDb 
 

0.1 L(E)C50 1 1 0.01 NOEC 0.1 1 - 

0.01 L(E)C50 0.1 10 0.001 NOEC 0.01 10 1 

0.001 L(E)C50 0.01 100 0.0001 NOEC 0.001 100 10 

0.0001 L(E)C50 0.001 1000 0.00001 NOEC 0.0001 1000 100 

0.00001 L(E)C50 0.0001 10000 0.000001 NOEC 0.00001 10000 1000 
( 10 ) ( 10 )  

 
 
4.1.3.6  
 

1

x%
SDS
/

 
 
4.1.4  
 

1.4
1 3

 
  

4.1.6  
 

 1 2 3 
    

    
    

 
 

 

 1 2 3 4 
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232  

4.1.5 

 
 
4.1.5.1

4.1.5.1.1 4.1.1
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

1 4.1.2.13  9 9 A9.6.4.5 
 

2 1   

1 ?

 1  
(a)  96 LC50 1mg/l /  
(b)  48 EC50 1mg/l, /  
(c)  72 96 ErC50  

1mg/l 

1  
(a)  96 LC50 10mg/l /  
(b)  48 EC50 10mg/l, /  
(c)  72 96 ErC50  

10mg/l 

 1  
(a)  96 LC50 100mg/l /  
(b)  48 EC50 100mg/l, /  
(c) 72 96 ErC50

100mg/l 

 4.1.2 

L(E)C50  

1 

 
 

 
22 

 
32 
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233  

 
 
 
 

 
 

 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
  

 
96 LC50 48 EC50 72

96 ErC50 1mg/l ? 

 
96 LC50 48 EC50 72

96 ErC50 10mg/l ? 

 
96 LC50 48 EC50 72

96 ErC50 100mg/l ? 

1 

 
 

22 

32 

2 1
 

/ 4.1.2   
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234  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 1
3

SDS
/

4.1.3.5.5.5 

4 4.1.3.5.5.5  

?

3  
(a) 4.1.2

 
(b)  

1 (%)  
1×M4 25% ? 

1 2 (%)  
( 1×M4×10)+ 2 25% ? 

1 2 3 (%)  
( 1×M4×100)+( 2×10)+ 3 25% ? 

1 

 
 

2 2 

3 2 
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235  

4.1.5.1.2  4.1.2  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4.1.5.2  
 
4.1.5.2.1 4.1.3(a) 

5 GLP OECD

4.1.1.2.2 9 A9.3.2  
6 4.1.1  
7  
8

4  

 
4.1.1  

3
 5,6 

1 2
 5,6 

 5,6

 8 

 
 
 
 
4.1.3(b)  

 
4.1.3(c)  

 
4 

 
 
 

 
 
 
 
 

 
Ci      = i  
L(E)C50i = (mg/l) i LC50 EC50 
N      = i 1 n  

L(E)C50m = L(E)C50 

Ci 
L ( E ) C 50m   =   Ci 

 L ( E ) C 50i   
n 

 

 

 

 

7 

 

 

7 
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236  

4.1.5.2.2 3
4.1.3(b) 5 
 

4.1.5.2.3 3
4.1.3(c) 5 

5 GLP OECD 

4.1.1.2.2 9 A9.3.2

? 
NOEC or ECx 

0.01mg/l? 
NOEC or ECx 

0.1mg/l? 
NOEC or ECx 

1mg/l? 

NOEC or ECx 
0.1mg/l? 

NOEC or ECx 
1mg/l? 

1 

 
 

4.1.5  
M  

 
2 

 
 

3 
 

 
 

?
L(E)C50 
 1mg/l? 

L(E)C50 
 10mg/l? 

L(E)C50 
 100mg/l? 

L(E)C50 1mg/l  
BCF 500 

logKow 4 ? 

L(E)C50 10mg/l  
BCF 500 

logKow 4 ? 

L(E)C50 100mg/l  
BCF 500 

logKow 4 ? 

1 

 
 

4.1.5  
M  

 

 
2 

 
 

 
3 
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237  

4.1.5.2.4  4.1.4

9

 
 
10 1

SDS
/  

 
11 2 4.1.3.5.2

(a) (b)

3 4.1.3.5.3  
 

?

?

? 10

4.1.3 4.1.5.2.1

9 

4.1.3.4

 
 

(%)
4.1.3.5.5

11 
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239  

4.2  

4.2.1  
 

ODP CFC-11 
ODP 

CFC-11 
 

 

 
 
4.2.2 1 
 

1  
 

4.2.1  
 

  

1 
;  

0.1% 1
 

 
4.2.3  
 

1.4
1 3

 
 

4.2.2  
 
 1 

  

  

  
 
 

 

                                                   
1

1.1.2.5 
(a)(iii) GHS  

- 239 -



240  

4.2.4  
 

 

 

 
 
 
 
 
 
 

 

?

: 
0.1% 1

? 
1
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