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, ,
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.  3 
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). ,  1  100 /
.  2 
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,
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, , ,

 ( .
6.2.9). /

,
 via de novo 

. /
,

 (Fiedler, 1998; BREF, 2001 ).

.  – 
 – /
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 ( , ),
/  ( )
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. (NATO/CCMS, 1992a; Fiedler, 1998; BREF, 2001 ).
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, , . ,
,
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, /
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/ .
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/
.

 (SC 
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d     

e     

f     

g     

h     

i  x   x 

j x x   x 

k     x 

l  (x) x  x 

 5, 

 5, 
:

 II :
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(d) (ii) 6.2.1

(d) (iii)  6.2.5 
(d) (iv)  6.2.7 

 III :

(b)
,  II 

6.2.2; 6.2.6; 6.2.8; 6.2.9; 
6.2.10

(k) 6.2.11
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, .
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. ,
 ( ) ,

 ( )
.

 ( ) , .
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, .
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, .
,

,
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,
 50  100 / .

/  (  29 )
 1,5 / 3 (Fisher et al. 2004).

 22 .
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, , - .
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/ .
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/ .
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, , - , .
 - 20 /  - 

 2000 3

 10 / 3 (HMIP, 1995; SCEP, 1994). ,
 100 /

;  43 / 3 (LUA, 1997). 
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5 / , , , ,

.

, / ,
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.

 0,3 /  1500 3/  - 
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 29  90 - / .

 ( , : 700 
 15,1 , . .  0,05 

).  1993/1994 
196  488 - /  ( , 1999).  0,003 / ,

 (Dyke ., 1997), ,
, .

,  2  (BREF, 
2000c).
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6.2.2
 ( ). 

 " " ,
 1000 .

. , ,
, .

/ .
,

. ,
, .

.

. , ,
, . ,

. ,
,  (

1).

 23 .

 23: 

 - /

-

1.  3 0,061

2.
/ -

0,3 0,061

1 -  0,006 /

 1 , ,
 2 , .

6.2.2.1
/ / ,

. ,
, , , .

 1 
.  2 

,
(Bremmer ., 1994).  0,23 /

.
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6.2.2.2
, ,

. : 0,06 /
 0,006 /  (  90% 

).

6.2.2.3
.

6.2.2.4
, / , ,

. , , .

6.2.2.5
, ,

. /
.

6.2.3
,

, , , , ,  (
), .

.  (
) .

,

( .  6.2.1). 

,
. :

/ - ,
 ( ),

 (BREF, 2000c). 
:

,
.

. ,
, ,

.

,
.

: , , , .
,

, , .
 (US-EPA, 1998b). 

.
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,
, .

 ( ).

.
, .

.

,
, , .

 (= )  4% ,
 1%.  - 

.
.

, ,
, ,

 ( , / ),
 ( , )  ( ).

,
 (  – 

) ,  II ( )
. ,

 900-1350  ("
"). 

 (  « »). 
,

.  3-4 
. ,

.

,
;

.

.

, , ,
.

, .
.  ( )

,
(  4%)  1%, .

,
, .

,
. , , , ,
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. , ,
,  210-310 / .

 1950-
.
-

,
,

 (BSE, 2002). ,
.

, ,
( , , - ).

 -  ( . . ) ,
.  - 

. :
, , .

 30-40-  300 
.

; , .
 -  - 

. , ,
20%-  (

 100%). 

, , ,
. ,

, .
, .

 (500-600 )
,

. / ,
.

,
, .

, .
,

,
( , )  ( ,

).
, .

, , .
, ,

.

, -
-  ( / ), ,

 ( ),  ( )
, , ,
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.
/  5-  (LAI, 1997). 
, ,  60  80  (  25-400 ),

 35  2 .
.

1600  1670  (BSE, 2002). ,
. ,

, .

 - .
,

. , , .

.
,

,
,

.
, .

.

,
, ,

,
.

,
, ,

.
/ .

.
/ ,

 (Fabrellas et al. 2003).
/

/ ;
 450 .

. ,
, , .

/ ,

.
 30% -  65-80 .

/  (450 ),  4-5 
. -

.

/
: , , , ,

,
 (Cl2Zn-ClNH4),  450 

/  (Fabrellas et al. 2003). 
 1997  (LUA 1997) 
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,  – 
 (Hansen 2001).

 (ENEA/AIB//MATT 2003) 
,

, ,  4,8  T /  (
)  2 (  3  T / )  0,26  T /  (  0,1  T / )
 3.   24  T /  4,1  T /

 2  3,  (  15  1,5  T /  24). 

,
 24. 

 24: 

 - /

1.  ( -

) ,
,

10  15 

2.
/ ,

3  15 

3.
/ ,

,
/ ,

0,1  1,5 

3. 0,01

1. 10

2.  - 4,3  0,2 

3.  - 1  8 

4.
 - 

 ( )

0,03  0,5 

 - /
/
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1. 0,06

2.
,

 ( )

0,05  2000 

,

 ( )

0,02  1000 

6.2.3.1
/ .

, , /
, , , . ,

,
, -

.
, ;

 9,2 / 3 ( , LAI, 1997). 
/  0,07-9 -

;
 940 / .

 100000  600000 3/
. , ,

- ,  0,001  0,004 - /
.  4 

.

,
/ .

, , ,
, ,  (

,  - 0,06 - / ).

, ,
,

,
. , , ,

 0,07  9 - / .
 3 /  (Bremmer ., 1994; SCEP, 1994; 

Charles Napier, 1998). 

, ,
- , ,

,
, /

 (SCEP, 1994).  10 
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/  (
).

 ( -
),

,  (
)  0,1 / 3.

 0,1 /  (  3). 
,

,  0,028 - / 3 (LAI, 1997). 
 3. 

.
 (SCEP, 1994) ,

, , ;
 0,03 / .

,
, ,  1 / .

, ,
, ,

,  4,3 / .

,

,  - 10 / .

,  (
), ,

, .

, ,
,

/ .
, .

/  0,007  0, 132 - / ³. 
 33000 

³ , / .

 (Fabrellas et al. 2003) 
, .  – 0,003-0,014 

- / ³ - , ,  (LUA 
1997). , ,  24. 

,
:  = 41-61 - /  7-27 

- /
, ;

 61 - / .

6.2.3.2.

. .
, .
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6.2.3.3
.

6.2.3.4
/

, ,
/ , , .

6.2.3.5
,

. ,
, / .

 9-15 
,  280 .

 12-27 .
99 . ;

 - 129 / ,
 - 161 / .

/
:

 ( ),  15 
/  (Dyke ., 1997). 

, .
.

 - 0,15 /  - 
 (Bremmer ., 1994). 

 ( / ,
).

, / ,
, .

.  (SCEP, 1994) 
,  24. 

,  ( ),
,

 (US-EPA, 1998b).

/
 2.15-9,6 - / ,  3,9 

- /  (  LUA 1997); 
.

,  487-8,075 - /
,  127-1,804 - /

,
(Fabrellas et al. 2003). 
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6.2.4
/

,  (Cu) ,
/ .

/
.

,
, ,

 (BREF, 2001; CONAMA, 2003). 

,
,

.  50 .
/ .

, .

,
.

, , ,
 ( ). , ,
, .

 1200  1300 .

: ,
,

, ,
.

: , ,  SIA Smelt, Noranda, 
Mitsubishi, Teniente, Bayin, Vanyukov. ,

,
- .

Outokumpu  Inco  (Contop). 
.

: ,
 ( , ,  Pierce-Smith, 

 Hoboken),  ( ,
 Kennecott/Outukumpu,  Mitsubishi,  Noranda). 

, .

 (  " ")
;

.
.
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,
, , , .

,
.

(BREF)  (BREF, 2001 ).
,

, /
. ,

, ,
, , , ,

.

, ,
, ,

. (BREF, 2001 ).

; .
, , , , ,

, , . ,
.

, ,
,

. , , ,
 (BREF, 2001 ):

, .: ;

: , ,
 [( ) , , ( )

], , ,
;

: ( ): ;

: , ,
.

, ,
 (BREF, 2001 ).

/
.

, /
.

,
, .

, , ,
,

. , , ,
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,
,

« »  15%  40% (COCHILCO 2004). 
, ,

,  6 
(  25). 

, ,
, ,

/
.

 (  Teniente  Noranda), 
 (  Outokumpu). 

-  (Peirce-Smith Converter). 

/ :  Teniente 
1260 °C ,  (25 %), 

 1240 °C,  - 1240 °C.  Outokumpu 
 1260 °C,  - 

1300 °C-1350 °C. -
1150 °C-1250 °C.   –  – 

 1200 °C. 
 (4%-10%)  Teniente, 

1250 °C. , ,

, .
 (H2SO4)  (COCHILCO 

2004).

BAT  BEP ,

,  6. ,
,

.

 25: 

 - /

1. u - 800  630 

2. u - 50  630 

3. u - 
/

5  300 

4. u / 
u

0,03
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5. u - 
,

 - 

0,01

6.
u,

6.2.4.1
/ , ,

,
. / , ,

.

.
, , ,

, ,
779 / .

, ,
 0,032  30 - / 3 (LUA, 1997). 

, , ,
 0,003   1,22 / 3  - 0,11 

/ 3 ( , LUA, 1997). ,
 IPPC,  0,1 - / 3 (BREF, 2001 ).

 0,03 / / .

.

,
,  0,01- 0,001 / 3 (BREF 2001a).  

 ( ),
 ( , , , , )

 5 ,  –  10 
/ .

 1-3 .
 1 

,
.  2 

,
,

.
,

.

 3 ,
/ ,

,
.

 4 .
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 5  6 
. /

(Meyer-Wulf C. 1996)  (LUA 1997).  , ,
,  «

»,
 (Copper Smelters 2004). 

« »
(  40%) 

 0,0001  0,007 / 3,
 0,002  0,02 /  (LUA 1997). Meyer-Wulf (1996) 

 0,004 - / 3  0,3 - / 3,
.

 1997  (LUA, 1997)  0,005-0,015 -
/ 3 .

 5000 3 . ,
 11 - / 3

;  2000 3/ .
, ,  0,25 

- /  ( )  22 - /  ( ).
,

 10 - /  (LUA, 1997). 
 2  3.  5 

.  6 –
 « » - 

.

6.2.4.2
.

, - .

.

6.2.4.3
.

6.2.4.4
.

6.2.4.5
/ , .

,
. , ,

/ .  20000 /
(SCEP, 1994). 

 (Dyke .) ,  46000 
 2000 . ,

/  14400 /  (SCEP, 1994), 
 630 / .



/  2005 .

  2005 .

87

. ,
.

 300 / .

, , ,

, . ,
,

/ / .

6.2.5
, ,

. ,  – 
.

,  ( ., )
 ( )  (Bayer 

Process).  
 Hall-Héroult, 

,  Söderberg, .

 ( . SC BAT/BEP 2004). 

. , / -
, .

 2001 .
/

 (Kucherenko et al. 2001). 

,
, , ,

. / ,
, ,

.

,
, .

, , .

, , ,
 ( , , Na3AlF6). 

, , ,
, , .

: ,
. , ,

, . ,
, , ,

. / ,
,  (

) ,
, .

 0,5  0,7 .
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,
 ( , ,

), 
. ,

. / ,

 (IFEU, 1998; LAI, 1997). 

,
 (Toolkit 2001)  1-  (Toolkit 2003) 

.
,

 (ENEA/AIB/MATT 2003). 

,
26.

 26: 

 - /

1.
,

100  200 

2.
, ,

,

35  400 

3.
, ,

,

3,5  100 

4.
/  - ,

,

0,5  100 

5. /
( )

5

6.
, ,

,

0,3

7.

 1 ,
.  2 

,
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.  4 ,
, , ,

, .  5  6 
/ .  7 

.

6.2.5.1
/

. ,

( ) - /
.

,
,

.

, , ,
 146  233 / .

;  10 - / 3 (SCEP, 1994). 
, , ,

. ,  ( , -
, )

,
 100 / .

, ,
,

 2,  35 /
(LUA, 1997).  3 

,
,  3,5 /

( A , 2003).  5,2 /  Al.  4 
,

, .

 5  6 
:  5,  5 / ,

 ( A , 2003),  6 

(ENEA/AIB/MATT 2003). 

6.2.5.2

, .
.

.

6.2.5.3
.
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6.2.5.4
.

6.2.5.5
, , ,

/ . ,
.

,
/ .

 300-500 
,  - 10-35 . ,

 25 
 (UBAVIE, 2000).  

, , /  3 
18000 /  (SCEP, 1994; Bremmer ., 1994). 

 8%  (Dyke ., 1997). 
 5000 / ,

,  400 /  2 ( ).
 183 / , ,

 200 /   (ENEA/AIB/MATT 2003). 
,  1  2- ,

; ,
.  3 -  - 

 100 / .

6.2.6
 - 

/ .
(SCEP, 1994), .

/ .

, ,
.

, , , , ,
. .

/
. ,

/  (EPA, 1998). 

/
 (UNEP, 2001; 

Fiedler ., 2002). 
.  3,5-5 

,  2-3 .
, ,

.

,
, ,
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, ,
, .

 27: 

 - /

1. , 80

2. ,
/Cl2,

8  50 

3. ,
/Cl2

,

,

0,5

4.

6.2.6.1
 (SCEP, 1994; 

LUA, 1997), , ,  (LUA, 1997)  (US- , 2000). 
, , ,

, .
, ,

 90% (US-EPA 2000).

 (US- , 2000):  = 0,63-8,81 /
;  = 0,05-0,41 / ;

 = 0,24-0,66 / .  10 
/ , .

 8,31  0,63 / 3

; 0,41  0,05 / 3

;  0,24  0,66 / 3

 (US- , 2000).

 5 /
,

,  (
 1,3 / 3). , ,

0,14-0,27 / 3 , 0,59 / 3 , 0,09-0,18 
/ 3  0,14-0,27 / 3

.
 0,2  0,3 / 3.

(LUA, 1997).  5,0 /
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,
.  2 ,

, ,
 27.

,
 ( , ),

 0,021  0,032 - / 3  0,027 - / 3

,  0,06  0,11 - / 3

 0,089 - / 3 ,
 19%. 

 10 / , ,
 2 (  = 8 / ),

 27 (UNEP, 2001; Fiedler ., 2002). 

 8 /
, ,

.  80 / ,
,  0,5 /

,
(  0,1 / 3). 

.

6.2.6.2
.

. ,
.

6.2.6.3
.

6.2.6.4
/ .

6.2.6.5
/ ,

. ,  (SCEP, 1994), 
 2600  3100 / .

/ .  ENEA  50 /
(ENEA/AIB/MATT 2003). 

6.2.7
.

- ,
, , .

 (HMIP, 
1994), ,

 (LUA, 1997). 
, , ,
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,
 ( , ), ,

,
.

 ( ),
 95  4,5 ,

.
, ,

.
, ,

, .
 1150-1250

. .

, ,
, , , / .

 (340 
440 ). ,

.

,
 (LUA, 1997). 

 28: 

 - /

1. 1000

2. /
,

; ,
,

100

3.
, ,

/  DeDiox 

5

4.  0,3 

5.

6.2.7.1
.

 (HMIP, 1994; LUA, 1997). 

 (63-379 
/  89 - 953 / 3,  = 521 / 3), 

 (62,3 /  10 - 335 
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/ 3;  = 175 / 3)  ( ,  0,1 / 3)
(LUA, 1997). 

,
,  100 / ,

. ,

 ( ), ,
,  1000 / .

, , ,
, ,

 5 / .

6.2.7.2
.

.

6.2.7.3
.

6.2.7.4
/ .

6.2.7.5
, , , / .

.

6.2.8
,

 (55-90%)  (10-45%). 
,

, , , . ,
, .

,
. ,

.

- ,
.

. .
,

. .

,
, , ,

.

/
,  (UNEP, 2001; 

Fiedler ., 2002). 
. ,

, ,
, .
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-  30 / .
 250 

.
, .

,
.  (

29).

 29: 

 - / /

1.
, ,

2,5

2.  10 

3. ,
,

3,5  125 

4. ,
,

0,1

6.2.8.1

.
 0,13  0,21 - / 3  0,15 - / 3

 19%. 
 11 - /  (11 - / ).

 1 ,
, ,

.  2 
, ,

, .

6.2.8.2
. -

, .

6.2.8.3
.

6.2.8.4
/ .
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6.2.8.5
, ,

, , / .
/ ,

, , 8683  8567 -
;

.
, .

,  13,6 - /  (UNEP, 
2001; Fiedler ., 2002). 

.

6.2.9
, ,

 (MgCl2),
. , ,

, .
.

.
/ , .

.

- , .

.
.

, ,
, ,

, , / ,
, l2  700-800

MgO  MgCl2 (Oehme ., 1989). ,
/ ,  MgO 

 H l  (“ ”)  MgCl2
 (Bramley, 1998). 

/ , , ,
. ,

. ,
, ,

 (BREF, 2001 ).

/
,

. ,
/ .

/ ,
(Musdalslien . 1998). 

,
.
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- / .
,

 2 
 ( - ),  - 1 -  (Musdalslien ., 1998). 

, ,
.  500 -  (Oehme, 

1989).

 30: 

 - /

1.
 MgO/C  Cl2 - 

,

250 9000  0 

2.
 MgO/C  Cl2 - 

50 30  9000 

3. 3

6.2.9.1

- . /
, .

 EU BREF :
 0,8 / 3  ( =12

/ );
 28 / ,
 13 /  (BREF, 2001 ).

, ,
,

250 / . ,
,  50 /

.

, ,
 3 /  (BREF, 2001 ).

, / .

6.2.9.2

/ , /
, .
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, ,
 MgO/  Cl2, .

,  (
),

 90- ,
 1 .

 500 ,
,

.

 9000 / ,
.

 33 /  (BREF, 2001 ).

6.2.9.3
,

.
6.2.9.5.

6.2.9.4
, / .

6.2.9.5
, , , / .

,
.

,
 0,01 , /  (BREF, 2001 ).

/ ,
, .

.

, , , /
 (
). , . ,

, , /
/ , , ,

.  9000 
/ .

6.2.10
, .

,
/ , .

, , , ,
,  NiCl2  NiO 

 800 ,
/ , ,  (Oehme ., 1989). 
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, ,  (
113 / ), ,

 (Bröker ., 1999). 

/ ,
,

. ,
, ,
, , , ,

.

/
, .

,
, .

, .
,

.  Cl2
.

.

 31: 

 - /

1.
 – 

,

100

2.
 – 

, /
/

2

6.2.10.1

, / .
, .

,  1 / 3 (  2) 
/ 3 (  1). 

6.2.10.2
, .
.
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6.2.10.3
, ,

.

6.2.10.4
/ .

6.2.10.5
/ .

.
.

6.2.11
,

.
, , ,

.
, , ,

,  « »  ( , ,
.)  « »  ( , .) (Nijkerk and Dalmijn 

2001). ,
,

.
.

, .
,

 (50 )  " "
, ,

 ( ).
 6.1.4.

.
,

,
, . (Nijkerk and Dalmijn 

2001).

. , ,
/ .

, / ,
, /

, .,
.

 (SC BAT/BEP 2004). 

, ,
,

 (  32).
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 32: .

 - /

0,2

6.2.11.1
/ ,

 ( , ,
),

.
,  SCEP (1994),  0,2 /

(  0,04-0,4 / 3).
 ( ), ,

/  0,1 / 3 (  9  10 
) (Francois et al. 2004).

6.2.11.2
, .

.
, - .

6.2.11.3
.

6.2.11.4
, - , ,

.

6.2.11.5
, ,
 ( ).

/ ,
.

, .

6.2.12
 – ,

. , ,

.
.

, .
, / :

 ( ),  ( )
( ).
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,
, . ,

, .

 (  33). 
,

.

 33: 

 - /

1.  5000 

2. 40

3. ,
, . - 

3,3

 1 , , ,
 2 

.
 3 ,

, ., -
.

6.2.12.1
,

, ,
. , ,

254 / 3  ( ),
,  500 / ,

 (LUA, 2000);  3,3 / .
 2340 /  (LUA, 2003). 

 5000 
/  (  1). 

 2 ,
.  40 

/  Bremmer . (1994). 

, , ,
,  3,3 /

(Bremmer ., 1994). 

- .

6.2.12.2
, ,

.
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,
.

6.2.12.3
, ,

.
 98000 / . , ,

, .
,

 " ".

6.2.12.4
- .

6.2.12.5
, , , / ,

. .
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6.3  3 – 

,  ( )
,

(  -  1/3 ), ,
, .  34 

, .
, , .

 ( , ), .
, .

 34:  3 – 

3  ( )

( , , ,

)

    

b
 ( ,

)

    

c     

d

(
)

  ( )

e

( , )

  ( )

,
/

 ( ) .
/ .



/  2005 .

  2005 .

105

" ", ,  6.3, 
,

,
, . ,

- / ,
- / .

,
.

,
. ,  11.3, 

.

 5, 

 5, 
:

 II :

( )  6.3 ( )

 III :

( ) , 6.3.4; 6.3.5 

(d)

, 6.3.1; 6.3.5 

(e) 6.3.2

6.3.1
, ,

, .
, , ,

 50-70% .
, ,

 90% 
.

,
, , ,  ( ),

.
.

,
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.
 – .

,
/

.
, , ,

.

,
 (

).
, .

 U- ,
,

. ,
, ,

. ,
,

. .

 ( ) .
,

. /
, / .

, ,
/ ,

,
, .

/ .

, , , , , ,
, ,  ( ), , ,

,  ( .  6.4.7 
– ),  – 

, . ,  90% 
 (Schleicher 2004a).

, /
.

, , -
/ . ,

. ,
,

. ,
.

.  ( ) , ,
,  " ". ,
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, ,
.  35. 

 35: 
/  ( )

 - /

1.
/

35

2.  10  14 

3.

( )

2,5

4. 1,5  * 

5.

/

0,5

*  ( .  6.3.1.5). 

,
/ ,

. .

, .

6.3.1.1
.

,  0,1 
/ 3. , , -

. , ,
,  0,35 / ,

 0,004  0,2 /  (0,09  7,1 / ),
 0,14 /  ( : 0,06-0,32 / ).

 230 / . ,
,  0,02  0,03 /  (LUA, 1997). 

 1 
 0,4  118 / .  - 35 

/ .  2 
 230 (  LUA, 1997)  7 

/ .  3  1 
 4 / .  4 

, ;
 2,3-24 - / 3 (  10% 2).

400 - / 3 (  10% 2)



                                                                                  /  2005 .

 2005 .       

108

 (Schleicher et al. 2004).  
 5 

0,5-1,5 /  (LUA, 1997; IFEU, 1998; Environment Canada, 1999).  

6.3.1.2
.

, .
.

6.3.1.3
,

.

6.3.1.4
, ,

.

6.3.1.5
/ , , ,

. , /

.

, ,
/ ,

.
 1,66 - /  (

 LOQ) (Schleicher et al. 2004 , Roots 2001). 
,

,
,

 (= 1,2 /
) , .

/
 (Dyke ., 1997; , 1999). 

0,23-8,7 / ,  – 0,02-13,5 / .
 (  53 / ).

10%  4 / ,  0,4 
/  (  14 / ).

6.3.2
, ,

, , , , ,
., /  ( ,

, , , ,
.). -

,
.

, , , ,
. ,
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.
, / ,

. ,
 6.1.6. 

,
,

/
.

, , ,
.

 ( )
, ,

.
.

,
.

.

 ( , / )
. ,

. ,
,  ( ) ,

,
. ,

,
. ,

.

/
, , .
, , ,

.  36. 
, ,

.
.  ( ) , ,
,  " ".

 36: 

 - /

1. 500

2. 50  15 
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,
/ ,

. ,
 0,5% ( )  1% ( ).

,
.

: 3 
 1  (Choong Kwet Yive 2004). ,

/
 ( ).  11.3 –  -  3 

–  8 /  10 / .

6.3.2.1
.

 1 
 ( ),  17  54 / .

,  2  500 / .
 8-11 / ,

 500 / ,
5000 / .  2  4,7 /

 ( )  5,4 /
 ( ).

 12-15 / ,
 350 /  (LUA, 1997; IFEU, 1998; Environment Canada, 1999). 

6.3.2.2
.

, .
.

6.3.2.3
,

.

6.3.2.4
, ,

.

6.3.2.5
/ . ,

.
, ,

 30  3000 /  ( )  30-23300 / .

,
.

 - 3000 /  0,5%. 
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. ,
- .

6.3.3 /
/
.

 ( ),  ( 2),
( 4)  (NH4) ,

 (H2O).  50%, 
 - 15-25 / .

/ ,
/ .

, , ,
, / .

, .
. ,

, ,
,  37. 

 37: 
/

 - /

, / , 8

6.3.3.1
, / ,

, , .
 7,6  8,4 /

,
,  (LUA, 1997; IFEU, 1998; Environment Canada, 1999). 

 0,001  0,28 -
/ 3,  0,07 - /3 (LUA, 1997). 

/  0,1 -
/ 3 (  5% 2)

(Idczak et al. 2004). 

6.3.3.2
.

6.3.3.3
,

/ , .
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6.3.3.4
, ,

.

6.3.3.5
,

/ , .

6.3.4  ( )
 – 

.
, ,

, .
,  – 

.
,

, , .
,

, / ,
. , , ,
, .

,
, .

,
,

.

/ ,
.

. ,
 – 

6,6 « » – .
, ,

. , , , ,
, , , ,

.  38. 

 38: 

 - 
/

 - 
/

1. , 1500  1000 

2. , 100  10 
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, , .
,  (

). ,
EXCEL  3, 

.

6.3.4.1
.

 1 
 –  2  50 / .

2,4 - 4,7 / , ,
.  0,2 - 0,7 / ,

, , ,
.  24 / . ,

, ,
, ,

/ . ,
 1,5 / ,  -  25 

/ .  12-15 / ,
 - 100 

/  - 1500 /  (LUA, 1997; IFEU, 1998). LUA (1997) 
 50 /  500 

/ , ,  3300 
/  50000 / .

6.3.4.2
.

6.3.4.3
,

. ,
.

6.3.4.4
, ,

.

6.3.4.5
/

/  ( , , / ).
,

/ .
,  Wunderli .(1996),

: , 1000 - /  10 
- / .

. ,  Mehrag and 
Killkam (2003)  60,6 /  ( -

)  19 .
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 2 .
.

,
,

.

6.3.5  ( )
,

. ,  ( )
( ) ,

,
. ,

.
.

.

 - 
/

,
.

,
.

, ,
,

,
. ,

,
 ( ).

, ,  ( )
,

.
,

. ,
. ,

, , .
.

, , ,
, , , , , ,

.  39. 

 39: 

 -
/

 -
/

1. 15000 30000 
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2.  100 5000 

3.  10 

4.  1,5 

,
/ ,

.

6.3.5.1
.

 2 ,  2 
/ .

 2 , ,
,  1,6  50 / .

,
 1-7 / .

,  3 / .
 30 /

 100 / . ,  0,91 / ,
,

. , , 230 /
 (LUA 1997). ,

. Kubica et al. (2004)  108,5 
/  663,9 - / .

,
 0,4%  1,5% .

 400 - /  25 /
 (

)  1  15000 / .

 3 
,  0,04  2 / .  0,04 / ,

, ,
 0,5 / , ,

. ,  - 0,5 / .
 44-46 / ,

,  10 / .

 4 
 0,04  0,07 / 3.

 0,05 / 3.  32-35 / 3,
,  1,5 /  (LUA, 1997; IFEU, 1998; 

Environment Canada, 1999). 

6.3.5.2
.

6.3.5.3
.
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6.3.5.4
, ,

.

6.3.5.5
/ ,

,  4  42000 /  (Dumler .,
1995).
5000 / .

. ,
 Dumler et al. (1995)  1. 



/  2005 .

  2005 .

117

6.4  4 – 

. /
,

, , .

, ,
/ , , .

 40 
.

 40:  4 – 

   

4    

    x 

b     x 

c     x 

d     x 

e     x 

f    x X 

g     

 5 

 5, 
:

 II :

(b) 6.4.1

6.4.1
.

, . .
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 (CaCO3)  900  (CaO, )
 ( 2). , ,  1400-1500

,
,  (= ).

 (CaSO4)
 (BREF, 2001b).  

:
, , .

, ,
 ( ). 

, .
 (WBCD 2004). 

, ,  (
) ,

.
, .

.
, ,

.

 (50  5 ).

,  1-3 
./ .  200 

 (BREF, 2001b). 
.

,
, ,

, ,
 (  1400 , )

 (5-7 ).
,

, .

,

, ,
, .

,
. ,

, ,  40% 
.

,  Lepol. 

.
,

, ,
,  ( , 1999).
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, ,
, ,

,
.

, , .
,

. :
, , ,

, , .
 ( ) . ,

.

, ,  1990 .,
,  (EPA, 1998). ,

,
, ,

.

 (SINTEF, Oslo, Norway) 
/ .

,
 (WBCSD 2004). 

,  0,1 - / 3 (  10% 
2)

 ( ).
:

-  200 °C 
 (

/ );

-
, ;

-
;

- :

 - 

 - 

 - .

,

 0,1 / 3 , ,  3 
.

,
/ , /

 (BREF 2001b, WBCSD 2004).   SINTEF ,
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 0,1 
/ 3.

, /

.
 ( ,

)  ( )
 ( ) ,  (UNEP, 2001; 

Fiedler ., 2002). 

, , ,
.

,  50 – 300 /  (NEC 1999, van Oss 
1997). / .

,
,  (

2). ,
.

 (  41). 
, .

, ,
.

 41: 

 - /

1.  5.0 

2. ,
,

,
>300

5,0

3. ,
, ,

 200-300 0,6

4. ,
, ,
,

<200

,
, /

,  <200

0,05

6.4.1.1
/ , ,

/ ,
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.
, , ,

 1500 - 2500 3  (BREF 2001b). 

 SINTEF (WBSCD 2004) ,  1700 
/ ,  1990 . .

,
,  « » , ,

.
, ,
,

/ . .
, /

0,1 / 3; ,
.

0,05 / , ,
 (BAT),  4. 

,  SINTEF  ( )
 25,8 / 3,  16,7 / .

/
, .
 ( / )

 0,02 - / 3

0,0001 - / 3;  0,0105 - / 3  0,0008 -
/ 3  0,003 - / 3  0,0002 - / 3

, , .
,  0,02  0,001 /

 0,005  0,003 /
/ . ,

 0,1 - / 3. ,
/

, ,
,

 (UNEP, 2001; Fiedler 
., 2002).

, /
.  (  200 ), ,

,  0,1 / 3,  300
;

 0,3 / 3 .
. ,

, ,
.

,  5 / ,
 300  (

)  2.  0,6 /
,  200  300  (  3). 

 0,05 / ,
 200  (  4). 

/ ,
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 1, 
, .

6.4.1.2
. , , ,

.

6.4.1.3
,

.
.

6.4.1.4
,

.

6.4.1.5
, , ,

, , , ,
,  ( ).

, . ,
/ .

 41 .

,
, /

 30 
(0,03% ). ,

 0,4  13,5 
/  (Dyke ., 1997), 

, / ,
 – 0,001-30 /  (Dyke ., 1997) 

, 1 - 40 / ,  (SCEP, 
1994).

6.4.2
.  (

)  ( ),
 ( 3).

, ,  ( ( )2).
, ,

.

 900  1500 .
.  ( , ),

, , / ,
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.
, , ,

, .

 – ,
. , ,

, .
.

 (BREF, 2000d): 

1.  800
;

2.  (
1200-1300 ) .

.
.

.
 50  500  (BREF, 2000d). 

, ,
/ .

, ,
, , /

0,1 / 3. ,
,  0,05 - / 3.

, -
,  (LUA, 

1997).

/
, . ,

 1989-1993 ,  4,1  42 -
/ 3. /

/ , ,

 (BREF, 2000d).

 (
42):

 42: 

 - /

1.
,

10

2. 0,07
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 1 
 ( ).  2 

,
.

6.4.2.1
 (SCEP, 

1994). ,
 (

),  0,07 /
.

 (3 , 2 
 1  1989-1993 .)

 4,1  42 - / 3. /
/ ,

, ,
,  (BREF, 2000d). 

 (LUA, 1997). 
 10 / ,

,
 ( ). 

6.4.2.2
. ,

.

6.4.2.3
, ,

. /
, , .

6.4.2.4
/  ( ) .

- .

6.4.2.5
;
.

/ .

6.4.3

.

 1000 .
, ,

.

.
.
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 (  43): 

 43: 

 - /

1.
,

0,2

2. 0,02

 1 ,
, .  2 

.

6.4.3.1
, ,

,
. / .

, , ,
0,002  0,23 / .

.

 0,02 /
,

.
;

 1.

6.4.3.2
. ,

.

6.4.3.3
.

6.4.3.4
/ . ,

.

6.4.3.5
/ , .

.



                                                                                  /  2005 .

 2005 .       

126

6.4.4
, ,

. . , ,
, , . , ,

, ,
.

 (SCEP, 1994).

.

, ,
, , . ,

, .
,
.

 (  44): 

 44: 

 - /

1.
,

0,2

2. 0,015

6.4.4.1
, ,

/  (SCEP, 1994). 
, .

 0,005  0,022 / ,
,

.

 0,015 / ,

, .

 0,2 /
.

6.4.4.2
.

, , .
.
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6.4.4.3
.

6.4.4.4
/ ,

.

6.4.4.5
/ ,

, .
.

6.4.5
/

. , , /
.

, .

6.4.6
, ,

, , , .
,

.

, ,
.

.

, .

 (  45): 

 45: 

 - /

1.
,

0,07

2. 0,007  0,06 

 1 
.  2 

,
.
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6.4.6.1

(SCEP, 1994)  (Bremmer ., 1994). 
,

.
 0,007 / .

 0,07 /
 ( ,  90% / ).

. , ,
, .

.

6.4.6.2
. ,

.

6.4.6.3
, , /

.

6.4.6.4
/ , .

, .

6.4.6.5
, , , / .

.
,  90% / ,

,
,  0,06 / .

6.4.7
 – ,

.  ( )  – 
, - ,

 ( )
.

500 ,
;  « ».

 « » (oil shale) .
,  «oil» ,

.
,  « » - ,

.
, . ,

 « » ,
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,
(WEC 2004). 

 (WEC 2004): 
in-situ

. ,
 450 ,

.

, ,
. ,

,  6.3.1. 
,  46, 

,  Schleicher et al. 2004b. 
,

 480 .
,  « » .

 300
 (480-520 ). ,

. ,
, ,

.
.

 750-800 .

 46: 

 – /

/

1.
 (  1) 

2.  0,003  0,07 2 
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6.4.7.1
 – 0,40 -

4,8 - / 3 (  6% 2)  0,23 – 4,2 - / 3 (  6% 2).
,  0,2 – 3,5 - / .

 0,003 
/  (Schleicher et al. 2004b). 

6.4.7.2
. ,

.

6.4.7.3
.

6.4.7.5 – .

6.4.7.4
, -

, .
, ,  0,61 

0,75 - /  (Roots 2001).

6.4.7.5
Schleicher et al. 2004b /  1,9  2,9 - /

.
, ,

, ,
 46.
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6.5  5 – 
, , ,

 ( ).
,  47, 

. ,
.

:

- , :
 (  5 3) (  48); 

- - :
 (  5 ) (  50). 

/
.

 ( . - )
/ , .

, ,
/ ,

 (Fiedler ., 2000; Buckley-Golder ., 1999). 

 47:  5 - 

   

5    

     

b      

c     (x) 

d
 ( .)

    (x) 

 5 

 5, 
:

 III :

(h) , 6.5

6.5.1; 6.5.2 
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6.5.1
,

, , ,
.

, , ,
, , .

.
, ,

, / .
.

, /
. .
. ,

 (  48): 

 48:  ( ,
)

 - /

1. * 2,2 

2.
*

0,1

3.
*

0

* , ,  1 
 0,74 ; ,

 0,00074. 

, , ,
. .

6.5.1.1
,

. ,

, , .

,
 94/12/EG ,

,
/ .

,
. , ,

.
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6.5.2
,

, , , , -
, , ., .

,
, , ,

, , .
,

.
. ,

,
, . ,

,
. ,

/
. .

. ,
 (  49): 

 49:  ( ,
)

 - /

1. * 3,5 

2.
*

2,5

* , ,  1 
 0,74 ; ,

 0,00074. 

, , ,
. .

, , ,
- .

6.5.2.1
,

.
.

/ . ,
/ .

.

6.5.3
, ,

, , , ,
, ,

. ,  (
) . ,
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. ,
.

. ,

, ,
. . ,

 ( ).
/ .

.

 50:  ( , )

 - /

* 0,1 
* , ,  1 

 0,85 ; ,
 0,00085 

, , ,
. .

6.5.3.1
/ ,

.
;

 ( . . ,
).

.
  676 -

/ ,  3,2 - /
 1  5,5  (CARB, 1987). 

 (Gullett  Ryan, 
1997)  3,0  96,8 - /  (  29,0 

- / ),  0,014  0,453 - /
 0,14 - / .

Marklund . (1990) -
/  100 - / ,

. Schwind .(1991)  Hutzinger . (1992) 
 32  81 - /  (  6-15 - / ,  5,5 / )

, .
Hagenmaier (1994) 

 1 /
/ . , , Hagenmaier .

(1990)  24 - /
.

Kim et al. (2003) /  US 
D-13  25% - 75%  (2400 
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.).  14,4, 6,9  6,4 
- / 3, : 2,0, 0,6  0,5 -

/  (  0,002  0,001 / );
, ,  CARB, US-EPA 

 (CARB 1987, Gullett and Ryan 1997, Schwind et al. 1991,
Hutzinger et al. 1992). 

,  0,36 /
 174 / ,

 0,004 /  0,2 /  (MoE Japan 2003). 

,
, ,  0,1 / .

,
.

,
,

,
, ,

.

6.5.3.2
, , , / .

, ,
/ .

6.5.4 ,  ( )
 ( ) , ,

- .
,

,
, , .

,
.

 ( )
; .

 51: ,
 -  ( , )

 - /

 4 

, , ,
. .
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6.5.4.1
,  ( ),

/ . ,
, .

 3  6 / ,
, , .

,
, ,

 0,02 / 3 (  11% 2),  0,37 
/  (LUA, 1997). 

 0,1 / 3

 0,3 / 3,  2 /  6,5 /
.  0,2 / 3 (=4,25 / ),

 0,17 / 3 (=2,9 / ) (LUA, 1997). 
,  - 4 / .

6.5.4.2
,  ( ),

, , / . ,
,

.
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6.6  6 – 
, ,

, ,
, , .

,
, . ,

,

, ,
.

(  52). 

 52:  6 – 

   

6    

 ( )   (x) 

b  ( )   ( )

 5, 

 5, 
:

 III :

( ) , 6.6.2

6.6.1
,

 ( . .
, , ).

,
 ( , ) .

 – ,
.

, .

. , ,



                                                                                  /  2005 .

 2005 .       

138

.
 – , ,

,
 ( , )

 ( ),
.

, . .
/ -  (

 –  11,4 ,  17-18 
).

 (  53). 

, / .
,

, ,
.  «

» , ,
,

.

 53: 

 - /

1.  5  4 

2. 5  4 

3.

( ),
,

30  10 

4.

( ),

0,5  10 

.
 " ",

, , ,
. , ,

.

,
,

, .
:
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 – ,  – 8 

 – ,  – 23 

,  (NZ, 2000) 
 10 / ,  – 20 /
 – 2,5 / .

 – 23 /  ( , 1998).

/ ,
, ,

. /
 (Beguier 2004): 

/
 ( );

 20 
 (20 / 2),  200 / .

 4 / 2  40 / .
 20% 

,  40 / .
,  25%; ,

/
 10 .

,
.

 43 / . ,
, .

:
300  (Choong Kwet Yive 
2004).

, -

:  25% ( ).
,  ( )  250 

.

,
, . ,

,  (
) .

, ,
, ,

.
.

, .

, .
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6.6.1.1
/ ,

, .
 ( ).

, , ,
,

 – ,
.

, ,  13-28,5 
/  (Bremmer ., 1994), ,

 (0,7-1,2 / ).
 0,77 / ,

 (Schatowitz ., 1994). 

Mahnke  Krauss (1996) ,
.

, /
 – .

 5 
/ ,

(Ikeguchi ., 1999). 

.
,  ( , ),

 ( .  6.3). 
, , . Gullett . (2002) 

, ,
 (  0,8%  (

)  0,08% ( )),  (  0,33% )
 (0,33% ).  0,337 

0,602 / ,
0,537 / .

. ,

 (US-EPA, 2000). 
 (Ikeguchi ., 1999), 

, .
 4,6; 20,2  67,4 / .

,
,  ( , ),

 (
, - , ). 

, ,
 3 ,

.  4 
, ,

,
/ ,  ( , ),

.
 0,5 / ,
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 –  - 30 / .
,

, ,
, .

6.6.1.2
, ,

.
.

6.6.1.3
, / ,

, .

/ , , .
-

.
.

/
 ( ,

1998), /
. /

.
.  4 /

,  2% 
 200 / .

6.6.1.4
.

6.6.1.5
, , ,

.

6.6.2
.

 – ,
,  – ,

 - , .
,  54. 

 2 – 5 
.

 54: 

 - /

1.  1000  600 
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2.
,

400  [400]  400 

3. 300  [600]  600 

4. 94 (
-

)

 [18 (

)]

 18 (
-

)

5.

( /
)

60  [10]  10 

,
,

, .
.

/ , , /
.

,
.

,
, . /

, .

- .
, ,

. ,
 " ".

/ .
,

, . , ,
, , ,  – 

.

,
, .

.

6.6.2.1

,
 (US- , 1997 ; Gullet ., 1999; Lemieux ., 2003). 

, ,
 ( )  9 - /

 6655 - / . ,

 9 - /  148 - /  (  16 ,
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).
 (  7,5% ) – 3543 

6655 - /  (
) – 2725 - / . ,

, ,
,  (  CuCl2)

/  –  992 - / .
 0% ,

.  25 
 706 - / ,  – 148 - / . ,

-  5%. ,
, ,

,  300 / .

/
. / ,

.  1000 
/  ( ,

 ( , 1998)). 

. .
,

,
.  – 

,
.

,
, ,  40 

 3500 /  ( ,  Carroll, 1996). 
.

,  20% ,
. Merck . (1995) 

/ / , ,
. ,

,  560 /  51 /
/ . ,

,  2200 /  200 /
/ . Ikeguchi . (1999) 

 (220 / ,
1000 /  6600 /

 ( )). /
, Vikelsoe   Johansen (2000) 

 (  500 )  1 /  740000 /
 ( );  100 / .

900 .
, :

 – 83 / ,  – 83 
/ ; :  – 500 /

 – 500 /  (LUA, 1997). 
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,
 400 / .

/
.  (1974), 

 (1988),  (Wichmann 
., 1995). /

, / ,
, .  32 , 44 

, 2000  9200 
.

,  49,5% 
, 49,5% -  0,5% 

,  94 
 (NB: ,

!).

 - , ,
. ,

, . , ,
,

 – 60 /  (Ikeguchi ., 1999). 

6.6.2.2
/

. ,
,

.
, .

.

6.6.2.3
,

, , .

; , ,
.

6.6.2.4
, ,

.

6.6.2.5
, ,
, , / .

.
.

; ,
, .
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 600 /
.

,  (Lemieux .,
1997).

/ .
,
,

.
 ( ) - 1000 /

 350 /  (LUA, 1997). 
 400 / ,

.

,
 (Wichmann ., 1995), / ,

. , , - 18 
 ( , ). :

, .

, ,
.

 10 /  (
, Dyke ., 1997). 

, ,

/ .
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6.7  7 – 

 6.7 
/ ,

,
, /

/ .
6.7

.
.

.

 55, .
, /

, , , . ,
.

,
.

 55:  7 - 

7

x

b

( ,

,
,

)

x  ( )

c
( )

x    x 

d

e

 5, 

 5, 
:

 II :
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( ) 6.7.1

 III :

(f)
,

,

6.7.2

(j)  ( )
 (

)

6.7.4; 6.7.5 

6.7.1
,  – ,

,
. ,

 ( ).

. , -
 (= ), 

 (= ).
- , ,

, ,
.

, .

,
.

, , ,
.

, , -
,

.  6,5-11% 
.

 35% 
 (Blanco et al. 2004). 

/ . ,
Zheng et al. ,

 (Zheng et al. 2001, Zheng et al. 1997). 
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, ,
. ,

, ,
.

,
,

.
-

.
 (Blanco et al. 2004). 

-
. ,

: ,
/ .

-
:

 (
);

;

,  (
, );

, ,
, ;

 (= , ), 
.

, ,
.

, ,
, , , , , .

,
.

, . ,

, .
,

.
.

:

)

 (SO2) : , , .
,  10% 
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.
, , ,

.
,

. ,
.

.

) ,

 (80% ).
/

. - - ,
 (Na2S)  (NaOH)  10% .

 (= )
.

, ,
- .

, ,
, , .

.

/ . :

1. .
 (Cl2) .

,
/ .  2000  25% 

, .

2. .
, ,

 (ClO2).
 ( , Cl2, ) .

/ .  2000 
 67% ,

.

3.  ( ).
;  ( 2),

 ( 2 2) . .
 2000  7% ,

.

4. .
, - ,

- . , .
-  1-2 

(Na2S2O3),  ( 2 2) .
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. ,
 (Cl2, )

.  Cl2

 ( 0.1 % Cl2).
 3 ( .  57  58) (CORMA 2004).

- .
,  99% 

,
 100 . ,

 ( )
.

.
, ,

, , NaOH. 
 – , ,

, .
,

.
, , ,

.

-  1884 
.

,
( - ) , ,

, .
,

 ( ).
.  56, 

/ ,
.

 (Air Dry tons, ADt), 
 90%  900 

. ,
, 94-96%.

,
,

 ADt. 

, .
,  (Zheng et al. 2001).

-
 56  58. 
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 56: - :
( )

/ADt /

1. 0,07

2. ,
/

0,2 50 

, -
 (= )

 ( / )  ( / )
, .

/ADt – ,
. /
 57. 

,
, ,

. ,
, .

 57: -

 = 

/ADt / /ADt /

1. - ,
 Cl2,

,

 300 

2. - ,
 (Cl2)

4,5 70 4,5 100 

3.
( ,  Cl2

)

1,0 15 1,5 30 

4. ,

( )

    

5. - ,

 (ClO2)

0,06 2 0,2 10 
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6. ,
 (ClO2,

)

    

7.

8.

*

 30   

9.

*

 58: -

 – /
1. -

,
,

30

2. -
,

8

3.  ( ,  Cl2
)

3

4. ,
( )

1

5. - ,  (ClO2,
),

0,5

6. ,
(ClO2, )

0,1

7.  1 

8. 10

9. 3

6.7.1.1

,
.

-  (
) ,

. , , ,
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. ,
, - ,  6000-9000 

3/ ,  0,41 - / 3 (  0,036-1,4 -
/ 3) ( -FPAC, 1999). ,

,
.

,
/ . ,

, , ,
. , , ,

, .

, - , -
.

, ,
, .

 0,004  0,008 - / 3 ( -FPAC, 1999). 
,  NCASI 

 (US-EPA Reassessment) – 
0,007 /  (US-EPA, 2000,  2, 5-26).

 US-EPA (1998), ,
 (

),  0,0004  0,118 - / ,
. ,

,  0,06 /  ( . .
).  ( ,

) .

, .
, , ,

, , ,
, .  0,06% - 2,2% 

NaCl  49%-66% .  0,01 / 3  2,8 / 3

(  11% 2) (Duo and Leclerc 2004). ,
, /

0,295 / 3 (  11% 2).  5% 
 (  1,6% )

 0,119 / 3 (  11% 2).
 0,072-0,585% (Duo et al. 2002, Duo et al.

2003).

- ,
,

.  800
 1000-1100 .

 1000 3/ .
, .  6.4.2. 

, , .  6.3. CORMA (2004) 
 0,16  0,4 / ,  (
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2);
 0,2 / .

6.7.1.2
-

. , ,
, ,

- .  15-
20 3 -  (15-20 3/ ADt).

 1988 -  16000-17000 
 (60-64 3

);  15-100 3/ .

.  20-40 3 .
 30 3 .

 3 /  210 /  73 /
(US-EPA, 1998a). -

 4,5 / .
,

,
.

 Cl2  ClO2
2,3,7,8-Cl4  2,3,7,8-Cl4  (  0,3-0,9 / ).

,  NCASI (  ( -
) ) (1998)  20 

 14 - ,
,  119  2,3,7,8-

Cl4  2,3,7,8-Cl4 . ,
2,3,7,8-Cl4

 10 / . 2,3,7,8-Cl4
 15-18 / ,

 11-18 / .

,

60 / .
. ,

,
, / .

, ,
. ,

, .
.

.

,
.

- .
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,
,

- ,
 (Zheng et al. 2000). /

, - - ,
 316 - / ,  2,3,7,8-Cl4  – 230 /  2,3,7,8-Cl4  – 122 

/ .

-  ( ),
, , ,

, .
 – 5-10 3/ADt.

.

6.7.1.3
, - ,

. ,
.

/ .

.  Cl2  ClO2  2,3,7,8-Cl4
2,3,7,8-Cl4 , . ,

/ ,
, -  ClO2.

-  ClO2 ( . .
) / .

 0,6 /  200 
/  (US-EPA, 1998a,  8-1). 

,  " ",  9 /
- .  10 / -

.

/
(Zheng et al. 1997, Zheng et al. 2000). Zheng et al. (2000)  24,7 - /

- -  « »
 (2,3,7,8-Cl4  = 13,6 /  2,3,7,8-Cl4  = 2,0 / ,
 1,2,3,7,8-Cl5  = 29,8 /  Cl6  = 35,8 / ). Zheng et al.

(1997)
 –  33,5 - /  43,9 - / .

 2,3,7,8-Cl4 , 1,2,3,7,8-Cl5  1,2,3,4,7,8-
Cl6 ,  2,3,7,8-  Cl4
Cl5 .

, ,
 1 /  (de Wit, 1989)  0,17 - /  1,65 

- /  (Santl et al. 1994a).  1 /
.

/ .
 0,1 /

.
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/  3 / ,
 CORMA (2004), /

 ( ,
/ )  10 / ,

 Santl et al. (1994a, 1994b). 

 Cl2  ClO2  2,3,7,8-
Cl4  2,3,7,8-Cl4  0,1-0,3 / ,  0,1-0,3 

/ .

/ - ,
 ( ), 

 5 / ,
 2 /

.
,

 0,5 / .

, ,
 1 / .

 0,1 / .

 0,5 / .

, ,  10 /
, , - ,

 3 / , ,
.

6.7.1.4
, -

, , .
 14  140  (US-EPA, 1998a). 

, -  30-60 
 40-70 

.  20-60 
. ,

 50  ( ).

/ ,
.

, ,
( , ) .

 2 /  370 /
 93 / .

-  4,5 / - .
/

 100 - / ,
, .

, ,
,
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.  2,3,7,8-  Cl4  Cl4 ,
 17-  2,3,7,8- .

 3,8 /  5,2 /
 1,8 /  4,5 /

 ED  ED/OD ( .
6.9.3).

 4 /
, ,

 0,2 / .

, , Santl . (1994b) ,
,  24,9  44,37 / .

 11,01 - / .

 ( ,
, , - ).

. ,
, .

/ ,
, ,  0,1 -

/ 3. ,
, ,

 0,1 - / 3 (BREF, 2000a). 
,

,  6.1.5 
 –  6.3.1.

 3,80 /  2,63 /
 (Duo et al. 2003, Duo et al. 2002).

, / ,
,  ( .  6.3). 

CORMA (2004) , ,  48 /
.

,
 ( ,

)  ( ).

6.7.2
,

.
, , ,  2,4,5-

 (2,4,5- )  ( ),
.

 ( ).

, .
, ,

/ :

;
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;

;

.

/
, ,

.

, ,
, ,

.
/ .

, , /
, ,

/ .
, ,

 (
/  - . UNEP Chemicals, 2003; NATO/CCMS, 1992b): 

 (>150 );

 ( );

.

, , ,
,

/ . ,
, /
. ,

/ ,
.

/ .
;

/
( , , ),

 ( , ,
).

, , ,
,

, ,

 ( ,
 – ).

,
/ ,

.

/ ,
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,
, .

, ,
, .

 – 
, ,

,
.  ( ,
, .).

,
, . ,

/ ,
.

,
.

,
 ( , )

. ,
 ( , ,

). , ,
, , . ,

, ,
,

. / ,
, - ,

/ ,
, .

, , ,
/

.

, /
. / ,

,
 (

).

, ,
.

, . ,
,

 6.1.2. 

/
, , . / ,

, .
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/ ,
.

,
.

,
, ,

( , , .).
, .

.
,

, , / .
.

/
, .

,
, , ,

.

, .
,

.

.

,

, ,
/  ( , ).

/
/ .

, . ,
, ,

,
, .

/ .
.

.
( ), ,

, . /
/ / .

.

. ,
.
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.
,

.

6.7.2.1  ( )  ( -Na)
 ( )  ( -Na)

, ,  (
), ,  ( ).  ( )

.
, , -

. ,
. ,

-Na,
.

,  80-
.  95-98% 

, , .
 (95%)  (61%) 

.  1983 
 (13%),  (5%) ,

 (6%)  (6%) (WHO, 1987).

 ( -Na) , ,
.

:

 ( );

 ( );

- ;

, ;

.

.

,  0,1% 
/  1-5% 

. / , ,
, ,

.
/  ( , 1996). 

 (NATO/CCMS, 1992 ):

(1)
.

, , / .

(2) . /
. .
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(3)  ( ) (Wu, 1999). 

, -Na:

(1)  ( ) .
 1984  (  (2) ).

(2) . -Na
.

, -Na / , ,
.

-Na / - /  1-
2 - / .

.  91/173/
,

0,1% . .

:
( ) ;
( ) , ;
( ) /

;
( ) ,

 ( - ).

, , ,
 Cl6  ( - - )

 (4 ppm). 
 ( ) ,

 ( .  10, 
6.10).

, , ,
( ), .

.

,
(1)  (2),  2000000 /  (200 / ).

 800000 / .

-Na  500 / . :  1992 
 Santl . (1994) -Na  3400 / .

/ , ,
, .

/ - ,
,

.
, ,  6.3.4, 

 ( .
6.6.2).
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6.7.2.2  ( )
 ( )

( , ),
.  1995 ,

, , -
, , ,

, .

, , .
,  21%  68% (

).
,

. , , ,
 ( ) /

/ , - -  ( ).
 209 ,

 130  (EHC, 1993; Fiedler, 1998). 

.
 ( )

. : .

- / .

, ,
.

, , .
, , - ,

,
 " " ( .  9,  6.9.5  10, 

6.10.6).

,
- , - ,

.
 ( , 2000) .

, - , ,
,

, , .
-

- .
.

.

, ,  ( ),
,

. ,

, .
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 ( , ,
/ ).

.
,

.
.

 2,3,7,8- , ,
,

 ( , ).

-
 59. 

 59: -

( / )
 ( / )

, ,
30,  1242 

15000

, ,
40,  1248 

70000

, ,
50,  1254 

300000

, ,
60,  1260 

1500000

,
,

Annema . (1995) 
,  (  60). 

 60: ,

(%
)

 (
, )

,

 2% 30  0,06% 

 3% 8  1,6% 

,
.

, , ,
.

- .
,

. , ,

.
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6.7.2.3  2,4,5-  (2,4,5- ),
            2,4,5-

, , , ,
:

2,4- =2,4-  2,4- =2,4-
;

=2-(2,4- ) ;

=0-(2,4- ) 0- ;

2,4,5- = ;

 ( )=2-(2,4,5- )  (
, 2,4,5- ; 2,4,5- );

=2,2-  2-(2,4,5- ) ;

=0,0-  0-(2,4,5- )  ( ).

2,4,5-  (2,4,5- )
.

 50:50  2,4,5-  2,4-  (2,4- ) - 
 - 

. ,  2,4,5- .
,  2,4,5-  2,4,7,8-Cl4 ;

.
 – 7000 - /  2,4,5-  (  2,3,7,8-

Cl4 ). 2,4,5- , ,
 2,4,5- .

 680000 - / .

2,4,5-  2,4,5-  (2,4,5- ).
 2,4,5-

.
 2,4,5- ,

 2,4,5- .  2,4,5-
, ,  400 

,  2,4,5-  (Esposito ., 1980). 

" "  2,4,5-
, .

 ( )  2,4,5-  7000 
/ .

 2,4,6-  700 / .

 – 1000 / .

 2,4-  700 /  (US-EPA, 1998a, .8-74).
:

 3 / ,  – 
 200 /  (US-EPA, 1998a, .8-77). /

.
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6.7.2.4
2,3,5,6- -2,5- -1,4-  ( - ) - 

 ( ,
)  ( ,
).  (

)

, , - ,
. - / ,

.

:

(1)  (  1990 
). -

/  ( , ) -
/ . -  (  60 - / ). 

(2) , -  (Rhone-Poulenc Chimie) 
, ,  ( ),

 (  HCl). 
 ( - :  7 - / );

 Tokoyama Soda ( ).

 1937 
 1977 .  1977 

. ,
.

, ,  1984 .

 400 ,  1989 , 300 
/  100 /  (BUA, 1992). 

 (1990 )  300 / .  1989 
150-200 / ,  50-100 /

. ,
 90- .

, ,  50-100 /  (BUA, 1992).  1990 
, ,

- , .
, ,

.
. , ,

, .
 (BUA, 1992). 

/ , ,
, , / ,

 ( , .),
.

/ ,
.

 23 
(C.I.Pigment Violet 23, ), ,



/  2005 .

  2005 .

167

.
37 (C.I.Pigment Violet 37,  Ciba Geigy AG).

- , ,
 400000 / . -  60000 / .

, ,
 1200 / .

-
 – 100 / .

,
,  20000  57000 /  (  106)  1000  19000 

/  (  23) (Williams, 1992). 
 263000 /  3065000 / .

 ( - )  211000 / .

/
- .

, ,
, ,

 (BUA, 1992). ,
 20 3 ,

/ .
, . . .

/ , ,
, .

 ( , ).

, , ,
/  ( ,

) (BUA, 1992). 

6.7.2.5   2,4,6- -4'-  ( )
2,4,6- -4'-  ( ), ,

. ,
. ,  70-

80- ,  240  540 / ;
,  400 /  (Masunaga .,

2001). ,
, .

 300000 /
 400 / .

6.7.2.6
/ ,

,  ( :
EUROCHLOR). -

,
 (FeCl3)

 (NATO/CCMS, 1990; EHC, 1991). 1,4-  ( - ) – 
, ,
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 « » (paramoth). 
,

.
,

,  (HSDB 2004). 

/ ,
, , ,
.

/ ,  1980 .,
-  2,3,7,8-

,  NAT/CCMS 1990 
, .

/
(Liu et al. 2004;  61). 

 ( - - )  (124- );  S4, S5  S6 
,

 Friedel-Crafts (FeCl3) (Yanzh 
Pesticide Co., Ltd.). 

 61: /  (Liu et al. 2004) 

/
( - / )

S1 : 620

S2 :  1850 
S3  S6 3370 
S4 - :

(98.1 %) 
39

S5 o- :
S6  1,2,4-  (124- )

,  62. ,
, -

. , /
 (  S3). ,

. ,
,

.

 62: /  (Liu et al. 2004) 

 ( /
, )

1. -  ( - )  39 

2. o-  (o- )  0 
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3. 1,2,4-  (124- )  0 3000 

6.7.2.7
,  (

).
( , NaOH)  ( 2).

- .
: ,

.
; .

, .

. ,
, ,

.
 70- ; ,

,
/ . -

,
 (Wu, 2000). 

 " " ( .  6.10.2 – 
). ,
, .

, .

/ ,
 (SC BAT/BEP 

2004).
 (BREF 2001 ).

 (Kannan ., 1997) ,
 1268. 

.

/
, .

, ;
,
. ,

, ,
/  319 - /  (She and Hagenmaier 1994). 

 420 - /  (Xu et al.
2000). , :

 (= ),
- . ,

 ( ) (  63). 

 63: 

/
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20 // -

1000 / -

6.7.2.7.1

/ .

6.7.2.7.2.

/ .
/ ,

, , / .
.

, .

6.7.2.7.3

/ . ,
.

6.7.2.7.4

, / .
 (Hagenmaier and She 1994),  (Rappe et al. 1991),  (Xu et al.

2000, Wu 2000). :  3985 - /
,  13  28 - /  (Rappe et al.

1991),  21,65 - /  (Xu et al. 2000).   
,

 50 .
 20 /  1000 

/ - .

6.7.2.8 ,  1,2-  ( )
 ( )

.  90% 
. , ,

 ( )  ( ).
 ( )

)  (
, , , ). .

,
50  70  400-500 .  HCl 

.

)  (HCl), 
 ( )

.
 325 ,

 (  C1 2- ).



/  2005 .

  2005 .

171

 ( )
.

 ( . ).
 ( )

.
-  2000 

 450  650 .
.  (  : -13 )

.
, / .

;  HCl 
.

:

;

 ( );

 ( );

.

/ /
/ .
/ ,

. /
.

, / , ,
, ,

. , /
.

.

.
.

, , .
.

.

/
 (EPA TRI). 

, , ,
,

, ,
. ,

.
,
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(http://trifacts.org/).  1999 / ,
 2000 . /

http://www.trifacts.org/dioxin_data/index.html (Carroll 2004). 

, /
 64. 

.
 –  3. ,

.

 64: / /

 - /  ( )

 [1] 

1. ,
/ ,

 1 

2. :   

/ / /  0,4  [2] 0,5[2] 0,03 10 

3. :
 (

) 0,0003  [3] 0,03 0,1   [3] 0,02 

[1]

[2]

[3]

6.7.2.8.1

, ,
.

, ,
,

.  HCl, ,
 HCl , ,

.

, , /
(US-EPA, 2000; Vinyl Institute, 1998), ,

 22 .
, ,

 ( : ).
/

,
.

,
,  64.

 64 
.

/  22 
 0,0 /  3 / ,

 0,4 /  (US-EPA 2004, Carroll 2004, Dyke et al. 2004).  
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, ,   US-EPA, 2000; 
Vinyl Institute, 1998. 

,
.

/ ,
, ,

 1,3  14 / .

,
 – .  6.1.2. 

1.

6.7.2.8.2

/
, ,

,
/ / . , ,

. , ,  (
) ,

.

, ,
/ .

 0,88 - /  ( =0)  4,7 - /
( =1/2 ). ,

,  0,03 /  (US-EPA, 
2000; Vinyl Institute, 1998). 

, / ,
 0,42 /  ( =0)

4,4 /  ( =1/2 ) (US-EPA, 2000; Vinyl Institute, 1998). 
, / / / ,

 0 / / /  2,5 / .
 0,5 / ,

/ ,
 (US-EPA 2004, Carroll 2004, Dyke et al. 2004). 

, / / / , ,
/

,
,

.

/
,

.
.

6.7.2.8.3

/ ;
/ .
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 0,3 - / .
 0,03 - /  ( =0).

.

6.7.2.8.4

, , :
,  ( ,

) , .

, .

, , ,
,  100  5900 - /

 (VI, 1998). ,
, , , ,

 (
, ).

 2 - /
( ). , ,

/ , ,
.

, ,
0,02 / . ,

, , ,
,  2,0 

/  (US-EPA, 2000; Vinyl Institute, 1998). 

/
, . , Stringer .

(1995)  3000 /
5000000 / . , ,

.
.

;
.  6.1.2.1 – "

".  (Dyke 
.1997), .

,
. , -
 100 - /  ( ).

/
 – .

6.7.2.9
, ,

/ ,
 (

). ,
, ,  ( . ) ,
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/
.

-
( ).

/  (350-630  130000 -
,  4000 - /  – Dyke ., 1997). 

. .

 ( , )
.

6.7.2.10
,

 (NaOCl, ClO2, FeCl3, AlCl3, ZnCl2, .),
(TiO2, Si) (SC BAT/BEP 2004).

 (MgCl2),
,  2, 

 6.2.9.  , ,
 (TiO2).

 TiO2: .
,

, .
,

, ,
. TiO2   

, ,
 (TiCl4) – .

TiCl4 ,
.  600 °C (SC 

BAT/BEP 2004). 
, ,
/ , .

, /  ( ,
).

6.7.2.11

/
 ( ), , ,

.

,
 HCl  Cl2.

 KCl, NaCl .
, ,

/ .



                                                                                  /  2005 .

 2005 .       

176

.
-

, .

 1995  (European Council of Vinyl 
Manufacturers, ECVM) 

, .
 ECVM, ,

, .
 ECVM 

 0,1 - / 3 (  ( )
: 11% 2; 273,15  0 ; 101,3 )  1 - /

.
/ , / .

6.7.3

.
.

, ,
,

.

/ : ,

,  (Beard ., 1993).

.
.

,
/ .

, , ,
- . ,

- . -
,

. / .

/
.

. -
. .

/ ,
,

. ,
 6.3.3 – / .

,  65, 
.



/  2005 .

  2005 .

177

 65: 

 - 
/

 - / 3

 8 0,0003 

6.7.3.1

,  ( )
.

.

6.7.3.2
, ,

 190 / .
. / .

. .

6.7.3.3

.  5 
. /  20-25 .

.

.
/ ;

( ) /  (BREF, 2000b). 

6.7.4
,

/ , ,
, , ,

.  " "

.
; ,

 (US- , 1997b). 
/

:

, , , ,
/ , , , ,

.

.

, / ,

.



                                                                                  /  2005 .

 2005 .       

178

.

 (
), ,

, , .
, .

, ,
.

.

 (
),  ( , ,

.
) ,  (

, .
, ,

.  - 
)

(
 15-20% ).

,
, .

, , ,
. .

.
,

,
, .

 635000 , ,
10-15% .

.
 3,8  7,5 

 ( ).
 100-140 

 (12-17 ). 

,  125-170  (15-20 ) (US-
, 1997b). 

 16 , ,
/

: , ,
0,21+0,10 - /  0,20 - /  (Horstmann, 1994). 

-
, ,  0,03-0,2 

- / /  (Hutzinger ., 1995; FHH, 1995). 

/ :



/  2005 .

  2005 .

179

, ,
 ( , , .);

, ;

/ .

/
 ( ), . ,

.

 66: 

 - /

1.  100 

2.  0,1 

6.7.4.1
,

/ ; , .

 6.3. 

6.7.4.2
, .

,
, .

,
,

. , / ,
,

.

6.7.4.3
,

.

 1 - /  (  0,2 - / ), 
. ,  244 - /
, 370 - /  - 

(Horstmann, 1994)  86 - /  -  (Mayer, 1997). 

 (Cl7  Cl8).
, . ,

,
/ ,

.
,



                                                                                  /  2005 .

 2005 .       

180

, /
 (Horstmann  McLachan, 

1995b; Klasmeier  McLachan, 1998). 

6.7.4.4
, ,

, / .
.

6.7.5
/

.
, , / ,

, .
,  1989 ,

 5 /
, / .

, , ,
.

/  430 - / ,
6400 - /  (Malisch, 1994). ,

, / :
 2100  3000 - / ,

, ,  1991 .  1996 
 (Klasmeier  McLachan, 1997). 

/ , , .
,

.

. . ,
.

.

 67: 

 – /

 1000 
 10 

6.8  8 –
,

.
68.

 ( ),
, ,



/  2005 .

  2005 .

181

 –  6.1.6  –  6.3.4. 
,

/
, , ,

. , ,
,
/ ,

.

 68:  8 - 

8

 (
, )

x   

b  x    

c  x   

d   x 

e      

 5, 

 5, 
:

 III :

(g)  6.8.2 

6.8.1
, , ,

.
, , ,

.

, ,
. , ,

,
/ . ,

 69. 

, ,
, , .,

. /



                                                                                  /  2005 .

 2005 .       

182

.
.

 69: 

 - / *

1.  0,007  0,1 

2.  0,1  0,1 

3. , 10  0,5 

*-

6.8.1.1
 0,005 - / 3

3,51 - / 3  0,16 - / 3 (LUA, 1997). 
,

.

6.8.1.2
, , ,

(  0,1 - / ), ,
, ,

. ,
,

 0,3  0,8 - / .  0,5 
- / , ,  0,1 
- / , .

6.8.2

.
 ( ), , ,

. ,
.

, .
, , ,

.
.

,

 ( ,
).

, ,
/ .

 0,1 - / 3

( , 27th BImSchV). 
-  50 

- / 3 (11% 2).  2  70 .



/  2005 .

  2005 .

183

,  70 .
 2000 3/  10000 3/ .

, ,
 1000  2500 - /  (LUA, 1997; ).

,  75 
35000 / .

,
.

.
,

,
 (UNEP, 2001; Fiedler ., 2002). 

 70: 

 - 

1.  90 

2.  10  2,5 

3.  0,4  2,5 

6.8.2.1
 1, 

( ,  850 ,
.), ,

, , ,
.  2 

,  –  850 ,
,

, - .
 3 

.

Kim . (2003)  0,46 – 2,1 
/ 3,  8,4 /

.

/  10,5 
28,6 - / 3  17,6 - / 3 (  11% 2).

 18 / .
,  2 

 10 / ; ,
.

, , ,
/

 " ", , ,
/  (UNEP, 2001; Fiedler ., 2002). 



                                                                                  /  2005 .

 2005 .       

184

6.8.2.2
, ,

, . ,

. , ,
, ,

.

6.8.2.3
.

6.8.2.4
.

6.8.2.5

.
/ , ,  44  48 

- /  (UNEP, 2001; Fiedler ., 2002). 
.

6.8.3

.
, ,  – 

 – .

 71: 

/ /
/

1. 50  2000 

2. , 6  20 

3. , 0,6  20 

6.8.3.1
/

 (LAI, 1993). ,
,  300 3/ ,  50 

.  6000 3/ .
 1,02 / 3  0,1 / 3



/  2005 .

  2005 .

185

 2  3.  1 ,
.  2 ,

.

6.8.3.2
, , ,

.

6.8.3.3
.

6.8.3.4
.

.
 (

, , , , ).

6.8.3.5
,  ( .  38). 

6.8.4
/

( , ).
/

 ( , .) .
/ .

/
.

, /
, . ,

/
. ,

; ,
.

 72: 

 - /

1. ,
, .

 3000 

2.  50 

6.8.4.1
.



                                                                                  /  2005 .

 2005 .       

186

6.8.4.2
.

6.8.4.3
 ( ).

6.8.4.4
 1 ,

, , , ,
,  ( )

, .
 2 ,

.

.

6.8.5
, " "

/ .
 " "  0,1 - .

. ,
.

 73: 

 - -

1.  0,3 

2.  0,1 

6.8.5.1
.

ó .  2-
20 .

6.8.5.2
.

6.8.5.3
.

6.8.5.4
.

6.8.5.5
.



/  2005 .

  2005 .

187

6.9  9 – /
, ,

/ .
, ,

/ . , ,
,  ( )

, , ,
,

. -
.

/ .
 - ,

 ( )
,

 (EU SCAN, 2000). 

,
. /

, , ,
,

 74. , / , ,
 6.7. /

, , ,
 " " / .

/ :
- /

 100 - / ,
 ( , ).  90-

 50 - / ,
90-  6 - / .

 (
),

, .

, ,
 ( , , ) ,

.,
, . ,

,
. ,

/ .



                                                                                  /  2005 .

 2005 .       

188

 74:  9 – 

9

 x    

b / (x)

  x    

d    x 

e
 ( )

 5, 

 5, 
:

 III :

(g) 6.9.4

6.9.1
,
.

/ ,
 ( .), ,

, ,
, -

.

,
 ( ).

.
, .

/ ;
 75. 

,
6.9.1.  ( ,

): (1) 
, , ;



/  2005 .

  2005 .

189

 6.3.3. 
,  " " . (2) 

 ( ) ,
.  6.6.2  6 – 

. ,
. (=

), , ,
.

.

 75: 

 - / /

1.  200  50 

2.  30  6 

6.9.1.1
,  150 3

( )  10-20  ( ).

. -
/ , .
/

 ( .  6.3.3). /
.

/ .

6.9.1.2
, ,

/ . /
. / , ,
; .

- /
,

.

 7,5  221 
- / .  (NZ, 2000)  14-48,3 -
/  7,5-221 - /

. ,

.

:  1  200 - /
, ,  2 

 30 - / , .



                                                                                  /  2005 .

 2005 .       

190

6.9.1.3

.

6.9.1.4
.

6.9.1.5
, . / , ,

.
/ , ,

. ,
,  6 / ,

, ,
/ ,  50 /

.
.

6.9.2
, .

,
.

6.9.3.

, ,
 – ,

.
( ), , ,

,
. , ,

1,
/ ,

.
/ .
. , ,

,
/ . .

, , -
 ( ,

 6.7.1). 

 – 
 ( , )

,  (
) .

.

1 , /
.

. ,
/ . / ,

.



/  2005 .

  2005 .

191

/ ,
, . , ,

, , , - .
,

.
/  ( ).

.
,

.
- .

 ( .  6.7.2) -
/

.

, ,
, / , , .
/ ,

.

/  1980- ,
 Hagenmaier  200 / . .  43 

,  (Hagenmaier, 1988). 
 300 ;

 50-60 / . . (Butzkamm-Erker  Mach, 1990).  30-
, , Rappe . (1994) 

 6  4100 / . .,  1000 
- / . . ,

/ .

/
, ,

, , .
, , ,

, , ,
 (

. US-EPA, 2000). 

/  0,8 - /  15 
- / . , ,

 (17-25 - / ); ,
 (2-16 - / ) (Horstmann 

McLachlan, 1995; Horstmann ., 1993c) 

 76: 

( : - /
-  ( . .= ))



                                                                                  /  2005 .

 2005 .       

192

-
/

 = 

/ . .

1.
 (

)

5

0,5

1000

1000

2. 2

0,5

100

100

3.

(
)

 0,1  10 

= ; =

6.9.2.1

.

6.9.2.2
,

/ ,
.

 1 , ,
 2 – , .

6.9.2.3
, , .

, .

6.9.2.4
,

.  ( . ). ,
, .

, .
 1 ,

,

.  2 ,
,  3 

-
 (Rappe ., 1996).  3 

/ , ,
 ( ,

).



/  2005 .

  2005 .

193

6.9.2.5
 (

- ) , .
, . ,

. ,
.

/ , ,
 0,4% 

. , ,  3% .

,
/ ,

 (Asia Toolkit Workshop, 2002). 

6.9.3

. ,
.

, . . , .

,  6.9.2,  6.9.3 
, .
,

/ .  77.

 77: 

 - / 3

1.  0,005 

2.  0,0002 

3.  0,0001 

6.9.3.1
.

6.9.3.2
.

6.9.3.3
.

6.9.3.4
, .



                                                                                  /  2005 .

 2005 .       

194

6.9.3.5
.

6.9.4
,

, , / ,
. ,

, .
 50% .

 30%.

, /
, .

/
,

( , ), ,
, ,

, ,
.

,
.  100 -

/ .

 78: 

 – /
 = 

1. ,  100 

2.  15 

3.  5 

6.9.4.1
 ( 3) .

6.9.4.2
.

.

6.9.4.3
, ,

.

6.9.4.4
.  1 

, , , , ,



/  2005 .

  2005 .

195

, , ,
/ .  2 

,
.  3 

,
.

6.9.5  ( )

. - ,  " " ,
" " , .
( ) , ,

.
:

.
:  ( ,

, , -
); ;

.

- -
 ( ),  ( )

 ( ). , ,
 10 ( .  6.10.6). 

, /
.

, /

,
,

 ( ),
 (SC 

BAT/BEP 2004).

. ,
:

; ;
 ( ., , .).

 ( )
 ( ., ). 

,
.

,
,

 (  6.1.1, 6.1.2), 
 (  6.3.1), 

 (  6.3.5),  (  6.4.1), 
 (  6.4.3),  (  6.4.6), 

 (  6.5.4). 



                                                                                  /  2005 .

 2005 .       

196

, , ,
, -

.
.

.
/ .

. ,
.

-
.



/  2005 .

  2005 .

197

6.10  10 – " "
 6.10 

,
/ .

,
/ . ,

.
 " "

, ,
,

. , ,
,  ( , ,

).

6.10.1
,

.
/ , ,

. ,
.

,
/ .

6.10.2

/ .
 4 / ;

 0,15 - /  23,1 - /  (She and Hagenmaier 1994).   
 70-

.
, .

,
.

 2 ,
,  3-4 .

/ , ,
,

 ( ) (Ullmann, 1996).  

, ,
, ,

. /
, . ,

/
.

6.10.3

,
, ,



                                                                                  /  2005 .

 2005 .       

198

. ,
.

.

6.10.4
, , ,

. , - ,
 2,3,4- , 2,4-  ( .  6.7.2.3, 6.7.2.5  6.7.2.6) 

. ,
6.10.5,

,
, .

6.10.5

. / ,
, .

-Na
,

, / .
/ ,

, ,
.

6.10.6 ,
, ,

,
 (

).
, .

 –  – 
 ( ) .

, , ,
, , , , .

,
,  2,3,4,7,8-  ( ,

).

/
( ). ,

.
 ( .  1 

– ).
 Schmitz ., 1996. 

,  79. ,
, .

, ,
, .

, - ,



/  2005 .

  2005 .

199

" " ,
.

 79: 

( / )

, , 30,  1242 15000 

, , 40,  1248 70000 

, , 50,  1254 300000 

, , 60,  1260 1500000 

, -
-

 ( ).
,  "

", .

6.10.7 /  1-9
, , / ,

, .
.

/ ,
, / .

, /
( / ). ,

/ .
,

/ .

 (
) / :

, ;

, , ;

-  ( , ,
);

- ,
 ( );

,
.

, ,

;

.



                                                                                  /  2005 .

 2005 .       

200

6.10.8
, ,

/  ( .  6.6.2). 
, , - ,

,  ( , , ,
). /

. , .

6.10.9 ,
, ,

-
,

/ .
. ,

/
,

 (
). ,

,
- .

6.10.10 /
, /

,
. , ,

, ,
, ,

/
/ .

/
. /

.
,

/ , ,
, .

.
.



/  2005 .

  2005 .

201

7.

Annema J.A., J.E.M. Beurskens  C.W.M. Bodar (1995): Evaluation of PCB Fluxes in the 
Environment, RIVM, Bilthoven, The Netherlands (

, )

Beard A., K.P. Naikwadi and F.W. Karasek (1993): Formation of Polychlorinated 
Dibenzofurans by Chlorination and de novo Reaction with FeCl3 in Petroleum Refining 
Industry. Environ. Sci. Technol. 27, 1505-1512 (

 de novo c FeCl3
)

Béguier S. (2004): Personal communication to H. Fiedler; CITEPA, Paris, France 
( , -  H. Fiedler) 

BImSchV (1990): 17. Verordnung zur Durchfuhrung des Bundesimmissionsschutzgesetzes 
vom 23.1.1990 (Verordnung uber Verbrennungsanlagen fur Abfalle und ahnliche brennbare 
Stoffe - 17. BImSchV). Bundesgesetzblatt Teil I, Jahrgang 1990, 2832. (

, )

BImSchV (1997): 27. Verordnung zur Durchfuhrung des Bundes-Immissionsschutzgesetzes 
(Verordnung uber Aniagen zur Feuerbestattung - 27. BImSchV) vom 19. Marz 1997. BGB1. 
I, S. 545. ( )

Blanco A., C. Negro, C. Monte, E. Fuente, and J. Tijero (2004):  The Challenges of 
Sustainable Papermaking.  Environ. Sci. Technol. 38, 414A-420A (

)

Bramley M. (1998): Dioxins and Hexachlorobenzene Releases from Magnesium Production 
in North America: Lessons from Noranda's Magnola Project in Asbestos, Quebec. 
Greenpeace, Canada (

, )

BREF (2001 ): Integrated Pollution Prevention and Control (IPPC) Reference Document on 
Best Available Techniques in the Non Ferrous Metals Industries. December 2001. European 
Commission, Technologies for Sustainable Development, European IPPC Bureau, Seville, 
Spain ( ,

,  IPPC, 
)

BREF (2001b): Integrated Pollution Prevention and Control (IPPC) - Reference Document on 
Best Available Techniques in the Cement and Lime Manufacturing Industries.  December 
2001. European Commission, Technologies for Sustainable Development, European IPPC 
Bureau, Seville, Spain ( ,

,  IPPC, )

BREF (2001c):  Integrated Pollution Prevention and Control (IPPC) Reference Document on 
Best Available Techniques in the Chlor-Alkali Manufacturing Industry.  December 2001.  
European Commission, Technologies for Sustainable Development, European IPPC Bureau, 
Seville, Spain ( ,

- ,
 IPPC, )



                                                                                  /  2005 .

 2005 .       

202

BREF (2000a): Integrated Pollution Prevention and Control (IPPC) - Reference Document on 
Best Available Techniques in the Pulp and Paper Industry. July 2000. European Commission, 
Technologies for Sustainable Development, European IPPC Bureau, Seville, Spain 
( ,

- ,
 IPPC, )

BREF (2000b): Integrated Pollution Prevention and Control (IPPC) - Reference Document on 
Best Available Techniques for Mineral Oil and Gas Refineries. Draft dated February 2000. 
European Commission, Technologies for Sustainable Development, European IPPC Bureau, 
Seville, Spain ( ,

,  IPPC, )

BREF (2000c): Integrated Pollution Prevention and Control (IPPC) - Best Available 
Techniques Reference Document on the Production of Iron and Steel. March 2000. European 
Commission, Technologies for Sustainable Development, European IPPC Bureau, Seville, 
Spain ( ,

,
 IPPC, )

Bremmer H.J., L.M. Troost, G. Kuipers, J. de Konig  A.A. Sein (1994): Emissions of 
Dioxins in the Netherlands, RIVM/TNO, The Netherlands (

, )

Broker G., P. Bruckmann  H. Gliwa (1999): Study of Dioxin Sources in North Rhine-
Westphalia. Chemosphere 38, 1913-1924 (

- )

BSE (2002): personal communication by Dr. J. Apfel, Badische Stahlwerke Engineering 
GmbH, Kehl, Germany ( -  J. Apfel, )

Buckley-Golder D., P. Coleman, M. Davies, K. King, A. Petersen, J. Watterson, M. 
Woodfield, H. Fiedler, and A. Hanberg (1999): Compilation of EU Dioxin Exposure and 
Health Data. Report produced for European Commission DG Environment and UK 
Department of the Environment Transport and the Regions (DETR), October 1999; URL: 
http://europa.eu.int/comm/environment/dioxin/download.htm#Identification%20of%20releva
nt%20industrial%20sources%20of%dioxins%20and%20furans (

)

Butzkamm-Erker R. and R.E. Mach (1990): Neuere Daten über Dioxingehalte in 
Klärschlamm. Korrespondenz Abwasser 37, 161-163 

CARB (1987): Determination of PCDD and PCDF Emissions from Motor Vehicles. 
California Air Resources Board). Draft report, October 1987. Test Report No. C-86-029 
( ,

, )

Carroll W.F. (2004):  information submitted to H. Fiedler, UNEP Chemicals by Chlorine 
Chemistry Council, U.S.A. for EPA TRI data ( , -  H. 
Fiedler ,  ) 

Carroll W.F. (1996): Is PVC in House Fires the Great Unknown Source of Dioxin? Fire and 
Materials 20, 161 (

?)



/  2005 .

  2005 .

203

Charles Napier (1998): PCDD and PCDF Emission Inventory, Prevention and Control 
Technologies in the Iron and Steel Sector, Environment Canada (Napier C.E.  Co, CC 
Doiron Associates) ( ,

, )

Choong Kwet Yive N.S. (2004):  information submitted to H. Fiedler, UNEP Chemicals by 
University of Mauritius, Réduit, Mauritius ( , -  H. Fiedler 

)

CITMA/CIGEA (2004):  Inventario nacional de fuentes y liberaciones de dioxinas y furanos - 
Cuba 2000.  Ministerio de Ciencia, Tecnología y Medio Ambiente - Centro de Información, 
Gestión y Educación Ambiental, La Havana, Cuba 

COCHILCO (2004):  Resumen descriptivo de las tecnologías y operación de las fundiciones 
primarias de concentrados de cobre de Chile.  Documento Técnico elaborado por la Comisión 
Chilena del Cobre en base a la información entregada por las fundiciones chilenas 

Copper Smelters (2004):  Information on processes, raw materials, and recycling of German, 
Swedish, and Canadian copper manufacturers is taken, among others, from the following 
URLs (accessed in December 2004): (  (2004): 

, , : ) 
Germany:  http://www.na-ag.com/NA_en/rohstoffe_frame.html
Sweden: http://www.boliden.com
http://www.noranda.com

CORMA (2004):  Standardized Toolkit for Identification and Quantification of Dioxin and 
Furan Releases - Comentarios.  Information submitted to UNEP Chemicals by Corporación 
Chilena de la Madera A.G., Chile, March – October – November 2004 (

 – 
)

DEH (2004):  Inventory of Dioxin Emissions in Australia – National Dioxins Program, 
Technical Report No. 3.  Prepared by Kelsey Bawden, Pacific Air & Environment for 
Australian Government, Department of Environment and Heritage (

)

DEPR (2003): Department of Environment, Parks and Recreation of the Ministry of 
Development, Brunei Darussalam, in: UNEP 2003b ( ,

)

DINAMA (2002): Inventario nacional de liberaciones de dioxinas y furanos – Uruguay 2000. 
UNEP and DINAMA, Uruguay, Marzo, 2002. Dirección Nacional de Medio Ambiente of 
Ministerio de Vivenda, Ordenamiento Territorial y Medio Ambiente, Uruguay 

Dumler-GradI R., H. Thoma . Vierle (1995): Research Program on Dioxin/Furan 
Concentration in Chimney Soot from House Heating Systems in the Bavarian Area. 
Organohalogen Compd. 24, 115-118 (

/ )

Duo W. and D. Leclerc (2004):  Thermodynamic and Kinetic Studies on Dioxin Formation 
and Emissions from Power Boilers Burning Salt-Laden Wood Waste. Organohalogen Compd. 
66, 992-1000 (

,
)



                                                                                  /  2005 .

 2005 .       

204

Duo W., I. Karidio, L. Cross, and B. Ericksen (2003):  Combustion and Emission 
Performance of a Hog Fuel Fluidized Bed Boiler with Addition of Tire Derived Fuel.  
FBC2003-016 - Proceedings of FBC2003 – 17th International Fluidized Bed Combustion 
Conference, May 18-21, 2003, Jacksonville, FL, USA (

,
)

and
Paprican Research Report PRR 1625, December 2002, Pointe-Claire, QC, Canada 

Dyke P, G. Amendola, and T. Abel (2004):  Releases of PCDD/F from U.S. Chemical 
Production Facilities.  Organohalogen Compd. 66, 959-965 ( /

)

Dyke P.H., M.J. Wenbora, PJ. Coleman, M.J. Woodfield  C.L. Rose (1997): A Review of 
Dioxin Releases to Land and Water in the UK, Environment Agency, R&D Publication 3, 
Environment Agency, UK (

, )

EAA (2003): personal communication, European Aluminium Association, Brussels, Belgium 
( , )

EC (1999): Releases of Dioxins and Furans to Land and Water in Europe. Report for 
Landesumweltamt Nordrhein-Westfalen, Germany on behalf of European Commission, CD 
Environment, Brussels, Belgium, September 1999 (

, , )

 (1996): 96/211/EC: Commission Decision of 26 February 1996 concerning the prohibition 
of pentachlorophenol (PCP) notified by Denmark (Only the Danish text is authentic) (Text 
with EEA relevance). Official Journal No. L 068 , 19/03/1996 P. 0032-0040 (

 26  1996 ,
; ; )

EMEP (2002): EMEP/CORINAIR Emission Inventory Guidebook – 3rd edition October 2002 
UPDATE, Technical report No 30, EEA – European Environment Agency, Copenhagen 
(  EMEP/CORINAIR, )

EMEP (1999): Emission Inventory Guidebook. September 1999 (
)

ENEA/AIB/MATT (2003). Valutazione delle emissioni di inquinanti organici persistenti da 
parte dell’industria metallurgica secondaria.  Rapporto finale (in Italian language) 

Environment Canada and the Federal/Provincial Task Force (1999): Dioxins and Furans and 
Hexachlorobenzene. Inventory of Releases. Prepared by Environment Canada and the 
Federal/Provincial Task Force on Dioxins and Furans for the Federal Provincial Advisory 
Committee for the Canadian Environmental Protection Act (CEPA-FPAC), January 1999 
( , ,

/

)

Essers U., . Hutzinger  H. Hagenmaier (1992): Untersuchungen zur Emission halogenierter 
Dibenzodioxine und Dibenzofurane aus Verbrennungsmotoren beim Betrieb mit 
handelsublichen Betriebsstoffen. Bericht an das GSF-Forschungszentrum fur Umwelt und 
Gesundheit Munchen, PT Umwelt und Klimaforschung 



/  2005 .

  2005 .

205

EU (2000): Directive 2000/76/EC of the European Parliament and the Council of 4 December 
2000 on the incineration of waste. EN Official Journal of the European Communities 
28.12.2000 L 332/91-111 (  2000/76/EC  4 

 2000 ,
)

EU (1999):Releases of Dioxins and Furans to Land and Water in Europe. Final Report by M. 
Wenborn, K. King, D. Buckley-Golder, and J. Gascon, produced for Landesumweltamt 
Nordrhein-Westfalen, Germany on behalf of the European Commission DG Environment, 
September 1999 ( , ,

)

EU SCAN (2000): Opinion of the Scientific Committee on Animal Nutrition on the Dioxin 
Contamination of Feedingstuffs and their Contribution to the Contamination of Food of 
Animal Origin. European Commission, Health & Consumer Protection Directorate-General, 
Directorate C – Scientific Opinions, C3 – Management of scientific committees II; scientific 
co-operation and networks. Brussels, Belgium (

, , ,
)

Fabrellas B., M.L. Ruiz, M. Angeles Martinez , J. Rivera, E. Abad, and P. Sanz (2003):  
PCDD/PCDF Emissions in Hot-Dip Galvanising Facilities.  Evaluation in the Frame of 
Spanish Dioxin Inventory.  Organohalogen Compd. 63, 5-8 ( /

. )

Fiedler H. (2003): Dioxins and Furans; in: The Handbook of Environmental Chemistry, 
Vol.3, Part O, Persistent Organic Pollutants, pp 125-201. Springer Verlag, Berlin – 
Heidelberg 2003 ( ;  : ,

- )

Fiedler H., P. Chareonsong, J. Mayer, and H.-U. Hartenstein (2002): PCDD/PCDF Emissions 
from Stationary Sources – First Results from Thailand. Organohalogen Compd. 59, 211-214 
( /  – 

)

Fiedler H., H. Rottler, L. Peichl, G. Knetsch, and A. Basler (2000): Concentrations of 
PCDD/PCDF in Atmospheric Samples in Germany. Organohalogen Compd. 45, 264-268 
( / )

Fiedler H., O. Hutzinger, G. Gaßner, and C. Lau (1996): Ergebnisse und Bewertung der 
Analysen auf organische und anorganische Verbindungen. In: Ökosystemares Biomonitoring-
Programm in der Region Biebesheim 1992-1994, pp 134-182, Schriftenreihe der Hessischen 
Landesanstalt für Umwelt, Heft 193, November 1996 (ISSN 0933-2391,ISBN 3-89026-203-
1)

Fiedler H. (1998): Thermal Formation of PCDD/PCDF – A Survey. Environ. Eng. Sci. 15/1, 
49-58 ( /  – )

Fiedler H., . Hutzinger  C.W. Timms (1990): Dioxins: Sources of Environmental Load and 
Human Exposure. Toxicol. Environ. Chem. 29, 157-234 ( ,

)



                                                                                  /  2005 .

 2005 .       

206

Fisher R., D.R. Anderson, D.T. Wilson, E. Aries, D. Hemfrey, and A.A.T. Fray (2004):  
Effect of Chloride on the Formation of PCDD/Fs and WHO-12 PCBs in Iron Ore Sintering. 
Organohalogen Compd. 66, 1116-1123 ( /

 12 )

François F., M. Blondeel, P. Bernaert, and R. Baert (2004).  Diffuse Emissions of PCDD/F 
and Dioxin-like PCB from Industrial Sources in the Flemish Region.  Organohalogen Compd. 
66, 906-912 ( /

)

Gullett B. and A. Touati (2003): PCDD/F from Agricultural Field Burning. Organohalogen 
Compd. 56, 135-138 ( /

)

Gullett B.K., P.M. Lemieux, C.C. Lutes, C.K. Winterrowd  D.L. Winters (1999): PCDD/F 
Emissions from Uncontrolled Domestic Waste Burning. Organohalogen Compd. 41, 27-30 (
157-160) ( / )

Gullett B.K. and J.V. Ryan (1997): On-road Sampling of Diesel Engine Emissions of 
Polychlorinated Dibenzo-p-dioxin and Polychlorinated Dibenzofuran. Organohalogen 
Compd.32, 451-456 (

- - )

Hagenmaier H., P. KrauB, J. Vatter und M. Walczok (1995): Bedeutung der Dioxin-Eintrage 
durch Automobilabgase und Hausfeuerungen. Organohalogen Compd. 22,49-54 

Hagenmaier H., N. Dawidowsky, U.B. Weber, O. Hutzinger, K.H. Schwind, H.Thoma, U. 
Essers, B. Bühler, and R. Greiner (1990): Emission of Polyhalogenated Dibenzodioxins and 
Dibenzofurans from Combustion Engines. Organohalogen Compd. 2, 329-334 (

)

Hagenmaier H. (1988): Untersuchungen der Gehalte an polychlorierten Dibenzodioxinen, 
polychlorierten Dibenzofuranen und ausgewählten Chlorkohlenwasserstoffen in 
Klärschlämmen. Universität Tübingen, Febfuar 1988. Report prepared for Federal 
Environment Agency, Germany, Report No. 103 03 305 ( ,

)

Hansen E. (2001):  Substance Flow Analysis for Dioxins in Denmark.  Environmental Project 
No. 570 2000 ( )

I  (1995): A Review of Dioxin Emissions in the UK, Her Majesty's Inspectorate of 
Pollution, DOE/HMIP/RR/95/004, UK ( ,

)

Horstmann M. and M.S. McLachlan (1995): Concentrations of Polychlorinated Dibenzo-p-
dioxins (PCDD) and Dibenzofurans (PCDF) in Urban Runoff and Household Wastewaters. 
Chemosphere 31, 2887-2896 ( - -
( )  ( ) )

Horstmann M. (1994):  Untersuchungen zu nicht-industriellen Quellen von polychlorierten 
Dibenzo-p-dioxinen (PCDD) unf polychlorierten Dibenzofuranen (PCDF) in einem 
kommunalen Entwässerungssystem.  Ph.D. thesis, University of Bayreuth, Germany, Shaker 
Verlag, ISBN 3-8265-0233-7 

Horstmann M., M.S. McLachlan, M. Reissinger  M. Morgenroth (1993a): An Investigation 
of PCDD/F Formation during Textile Production and Finishing. Organohalogen Compd. 11,



/  2005 .

  2005 .

207

417-420 ( /
)

Horstmann, M., M.S. McLachlan und M. Reissinger (1993b): Further Investigations of the 
Sources of PCDD/F in Municipal Sewage Sludge. Organohalogen Compd. 11, 293-296 
( / )

Horstmann M., M.S. McLachlan  M. Reissinger (1993 ): Investigations of the Origin of 
PCDD/F in Municipal Sewage Sludge. Chemosphere 27, 113-120 (

/ )

HSDB (2004):  Hazardous Substances Data Bank;  accessible via TOXNET at: 
http://toxnet.nlm.nih.gov  ( )

Hutzinger ., H. Fiedler, . Lau, G. Rippen, U. Blotenberg, H. Wesp, S. Sievers, P. Friesel, 
B. Gras, T. Reich, U. Schacht  R. Schwörer (1995): Dioxin-Bilanz für Hamburg. Hamburger 
Umweltberichte 51/95. Freie und Hansestadt Hamburg, Umweltbehörde (eds.), Hamburg 
September 1995, ISSN 0179-8510 

Hutzinger ., U. Essers, and H. Hagenmaier (1992): Untersuchungen zur Emission 
halogenierter Dibenzodioxine und Dibenzofurane aus Verbrennungsmortoren beim Betrieb 
mit handelsüblichen Betriebsstoffen. Universities of Bayreuth, Stuttgart and Tübingen, 
Germany. GSF-Forschungszentrum, Munich, Germany, ISSN 0937-9932 

Idczak F., S. Petitjean, P. Duchâteau, and P. Dengis (2004) :  Control of PCDDs/PCDFs, 
PCBs & PAHs Emissions in Exhaust of Landfill Gas Fed Engines.  Organohalogen Compd. 
66, 846-850 ( / , ,

)

Ifeu (1998): Ermittlung von Emissionen und MinderungsmaBnahmen für persistente 
organische Schadstoffe in der Bundesrepublik Deutschland. Stoffband A: Polychlorierte 
Dibenzodioxine und -furane (PCDD/F) und polycyclische aromatische Kohlenwasserstoffe 
( ). Ifeu-Institut, Heidelberg, März 1998. Forschungsvorhaben Nr. 104 02 365. Im 
Auftrag des Umweltbundesamtes, Berlin 

Ikeguchi T.  M. Tanaka (1999): Experimental Study of Dioxin Emission from Open Burning 
Simulation of Selected Wastes. Organohalogen Compd. 41, 507-510 (

)

ITDI (2003): Industrial Technology Development Institute of the Department of Science and 
Technology, the Philippines, in: UNEP 2003b (

, )

Kim K.-S., K.-H. Hong, Y.-H. Ko, K.-D. Yoon, and M.-G. Kim (2003):  Emission 
Characteristics of PCDD/Fs in Diesel Engine with Variable Load Rate.  Chemosphere 53, 
601-607 ( /

)

Kim D.-H., Y.-K. Kim, S.-J. Kim, and G. Ok (2003):  Estimation of PCDDs, PCDFs and 
PAHs Emission from Crematories in Korea.  Organohalogen Compd. 63, 9-12 (

/ )

Klasmeier J. and M.S. McLachlan (1997): Dioxine und Furane in Textilien und Leder. 
Materialien 124, Bayer. Staatsministerium für Landesentwicklung und Umweltfragen 
(StMLU), München 



                                                                                  /  2005 .

 2005 .       

208

Kubica K., P. Dilara, and B. Paradiž (2004):  Toxic Emissions from Solid Fuel Combustion in 
Small Residential Appliances-  CEM 2004, Sixth International Conference on Emission 
Monitoring, Milan, Italy, 9-11 June 2004 (

)

Kucherenko A., N. Klyuev, S. Yufit, A. Cheleptchikov, and E. Brodskj (2001):  Study of 
Dioxin Sources in Krasnoyarsk, Russia.  Organohalogen Compd. 53, 275-278 (

, )

Kutz F.W., D.G. Bames, E.W. Bretthauer, D.P. Bottimore, H. Greim (1990): The 
International Toxicity Equivalency Factor (I-TEF) Method for Estimating Risks Associated 
with Exposures to Complex Mixtures of Dioxins and Related Compounds. Toxicol. Environ. 
Chem. 26, 99-110 (  ( - ).

,
)

Lassen C., E. Hansen, A.A. Jensen, K. Olendrynski, W. Kolsut, J. Zurek, I. Kargulewics, B. 
Debski, J. Skoskiewicz, M. Holtzer, A. Grochowalski, E. Brante, H. Poltimae, T. Kallste, and 
J. Kapturauskas (2003): Survey of Dioxin Sources in the Baltic Region – Extended Summary. 
Environ. Sci. & Pollut. Res. 10, 49-56 (

 – )

Lemieux P., B.K. Gullett, C.C. Lutes, C.K. Winterrowd, and D.L. Winters (2003): Variables 
Affecting Emissions of PCDDs/Fs from Uncontrolled Combustion of Household Waste in 
Barrels. J.Air & Waste Manage. Assoc. 53, 523-531 ( ,

/ ,
)

Liu W., M. Zheng, D. Wang, Y. Xing, X. Zhao, X. Ma, and Y. Qian (2004)  Formation of 
PCDD/Fs and PCBs in the Process of Production of 1,4-Dichlorobenzene.  Chemosphere 57,
1317-1323 ( /  1,4-

)

LUA (2000): LUA (2000) The European Dioxin Emission Inventory – Stage II. Final Report 
December 2000. Materialien No. 59, Landesumweltamt Nordrhein-Westfalen, Essen, 
Germany, 2001 ( , )

LUA (1997): Identification of Relevant Industrial Sources of Dioxins and Furans in Europe. 
Materialien No. 43. Landesumweltamt Nordrhein-Westfal en, Essen, Germany 1997 
(

, )

Mahnke K.  P. Krauss (1996): Burning of Biomass - An Important Source for Global 
PCDD/F Imission? Organoholgen Compd. 27, 167-170 (  - 

/ ?)

Malisch R. (1994):  Determination of PCDD/PCDF in PCP-Contaminated Leather Samples.  
Organohalogen Compd. 19, 73-76 ( / ,

)

Marklund S., C. Rappe, M. Tysklind, and K.E. Egeback (1987): Identification of 
Polychlorinated Dibenzofurans and Dioxins in Exhausts from Cars Run on Leaded Gasoline. 
Chemosphere 16, 29-36 (

, )



/  2005 .

  2005 .

209

Masunaga S., T. Takasuga, and J. Nakanishi (2001):  Dioxin and Dioxin-like PCB Impurities 
in Some Japanese Agrochemical Formulations.  Chemosphere 44, 873-885 (

- )

Mayer R. (1997):  Polychlorinated Dibenzo-p-dioxins and Dibenzofurans (PCDD/F) in Wool 
and Wool Products.  Organohalogen Compd. 32, 278-282 ( /

)

Mehrag A.A. and K. Killham (2003): A Pre-industrial Source of Dioxins and Furans.  Nature 
421, 909-911 ( - )

Merk M., K.-W. Schramm, D. Lenoir, B. Henkelmann  A. Kettrup (1995): Determination of 
the PCDD/F Concentration in the Fumes from a PVC Fire. Organoholgen Compd. 23, 491-
494 ( / )

Meyer-Wulf C. (1996):  Dioxinemissionen bei der Kupfergewinnung und Massnahmen zu 
ihrer Minderung. In:  Dioxine – Vorkommen, Minderungsmassnahmen, Messtechnik.  VDI 
Berichte 1298, Verein Deutscher Ingenieure, Kommission Reinhaltung der Luft, VDI Verlag 
GmbH; Düsseldorf, 1996 

MoE Japan (2003):  The Ministry of the Environment: Inventory of PCDDs/DFs Emissions 
(Emissions Inventory); http://www.env.go.jp/air/report/h15-05/index.html

: / )

MoE Jordan (2003): Ministry of Environment, Jordan, in: UNEP 2003b (
, )

MoE Lebanon (2003): Ministry of Environment Lebanon, in: UNEP 2003b (
, )

Musdalslien U.I., P.H. Nokleby  0. Wallevik (1998): Formation of dioxins from 
carbonaceous materials in production of anhydrous magnesium chloride. Organoholgen 
Compd. 36, 81-84 (

)

Napier C.E.  Co, CC Doiron Associates (1998): PCDD and PCDF Emission Inventory, 
Prevention and Control Technologies in the Iron and Steel Sector, Environment Canada 
( / ,

, )

NATO/CCMS (1992a): Dioxin Perspectives – A Pilot Study on International Information 
Exchange on Dioxins and Related Compounds; Chapter 3.1: Formation of Dioxins and 
Related Compounds in Combustion Processes. Edited by E.W. Bretthauer, H.W. Kraus, and 
A. di Domenico; coordinating editors: F.W. Kutz, D.P. Bottimore, O. Hutzinger, H. Fiedler, 
and A.E. Radwan. NATO/CCMS Volume 16, 1992 (

.
3.1: )

Hutzinger O. and H. Fiedler (1988): Emissions of Dioxins and Related Compounds from 
Combustion and Incineration Sources. Pilot Study on International Information Exchange on 
Dioxins and Related Compounds, NATO/CCMS Report No. 172 (

.
)

NATO/CCMS (1992b): Dioxin Perspectives – A Pilot Study on International Information 
Exchange on Dioxins and Related Compounds; Chapter 3.3: Formation of Dioxins and 



                                                                                  /  2005 .

 2005 .       

210

Related Compounds in Industrial Processes. Edited by E.W. Bretthauer, H.W. Kraus, and A. 
di Domenico; coordinating editors: F.W. Kutz, D.P. Bottimore, O. Hutzinger, H. Fiedler, and 
A.E. Radwan. NATO/CCCMS Volume 16, 1992 (

.
3.3: )

Hutzinger O. and H. Fiedler (1988): Formation of Dioxins and Related Compounds in 
Industrial Processes. Pilot Study on International Information Exchange on Dioxins and 
Related Compounds, NATO/CCMS Report No. 173 (

.
)

NATO/CCMS (1988): International Toxicity Equivalency Factor (I-TEF) Method of Risk 
Assessment for Complex Mixtures of Dioxins and Related Compounds. Pilot Study on 
International Information Exchange on Dioxins and Related Compounds, Report Number 
176, August 1988, North Atlantic Treaty Organization, Committee on Challenges of Modern 
Society (  ( - );

;

,  176, /CCMS)

NEC (1999):  Environmental Assessment of Exisitng Industries in Bhutan.  Chapter 4.0 – 
Cement Industries.  National Environment Commission (NEC) of the Kingdom of Bhutan.  
http://www.nec.gov.bt/2000/cement_final.pdf (

)

Nijkerk A.A. and W.J. Dalmijn (2001):  Handbook of Recycling Techniques.  Chapter 11 – 
Shredders.  Nijkerk Consultancy, The Hague, The Netherlands, 2001 (

)

Nordsieck H., R. Peche, and A. Buekens (2001): Modelling PCDD/PCDF Formation in the 
Effluent Gas of a Sinter Plant. Organohalogen Compd. 50, 323-327 and further publications 
from the EU MINIDIP Project by Stieglitz et al., Buekens et al., Louw et al.
( /

)

NZ (2000): New Zealand Inventory of Dioxin Emissions to Air, Land and Water, and 
Reservoir Sources. S.J. Buckland, H.K. Ellis  P.H. Dyke. Organochlorines Programme, 
Ministry for the Environment, Wellington, NZ, March 2000 (

, , ,
, )

Oehme M., S. Mano  B. Bjerke (1989): Formation of PCDF and PCDD by Production 
Processes for Magnesium and Refined Nickel. Chemosphere 18, 1379-1389 (

)

Quass U., T. Pulles, and H. Kok (2004):  The DG Environment Project “Dioxin Emissions in 
Candidate Countries”:  Scope, Approach and First Results.  Organohalogen Compd. 66,
864-868

Rappe ., R. Andersson, M. Bonner, K. Cooper, H. Fiedler, F. Howell  C. Lau (1996): 
PCDDs and PCDFs in Samples of Sewage Sludge and Effluent from the State of Mississippi. 
Organohalogen Compd. 28, 105-110 (

)



/  2005 .

  2005 .

211

Rappe ., R. Andersson, G. Karlaganis, and R. Bonjour (1994): PCDDs and PCDFs in 
Samples of Sewage Sludge from Various Areas in Switzerland. Organohalogen Compd. 20, 
79-84 (

)

Rappe C., L.-O. Kjeller, S.-E. Kulp, C. de Wit, I. Hasselsten, and O. Palm (1991):  Levels, 
Profile and Pattern of PCDDs and PCDFs in Samples Related to the Production and Use of 
Chlorine.  Chemosphere 23, 1629-1636 ( , /

, )

Roots O. (2001):  Persistent Organic Pollutants Control in Estonia, download CPS: 
envchem/0107003 ( )

Santl H., L. Gruber, and E. Stöhrer (1994a):  Investigation on the Input, Formation and Fate 
of Polychlorinated Dibenzodioxins (PCDDs) and Dibenzofurans (PCDFs) in the Pulp and 
Paper Industry.  Chemosphere 29, 1987-1994 ( ,

-
)

Santl H., A. Bichlmaier, L. Gruber, and E. Stöhrer (1994b):  Mass Balance of Polychlorinated 
Dibenzofurans (PCDFs) and Polychlorinated Dibenzodioxins (PCDDs) in a Reczcling Paper 
Mill.  Chemosphere 29, 1633-1639 (

, )

SAyDS (2004):  Inventario nacional de liberaciones de dioxinas y furanos:  Argentina – 2001.  
Ministerio de Salud, Secretaria del Ambiente y Desarrollo Sustentable, Buenos Aires, 
Argentina

SC BAT/BEP (2004):  Draft Guidelines on Best Available Techniques and Provisional 
Guidance on Best Environmental Practices Relevant to Article 5 and Annex C of the 
Stockholm Convention on Persistent Organic Pollutants.  URL:  http://www.pops.int (

5 )

SCEP (1994): Determination of Requirements to Limit Emissions of Dioxins and Furans -
Report of the Working Group of the Subcommittee Air/Technology of the State Committee 
for Emission Protection (SCEP) – Germany (

 – 
/  (SCEP), )

Schatowitz ., G. Brandt, F. Gamer, E. Schlumpf, R. Buhler, P. Hasler  T. Nussbaumer 
(1994): Dioxin Emissions from Wood Combustion. Chemosphere 29, 2005-2013 (

)

Schleicher O., A.A. Jensen, T. Herrmann, O. Roots, and A. Tordik (2004a):  Dioxin Emission 
from Two Oil Shale Fired Power Plants in Estonia.  Organohalogen Compd. 66, 1635-1641 
( , )

Schleicher O., A.A. Jensen, O. Roots, T. Herrmann, and A. Tordik (2004b):  Dioxin and PAH 
Emissions from a Shale Oil Processing Plant in Estonia.  Organohalogen Compd. 66,
1642-1648 (

)

Schmitz H.-J., P. Behnisch, A. Hagenmaier, H. Hagenmaier, K.W. Bock, and D. Schrenck 
(1996): CYP1A1-Inducing Potency in H4IIE Cells and Chemical Composition of Technical 
Mixtures of Polychlorinated Biphenyls. Environ. Toxicol. Pharmacol. 1, 73-79 (



                                                                                  /  2005 .

 2005 .       

212

 CYP1A1  H4IIE 
)

Schwind K.-H., H. Thoma, O. Hutzinger, N Dawidowsky, U. Weberuss, and H. Hagenmaier, 
U. Buehler, R. Greiner, U. Essers, and E. Bessey (1991): Emission halogenierter 
Dibenzodioxine (PXDD) und Dibenzofurane (PXDF) aus Verbrennungsmotoren. UWSF-Z. 
Umweltchem. Ökotox. 3, 291-298 

SEAM (2003):  Inventario nacional de liberaciones de dioxinas y furanos: Paraguay 2002.  
Secretaria del Medio Ambiente, Asunción, Paraguay, December 2003 

She J. and H. Hagenmaier (1994):  PCDDs and PCDFs with Chloralkali Pattern in Soil and 
Sludge Samples.  Organohalogen Compd. 20, 261-266 ( / -

)

Smit A., T.H.P. Leuweink, A.L.J. van der Panne, W. Gebert, H. Lanzerstorfer, H. Riepi  K. 
Hofstadler (1999): Reduction of Dioxin Emissions from Hoogovens Sinter Plant with the 
AIRFINE System. Organohalogen Compd. 40, 441-444 (

 AIRFINE) 

Stockholm Convention (2001):  Stockholm Convention on Persistent Organic Pollutants 
(POPs).  UNEP Chemicals, Geneva.  Text for download at http://www.pops.int
(  ( ))

Stringer R., P. Costner  P.A. Johnston (1995): PVC Manufacture as a Source of PCDD/Fs. 
Organohalogen Compd. 24, 119-123 ( / )

Toolkit (2003):  Standardized Toolkit for Identification and Quantification of Dioxin and 
Furan Releases, First edition, May 2003.  UNEP Chemicals, Geneva, 
http://www.pops.int/documents/guidance/ (

, ,  2003) 

Toolkit (2001):  Standardized Toolkit for Identification and Quantification of Dioxin and 
Furan Releases Draft.  UNEP Chemicals, Geneva, January 2001 (

,
)

UBA (1997):  The European Atmospheric Emission Inventory of Heavy Metals and Persistent 
Organic Pollutants for 1990. TNO Institute of Environmental Sciences, Energy and Process  
Innovation.     Forschungsbericht  10402672/03  im Auftrag  des Umweltbundesamtes Berlin, 
Germany, June 1997 (

 1990 , )

UBAVIE (2000): Stage of the Art in the Production of Secondary Aluminium with Regard to 
the EPPC-Directive. Zusammenfassung Monographien. Band 120, Umweltbundesamt Wien, 
Austria (
EPPC, )

Ullmann (1996): Chlorine - Ullmann's Encyclopedia of Industrial Chemistry, Vol. A 6, 399-
481. VCH Verlagsgesellschaft mbH, D-6940 Weinheim, Germany (

, )

UNEP (2004a):  Sub-regional Workshop “Action Plans for PCBs and Dioxins/Furans under 
the Stockholm Convention on POPs”, Siam City Hotel, Bangkok, Thailand, 9-13 July 2004.  
http://www.chem.unep.ch/pops/POPs_Inc/proceedings/coverpgs/procovers.htm ( -

 « /
»)



/  2005 .

  2005 .

213

UNEP (2004b):  Sub-regional Workshop for SADC Countries to Conclude Their PCB 
Inventory Project and Receive Training on Action Plans for PCBs, Dioxins and Furans, 
Maputo, Mozambique, 8-12 November 2004. ( -
SADC ( )

, )
http://www.chem.unep.ch/pops/POPs_Inc/proceedings/coverpgs/procovers.htm

UNEP (2003a): Formation of PCDD and PCDF – an overview. Report prepared by the 
Interim Secretariat of the Stockholm Convention on POPs for the First session of the Expert 
Group on BAT and BEP, March 10-14, 2003 (  – .

,
)

UNEP (2003b): Asia Dioxin Toolkit Project – National PCDD/PCVDF Release Inventories 
from Brunei Darussalam, Jordan, Lebanon, Philippines, and Vietnam. UNEP Chemicals, 
Geneva (  - 

/ , , , ,
, )

UNEP/GTZ/CONAMA (2004a):  Taller sub-regional “Planes de Acción para PCBs y 
Dioxinas/Furanos en el Marco del Plan Nacional de Aplicación del Convenio de Estocolmo”, 
Santiago de Chile, Chile, 19-23 de julio de 2004.    
http://www.chem.unep.ch/pops/POPs_Inc/proceedings/coverpgs/procovers.htm 

UNEP/PCD/BMZ/BMU/UBA/GTZ (2002): Presentation of the PCD/UNEP/GTZ Inventory 
in Thailand by Ms. Mingquan Wichayarangsaridh, Thailand, pp. 78-85. In: National action on 
measures to reduce or eliminate the releases of by-products from unintentional production as 
requested by the Stockholm Convention on POPs (Article 5 and Annex C) Proceedings of the 
Regional Workshop, March 13-15, 2002, Bangkok, Thailand; prepared jointly by Government 
of the Kingdom of Thailand, UNEP Chemicals, Government of the Federal Republic of 
Germany (  PCD/UNEP/GTZ -  Mingquan 
Wichayarangsaridh; :

, , ,
)

UNEP (2001): Thailand Dioxin Sampling and Analysis Program. UNEP Chemicals, Geneva, 
September 2001. Full report for download at UNEP Chemicals’s Web Page: 
http://www.chem.unep.ch/pops/newlayout/repdocs.html (

, ,

)

UNEP (1999): Dioxin and Furan Inventories, National and Regional Emissions of PCDD/F, 
UNEP Chemicals, Geneva, Switzerland ( ,

/ ,
, , )

US-EPA (2004):  Dioxin Data.  Reports of PCDD/PCDF releases under TRI (Toxics Release 
Inventory). http://www.trifacts.org/dioxin_data/index.html ( .

/ )

US-EPA (2000): Exposure and Human Health Reassessment of 2,3,7,8-Tetrachlorodibenzo-p-
dioxin (TCDD) and Related Compounds. Part 1: Estimating Exposure to Dioxin-Like 
Compounds - Volume 2: Sources of Dioxin-Like Compounds in the United States. 



                                                                                  /  2005 .

 2005 .       

214

EPA/600/P-OO/OOlBb, September 2000.   Draft Final Report, www.epa.gov.ncea, 
Washington, D.C., USA (  2,3,7,8- - -

.  1: 
 –  2: 

, , )

US-EPA (1998a): The Inventory of Sources of Dioxin in the United States - REVIEW 
DRAFT - EPA/600/P-98/002Aa, Washington, D.C., USA (

, , , )

US-EPA (1998b): EPA Office of Compliance Sector Notebook Project: Profile of the Metal 
Casting Industry. October 1998. U.S. Environmental Protection Agency, Washington, DC, 
USA (

. ,
, )

US-EPA (1997 ): Evaluation of Emissions from the Open Burning of Household Waste in 
Barrels - EPA/600/P-97/134a, Research Triangle Park, NC, USA (

,
, )

US-EPA (1997b):  Sector Notebook Project Textile Industry.  EPN3 10-R-97-009, EPA 
Office of Compliance Sector Notebook Project, September 1997 (

,
)

van Leeuwen F.X.R.  M. Younes (1998): WHO Revises the Tolerable Daily Intake (TDI) for 
Dioxins. Organohalogen Compd. 38, 295-298 (

)

van Oss, H.G. (1997):  Cement. ( )   
http://minerals.usgs.gov/minerals/pubs/commodity/cement/170497.pdf 

Vikelsoe J  E. Johansen (2000): Estimation of Dioxin Emissions from Fires in Chemicals. 
Chemosphere 40, 165-175 (

)

WBCSD (2004):  Draft - Formation and Release of POP's in the Cement Industry.  World 
Business Council for Sustainable Development.  Cement Sustainable Initiative, Geneva, 
Switzerland, 31 March 2004 (  – 

)

WEC (2004):  World Energy Council, London.  Information on oil shale accessed in 
September 2004 at                                                                                                              
http://www.worldenergy.org/wec-geis/publications/reports/ser/shale/shale.asp

( :
(  2004 .)

Wichmann, H., Lorenz, W  Bahadir, M (1995): Release of PCDD/F and  During 
Vehicle Fires in Traffic Tunnels. Chemosphere 31, 2755-2766 ( /

)

Wong A.S., W.J. Luksemburg, M.M. Maier, H. Zhou, J. Gao, and Y. Xu (2004):  
Environmental Assessment of Dioxins in China:  Current Status, Difficulties and Future 
Outlooks.  Workshop on Environmental and Health Effects of Persistent Toxic Substances, 



/  2005 .

  2005 .

215

Hong Kong Baptist University, Hong Kong, 16 November 2004 (
: , )

Wunderii S., M. Zennegg, I.S. Dolezal, D. Noger  P. Hasler (1996): Levels and Congener 
Pattern of PCDD/PCDF in Fly and Bottom Ash from Waste Wood and Natural Wood Burned 
in Small to Medium Sized Wood Firing Facilities in Switzerland. Organohalogen Compd. 27, 
231-236 ( /

 (
), )

Xu Y., Q. Zhanfg, W. Wu, and W. Li (2000):  Patterns and Levels of PCDD/F in a Chinese 
Graphite Electrode Sludge.  Chinese Science Bulletin 45, 1471-1475 (

/ )

Zheng M.-H., Z.-C. Bao, B. Zhang, and X.-B. Xu (2001):  Polychlorinated Dibenzo-p-dioxins
and Dibenzofurans in Paper Making from a Pulp Mill in China.  Chemosphere 44, 1335-1337 
( - -

)

Zheng M.-H., Z.-C. Bao, K.-O. Wang, and X.-B. Xu (1997):  Levels of PCDDs and PCDFs in 
the Bleached Pulp from Chinese Pulp and Paper Industry.  Bull. Environ. Contamin. Toxicol. 
59, 90-93 ( / -

)



                                                                                  /  2005 .

 2005 .       

216
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 (  80-89) 
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 (  3 ),  9  
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,

.

, ; ,
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. ,
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.

, , ,
-  ( ).
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 80.  1 – 

.
1

a .

1 . , 3 500 0 75

2 . , . 350 500 15
3 . , 30 200 7

4 , 0,5 15 1,5

b

1 . , 35 000 9 000

2 . , . 350 900
3 . , 10 450

4 , 0,75 30

c

1 . , 40 000 200

2 . , 3 000 20

3 . , 525 920

4 .
, 1 150

d

1 . , 1 000

2 . , 50

3 .
, 1 150

e

1 , , 50 23

2 . ., . , 4 0,5

3
., 

0,4 0,5

f

1 , , 100 1 000

2 . ., . , 10 10

3 ., 1 0,2

g

1 , , 500

2 . ., . , 50

3 ., 5

 ( / )
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 81.  2 – 

2
a

1
, . .

20 0,003

2 . 5 0,003

3 ., 0,3 0,003
b

1 3 0,06
2 / 0,3 0,06

c
. , -

1
. , . ,

10 15

2 / , , 3 15
3 / , 0,1 1,5
4 0,01

1
. . ,

10
2 .  – 4,3 0,2
3 . , 1 8

4 . , 0,03 0,5

1 0,06

2 , . 0,05 2 000

3 , . 0,02 1 000
d

1  – 800 630
2  – 50 630

3  – ,
/ 5 300

4 / 0,03

5 , . ,
. 0,01

6 , .
e

1  Al, , 150 200

2 , , 35 400

3 , ,
, 5 100

4 , 0,5 100

5 /  ( ) 5,0

6 , ,
, 0,3

7

 ( / )
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 81 .  2 – 
 ( )

2  ( )
f

1 . . 80

2
. /Cl2, 

8 5

3
. /Cl2 

0,5
4 0,5

g
1 , 1 000

2 / . , 100

3 5
4  ( ) 0,3
5 ND

h
1 2,5
2 10

3 , . , 10 125

4 , , 0,1

I

1 .  MgO/C  Cl2, , 250 9 000 0

2  MgO/C  Cl2, 50 24 9 000

3 3

j -  ( . Ni)

1
,

100

2 , 2
l

1 0,2
m

1 5 000

2
,

40

3
, , .,

3,3

 ( / )
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 82:  3 – 

3
a

1 + 35
2 10 14
3  ( ) 2,5
4 1,5

5 / 0,5
b

1 500
2 50 15

c
.

1 , / 8

d ( ) /

1 / 1 500 1 000

2 / 100 10

e  – /

1 15 000 30 000

2 100 5 000
3 10
4 1,5

 ( / )
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 83:  4 – 

4
a

1 5

2
 ( .), -

300 5

3
, - / .

200- 300 0,6

4 , -  200  +
/ , -  <200 

0,05

b
1 ,  10
2 0,07

c
1 0,2
2 0,02

d
1 0,2
2 0,015

e
1 0,2
2 0,02

f
1 0,07

2
, ,

0,007 0,06
g

1
2 0,003 0,07 2

 ( / )
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 84:  5 – 

5
a

1 2,2

2 . 0,1

3 . 0,00
b

1 3,5

2 . 2,5
c

1 0,1

d
1 4

 ( / )

 85:  6 – 

6
a /

1 5 4
2 5 4

3
/ ,

30 10

4
/ ,

0,5 10

b , , ,

1 1 000 600
2 ,  400 400 400
3 300 600 600
4  (

) 94 18 18

5 ( / ) 60 10 10

 ( / )
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 86:  7 – 

7 ,

a -  *
  ( )

1 , , 0,07
2 , 0,2 50

1 - , , , 30

2 - ,  (Cl2 ) 4,5 8 4,5
3 - , 1,0 3 1,5
4 / , 1
5 - ,  (ClO2) 0,06 0,5 0,2
6 ,  (ClO2), 0,1
7 1,0
8 10
9 / 3

b

1 ,  (  Cl2) 2 000 000

2  ( ) 800 000
3 -Na 500

1 , .,  A30,  1242 15 000

2 , .,  A40,  1248 70 000

3 , .,  A50,  1254 300 000

4 , .,  A60,  1260 1 500 000

1  2,4,5-  (2,4,5-T) 7 000
2 2,4,6-  (2,4,6- ) 700
3 1 000
4 2,4-  (2,4- ) 700

5 2,4,6- -4’-  ( )
300 000

400

1 - 400 000
2 - 100
3  ( ,  1) 1 200
4 o - 60 000

1 - 39
2 - 0
3 1,2,4- 0 3 000

/

1 000
/ /

1 , / , 1

2 / / / 0,4 0,5 0,03 10
3 0,0003 0,03 0,1 0,2

c
1  ( / ) ** 8

d
1 100
2 0,1

e
1 1 000
2 10

 ( / )



                                                                                  /  2005 .

 2005 .       

224

 87:  8 – 

8
a

1 0,007 0,1
2 0,1 0,1

3 , . 10 0,5

b
1 90
2 10 2,5
3 0,4 2,5

c

1 ,
,

50 2 000

2 , 6 20
3 , 0,6 20

d
1 ,

.
3 000

2 50
e  *

1  ( ) 0,3
2  ( ) 0,1

 ( / )

 88:  9 – /

9 / µg TEQ/m? µg TEQ/m?
a

1  * 0,2 50
2  * 0,03 6

b / .
1 ,  Cl

0,005 1 000
0,0005 1 000

2
0,002 100

0,0005 100

3 0,0001 10

c
1 0,005

2 0,0002
3 0,0001

d
1 , 100
2 15
3

.
5

e
1

 ( / )
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 89:  10 – 

/ )

10

a
1
2

b
1
2

c /

d ,
e

1 -

2 ,
f -

 ( . 30,
1242) 15 000

 ( . 40,
1248) 70 000

 ( . 50,
1254) 300 000

 ( . 60,
1260) 1 500 000

1
2

g /  1-9
h
g  ( )
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 1:  1 – 

[  ] 
[  ] 
[  ] 
[  ] 
[  ] 
[  ] 
[  ] 

   

( / )
   

( ,
, ,

)
   

 ( , 100 )
 ( , 8 

)
 (24 )

[  ] 
[  ] 
[  ] 

/
( )

/  ( )
/  ( )
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/  ( )
/  ( )
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/  ( )

/
( )
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/  ( )
/  ( )
/  ( )
/  ( )
/  ( )
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 ( )
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 NaOH/
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[  ] 
[  ] 
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[  ] 
[  ] 
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/

/

 ( )
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[  ] 
[  ] 

[  ] 

 [  ]  [  ] 
 ( )     [  ] 

 ( )  [
]

3/  ( )
   

/      [  ]  [  ]  [  ]
/      [  ]  [  ]  [  ]
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 2:  2 – 

/

/

[  ] 
[  ] 
 [

]
 [

]
 [

]
 [

]
 [

]
[  ] 
 [

]
[  ] 
 [
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 [

]

 [  ] 

 [  ] 

 [  ] 

 [  ] 

 [  ] 

 [  ] 

 [  ] 

 [  ] 

( ,
, ,

)

 ( , 100 
)

 ( , 8 
)

 (24 )
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[  ] 
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/
 ( )
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/
 ( )
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 ( )

 ( )
/  ( )

/
/ /  % 

 ( )

 NaOH/

/

/

 ( )

[  ] 
[  ] 
[  ] 
[  ] 
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[  ] 
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[  ] 
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 3:  3 – 

 [  ] 
       [  ] 
       [  ] 
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 [  ] 

 [  ] 
 [  ] 
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 ( )

 ( ) [  ] 
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/

( )
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/
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 ( )

 NaOH/
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 ( )

[  ] 
[  ] 
[  ] 
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[  ] 
[  ] 
[  ] 
[  ] 
[  ] 
[  ] 

[  ] 
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 NaOH/

/

/

 ( )

[  ] 
[  ] 
[  ] 
[  ] 

[  ] 
[  ] 
[  ] 

[  ] 

 [  ]  [  ] 
 ( ) [

] ( ) [  ] 
3/  ( )

( ,
)

 ( / )

 ( / )

( / )
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 5:  5 – 

/ /

( , ,
, )

/

 ( , / )
   

    

 ( / )
   

 ( / , / )    
 ( / )    

 APCS* ( / )    

    

 ( / )
   

 ( / , / )    
 ( / )    

 ( / )
   

 APCS* ( / )    

    

 ( / )
   

 ( / , / )    
 ( / )    

 ( / )
   

 APCS*    

    
,    
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( / )
 ( / , / )    

 ( / )    

 ( / )
   

 APCS* ( / )    

 (
, )

( / )
 ( / , / )    

 ( / )    

( / )
 APCS* ( / )    

( ,
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 ( / )

 ( / )

( / )
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 6:  6 – 

/ /

( , ,
, )

, , ,
, .

 ( / )

,

( / )

( / )

1.    
2.    
3.    
4.    
5    

    

 ( )
 ( )

   

 ( / )

,

 ( / )
 (%) ( / ) (%) ( / ) (%) ( /

)
1.)        
2.)       

3.)
( / )

      

/ /    
,

 ( -
/ )

,
( - / )

4.) ,

5.)
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( ,
)

 ( / )

 ( / )

( / )
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- :

- :
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 [  ] 
 ( , 100 )

 ( , 8 )
 (24 )
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3/  ( )

( ,
)

 ( / )

 ( / )

( / )



241

10  3: 
10.1

 90 ,  EXCEL, 
, .

 6 (SEAM 
2003).

« », .

 90. ,  EXCEL, 
, , ,

 6 (SEAM 2003) 
      

 ( / )
   

/ / / / / /
6     

           
a   /

          932748 22,413 0 8,504 0 0
    1 

 5  4  259440 1,297 1,038
    2 

 5  4  183233 0,916 0,733

    3 
/

, 0,5 10 0,000 0,000

    4 

/ ,

, 30 10  673308 20,199 6,733

b   

, ,
,

          

48478 14,879 0 0 0 28,584

    1 
 1 000  1 0,001

    2 , 400 400 400  2515 1,006 1,006

    3 
 300 600  600  45963 13,789 27,578

    4 

 (
) 94 

18
 18  887 0,083 0,016

    5  ( /
)

60 10 10 0,000 0,000

6
37,291 0 8,504 0 28,584

 EXCEL  9 
,

,  9 
.  91 

 (SEAM 2003). 

 91. /  ( ,
SEAM 2003) 

 ( / )

    

1 3,5 0 0 0 0,023
2 1,52 0,03 0 0 0
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3 3,1 0 0 0 0,6

4 1,07 0 0 0 0,06
5 0,37 0 0 0 0

6 61,1 0 8,5 0 76,2

7 0 0 0 0,0002   

8 0,03 0 0 0,221 0
9 / 0 0,17 0 0 0

1-9 : 70,7 0,2 8,5 0,22 76,3
: 156 
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10.2 / ,

 2001  (Toolkit 2001), ,
, ,

. , ,

,
 1999  « ,

/ » (UNEP 1999). 
,

. ,
.  92. 

 92. / ,

 SAyDS 2004 

 DEH 2004 

 DEPR 2003; in UNEP 2003b 

In:  UNEP 2004a 

In:  UNEP/GTZ/CONAMA 2004 

 CITMA-CIGEA 2004 

In:  UNEP/GTZ/CONAMA 2004 

 Lassen et al. 2003 

 Quass et al. 2004 

 MoE Jordan 2003; in UNEP 2003b 

 Lassen et al. 2003 

 MoE 2003; in UNEP 2003b 

 Lassen et al. 2003 

 UNEP 2004b 

 SEAM 2003 

 ITDI 2003; in UNEP 2003b 

 Lassen et al. 2003 
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In:  UNEP 2004a 

 PCD 2002; in UNEP/PCD/BMZ/BMU/UBA/GTZ (2002) 

 DINAMA 2002 

 NEA 2003; in UNEP 2003b 

 UNEP 2004b 
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11.
11.1  ( )

/
( ). ,
in vivo  in vitro. ,

. ,
.

,
,

/  ( ).

/ . ,

. ,
.

. ,
/CCMS

 ( - )
(NATO/CCMS, 1998; Kutz ., 1990). 

/ , , - , .
 93. 

, /

 ( )  (van Leeuwen  Younes, 
1998).

 93:  ( ) - 

- -

2,3,7,8- Cl4  1 1 

1,2,3,7,8-Cl5  0,5 1

1,2,3,4,7,8-Cl6  0,1 0,1 

1,2,3,7,8,9-Cl6  0,1 0,1 

1,2,3,6,7,8-Cl6  0,1 0,1 

1,2,3,4,6,7,8-Cl7  0,01 0,01 

Cl8  0,001 0,0001

2,3,7,8-Cl4  0,1 0,1 

1,2,3,7,8-Cl5  0,05 0,05 

2,3,4,7,8-Cl5  0,5 0,5 

1,2,3,4,7,8-Cl6  0,1 0,1 
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1,2,3,7,8,9-Cl6  0,1 0,1 

1,2,3,6,7,8-Cl6  0,1 0,1 

2,3,4,6,7,8-Cl6  0,1 0,1 

1,2,3,4,6,7,8-Cl7  0,01 0,01 

1,2,3,4,7,8,9-Cl7  0,01 0,01 

Cl8  0,001 0,0001

,  2,3,7,8- ,
.

 93, , ,
- .
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11.2

, .
:

3 . ,
, ,

.

3 . ,
 0  1  (101,325 )

,
 (

), 3 :
101,325  (=1 ), 273,15 ,  11% .

 11% .

Rm3  (reference) .
: 25 , 1 ., .

,
.
 11% -
, .

, , ,
.

Sm3  (dry standard cubic meter - dscm) 
 1  20  (68 

).

,  7%  12% .
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11.3  -  3 
 3 

.
 ( ),  1 

. , ,
 ( )  ( ).

 94: 

,  27-35 /

,  32-34 /

,  31-32 /

,  30 /
( )

,  29-32 /

,  25-27 /

,  20,5-30,5 /

,  16-17 /

,  13-15 /

,  12-14 /

/ , 10-12 /

/ , 9-11 /

/ ,  8-10 /

/ ,  8-9 /

/ , 7-9 /

/ ,  4-6 /

 95: 

,  31-32 /

,  28-30 /

,   27-28 /

,  23-25 /
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 96: 

 44-47 /

/ 43-46 /

 ( ) 40-43 /

 38-40 /

  37-39 /

 20-23 /

 ( ) 8-10 /

 97: 

 50-55 /

, , 48-53 /

, , 47-52 /

 46-50 /

,  H 44-49 /

,  L 40-45 /

,  38-44 /

 20-23 /

 10-11 /

:

 48 /

 (
)

46 /
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 98: 

, -  14-17 /

, -  15-16 /

, -   13-15 /

,  12-13 /

 11-13 /

 10-12 /

 99: 

 17-19 /

 17-19 /

 15-18 /

,  15-17 /

 ( ) 15-17 /

 14-16 /

 14-15 /

 9-11 /

,  9-11 /

 8-10 /

,  1-3 /

:



251

 100: 

 (Wh) 1  3600  (J) 
 1  3,6  (kJ) 
 1  0,0036  (MJ) 

 (kWh) 1  3600000  (J) 
 1  3600  (kJ) 
 1  3,6  (MJ) 
 1  3,6·10-6  (TJ) 

 (GWh) 1  3,6  (TJ) 
 (TJ) 1  277777,7778  (kWh) 

    
 (W) 1  1 . (J/s) 

 1  60 .(J/min) 
 1  3600  (J/h) 

 (MW) 1  1000000 . (J/s) 

 101: 
 3 

WEC*

1
 (toe) ** 

 42 GJ (

)

1
(tce) 

 29,3 GJ (

)

1   45 GJ (

)

1000  36 GJ (

)

1   0,2275 toe 

1   0,3215 toe 

1 kWh ( )  9,36 MJ 
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1 kWh   3,6 MJ 

*
** ,

,
 107  (

41.868 GJ)
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11.4
 3  5 

 ( ). ,
, ,  ( 3).

;
 11.2. 

,
. :

1  0,74 ; ,
 0,00074; 

1  ( )  ( , .) /
 ( )

0,85 ; , /
 0,00085; 

1  ( )  0,970 ; ,

0,00097;

1 3  0,77  0,85 ;  0,8 ;
,

 0,0008; 
 0,0000008; 

1 3  ( )  2 ;
,

 0,002, 
 -  0,000002. 
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11.5  -  7 

,
 102. 

 102: ,

( )

 NaOH E 

 ( )

 Eo, Ep 

 E/O, E/P 

 Cl2

 ClO2 D 

 H lO, NaOCl, 
Ca(OCl)2

H

 O2 O 

 H2O2 P 

 SO2 S 

 H2SO4 A 

( )
EDTA Q 

   W 

 O3 Z 

:

EOP-Q-EP-EP (HC)        EOP-EP(HC)           EOP-Q-EP-EP 

-  1991 
(= )  (
1995):

                                   C-E-D-E-D                                    C-E-H-D-E-D 

C-E-H-E-D                                    C-E-H, C-E-H-P 

.

, , , ,
, .

 (DZ)(EOP)D, 
(DQ)(PO), D(EOP)D(PO), ,
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.

,  ( ,
): 

D-E-D-E-D                                       D-EOP-D-E-D 

D-E-D-D                                           QP-DQ-PO 

,
,

. :

Q-E/P-E-P                                          OP-ZQ-PO 

Q-Z-P-E-P                                          OP-Q-PO 


