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Abstract: Pharmaceutical waste, and especially components considered to be 

hazardous waste, (and which due to their characteristics such as infectivity, 

inflammation, ecotoxicity, radioactivity etc.) can be extremely harmful to 

human health and the quality of the environment, in cases it is inadequately 

treated. The most significant quantities of medical waste are generated by 

hospitals that in a large number of cases this generated waste consider to be 

infectious, which is not the case with pharmaceutical waste where 

households appear as dominant sources. Then follow other institutions 

which have the same or related activities, such as health centers, dental 

offices, veterinary stations, research laboratories, etc. And it is just because 

of inadequate waste prevention and the final disposal of this kind of waste, 

developed countries started to regulate this issue a long time ago, so during 

1980s of the 20th century, US EPA developed detailed protocols on 

monitoring the movement of pharmaceutical waste and in that way formed 

good bases for further taking adequate measures in this area. The presence 

of the permanent generating risks and dangers in the management of 

pharmaceutical waste confirms the view that it is a complicated and 

complex issue that needs to be studied more. 

The past decades have been marked by a constant increase in the amount of 

generated pharmaceutical waste in almost all societies and on different 

continents, as well as insufficient knowledge of its characteristics and 

negative consequences for human health and the environment. In addition, 

the low level of development of different options for its treatment, led to the 

conclusion that the disposal of pharmaceutical waste in landfills is the 

simplest but also the most economically advantageous solution. In this 



 

doctoral  thesis,  it  can  be  seen  that  the  consequences  of  this  approach  and  

practice are felt today, because we have hundreds of thousands of 

contaminated landfill sites with contaminated soil, groundwater and surface 

water around the world, which require urgent remediation measures in the 

hope that it will raise their quality to a desired level. 

In the life cycle of pharmaceutical waste, there is its production as the first 

phase, ie., generation, which includes many of man's productive activities, 

the development of modern technologies and the application of new 

materials, and thus the later use of the finished products. Pharmaceutical 

waste generators are numerous, and for that reason, at this stage of waste 

management their identification must be carried out, locating and 

monitoring as well, with the registration of data on generated quantities at 

regular intervals. Pharmaceutical waste can come from industry or 

households, respectively, can be generated by the manufacturers of many 

products for everyday use, specialized manufacturers, hospitals, 

universities, government agencies, the commercial sector and individuals, 

ie., households. 

The aim of the research is based on the development of a regional model of 

pharmaceutical waste management, while respecting the existing positive 

experience in the development model of medical waste management, with 

special consideration of all relevant aspects of environmental quality. 

Taking into account the complexity of research in this doctoral thesis a 

systematic approach was used in the study. System analysis of regional 

model of pharmaceutical waste management, harmonized with the quality 

of the environment is realized through: the collection of data on categories 

of pharmaceutical waste and analysis of the current situation, ie. 

characteristics of existing techniques and technologies of pharmaceutical 

waste management and environmental quality; analysis of existing models 

of pharmaceutical waste management; defining a regional model of 

pharmaceutical waste management, identifying opportunities and conditions 

for the practical application of the regional model of pharmaceutical waste 

management and definition of practical guidelines for proposed regional 

model of pharmaceutical waste management. 



 

The defined method of the research is based on the study of existing models 

of pharmaceutical waste management, organizational procedures and 

organizational resources and analysis of the data collected. The 

development of this doctoral work included the analysis of available 

literature  that  deals  with  this  issue,  as  well  as  indirectly  analyzing  the  

performance of organizations that can occur as direct implementers of 

sustainable management of pharmaceutical waste management and 

environmental protection. 
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, . 
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(Kümmerer, 2008b) 
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. ,  

,  

 (Ravina , 2002; Schröder, 2002; Ternes , 2003; Zuehlke , 

2004; Li , 2007; Trautwein , 2008).  

 

 (Haiß  Kümmerer, 2006; Gröning , 2007). 

, ,  

,  

.  

 

, ,  
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. ).  

.  

 

.  

 

3.1.2 a   

 

, .  

 (Verbrugh  de Neeling, 

2003; Goossens , 2005, 2007).  

, ,  

, .  

WHO  ( .  WHO  -  World health organization),  

 0,4 %  

,  16 % .  

, .  

,  ( ),  

. ,  

a a.  

.  ,   

. 

,  

(Boxall , 2003 a, b; Sarmah , 2006). , 

, . 

 2001.  50 000  (Greiner  

Rönnefahrt, 2003),  2700  90 % .                     

900  38 000 t .  

 6000–7000 t ,  

 0,45 kg . , 

 5 t ,  110 ,  

 0,06 kg  (Ongerth  Khan, 2004).  

 GMP ( . GMP - Good 

manufacturing practice), ,  
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. . , 

,  

 mg/l (Larsson , 2007; Li , 2008).  

, .  

,  (Kümmerer  Henninger, 2003; 

Heberer  Feldmann, 2005; Bayerisches Landesamt für Umwelt, 2005; Hädrich 2006; 

Heinzmann , 2006; Kümmerer , 2008 a),  

 

.  

,  

. ,  

 1994.  (EG 

1993).   (Greiner  

Rönnefahrt, 2003; Rönnefahrt, 2005),  25 %  

 (Sattelberger, 1999),  

.  17,7 %  

,  20 %  

 (Götz  Keil, 2007; www.start-

project.de). ,  

400 .  

 

.   

 

,  (Bound  Voulvoulis, 2005).  

,  50 % ,  

,  

.  22,9 %  

,  20 %  

 (Seehusen  Edwards, 2006).  

 (Abahussain , 2006),  

(45,4 %) ,   

.  

:  (48,9 %)  

 (25,8 %).  
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 (76,5 %)  (11,2 %).  

 

.  

,  

,  

.  FDA ( . FDA - 

Food and drug administration),  

, ,  

 

 WWTP  ( .  WWTP  -  Wastewater treatment plants).  

,  

 (Metzger, 2004).  

, ,  

 

, .  

 

(Kreuzig , 2005),  

.  

.  

 

3.1.3   

 

,  

, ,  

 (Schwarzenbach , 2007). , 

, 

 (  3-3.).   

 

 

 (WWTP), ,  (  3-3.). 

 - ,  

 (Tabak  

, 1970; Norpoth , 1973).  

. , , 
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 (WWTP) , 

 (Richardson  Bowron, 1985; Aherne , 1990). 

,  

, , 

 

. ,  

. 

 

 3-3.  
(Schwarzenbach , 2007)  

 
,   EDS  ( .  EDS  - 

Endocrine disrupting substances), ,  

,  

.  ),   (Stan  Linkerhägner, 1992). 

a .  

,  

,  .  ,   
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.  

 (Elbaz-

Poulichet , 2002; Verplank , 2005; Buerge , 2006).  

 (Fatta , 2007; Perez  Barcelo, 2007),  

 -  LC-MS/MS              

.  LC - MS/MS - Liquid chromatography - tandem mass spectrometry ),  

 -  GC/MS-MS ( . GC/MS-MS - Gas 

chromatography - tandem mass spectrometry).  

. 

 

, ,  

.  

 (Loraine  Pettigrove, 2006; Alexy , 2006). 

 (Holm , 

1995; Metzger), .  

 

. ,  160 

 

(WWTP), .  

 ( ).  

,  

,  

 (Jones-Lepp  

Stevens, 2007). 

 

 (WWTP)  ng/l  µg/l (Sacher , 2001).  

,  

, ,  

.  

, . ,  

, ,  

.  

.  

.  
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,  .   

, , ,  

,  

.  

.  31 %  2429  

.  .   

,  

. ,  

.  

 (Kümmerer  Henninger, 2003; 

Kümmerer , 2008 a). 

 

 

, 

, .  

 

. ,  

.  ( . 

)  ( )  

. 

 ( . )  ( . ), 

.  

 ( ),  

 (Rabølle  Spliid, 2000; Tolls, 2001; Boxall, 

2002; Thiele-Bruhn, 2003; Laak , 2006 a, b). 

 (Thiele-Bruhn, 2003) :  

,   . 

 - Soil organic matter), d 

. d  - distribution coefficient).  

 .  

,   

.  ,   

 

, ,  
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.  logKow. 

,  

. ,  

, „ “  

 PCB ( . PCB - Polychlorinated biphenyls) ,  

,  DDT ( . DDT - Dichloro-diphenyl-trichloroethane),  

.  

(Cunningham, 2008). , . 

,  pH  

 (logKD).           

 3-1.). , ,  

 pH , ,  

, , .  

,  logKow,   

,  pH, ,  

.  

,  

, .  

 6,16  8,63.  pH  7,04 (  

), ,  

. ,  

.  

 logKow,  

 (Wiethan , 2000; Golet , 2002).  

 logKow  3  4.  

,  50 % .  

, ,  

. ,  

 „ “ .  

 

. ,  

,  ( ) 



 32

.  

. 

 

  

 

 

. ,  

,  

 ( , , 

) .  

,  

, .  

 

 ( ).  

 

. ,  

,  

.  

.  

.  

 

.  

.  ,   

. ,  

,  

.  

,  

 

. ,                        

.  

.  

 

. ,  

. 
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.  

,  

.  

, .  

 

, .  

,  

 (Kümmerer , 2004). 

 

. , 

, ,  

. ,  

 s- .  

,  

 (Kümmerer , 2008 b).   

,  

, ,  

.  

.  

 

,  

.  

 

,  (Kümmerer , 

2000; Alexy , 2004). 

 

3.1.4   

 

 

 

.    

, .  

 



 34

: 

 ; 

 ; 

  

 .  

 

,   (Fent , 2006).  

 ( ),  

.   

,  

 (Halling-Sørensen 2000 a; Kümmerer , 2000; 

Boxall , 2004). ,  

 LOEC ( . LOEC - Lowest observed effect concentrations),  

 

 (Fent , 2006).  

,  (LOEC),  

  (Schwaiger , 2004; Triebskorn , 2004; 

Triebskorn , 2005; Hoeger , 2007),   

 

 

 (Fent , 2006). , ,  

. , , 

 (Fent , 

2006).  

. ,  

 (Silva  

, 2002; Pomati , 2007).  

.  ,   

 (Kümmerer , 2004). 

 

  

,  

:  2000.  2003. ,  
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 (5–86 %)  

 (34–95 %),  

.  

.  

 

 (Oaks , 2004).  

 

)  

, .  

 

 (Swan , 2006; Taggart  

, 2007).  

 

3.1.5  

 

 

,  

,   

.  (2 l  

 70 )  (Kümmerer  

Al-Ahmad, 2001). , :  

  ( ,  

),  (  

, ); 

 , , ,   

 .  

,  

,  

. , .  

.  

.  

. ,  

, .  
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,  

 CMR ( . CMR - Carcinogenic, mutagenic or 

reproductive compounds). ,  

.  

 POPs7 ( . POPs - Persistent organic pollutants),  

,   

.  

, ,  

,  

 ( , 2004).  

 

 , .  

 

. ,  

,  

.  

.  

, 27  

.  

: , 

 ( )  

 (Doerr-MacEwen  

Haight, 2006).  

 

3.2  -  

 

, , , 

,  

                                                
7  

 (POPs). POPs ,  
, . POPs 

. ,  
 POPs   (http://www.pops.int/). 

 



 37

,  

. :  

 :  ( , , , 

, ),  (  

, , , , 

), , . 

 :  

, ,  

 (  

).  

 

,  

, ,  

.  

 

3.2.1    

 

,  ,  

: 

- ; 

- ; 

- ; 

-  

- . 

:  

. 

 

,  

 

 ( , ): 

 ( ), , 

.  
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 3-2.  
(A. Pruss, E. Giroult  P. Rushbrook, Safe management of wastes from health-care activities, WHO, 1999.) 

 ( )    

 
 (Salmonella, 

Vibrio cholerae, Shigella, ) ,  

 

Mycobacterium tuberculosis, 

Streptococcus pneumonia,  

SARS,  
,  

 erpes  

 Streptococcus  

 Bacillus anthracis  

 Neisseria meningitidis  

AIDS 
 

 (HIV) 

,  

,  

 

 
, ,    

  

  A  

 B  C  B  C  
 

  H5N1 ,  

 
 ( .  - Accidental exposure to blood),  

.  

 

, ,  

 (AIDS,  C)  

. 

 WHO ( . WHO -

World health organisation),  ,   

 66 000  B,  16 000 

 C,  200  5000  HIV 

.  

,  

. , , ,  

, , , 

, . 
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 ( , ,  

, , .).  

. , 

 

 ( ,  .),   

.  

e ,  

, ,  

.  

 ( ), 

.   

, 

, , .  

, ,  

. 

 
 3-3.  

(Thomson , 2003, WHO 2010, Public Health Agency of  Canada 2001.) 
  

 B 

-  

 

-  25 °  

-  

- 10  60 °  

-  70 %  

 B  C 
-  

 

 C - 7  4 °  

HIV 

- 3  7  

-  56 °  

- 15  70 %  

- 21  2 µl  

-  

 90-99 %  
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, ,  

, :  6 ;  

 2,6 ;  2,5  1,2 . , 

-

,  

.  

 

, , , 

, , , , 

, ,  

. ,  

: , ,  

.  

 ( : ), , ,  

.  

 ( , ),  

 

.  

 MSDS ( . MSDS - Material safety data sheet). 

 -  GHS ( .  

GHS - Globally harmonized system),  3-4.  3-5. 

 

.  

, , ,  

  , .  

,  ,   (  

),   (1 l  13,5 kg),  

. ,  

, .  

, , , ,  

.  
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 3-4.  (  2015. ) 
(European Chemicals Agency, 2015) 

,  (  

 -   ), . 

,  

.  

 ( ),  

, , . 

,  

). , ,  

,  

.  

,   

 

.  
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3.2.2   

 

 (  800 ° ),  

 PVC ( . PVC - Polyvinyl chloride), 

 HCL (  

), , .  

, , ,  

. , 

 PCB ( . PCB - 

Polychlorinated biphenyl), .  

, ,  

. ,  

 

.  

 (  800 ° ),  

,  

. , 

  800 ° ,  

 200 °  400 ° . 

,  

, , .  

 

 

.  

,  

.  

 

 

. ,  

 

,  2  10 , 

.  

,  

 MRSA ( . MRSA -  Methicillin-resistant staphylococcus aureus). 
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 3-5.  
(European Chemicals Agency, 2015) 

 
 
3.3   

 

 

 (Williams  Cook, 2007), ,  

. 

 

,  

. 

,  

. , ,  

, .  

 ( , .)  

.  

 

API ( . API - ctive pharmaceutical ingredients).  

 



 44

,  

, .  

,  

.   

.  

 

,  

. ,  

.  

 

,  

. , 

, , pH, ,  

, ,  (www.eper.cec.eu.int; 

www.epa.ie).  

 

 

 (EMEA, 2006). 

 

  

,  

, ,  

. ,  

 

. ,  

, 

. , 

, ,  

,  

. 

.  

42,4 %  (CPA, 2006). 

 2005.  44,6 %,  2010.  60 % (CPA, 

2006).  2004. , ,  
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8  %   (Green, 2006).   

,  

 (CPA, 2006).   

, , 

. ,  

,  

, .  

 

. ,  

 24  

,  100 000 . ,  

,  

,  

 (Larsson , 2007).  

, , : 

 2004.  1,5 %  

 (www.lfn.se);  

 1,5 %,  

 1,5 %, .  

,  

, .  

, 

 

.  

, 

,  

.  

 

,  (Bisarya  

Patil, 1993). ,  2,27 g l-1  

 ( ).  

,  

, . 
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.  

 (Cui  

, 2006), ,  

 LC-MS/MS ( . LC-MS/MS - Liquid chromatography - tandem Mass 

spectrometry)  51 ng l-1.  

 

,  

.  

.  

 (Kidd , 2007). 

 1 ng , , 

 (Orn , 

2003; Parrot  Blunt, 2005; Gunnarsson , 2007). 

 

, 

 

. ,  

.  

,  

). ,  

,  

 (AUE, 2004). 

 

,  

.  

,  

. 

,   

. ,  

,  117 

 (China Daily, 2007).  

.  

,  
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.  117  

. 

 

  

,  

,  

.  

,  

, ,  

 (www.fass.se). ,  

 

,  

, .  

,  

. 

, ,  

, ,  

.  

 

, ,  

 

.  

 GMP ( . GMP - 

Global manufacturing practice),  

.  

 (Stenberg, 2007),  

 

. 

 

3.4  

 

,  ,   

,  

 ( ),  
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 ( ) .  

 ( )  

, e  

, , 

. ,  

, ,  

. . 

 

.  

.  

, .  

 

. K , ,  

.  

, ,  

.  

, , 

, . 

 

.  

 DDD ( . DDD - Defined daily dose).  

 (  3-4.),  

,  

. , 

, .  

,  

,  

, .  

, ,  

.  

,  

. ,  

,  

. 
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 3-4.  
(Kümmerer, 2008) 

/ 

 

 
 
 
 

 
) 

 
 

 
 

) 

   
 

(%) 

-
  
 

 
 

-
  

 
 

 
  

 

 
 

100 000 - 
200 000 ? ? ? ? ? Wise 

(2002); 

EU+CH 8637 22,4 ? ? ? ? FEDESA 
(2001); 

USA 4860 ? 17 ? 70 ? 1,9 ? 0,73 

 
 

(2001); 
Kolpin  

  
(2002); 

CDN ? ? ? ? ? 0.87  
Miao  

 
(2004); 

CH 34,2 4,75 20-40 ? ? 0,57 0,2 
Alder  

 
(2008); 

D 411 4,95 25 20-40 ? 6 1,7 

Kummerer 
 Henninger 

(2003); 
Ronefahrt 
(2005); 

DK 40 7,4 ?  ? 5 ?  ? 

Gurdbassl   
Daalsgard 
(2001); 
Bager  
Emborg 
(2000); 

A 38 4,7 ? 20-30 ? ? ? Sattelberger 
(1999); 

NL 40,9 3,9 20 ? 4,4 0,11-0,85 

Sacher  
Stocks 
(2003); 
Verurgh  
de Neeling 
(2003); 

I 283 4,88 ? ? 0,85 0,25 

Castglioni  
  

(2004 a, b); 
Calamari  

 
(2003); 
Zuccato  

 
(2000); 

 

a  
   
  V   

   
?   
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,  

.  

,  ,   

: , , , , .  

, ,  

. , , 

,  (  3-6.).  

,  

 pH . 
 

 
 

 3-6.  
(Kümmerer, 2008) 

 
,  pH .  

,  

 - ,  

, .  logCow  log D  pH. 

,  

, , , 

.  
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,  

.  

,  

,  ( . ). 

 

3.4.1  

 

  

,  

, , ,  

.  

 (Streptomycetes),  .   

,  

.  

,  

,  

, .  

, , ,  

. 

,  

,  

.  

. ,  

, ,  

.  ,   

. 

.  

 

 mg l-1 (Larsson , 2007; Li , 2008). 

 

 

 250  

 (Kummerer  Henninger, 2003),  

,  (Molstad , 2002).  
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,   

, .  

 70 %,  75 %  (Wise, 2002). ,  

 75 % ,  25 % (Kummerer  Henninger, 2003). 

 ( )  10 %  

(Thomas , 2007).  

. , ,  

, ,  

.  

100 000  200 000  (Wise, 2002).  

 FEDESA  ( .  FEDESA  -  European federation of 

animal health)  1999. ,  13 216 , 

 65 % . ,  

 22 g .  

, ,  17 g 

. 

,  

 DDD ( . DDD - Daily defined dose). 

 

.  ( ),  

 (1997. ),  

 ATC ( . ATC - Anatomic therapeutic chemical) 

,  1000  (Cars  

, 2001), : , 

 (36,5),  (32,4),  (28,8)  (26,7),  

 (8,9),  (11,3),  (13,5),  (13,6)  

(12,4). 

, .  

 (Vaccheri , 2002),  

 16,5 DDD/1000  ( )  10,4 DDD/1000 

 ( ).  

, .  

,  (  

),  4 %  DDD.  ( ),  
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. ,  90 %  

 8 (  38) ,  

 (1.:fenoksimetilpenicilin),  

 18 (  74) , , , 

.  

 

,  (case-by-

case). 

 OTC ( . OTC - Over-the-counter),  

.  

,  

,  

. , , 

, ,  

50-70 % .  

, ,  

(http://www.esac.ua.ac.be/ main.aspx?c=*ESAC2&n=1063).  

, ,  

 3   5  g  .   

 (Alexy , 2006),  ,   1998.  

,  (9000 ),  2,6 g 

,  4,95 g  

 (  3-7.). 

 ( )  

 (10-90 %, .  10 %).  

,  

,  (Kummerer 

 Henninger, 2003). , , 

 30 % (Kummerer  Henninger, 2003). 

.  

 DDD,           

5-20 %  (de Wirth , 2004).  ,  

 (  DDD )  8,6  36 

(http://www.esac.ua.ac.be/main.aspx?c=*ESAC2&n=1066l).  
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 3-7.  

(Alexy , 2006) 
 

, ,  

9,6-17,3 DDD  (de Wirth , 2004).  

 (Alexy , 2006).  

,  3,85 g  

.  

. ,  

 (  3-8.).  412  

, , 

305 ,  92  (Kummerer  

Henninger, 2003). ,  

),  10 %  

 (Thomas , 2007).  

 -  (  3-9.).  

,  

. 

 

 

 (Boxall  

, 2003 a, b). ,  
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 ( ).  

 (Hamscher  

Hartwig, 2008). ,    

 (Sarmah , 2006).  

 
 3-8.  

 ( , 2003) 
 

 10 200 ,  50 %  

, ,  

 29 %,  6 %  (FEDESA, 2001).  

 2006. 

,  ( ,  

),  ( ).  

 (Ferber, 

2003). 

 50-70 %  

 ,  50 % ,  (Union of 

Concerned Scientists, 2001),   ( , ). 

,       

 7,5 % (  2003.  2004. ), 

(www.ahi.org/mediaCenter/documents/Antibioticuse2004.pdf).  

 AHI . AHI - Animal health 

institute).  
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 2004. ,  9,8  

,  9,16  

 2002. . :  – 4,28 

;  – 2 ; , , 

, ,  – 1,95 

;   – 0,54 .  

 

 

 FAO ( . FAO - 

 Food and agriculture organization  of  the  United  Nations),   

, , “. 

 

, .  

. 

, 

, , , ,  

 (Serrano, 2005). 

,   

 1950. . , 

 

. ,  

 Erwinia amylovora. 

 0,5 %  

 (McManus , 2002),  13 835  

 (http://www.apsnet.org/online/feature/Antibiotics).  

,  

: ,  

, .  

, ,  

 (  

).  
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3.4.2  

 

 

 WWTP  

.  WWTP  -  Wastewater treatment plants).  

,  

 ( ).  

:  

,  

 

. . 

 

, ,  

 (Alexy  

Kummerer, 2006). ,  

 (Batt  

, 2005; Botisi , 2007; Hernandez , 2007).  

, g/l ,  

g/l ,  

,  ug/l  -  

(Xu , 2007). 

,  

.  ( , , 

),  ( , , , , 

, , ,   ), 

 ( : , , 

,  - ; : ), 

 (  - ),  (  

, , ),  ( : 

 - ; : , 

 - , , ; : 

,  - ,  - ; 

 - : , , 

, ). 
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 3-9.  

, 2006) 
 

 

g/l ,  (Lindberg , 2004; 

Turiel , 2005 a; Brown , 2006; Thomas , 2007; Martins , 

2008).  

. ,  

 ( , ,  

)  (Farber, 2002; Christian , 2003; 

Kummerer  Henninger, 2003; Goossens  , 2005; 

http://www.esac.ua.ac.be/main.aspx?c=*ESAC2&n=1066l).  

 

, g/l  (Christian , 2003).  

,  

g/l,  20–30 g l–1). 

:  

, . 

 (Ye , 2007). 
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,  

,  

, ,  (Kim  

Carlson, 2007). ,  

.  

, ,  

.  

 mg/kg 

(Hamscher , 2002; Rab0lle  Spliid, 2000; Thiele Bruhn, 2003; Jacobsen , 

2004; Sarmah , 2006; Martinez Carballo , 2007),  

 20  40 mg l-1 

(Hamscher , 2000; Thiele-Bruhn, 2003). ,  

 ( , , , 

, ) , , , 

.  

 10,   12   (Hamscher , 2002).  

 86,2 g kg-1 (0-10 cm), 198,7 g kg-1 (10-20 cm), 171,7 g 

kg-1 (20-30 cm)  4,6-7,3 g kg-1, .  

 

,  

.  

 (Simon , 2003). , , 

,  (Christian , 

2003). 

 

3.4.3   

 

,  

. 

 - ,  

 – , . 

,  

.  

,  
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.  

,  (Christian  

, 2003).  FQs ( . FQs - 

Fluoroquinolones)  (  

 1,4  2,42 mg kg–1 ). , ,  

 (Golet , 2002; Giger , 2003). 

 ( , ) 

,  

.   

, , ,  

,  

.  

 (Tolls, 2001; Kreuzig  Holtge, 

2005; Heise , 2006; Schmidt , 2008). ,  

,  

. 

 

3.4.4 ,   

 

 

.  

, ,  

,  pH  (Werner  

, 2006) , . 

, , ,   

.  

, 

,  

,  (Coqgor , 2006; Arslan-Alaton  Caglayan, 

2006; Gonzales , 2007; Iksender , 2007).  

 (Hu  Coats, 2007).  

, ,  

 



 61

(Kallenborn , 2004),  

, , .  

,  

. ,  

,  

.  

,  

,  (Viola , 

2004; Turiel , 2005 b; Thiele-Bruhn, 2003).  

(Turiel , 2005 b).  

(Vasconcelos , 2008)  (Vasconcelos ; Boree , 2004)  

. ,  

.  

 

.  

 DOM ( . DOM -  Dissolved organic matter),  

,  (Sukul , 2008).  

, 

.  

 (Hu  Coats, 2007; , 2007)  

(Edlhund , 2006) . 

,  

 (Halling-S rensen, 2000). ,  

. , , 

 pH  pH 7. 

,             

,  (Langin 

, 2008). ,  

, 

 (Langin , 2008).  

 

. , . 

,  ( ).  
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 G,  

 (Li , 2008). 

 

3.4.5  

 

 (Wiethan , 

2000; Kummerer , 2000; Ingerslev , 2001; Ingerslev  Halling-S rensen, 

2001; Thiele-Bruhn, 2003; Alexy , 2003; Alexy , 2004).  

 - , 

.  (  OECD 

302B  OECD 301B),  16 ,  

(penicilin G)  (Gartiser , 2007 a).  

, ,  25 % 

 21 ,  

 (Junker , 2006). , 

 

 (Carucci , 2006).   

,  

 (Kim , 2005). 

,  

,  

 (Alexy , 2006; 

Gartiser , 2007 b; Schmidt  Rombke, 2008).  

 „ “, ,  

, . ,  

,  (Hu  Coats, 2007).  

 

, ,  

(Thiele-Bruhn, 2003).  

 

,   30  °C,   

 4 °C.  

 

,  
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.  

,  87  173 . ,  

 (Parshikov , 2000; Karl  

, 2006). 

,  

(Kumar , 2005; Grote , 2007).  (Zea mays L.),  

(Allium cepa L.)   (Brassica oleracea L., Capitata group),  

,  (Kumar , 2005).  

 (2-17 g kg-1 ),  

.  

,  45  (Dolliver , 2007),  

, ,  

 0,1  1,2 mg kg-1 .  

,  

. , . 

 45 , ,  

 0,1 % .  

.  
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4.  

 

 



 65

 

, ,  

.   

, , 

, , , 

.  

,  

,  

.  

,  

 ( , 2010).  

: 

 ; 

 ; 

  

 . 

.  

,  

, ,  

 (LaGrega, 2010).  

 

4.1   

 

,  

. ,  

, ,  

, ,  

.  

, , .  

, ,  

, , .  

, ,  

,  
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.  

:  

,  

.  

. 

 (  

)  ( , 2010). 

 

4.1.1  

 

 

 (  1000 ° ),  

. ,  

 

, . 

,  

 850 ° .  

 

,  (  

). 

 

. ,  

,  

.  

) .  

, .  

,  

, : 12 kg/h  

300 .  

.   800  ° .   4-1.   

. 
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 4-1.  De Montfort  
(Pr. D.J. Picken) 

 
,  

: 

 ; 

  

:  (  3  6 

,  5  13 ); 

 ; 

 , ,  

,  

, ; 

  30 ,  

 (5  10 ),  

. ,  

; 

 ,  

; 

  PVC ; 

 ;  

 , ; 
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 :  

 BAT/BET ( . BAT/BET - Best available technique/Best 

environmental practice) . 

,  

, ,  

, .  

 C,  

, . 

 

,   

, ,  

.  

,  

.  

: ; ; 

; ; ; 

; ; ; ; 

; ;  

;  ( , , 2001).  

:  

 ; 

   

 . 

,  (> 95 %) .  

 (< 2 %) .  1 

% , , .  

 

WI  ( .  WI  -  Medical waste incinerator),  

.  

,  

, .  4-2. 

.  
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 4-1.  
(International Committee of the Red Cross, 2011) 

   

 
 (> 1000 ° ); 

; 

; 
; 

 
; 

 
; 

; 
; 

             
(25 000  100 000 CHF  300 000 
CHF ); 

 
,  

 
, ; 

,  
; 

 
, ; 

 
 (800 °  - 900 ° ); 

 
; 

 
; 

 
 (> 95 %); 

 
) ; 

 
; 

 
 (15 000 CHF); 

; 
 

; 
 

); 
 

 ( ) , 
; 

 
 (300 °  - 400 ° ) 

 
; 

 
; 

  
(1000 CHF); 

; 
. 

; 
 

; 
 

; 
 

 
; 

; 
 

 ( ) , 
; 

 
. 

, , 

 

. . 

. ,  

, ,  
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. ,  

 760 °C  980 °C.  

,  

, .  

 –  980 °C  1095 °C.  

,  

, . , 

 ( ) . 

,  0,6   

50 kg/min (  19 700 /kg).  

, ,  

.  

, . 

 

 430 000  710 000 kJ/h-m3. 

 

 ( ),  

 ,  .  ,   

.  

,  

,  „ “ . 

 

. , .  

 (  

) ,  

 4-3.).  

,  

. ,  

,  

.  
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 4-2.  
(Emission Factor documentation for MWI, U.S. Environmental Protection Agency) 

 
,  

. 

,  

 

, . ,  

. 
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 4-3.  

(Emission Factor documentation for MWI, U.S. Environmental Protection Agency) 
 

4.1.2  

 
 

,  

 (60  121 °  1 ).  (  

),  60  134 ° ,  

. ,  

,  

,  

.  

,  

 (  

, ). , 

.  

, ,  

, .  

,  

.  
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 4-2.  
(International Committee of the Red Cross, 2011) 

  

 

; 

 

; 

; 

; 

 (500-

100 000 CHF); 

; 

 

; 

 

; 

 

; 

; 

 

; 

; 

; 

 

; 

; 

 
,  

. 

 

4.2   

 

 

.  

 

.  

,  

,  

, . 

, : 

 

;  

,  ( , 2010). 

 



 74

 

 

. e e,  

. 

 

,  

.  

 

, ,  

, . 

. 

 

 

,  

.  

,  

,  

.  

,  

,  

 ( , 2010). 

, 

.  

,  

.  

, ,  

, .  

,  

, ,  

 ( ),  

 ( ),  ( , 2010). 

  

,  

.  
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, .  

. ,  

. 
 

 4-3.  
(International Committee of the Red Cross, 2011) 

   

 

 

; 

 

 (2  80 CHF)  

; 

 

; 

 

; 

; 

 

; 

 

; 

 

; 

; 

 

; 

 

; 

 

; 

 

 

; 

 (100  600 CHF).  

 

; 

; 

 

; 

 

 

.  

, ,  

.  

. ,  

,  

,  

. 
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 4-4.  
(International Committee of the Red Cross, 2011) 

  

; 

; 

; 

 

 

; 

; 

; 

 

; 

; 

 

; 

 

; 

 

4.3   

 

 

, ,  

, ,  

. , 

 , .  

, . 

, ,  

,  

, .  

, , , ,  

,  

:  

. ,  

 ( , 2010). 

 

 

, ,  

 pH .  

,  

.  
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 pH  2-12,5,  

6-8 ( , 2010). 

 

,  

,  

.  

, ,  

.  

, ,  

. 

,  ,  ,   

 

.  

(Pichtel, 2005).  

 

,  

. ,  

 (Pichtel 2005). 

,  

.  

, ,  

. ,  

,   

. ,  

, ,  

 pH .  

. 

 , ,  

 .  

 

,  

,  -

  . ,  
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. ,  

 (  4-3.). 

 
 4-5.  

(International Committee of the Red Cross, 2011) 
  

; 

; 

 

; 

 

, ; 

 

; 

; 

 

; 

 

; 

; 

 

; 

 
 

, , ). 

 1 %  ( -NaOCl),  

 (0,5 %). , 

, ,  

 12 .  

,  ( ). 

.  

: , ,  

 (C2H4O3). , 

.  

, , , 

.  

,  

.  

.  

, . 
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4.4   

 

 

, ,  

, . ,  

,  

, . , 

,  

,  

 (Blackman, 2001). 

,  

, , ,  

,  

.  

 (Jilani, 2004): 

  

; 

  

 . 

,  

: , -

, , , pH,  

, , .  

 

, ,  

. ,  

,  

 (Jilani, 2004). , 

,  

,  

. 

 

 ( ) ,  
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 ( , , .), 

 (PCB, DDT .).  

,  

, , ,  (Blackman, 2001). 

 

4.5  

 

,  

, 

, .  

,  

,  

, ,  

, ,  

. 

,  

 

, .  

 

, ,  

.  

,  

 ( , 2010). 

,  

,  

. 

, 

,  

 .  

,  

. 

 ,  

 

, : , 
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, , , ,  

,  

.  

, ,  

,  

,  

( , 2010). 

 

 .  

, 

 

.  

 ( , 2010): 

  -  

,  

 

; 

  -  

.  

,  

; 

  -  

 ( )  

; 

  - ,  

,  

, . 

,  

.  

 

,  

. 
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 ( , 2010): 

             

 -  

; 

  -  

 

;  

  -  

, .  

 

,  

, .  

, . 

,  

 ( , 2010):  

  in-situ -  

, , 

.  

,  

.  

  ex-situ -  

, ,  

 

.  

,  

, ,  

 -situ ,   

, ,  

,  

.   in-situ  

,  

,  

, . 
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,  

, ,  

.  

, . 

, ,  

,  

 ( , 2010). 

 

4.6  

 

, ,  

,  ( ) 

, ,  

, . ,  

,  

,  

 ( , 2010). 

 
 4-6.   

(International Committee of the Red Cross, 2011) 
   

 
; 

; 

 
; 

 
 

; 
 

-  
 

; 

 
; 

,  
; 

 
; 

 
 

; 
; 

; 

 
 

; 

 
; 

 
; 

; 

 
; 

; 
; 

; 
; 
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4.7  

 

 

,  (  

)  

.  

,  : 

 

  

 - . 

 

,  

.  

, ,  

. ,  

 (  800 ° ), ,  

, ,  

 1000 ° , .  

,  

,  ( ), 

  (> 1200 ° ).  

,  

. ,  5 %  

.  

 

, .  

, , 

.  

, . 

 

 

.  

 900 °  

.  
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.  

,  

.  

.  

: 

:  

  - . ,  

 ( . 5 % )  

. 

  ( )  - 

. 

 14 650 kJ/kg. 

: 

  -  

. 

  - . 

  -  

. 

: 

  -  

. 

  PVC -  

. 

  -  

 ( , , ) . 

 200 kg/dan  10 t/dan,  

 800–900 .  

 1 t/dan.  

 (  1-8 t/dan)  

, ,  

.  

,  

.  1 %  
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, . ,  

, .  

, .  

 

:  

 ,  

 (800 - 900 ° ) ,   

. . 

.  

 ,  (900 -              

1200 ° ) ,  

.  

 

,  

. , ). , ,  

,  

: 

  900 ° ,  

 2 ;  

 100 % . 

  

 1 .  

. 

 ,  

,  

. 

  

.  

.  

,  

,  

, . 
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, .  

,  

,  

.   

, , : 

  

 2 .  

,  

,  

. 

 ,  

. , 

. 

  0,03  0,08 kg  

 0,04  0,1 m3  

. 

 

.  

: , , ,  

. 

,  200-1000 kg/dan.  

 2-3 ,  

.  

 ( . 2 ).  

 (1-8 

t/dan), ,  

.  

. ,  

,  

. , ,  

 4-8 t/dan  

.  

,  
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. , 

.  ,   

 500 . 

 

 

 

, ,  

, .  

 

, : 

 . 

 , 

,  

 ( .). 

   . 

  (  

).  

  (> 1 kg)  

.  

 

. ,  

,  

. ,  

. ,  

 

. . 

 1,5 . 

 ( . 1-2 ),  

 ( :  5-10 ).  

, ,  

. 
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, 

.  

,  

.  

: 

  

; 

 ; 

 ,  

. 

 

: 

  2  m  

. . 

;  

  . 

  (1-2 m)  ( . 

 3 ).  

. . 

, .  

 2  m   1   1,5  m.  ,   

 10-15 cm .  

, .  

,  

.  

:  

 ;  

 ; 

 ; 

 ; 

   

; 



 90

 ; 

 ; 

  

. 

 : 

1.  „ “,  

 (2  

). 

2.  „ “, ,   

. , 

,  

),  

, ,   

. 

,  

 

. ,  

,  

.  

. 

,  

, . 

: 

 ,  

. , 

,  

.   

.  

,  

, , ,  

. 
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.  „  

“,  

.  „ “,  

 

.  

, ,  

,  

.  

, ,  

. 

 

, .  

, ,  

. 

 „ “ ,  

.  

.  

. , ,  

,  

.  

.  

 

 

.  

, , 

 LDRS ( . LDRS - Leachate 

detection and removal system)   ALR  ( .  ALR  -  

Action leakage rate).  90 % . 

,  

. ,  

, .  

,  ,   

. 
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,  

, , , ,  

. ,  

,    

. 

, . 

 

.  

.  4-7.  

.  

,  

, .) ,  

.  

.  (  1000 ° )  

. ,  

.  

 
 4-7.  

(International Committee of the Red Cross, 2011) 

   

 -  pH  6,5  9 

 

 

. 

 50 mg/l  1000 l . 

; 

; 
20 mg/l 

 

 

,  

 

. 

 

; 

 

; 

,1 mg/l  . 
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   : 

 

  

 

.  

 ( . ), , ,  

. 

,  

.  

, .  

, .  

, ,  

.  

, ,  

.  

.  

 (850 oC - 1200 oC, 

),  

.  

, . 

.  

. 

 

, . 

  

700 oC.  

.  

 0,5  3 t/h. 

 

: .  

, ,  

. 

.  
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.  

, . 

.  

,  

,  

. : 

•  900 oC  1200 oC; 

•  10 ; 

• ; 

• ;  

• . 

,   (3-5 %) ,  

 2-5 . .  

 

,  

. 

,  

 

.  25 000 - 50 000 ,  

 1200 oC.  ,   

. ,  

.  

.  30  

.  

, . 

,  

. , 50 000 t    10 000 t , 1000 t 

 150 t . 

,  

. 

 

 

 

,  
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.  

,  65 % ,  

, , ,  

.  

 65 % , ,    

 15:15:5 ( ).  

.  

, .  

 

. ,  

.  

. 

,  

.  

, .  

 

.  
 

 4-8.  
(International Committee of the Red Cross, 2011) 

  

, ; 

 

; 

; 

; 

; 

; 

 

 

 „ “  

,  

, .  

. ,  

, , .  

 ( .  1 m3),  ,   

. ,  
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. . 

, ,  

 

.  

. ,  

. 

:  

 : 65 % 

 : 15 % 

 : 15 % 

 : 5 % . 

. 

 

,  

. ,  

. ,  

.  

 

 

 

, ,  

, .  

, 

.  

, e  

.  

.  

, ,  

a . 

  

,  .   

, ,  
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,  

.  

 

. , ,  

 

  , .  

 

60 %  (  

). ,  

.  

 

. ,  

. 

 

4.8   

 

:  

, ,  

, ,  

, ,  

, , , 

. 

 

. ,  

.  

,  

. 

 

.   

 

, : 

  

- :  ( ,  

, , , .); 



 98

- : 

•  (  100 °  180 ° ),  ( , 

)  ( , , 

); 

•  (  200 °  1000 ° ),  

, , ); 

- : , ; 

- : . 

 :  ( ); 

  ( ) ; 

 : , , . 

 4-9.  
 

 4-9.   
( .  ICRC) 

 / 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
900 – 1200 °        

 
 

 
 > 800 °  

      

 
                 

300 – 400 °  

 
 

 
 

 
 

 
   

 
       

       

      
 

 
 

 
    

 
 

 

 
 

 
 

 
     

 
 

 
 

 
, 
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 4-4.  

 

 4-4.  
(Medical Waste Management, ICRC, 2011) 

 
 

,  

, ,  

. 

 

4.9   

 

, 

:  1)  ,  2)  ,  3)  ,  4)  ,  5)   

  6)  7) . 
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,  

. ,  

. ,  

, .  

, . 

 

, .  

, ,  

, ,  

. 

  

.  

.  ( )  

. , ,  

,  

 150 °C. 

 (HCl)  (SO2)  

 

. ,  PVC ( . PVC - Polyvinyl 

chloride), , , -

 (HCl). ,  

,  (S 2). 

 (N x)  (N ) -

 (N 2).  

. 

 (N x) ,  

. 

. je  

, ,  (  

) . 

  

.  

 PIC ( . PIC - Products of incomplete combustion)  



 101

 ( ),  

 ( /CDD /CDF). 

 C , , 

, ,  

ja. 

 CDD  CDF , . 

.  

.  

 CDD  CDF , , 

.  CDD  CDF  

.  CDD  CDF  

, ,  

.  

 CDD  CDF . 

 

. 

 

 APCD  ( . APCD  - Air pollution control devices),  

 (  2 %) .  

 ( . FF - Fabric filters),  

.  

 ESP ( . ESP - Electrostatic precipitators).  

,  DSI ( . DSI - Dry sorbent injection)  

,  SD ( . SD - 

Spray dryer).  

 

.  

. , 

 70  %   HCl   30  %  2.  

,  

 93 %  96 %. 

 

.  

, ,  
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.  

 5-10  (µm) .  

 

.  

, , . 

 

.  

.  ( )  

. ,  

, , .  

, ,  

. , 

.  

 

a, .  

 

, .  

.  

,  .   

, .  

,  (pulse-jet)  

. ,  

,  

 (pulse-jet). 

,   

 pulse-jet  ,   

.  

 (> 99,9 %).  

,  

. 

 ESP ( . ESP - Electrostatic 

precipitators), :  

1) ; 

2)  



 103

3) .                                          

.  

,  

,  

.  

.  

.  

 

(DSI).  DSI,  

, ,  

. . 

 DSI :  

1) , 

2)  DSI   

3) ,  

.  

 DSI  

. , 

.  ESP  

DSI , .  

, .  

 ESP  

. 

 DSI , 

, .  DSI 

,  

, .  

 DSI,  

.  

 (Ca[OH]2),  (NaOH)  

(NaHCO3). , DSI  80 % - 95 %  HCl  40 % - 

70 %  SO2, . 

 

, , ,  
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.  

.  

,  

(SD), .  

,  

, .  

 

 SD .  

, 10-15 .  SD ( , 

, )  

. 

 

 4-10. -

  

 4-11  4-12,  

   4-13 

 4-14. ,  

, , .  

,  

 

 4-15.  

, , , 

 4-16, 4-17  4-18. 

,  

.  
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 4-10.  NOx, C , S 2,  , Pb, C,  HCl, PCBs,  Al, Sb, As, Ba, Be, Cd, Cr, Cu, Fe, Mn, Hg, Ni, Ag, Tl, 
3, HBr, HF  Cl  

 ( )  

 
 

 

NOx C  S 2 
. 

 
Pb  TOC  HCl  PCBs  Al Sb  As  Ba  Be  Cd  Cr  Cu  Fe  Mn  Hg  Ni  Ag  Tl  S 3 HBr HF Cl 

   B B B B C E E D  B  D  D  B  B  E  C  C C B D D  D D  

 
 

 
                          

 
/  
 

         E E E  E E    E E E   E   

           E    E            

 
           E   E E  E E E E       

 
       E   E E   E E   E E E E      

 
 /  

 
      D   E E E  E E E   E E E      

 
 

 
/  

 

         E E E E E E E   E E E   E   

 
 /  

 
             E E    E    E    

 
 / 

 
 

          E   E E    E E       
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 4-11.  
 ( ) a 

b 

   DSI/FFc 
 

lb/ton kg/Mg 
 

 
 

lb/ton kg/Mg 
 

 
 

lb/ton kg/Mg  
 

 
lb/ton kg/Mg 

 
 

 
 

TCDD 
2,3,7,8- 
Total 

5,47 -08 
1,00 -06 

 
2,73 -08 
5,01 -07 

 
B 

6,72 -09 
1,23 -07 

3,36 -09 
6,17 -08 

 
 

1,29 -10 
2,67 -08 

        
 

  6,45 -11 
1,34 -08 

 
 

5,61 -10 
6,50 -09 

2,81 -10 
3,25 -09 

 
 

 

  
 

CDD                  
 

1,2,3,7,8-        6,08 -10 3,04 -10     
 

Total        5,53 -10  2,77 -10     
 

HxCDD                  
 

1,2,3,6,7,8- 3,78 -10  1,89 -10     1,84 -09  9,05 -10     
 

1,2,3,7,8,9- 1,21 -09  6,07 -10     2,28 -09  1,14 -09     
 

1,2,3,4,7,8-        9,22 -10  4,61 -10     
 

Total        5,77 -10  2,89 -10     
 

HpCDD                  
 

1,2,3,4,6,                  
 

7,8- 5,23 -09  2,62 -09     6,94 -09  3,47 -09     
 

Total        1,98 -09  9,91 -10     
 

OCDD - Total 2,21 -08  1,11 -08               
 

Total CDD 2,13 -05  1,07 -05 B 2,68 -06 1,34 -06  1,84 -06  9,18 -07  3,44 -07 1,72 -07  
 

                   

 

 7-43.  5-01-005-05, 5-02-005-05.  
b   
cFF =   
 DSI =  
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 4-12.  
       ( ) a 

b 
 DSI/ /FFc   DSI/ESPd  

 

lb/ton kg/Mg  
 

 
 

lb/ton kg/Mg 
 

 
 

 

         
 

2,3,7,8- 8,23 -10  4,11 -10  1,73 -10 8,65 -11  
 

         
 

         
 

1,2,3,7,8-         
 

         
 

         
 

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

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

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

         
 

         
 

2,3,4,6,7,8-         
 

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

         
 

 -          
 

 5,38 -08  2,69 -08     
 

          

 

 7-43.  5-01-005-05, 5-02-005-05.  
b   
cFF =  

 DSI =  

dESP =   
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 4-13.  
       ( ) a 

b 
    DSI/FFc  

 

lb/ton kg/Mg 
 

 
 

lb/ton kg/Mg 
 

 
 

lb/ton kg/Mg 
 

 
 

lb/ton kg/Mg 
 

 
 

 

TCDF                
 

2,3,7,8- 2,40 -07  1,20 -07  3,85 -08 1.97 -08  1,26 -08  6.30 -09  4,93 -09 2.47 -09  
 

Total 7,21 -06  3,61 -06 B 1,28 -06 6.39 -07  4,45 -07  2.22 -07  1,39 -07 6.96 -08  
 

PeCDF                
 

1,2,3,7,8- 7,56 -10  3,78 -10     1,04 -09  5.22 -10     
 

2,3,4,7,8- 2,07 -09  1,04 -09     3,07 -09  1.53 -09     
 

        6,18 -09  3.09 -09     
 

HxCDF                
 

1,2,3,4,7,8- 7,55 -09  3,77 -09     8,96 -09  4.48 -09     
 

1,2,3,6,7,8- 2,53 -09  1,26 -09     3,53 -09  1.76 -09     
 

2,3,4,6,7,8- 7,18 -09  3,59 -09     9,59 -09  4.80 -09     
 

1,2,3,7,8,9-        3,51 -10  1.76 -10     
 

Total        5,10 -09  2.55 -09     
 

HpCDF                
 

1,2,3,4,6,7,8- 1,76 -08  8,78 -09     1,79 -08  8.97 -09     
 

1,2,3,4,7,8,9- 2,72 -09  1,36 -09     3,50 -09  1.75 -09     
 

Total        1,91 -09  9.56 -10     
 

OCDF -  7,42 -08  3,71 -08     4,91 -10  2.45 -10     
 

 CDF 7,15 -05  3,58 -05 B 8,50 -06 4.25 -06  4,92 -06  2.46 -06  1,47 -06 7.37 -07  
 

                 

 

 7-43.  5-01-005-05, 5-02-005-05.  
b  
cFF =  

 DSI =  
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 4-14.  
        ( ) a 

b 

DSI/ /FFc DSI/ESPd 
 

lb/ton kg/Mg 
 

 
 

lb/ton kg/Mg 
 

 
  

TCDF          
2,3,7,8- 7,31 -10  3,65 -10  1,73 -09 8,66 -10   
Total  1,01 -08  5,07 -09      

PECDF          
1,2,3,7,8-          
2,3,4,7,8-          
Total          

HxCDF          
1,2,3,4,7,8-          
1,2,3,6,7,8-          
2,3,4,6,7,8-          
1,2,3,7,8,9-          
Total          

HpCDF          
1,2,3,4,6,7,8-          
1,2,3,4,7,8,9-          
Total          

OCDF - Total          
Total CDF 9,47 -08  4,74 -08      

          
 

 7-43.   5-01-005-05, 5-02-005-05. . 
b   
cFF =  

 DSI =  

dESP =   
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 4-15.   -  
:   

   

   %  
(µ ) %   

                      0,625 31,1                      0,1 

                      1,0 35,4                      0,2 

                      2,5 43,3                     2,7 

                      5,0 52,0                       28,1 

                    10,0 65,0                      71,9 
 

 7-43.   5-01-005-05, 5-02-005-05 
 
 

 
 4-16.  

:  

 
 SD/ b SD/ /FFc  

lb/ton kg/Mg lb/ton kg/Mg lb/ton kg/Mg lb/ton kg/Mg 

 3,82 -01 1,91 -01 3,89 -02 1,94 -02 4,99 -02 2,50 -02 5,99 -02 3,00 -02 
 4,63 +00 2,31 +00 5,25 +00 2,63 +00 4,91 +00 2,45 +00 4,08 +00 2,04 +00 

 1,09 +00 5,43 -01 6,47 -01 3,24 -01 3,00 -01 1,50 -01     
PM 3,45 +01 1,73 +01 3,09 -01 1,54 -01 7,56 -02 3,78 -02 8,53 -01 4,27 -01 

C 6,66 -02 3,33 -02 4,11 -02 2,05 -02 5,05 -02 2,53 -02 2,17 -02 1,08 -02 
HCld 4,42 +01 2,21 +01 2,68 -01 1,34 -01 3,57 -01 1,79 -01 2,94 +01 1,47 +01 
HFd 9,31 -02 4,65 -02 2,99 -02 1,50 -02          
HBr 1,05 +00 5,25 -01 6,01 -02 3,00 -02 1,90 -02 9,48 -03     
H2SO4             2,98 +00 1,49 +00 

 

     7-43.  5-01-005-05, 5-02-005-05. . 
    bSD =   
    cFF =  

    d  
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 4-17.   
:   

 
 SD/ b SD/ /FFc 

lb/ton kg/Mg lb/ton kg/Mg lb/ton kg/Mg 
      

  6,13 -01 3,06 -01 4,18 -03 2,09 -03 2,62 -03 1,31 -03 
d  1,99 -02 9,96 -03 2,13 -04 1,15 -04 1,41 -04 7,04 -05 

d  3,32 -04 1,66 -04     
  8,93 -02 4,46 -02 2,71 -04 1,35 -04 1,25 -04 6,25 -05 

d  4,81 -05 2,41 -05 5,81 -06 2,91 -06   
d  1,51 -02 7,53 -03 5,36 -05 2,68 -05 2,42 -05 1,21 -05 

d  4,43 -03 2,21 -03 9,85 -05 4,92 -05 7,73 -05 3,86 -05 
  1,95 -01 9,77 -02 6,23 -04 3,12 -04 4,11 -04 2,06 -04 
d  1,24 -01 6,19 -02 1,89 -04 9,47 -05 7,38 -05 3,69 -05 

d  8,68 -02 4,34 -02 6,65 -02 3,33 -02 7,86 -03 3,93 -03 
d  3,53 -03 1,77 -03 8,69 -05 4,34 -05 3,58 -05 1,79 -05 

  1,30 -04 6,51 -05 9,23 -05 4,61 -05 8,05 -05 4,03 -05 

  7,58 -04 3,79 -04     
        
 

 7-43.  5-01-005-05, 5-02-005-05.  
bSD =   
cFF =  

d   
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 4-18.  
:  

d 
 SD/ b SD/ /FFc 

lb/ton kg/Mg lb/ton kg/Mg lb/ton kg/Mg 

2,3,7,8-TCDD  6,61 -10 3,30 -10 4,52 -10 2,26 -10 6,42 -11 3,21 -11 

 TCDD  7,23 -09 3,61 -09 4,16 -09 2,08 -09 1,55 -10 7,77 -11 

 CDD  7,49 -07 3,75 -07 5,79 -08 2,90 -08 2,01 -08 1,01 -08 

2,3,7,8-TCDF  1,67 -08 8,37 -09 1,68 -08 8,42 -09 4,96 -10 2,48 -10 

 TCDF  2,55 -07 1,27 -07 1,92 -07 9,58 -08 1,15 -08 5,74 -09 

 CDF  5,20 -06 2,60 -06 7,91 -07 3,96 -07 7,57 -08 3,78 -08 
        
 

 7-43.  5-01-005-05, 5-02-005-05. . 
bSD =   
cFF =  

d
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5.  
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5.1  

 

. 

,  

 (Zondek  Sulman, 1943; 

Soulides , 1962; Tabak  Bunch, 1970), ,  

 (Berland  Maestrin, 1969; Manten, 1971; Blume  

, 1976; Rurainski , 1977; Patten , 1980).  1980. , , 

, , ,  

.  

 

. ,  

,  

:  

1.  (95 %)  1990- ,  

 ( , 

2004), ;  

2.  (  91 %)  1960- , 

,  

,  (Cramp, 

1963; Koeman , 1972; Mendenhall  Pank, 1980; Hill  Fleming, 1982).  

 

, , . 

, ,  

, ,  

 (Ludke  Locke, 1976; Hill  Mendenhall, 1980; Henny , 1985). 

 

,  

,  

. ,  

.  

 (Staeb , 2004),  

 (Vethaak  

, 2002). 
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,  

. . 

,  

, .  

,  

„Brown Tree”  (Johnston , 2002).  

 

 ( C, 2006). 

 

 

.  2001/79/ C, 2001/82/ C  2001/83/ C  

: „  

, 

, , 

 “.  

, ,  

. ,  

, ,  

, . , 

, , . 

:  

,  ( )  

. ,  

,  

. , ,  

 ( , 

, .), .  

 

 

, , 

 

.  

. 
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.  

,  

)  ( . ).  

,  

 .  

 „ “,  

. 

 

, , ,  

,   

.  

, , ,  

. ,  

 ( ),  

.  

, . ,  

 ( ,  

),  ( ,  

). ,  

,  

. 

, 

, . 

 

, . ,  

,  

,  

.  

,  

 (Van Rijswick, 2001). 

,  

.  
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,  

.  

, . , 

 ,  

.  -  

,   -  ,   

.  

,  ,   

 „ “ .  ( ) je  

,  

,  

. ,  

,  

 -  (Montforts, 

2007). 

 

5.1.1  

 

.  

, , ,  

 ( . ). , 

 

,   ( ,  ).   

, 

 

,  .  ,   

.  

:  

,  

. 

, 

. 

, ,  

 5-1, .  
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 , .  

 

. , , 

 . , ,  

 - , , 

,  

.  

: . 

, , .  

, ,  

) ,  

. 

 

 - , .  

 

. ,  

,  

(WRc-NSF, 2001).  

, , ,  

.  

, , 

.  

 „ “,  

,  

 (cf. Forbes  Calow, 2002; Tarazona , 

2002).   

.  

 ( , , ),  

,  

, ,  

. 

 

,  

. 
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 2001/83/ C, , 

, , 

.  2001/83/ C,  2004/27/ C, 

,  

 - . ,  8.3. ( ), a  

a  

 , .  

 TGD ( . TGD - Technical guidance 

document), , .  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 5-1.  
(Di Guardo , 2003) 

 
, ,  

PBT ( . PBT - Persistence, bioaccumulation, and toxicity),  

 (TGD),       

(EC, 2003).  

 logKow > 4,5, ,  

,  (P); 

, ,  (B); ,  

,  ( ). ,  PBT  

. 
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,  PEC ( . PEC - Predicted 

environmental concentration)  10 ng l-1  

.  

,  

, , ,  

 (Roex , 2001).  

 

(Montforts, 2005), ,  

.  

: .  

 (PEC)  II ,  I,  

,  

.  

 10, . 

,  

,  „ “ . ,  

.  WWTP 

. WWTP - Wastewater treatment plants) .  

 10 %,  

,  10 % . 

 PNEC ( . PNEC - Predicted no-effect 

concentration)  

 ( C, 2003). 

,  ,   

.  10 %  

 14 , .  

 Koc ( . Koc - Soil 

organic carbon-water partitioning coefficient)                

10 000 l kg-1,  

.  

 Exposit  

, ,  

 (Winkler, 2001 a, b).  
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,  

 VICH ( . VICH - Veterinary 

international conference on harmonization)  (VICH, 2000),  

, ,  

.  

, ,  

,  ,   

, . 

,  

,  

.  - European medicines agency),   

 10 %, , . 

 10 %,  

.  

 

. , 

 

. 

,  

,  

. ,  

 MIST 

.  MIST -  Metabolites in safety testing).  

 (Baillie , 2002):  „  

,  25 %  

“. 

,  

 (Hastings , 2003),  

 (Baillie , 

2003). ,  

, ,  

 (Smith 

 Obach, 2005). 
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,  

, . 

, ,  

. , ,  

,  

. 

, 

,  

.  MIST,  

.  

: 

 ; 

                                

10 %  (OECD 2004)  (ECCO 2002); 

 . 

 

,  

,  

.  

,  

 

 (De Wolf , 2005).  

, 

. 

,  

. 

,  

. , ,  

,  

 

. 

 200  130 

 (Auteri , 2002).  

 10 %,  
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 (Auteri , 2002).  30 % 

,  

(Sinclair  Boxall, 2002). , . ,  

  

),  

 (Sinclair  Boxall, 2002). , 

 1/10,  0,1,  

. 

 

.  

 SCP   ( .  SCP  -   Scientific committee on plants),  

:  10 % , SCP 

. ,  

,  

. ,  

 < 10 %  

.  

, “. 

,  10 % 

,  

(ECCO, 2002).  ,  ,   SCP,   

, .  

,  

.  

 > 10 %, , . 

 5 %, 

.  

,  MIST :  

 ( ),  

 - .  10 %  

, ,  

 VICH  (CVMP, 2004).  10 %  

,  
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 .  

. 

 

5.1.2  

 

 

, , ,  

 

.  

, . , 

 

, ,  

. ,  

,  

 

 (vis-à-vis).  

: 

 ; 

 ,  

. , 

; 

 ; 

  

; 

  

. 

, , 

 

.  

. , 

 

 (Montforts , 2006). 
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, ,  

“  

 2006/11/ C ,  80/68/ C  

 98/93/ C .  „ “ 

 „ “ ,  

,  

. , ,  

 

, ,  

.  „ “,  

,  (Montforts  De 

Knecht, 2002). 

 

 

, ,  

,  

, .  

, : 

 ,  PBT  log w.  

 (Tolls , 2003),   

 „ ” (shake-flask). ,  

,  Ph  

(Escher , 2000). ,  

; 

  PEC  

. ,  

,  

 (Cars , 2000; Abbas  Kratz, 2000; 

Baart  De Neeling, 2001)?  „  

“.  

,  

,  I .  

 1 %  
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? ,  1 %. 

 10 000  200 , 

 2  %,   

 (Feldmann , 2002).                           

 

 1 %; 

 ,  

 (Huggett , 

2005)? , , 

, ,  

. ,  

 

. ,  

,  

. , ,  

,  

, . ,  

,  

. 

 

: 

 ,  

; 

 ,  

; 

  

 QS R  ( .  QS R  -  Quantitative structure-activity relationship 

models).  log w  -  

1  log w  1,5   8.   

 log w ,  

; 

  

, , . 
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, , 

 

 (Huggett , 2005), : 

 ?  

 ( ,  

), ,  

.  L Q ( . L Q - 

Limit of quantification)  0,1 g l-1,  ,  ,   

PNEC  .   

,  L Q . 

; 

 , ,  

. 

,  

.  

 

; 

 , ,  -

,  .  

. , 

 (ESC, 2001),  

, ,  

. 

 

5.2   

 

 

,  

 

.  

,  

.  (VICH, 

2004; CVMP, 2006)   (CHMP, 2006),  I  
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 (PEC), 

 ( . ,  

).  I  

,  II  

 PEC .  

 

. ,  

, ,  

. ,  

,  PEC ( . PEC 

- Predicted exposure concentrations)  

 I  II,  

MEC . MEC - Measured environmental concentrations) .  

 

. 

 

 - PEC  

 

(CHMP, 2006), . 

 I  

.  I  

,  

,  II  

.  5-1.  I  II 

 PEC.  

 

,  

e e  PEC . 

 (PECsurfacewater)  

 I (  5-1.),  (mg), 

, 

 1  %  I,   200  l   

 1:10  

. 
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 5-2.  PEC  MEC  

(C. D. Metcalfe, 2004) 
 

 

,  

 WWTP ( . WWTP – Wastewater treatment plants).  

 I  II,  

 

.  II  

,  

WWTP  (PECsurfacewater).  

,   II  ,   

 PEC e (  5-1.),  

,  .   

. 
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5.2.1  

 

 - PEC  MEC  

 

,  

,  - . 

,  I  II ,  

 

WWTP. ,  WWTP, 

 

 PEC .  

 PEC  MEC  

,  

.  
 

 5-1. PEC  WWTP 
(Kümmerer, 2008)  

 1 %  (CHMP, 2006), 
b  ( , 2003). 
c   ( , 2003). 
d  DD , e, 
e  "SimpleTreat" . 
 

 5-1.  (PEC)  

,  

 

 (European Commission 2003; Alder , 2006). 

I  PEC   
  PEC = ( , mg) x 0.01a / (200 l cap-1 d-1b  x 10c) 

II  A PEC 
  PEC = (  DD, mg)d / (200 l cap-1 d-1  x 10) 

II  PEC 
  PEC = (  DD) x  x WWTP  / (200 l cap-1 d-1  x 10) 

II  PEC          
 

= (  DD) x  x WWTP  x  x  /       
(200 l cap-1 d-1 x 10) 
PEC: ,  
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, : 

 

                      5-1. 

     
 

: 

PECWWTPin =  (ng l–1); 

FAPI =  (kg god–1); 

E =  (–); 

Pop = ;  

AWW =  (300  500 l cap–1 d–1). 
 

, ,  

. ,  

 WWTP,  

 

,  

,  ( , 2005).  5-2. ,  

 (PEC)  (MEC)  

 WWTP ( . ).  

WW ( . WW - Amount of wastewater), 

,  

,  200 l cap-1 

d-1 (European Commission, 2003).  

, .  

 375 l cap-1 d-1  300  l  cap-1 d-1,  

 

. ,  

 ( WW)  400 l cap-1 d-1, ,  500 l cap-1 d-1 

 

 14  (Metcalfe , 2003).  

 

 5-2.  ,   MEC ,   

 WWTP ,  

 I  PEC. 
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 5-2.  PEC  MEC  WWTP 
(Maurer , 2007 ; Ternes , 2000  BLAC, 2000 ; Metcalfe ;  
Halling-Sørense ; IMS Health) 

 

, Bourne, 1981  Frishman , 2002  Lienert, 2007. 
bBLAC 2003 
c24 h , ; Grab, 

 

 
 
 

% 

 (7.3 Mio cap, 400 l x 
cap-1 x d-1) 

 (85 Mio cap, 375 l x  
cap-1 x d-1) 

 (30 Mio cap, 500 l x  
cap-1 x d-1) 

 (5.4 Mio cap, 300 l x 
cap-1 x d-1) 

 
(2004)  

kg/god-1 

PEC 
WWTP 
ng l-1 

MECc 

WWTP 
)  

ng l-1 

 
(2001)b 

kg/god-1 

PEC 
WWTP 
ng l-1 

MECc         

WWTP 
) 

ng l-1 

 
(2001)  

kg/god-1 

PEC 
WWTP 
ng l-1 

MECc 

WWTP 
)  

ng l-1 

 
(2005)  

kg/god-1 

PEC 
WWTP 
ng l-1 

MECc 

WWTP 
) 

ng l-1 

 

 

 

 

85 

70 

10 

20 

3200 

800 

3200 

800 

2550 

525 

300 

150 

2160 

317 

245 

49 

13600 

26650 

92970 

3400 

1490 

2405 

1200 

90 

405 

800 

425 

< LOQ 

6700 

1120 

11800 

2500 

1040 

144 

216 

88 

n.a. 

n.a. 

n.a. 

n.a. 

936 

380 

5021 

570 

1350 

450 

850 

190 

3800 

n.a. 

2300 

n.a. 

 

 
 
 

% 

 (7.3 Mio cap, 400 l x 
cap-1 x d-1) 

 (85 Mio cap, 375 l x  
cap-1 x d-1) 

 (30 Mio cap, 500 l x  
cap-1 x d-1) 

 (5.4 Mio cap, 300 l x  
cap-1 x d-1) 

 
(2004)  

kg/god-1 

PEC 
WWTP
ng l-1 

MECc 

WWTP 
) 

ng l-1 

 
(2001)b 

kg/god-1 

PEC 
WWTP 
ng l-1 

MECcW
WTPb 

)  
ng l-1 

 
(2001)  

kg/god-1 

PEC 
WWTP
ng l-1 

MECc 

WWTPc 

)  
ng l-1 

 
(2005)  

kg/god-1 

PEC 
WWTP
ng l-1 

MECc 

WWTP 
) 

ng l-1 

 

 

 

 

85 

70 

10 

20 

3200 

800 

3200 

800 

1250 

365 

160 

90 

511 

249 

194 

59 

13600 

26650 

92970 

3400 

730 

1660 

640 

50 

250 

630 

615 

37 

6700 

1120 

11800 

2500 

512 

100 

136 

56 

484 

146 

447 

27 

936 

380 

5021 

570 

660 

310 

540 

110 

140-480 

n.a. 

590-126 

n.a. 
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 - PEC  MEC  

 

 II  ,  PEC  ,   

 (WWTP).  

 

 - .  

 

 (Kd).  

.   

,  

 (Alder , 2006).  

 

, PEC  

 5-2. (Alder , 2006): 

 

                      5-2. 

 
: 

PECWWTPout –  (ng l-1); PECWWTPin –  

 (ng l-1); Conjcleavage–  

 WWTP,  

, .  (ng l-1); Kd =  

 pH  (l  g  SS-1); SP =  

,  (g SS l-1); kbiol =  

 (l  g  SS–1 d–1);  Xss  =   (g  SS  l-1);                    

 =   (d);  H =  y  w  

 ( ) (-); Qair =  

 (m3
air  m–3 wasterwater). 

 

 (Conjcleavage),  

,  

.  KdSP , 

,  kbiolXSS . 
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HQair.  5-2.  

.  

,  

, 5  20 % . 

d  (ng g-1 SS),  

 (ng l-1),  

.  

 pH .  

 (kbiol) . 

 5-2.  PEC  MEC  

, , 

. , PEC  

 5-2.,  ,   ( d)  

 (kbiol),  (Maurer , 2007). 

 0,29  0,69 l d-1 g-1. 

,                

d < 0,04 l g SS-1).  ( d = 0,29 l g SS-1), 

 5 %, , 

. d  

,  

, .  

 5-2. ,  

,  

 PEC .  

 

 

.  

,  je 15-20 %  

o o  

(Versteeg , 2005).  MEC  

 PEC . 
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 - PEC  MEC  

 

 II -  

 PEC ,  

 (WWTP),  

 (Alder , 2006).  5-3. 

 PEC : 

 
PECSurfaceWater = PECWWTPout Rdilution+ Cbackground                                                            5-3.                            

 
: 

PECSurfaceWater =  (ng l-1),  

PECWWTPout =  (ng l-1), 

Rdilution = , 

Cbackground =  (ng l-1).  
 

 (Rdilution) ,  

. ,  

 (Kolpin , 2004; Ashton , 2004). 

 

. ,  

 

, ,  

.  PEC  II,  

. 

PEC  I  II ,  

 (CHMP, 2006), 

.  

, 

 ,  

.  

.  

,  II  

 (Koc > 10 000),  

 II ,  
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, . ,  

 II ,  

,  

, . 

 (PEC)  I  II A,  

 TGD ( . TGD - Technical guidance document)  

(European Commission, 2003),  „  PEC”.  

 (WWTP),  

,  

.  

, , 

, ,  

. 

, MEC  

PEC, . ,  

,  MEC C ,   

,  90.  

, .  

, ,  

,  (Straub, 2006).  

,  

 (  5-3.).  

 MEC  

 50, 90.  95. ,  

 PEC. 

 MEC  PEC  

 5-3. ,  I, II  II  

 (CHMP, 2006)  90. ,  

 TGD  50. .  PEC  

 (IMS Health) . 

 I,  

. 

 5-3.  PEC  II  II  

,  TGD,  PEC  < 5                              
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 50. .  TGD  

PEC  MEC ,  

 (Straub  Stewart, 2007).  

 PEC  II . 

 

GREAT-ER  

 PEC  II  

.             

,  

GREAT-ER, GIS .  

, , 

 Glatt .  Glatt  

 180 m2,  17  (WWTP),  

 2006. . :  Pfaffikon  

 3 m2  770 ,  

Greifensee  8,5 m2  100 

 430 .  

 
 5-3.  MEC  

(Straub, 2006). 
 

 16 

,  (Qmean)  

 5  %   (Q347).  

,  Monte Carlo 
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,  

.  

. ,  GREAT-ER  

 1, ,  

, ,  

.  

 

.  

 Glatt,  Greifensee, 

12   35   Glatt  .   

,  15.  

21.  2006. . ,  

 22.   37.  .   

. 

 5-4.  

 Glatt .  MEC 

 PEC ,  

 24 h,  

PEC. ,  

 Greifensee, .  

 

, .  

, 

. 

 

,  GREAT-ER, 

 USA, PhATE (Cunningham , 2004; 

Robinson , 2007),  

, .  PEC  

. ,  

,  

WWTP, .  
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8
 , , 

. ,  

. 

 

 

 (WWTP),  

 

 II.  

. 

,  ( , 

)  SRT ( . SRT - Solids’ retention 

time).  

,  

 (  1 %),  

 

. , ,  

,  

. ,  

. 

,  

. 

 

(Jones , 2005). ,  

 ( . OECD 301, 302, 303, 308  310),  

 (WWTP),  

.  

 OECD  308,  

  (Ericson, 2007).  

 

 (Hales , 1997; Jones , 

2005). ,  

 (100–1000 )  

                                                
8     

. 
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 (100 ).  

 DOC 

. DOC - Dissolved organic carbon),  CO2 ,  

. 

 - ,  

,  

 (Zwiener  Frimmel, 2003). , ,  

,  

,  

.  

,  

.   

,  

, ,  

.  

,  (Zwiener  

Frimmel, 2003).  

 (Joss , 2004, 2006 a, b; Perez  

, 2005  Maurer , 2007),  

 

(Ternes , 2004).  

,  

 (Joss , 2004),  

,   HgCl2 (Maurer , 2007)  NaN3 (Perez  

, 2005). ,  

.  

,  (kbio).  

,  

,  25 

, ,  

 

(Joss , 2006 a). ,  

:            

20 %,  90 %. 



 141

 4  

, , ),  

(Maurer , 2007).  ,   

,  

.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 5-4. GREAT-ER   MEC  „Glatt River“ 
(Kümmerer, 2004) 

 

,  

,  (        

5-3.).  
 5-3.   WWTP,  PEC  

 WWTP 
(Maurer , 2007) 

 

WWTP-1 WWTP-2 

    

 79 + 17 53 + 9 73 + 9 71 + 6 

 26 + 7 27 + 14 27 + 2 41 + 11 

 31 + 11 47 + 10 29 + 5 64 + 7 

 28 + 2 39 + 15 35 + 3 54 + 12 

 
, .  

 OECD 

 

. 
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5.2.2  ( ) 

 

. 

,  

. , ,  

,  

.  20 kg  

 ( ) ,  (Voda UK, 2004),  

 240 kg ,  

(Kinny , 2006). 

,  

, .  

 9  38 kg  ( , 2001),  

,  

 (> 70 %).  ( )  

 30 %,  1995.  2001. 

,  70 %  60 %, .  ( ), 

 40 %  ,  16 000  

 2000  (Topp , 

2008).  

 

 (CHMP, 2006),  

 Koc ,  10 000.  

 PECsoil,  

. ,  ( )  

 

(WWTP),   PECsoil,  

,  Koc < 10 000.  

g/kg  mg/kg ,  

  (Golet , 2002; Xia  

, 2005; Miao , 2005; Gobel , 2005; Kinney , 2006).  

,  ,   

,  

. , 
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,  

. , 

 

, , ,  

 (Toppa , 2008).  

 ( ),  

,  

 

,  W  (Lapen , 2008).  

,  

: (I)  

,  (II)  

,  

.  ,   

 

 

. ,  

.  

, .  

, MACRO (Larsbo  Jarvis, 2003),   

 

(Lapen , 2008).  MACRO  

 

 

 (Larsbo , 2008).  

,  

 .  

 Koc  

:  -  (  

), .  5-5.  

.  

 

 

.  
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 5-5. ,  

(Beven and Binley, 2005) 
 

 

PEC,   II  .   

 PEC  II. 

 
5.3  

 

 

,  .   

 

 ( . , , ),  

,  

,  

, , . 

,  
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. , 

,  

,  

,  

.  

, , .  

, , 

,  

. ,  

,  

. ,  

,  

,  

: ,  

,  

 (  5-6.).  

 

5.3.1  

 

,  

, .  

 

, , , w  p , 

 

. , ,  

. ,  

: 

 1:  

; 

 2: ; 

 3: ; 

 4: ; 

 5:  ( . ); 
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 5-6.  

(Di Guardo , 2003) 
 

,  

. ,  

 

 Kow ( .   Kow - octanol/water 

partition coefficient)  

 Koc ( . Koc - Soil organic carbon-water partitioning coefficient)  

 ( . d - partition coefficients).  (  

) , pKa .  

 ( ,  

, ).  

.  
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, ,  

. , , . 

,  

 ( ).  

,  

. . 

,  

,  .  ,   

.  

 

. ,  

,  

 QSPR  ( .  QSPR  -  Quantitative structure-property relationships) 

.  

 

5.3.2  

 

 

 

 ( , ).  

,  

.  

,  

,  

. ,  

, .  

,  

 25 °C,  105 km2,  10 % 

.  ,   

.  

 

, . 

 

 ( . ), ,  
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.  

.  

, ,  

 EQC ( . EQC - Equilibrium criterion 

model). , , 

 5-4. 

 
 5-4.  EQC ,  

(Mackay , 1996 b) 

  
   

 
(g mol-1) 279,1 284 875 

 ( ) 49,5 – 53a 125 – 126b 155 – 157c 

 ( ) 1,00 x 10-6 d 5,00 x 10-5 e 1,00 x 10-6 d 
 (g m-3) 40000c 41f 4c 

Log Kow 0,97g 2,99h 6,5i 

 (h) 200j 200j 200j 
 (h) 2000j 2000j 2000j 

 (h) 2000j 2000j 2000j 
 (h) 20000j 20000j 20000j 

 

aParfltt(1999). 
bVerschueren (1996). 
cBudavari (1989). 
d  
e   
fNewton (1981). 
g  Syracuse Research Corporation Database (http://esc-plaza.syrres.com),  
hHansch  (1995). 
i  PALLAS 2.0 (CompuDrug Chemistry Ltd.,1994-1995).  
j . 

: , . 
 

, 

 (  5-4.). 

 

.  ,   

,  

.  

,  -  

. 

 

 

.  
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,  „ “  

.  

 ( , ) 

 5-7.  

,  ( , , 

, , ):  

 (> 99 %),                 

 5-7. ),   ,                 

(5-7. ). , ,  

 97 %  (  5-7. ).  

,  ,  ,  

,  

.  

,  

,  

.  

 5-8.  

, .  

. 

 (  5-8. )  

 (74 %, ),  

 5-8. ) :  (61 %  21 %)  

 (18 %).  (  5-8. ),  

, . 

,  

 5-9, 5-10.  5-11.  

,  

,  

:  

  (1000 kg h-1)   

  (1000 kg h-1). 
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 5-7.   1 a, a a 

(Kümmerer, 2004) 
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 5-8.   2 a, a a 

(Kümmerer, 2004) 
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.  

 

,  

.  5-9.  

.  ,  .                 

5-9. ,  

, , .  

 (5-9. ),  68 %  

,  (  650 kg h-1),  

. , . 

 (  5-10.), .  

 (  5-10. ), ,  

.                        

 5-10. ), : , 

,  

.  

.  (  5-11. ),  

 „ “ ,  

:  (  400 kg h-1)  (230 kg h-1).  

 (  5-11.  ), ,  

 (1000 kg h-1), .  

 

. 

 

5.3.3  

 

, ,  

.  ( .  

ChemCAN)  

.  

.  

.  
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 5-9.  3 a:  

(Kümmerer, 2004) 
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 5-10.  3 a:  

(Kümmerer, 2004) 
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 5-11.  3 a:  

(Kümmerer, 2004) 



 156

 

,  (  

, ,  

, ) e  

 ( ).  

 

.  

, ,  

 

 

. )  

.  

 

5.3.4  

 

 (  

: ),  

, ,  

,  

.  ,  ,   

, SoilFug  FOCAS  (Di Guardo , 2001).  

 

.  

,  

. , 

 

. 

,  QWASI ( . QWASI - Quantitative water air sediment 

interaction) , , 

. ,  

,  

. , SoilFug ( . SoilFug - 

Soil fugacity) ,  

, . 
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,  

.  

 ,  

. ,  

, ,  

 (  

), , ,  

.  

,  

. ,  

.   

,  

.  

,   

. 

 

.  

,  

 

,  

 ( ), 

,  ,  

. 

 

5.4   

 

, 

. 

 API ( . API - Active pharmaceutical 

ingredients) ,  

. , API  

,  

. ,  
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.  

,  

.  

 

 

,  

. , 

 

,  ( ) .  

 

.  (  

) , ,  

 (  

).  

 PEC ( . PEC - Predicted environmental 

concentration)  MEC ( . MEC - 

Measured environmental concentration),  

 ( , 

, ),  (  API, 

, .),  

 

.  „ “ 

. 

,  

.  

 

. ,  

,  

 

.  

, . 

 

. 
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, : 

  (  

);  

; 

 ,  (  

); 

  

 ( , 90 % ); 

 . 

,  

, . 

 

 

,  

 (Heberer, 2002).  

,  

 (  5-12.).  

 API  

,   

, .  

 

,  

.  

,  

, ,  

, ,  

.  

 API  

. , 

. 
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5.4.1  

 

 PEC - FDA  

, 

 

, ,  

 US FDA ( . US FDA – United States Food and drug administration) 

 EMEA ( . EMEA - European medicines agency).   

 

FDA  

 FDA ,  EIC ( . EIC - 

Expected introduction concentration)  

: 

 
EIC -  (ppb) =  x B x C x D 

 
: 

 =  ( ); 

B = 1/  POTW*; 

C = /365 ; 

D = 109 g/kg ( ); 

Ppb =  ( . Parts per billion, 10 9) 

*1,214 x 1,011  

. 

 

: 

  

; 

  

; 

 ; 

 ; 

 . 
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 5-12.  

(Heberer, 2002) 
 

 EIC . EIC - Expected introduction 

concentration),  

, .  

,   

.  

 ( ) : (1)  

 

; (2) ;                      

(3) .  

 

 ( . , , 

).  

 EEC ( . EEC - Expected environmental 

concentration),  

PEC ( . PEC - Predicted environmental concentration).  
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,  

 ( . ), ,  

, ,  

. , 

 .  

,  

. 

,  

 10  (EICaquatic)  

 (EECaquatic),  

.  

 

 

 I, : 

 
PECsurfacewater (mg l–1) = (DOSEai x Fpen) / (WASTEWinhab x DILUTION) 

 
: 

 PECsurfacewater = , DOSEai =  

 (mg inh-1 d-1),  Fpen =  (  = 0,01),                  

WASTEWinhab =  (  = 200 l)                 

DILUTION =  (   10). 
 

: 

  (  = Fpen),  

.  

 Fpen  

, . ; 

  

; 

 ,  

; 

  

; 

 . 
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e ( ),  

 (PECsurfacewater),  

 (WWTP) , 

 

 SimpleTreat . 

 PEC,  

, ,  

. ,  

.  

,  

,  

.  

 

. ,  

,  

.  

, , . 

 ( .  

, , ), 

e  

. ,  

 

 WWTREAT  SimpleTreat.  

 

, ,  

, , 

.  
9  

, . 

                                                
9  

. , .  
 ( )  

, .  
,  5  2 g  10  5 g,  

 15  (5*2 + 10*5)/15 = 4 g.  
 



 164

,  

.  ( ) ,  

.  

 

,  

. 

 

5.4.2  

 

 

 (PEC), ,  

. ,  

,  

.   

,  

,  

.  GIS  

. GIS - Geographic information system)  

. ,  

, ,  

, .  

 

, . ,  

 GIS ,  

 

.  

 

 GIS: PhATE™  GREAT-ER. 

 

PhATE™  

 PhATE™ ( . PhATE™ - 

Pharmaceutical assessment and transport evaluation)  

 

,  (Anderson , 2004).  
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,  

,  

 11 .  

 (PhATE™), , 

 (PEC) , 

.  

 USGS ( . USGS - U.S. Geological survey),  

 

USEPA ( .  USEPA -  U.S. Environmental protection agency)  

 (USGS).  

.  

 

.  

 

.  

 (7Q10 – ,  

, )  

.  

 PhATE™  

, ,  

.  

 

. 

,  

.  

,  

, , , .  

,  

,  

 ( ),  

.  

.  

 (  PhATE™),  

,  (  5-13.). 
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 5-13. PhATE™   

(Cunningham, 2004) 
 

PhATE™ ,  

.  White river      

5-14. ,  

,  

,  

 (PEC). , PhATE™  

, .  

 PEC ,  

,  

,  

. ,  PhATE™  

,  

.  
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 5-14.  „White river“ 
(Kümmerer, 2008) 

 
GREAT-ER 

 GREAT-ER 

. GREAT-ER - Geo-referenced regional exposure assessment tool for european rivers) 

 

. ,  

,  

,  

.  

 K ,  

,  

, .  

 (Csim),   

. , 90.  Csim  GREAT-ER   

 90.   K  

. , ,  

,  
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,  

 K . , 90.  Csim  

.  90.  

 PhATE™   GREAT-ER,   

 (Fox  

, 2000; EU, 2003).  (Csim)   

, 50, 90.  

.  

 Csim,  ,   

 (  5-15.). , 

GREAT-ER  Excel 

, , 

 PhATE™ , . 

 5-16.  GREAT-

ER, .  

.  

GREAT-ER  

 ECETOC ( . ECETOC - European centre for ecotoxicology and toxicology 

of chemicals)  www.great-er.org,    

 (Schowanek  Webb, 2002; Schroeder , 

2002; Johnson , 2007). .  

 

 PEC  Csim. , ,  

 

, .  

)  

, . 

 (  

). .  

, PhATE™  GREAT-ER  

,  

,  

 ( .  ). 
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 5-15. GREAT-ER  

(Kümmerer, 2008) 

 
,  

. 

,  

, , ,  

. 

 

 

“ (worst-case). 

 

,  

: 

 ,  

,   

; 

 ,  

, ,  

. 
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 5-16.  GREAT-ER  

(Kümmerer, 2004) 
 

, . 

, ,  (      

5-17.  5-18.), , 

. ,  

,  

.  , 50, 

90,  99. ,  90.  

 10 %  (  

). , 

,  

. , . 

, ,  

. , 

, 

,  

 

.  
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,  

. 

 

 PEC  MEC 

 5-17.  5-18.  

 (PEC)  (MEC)  

   (PhATE™ ),   

 (Csim)  

  (GREAT-ER ).  

 (CBZ),  

,  

.  5-17.  PhATE™ .   

 (MEC)  

(PEC), .  

 GREAT-ER   5-18.,  Csim  MEC   50.  

.  PhATE™  GREAT-ER  

.  

 

. 

 

5.4.3  

 

: ;  

 (  );  „ “  ( . 

, , ); ;  

,  

;  

;  

. 
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 5-17.  (CBZ)  11  

 
(Kümmerer, 2008) 

 
 

  . ,  

,  

. :  

;  

;  

.  

: ;  -  

; . , 

 

 , . 

,  

. 
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 5-18.  (CBZ)  10  

 
(Kümmerer, 2008) 

 
,  

,  

 

. ,  

, ,  

.  

 

5.5  

 

  

,  

 (Calow  Forbes, 

2003). ,  

 ( .   -  Environmental risk assessment),  

,  

. ,  

. 

,  
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(pro-)  (re-) , . ,  

 

,  

,  ( .  

). 

 

 (pro-  re- ) 

. 

 

 pro-  re- . , 

 

. 

 

 pro-  re-  

 

 (EC, 2003)  PEC 

. PEC - Predicted environmental concentrations)  

 MEC  ( .  MEC  -  Measured environmental concentrations)  

 PNEC ( . PNEC - Predicted no- ffect 

concentrations).  (PNEC)  

. , 

, ,  

 

.  PEC/PNEC ,  

.  

 ( ) ,  

, ,  

, .  

, . 

 

.   –  European medicines agency)  pro- ,  

, :  

- ,   I,   (P),  

 (B)  ( )  (PBT -
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),  

(log Kow) 4,5 . ,  I,  PEC  

  

pro- RA  I  II.  

 II,  

 PEC  I ; 

-  pro- RA  (  II  ),   

 

.  PEC/PNEC  

,  

,  II,  

 PEC/PNEC. , -

 (Koc,  log ow) 

 II  .   

,  II , 

 

 ( ,  log oc  3,  

   10% , ,  

,  log ow  3); 

-  II , pro-  

. ,  

,  

. 

 pro-  

,  

 

. , re-  

WFD ( . WFD - Water framework directive)  pro-  

QSs 

. QSs - Annual average environmental quality standards).   

,  

 ( C) QS 

(Lepper, 2005).  MEC QS,  
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. QS,  

 

   TGD ( . 

TGD - Technical guidance document).  

 91/414/ C, QS (  

).  

, QS,  

. 

,  (Lepper, 2005), 

,  

C - 

QS  ( .  C  -  Maximum acceptable concentration  –  QS  - Environmental quality 

standards). C- QS  

 ( Cmax)  

. , QSsediment  

 log pSPM-Water  3 ( ).  

   TGD 

(EC, 2003). ,   

, , 

 MAC- QS .   

 

  

 

,  

 (  5-5.).  

 pro- ,  (PEC)  

 (  5-6.).  

 (PECsw),  „  

“  ( , 2006). ,  

, ,  

 ( , 2006; Knacker , 2006).  
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 5-5.  
(Knacker , 2006) 

 
n.a.  

 TGD ( C, 2003,  24) 
 

,  5-6.  

 (MECsw)  (Libigu , 2006). 

 

TGD ( C, 2003). Csw,  

.  TGD (EC, 2003), MEC 

 90. a.  
 

 5-6. PECsw   MECsw  
(Leibeg , 2006) 

 
PECsw 

MECsw 
 I  II A  II  

CBZ 5,0 1,46 0,234 0,454 (n=4) 

SMX 10,0 0,895 0,088 0,126 (n=2) 

EE2 0,00013 0,00079 0,000076 0,00058 (n=3) 
 

 5-7.  pro- .  

.   PNEC   

 

, .  

,  

.  17  -ethinylestradiol ( 2),  

(PEC/PNEC)  1, . 

,   CBZ  ( .  CBZ  -  

Carbemazepine),   10  %   (Loffler , 2005), 

  
(CBZ) 

 
(SMX) 

17  
(EE2) 

    

  
   

log Kow 2,45 0,89 4,2 

log Koc 1,92 – 3,42 n.a. 2,28 – 4,0 

log KpSPM-water
a  0,47 – 1,82 n.a. 0,75 – 2,4 
 

 
 

. 28 %  14  n.a. n.a. 
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 (  5-5.) , 

 PEC  TGD ( C, 2003)  

,  

.  42 ng/g                         

(90. ; T. Ternes, 2005), , 

 > 15.  S X ( . S X 

– Sulfamethoxazole) 2 . 2  

log w  (  5-5.),  

.  

 
 5-7.  ERA (pro-ERA)  PEC/PNEC  
, 2006) 

  NOEC ( g l-1) AF PNEC ( g l-1) PECi g l-1) PEC/ 
PNEC 

CBZ 

: 
Ceriodaphnia 

dubia 
: 

Chironomus 
riparius 

25e 

 

<140 ng g-1 f 

10 
 

50c 

2,5 
 

<2,8 ng g-1 

0,234 
 

1170 ng g-1 j 

0,09 
 

>418 

SMXb Lemna gibba 10g 100d 0,1 0,088 0,88 
EE2b Danio rerio 0,0003h 10 0,00003 0,000076 2,53 

 

 „  
“ . 

 „ “.  
c F = 50 .                                                                                                             
d F = 100 . 
e Ferrari , 2003.                                                                                                                 
f Oetken , 2005. 
g Brain , 2004. 
hWenzel , 2001. 
iPECSW  (EMEA, 2006). 
jPECsediment  TGD (EC, 2003),  log c = 1,92. 
 

 (re- ),  

 ( QS)  

 WFD ( . WFD - Water framework directive; C 2000).  

PEC/PNEC  pro- QS  MEC  

 re-  (  5-8.). ,  

,  MEC  PEC. ,  

MEC (0,126 g l-1)  PEC (0,088 g l-1)  MEC/ QS > 1, 

. 2, MEC  

 PEC, .  
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 5-8.  ERA (re-ERA) QS C 
(Lepper,  2005)                    

  NOEC ( g l-1) AF AA-EQS 
g l-1) MEC ( g l-1) MEC/AA-

EQS 

CBZ Ceriodaphnia 
dubiaa 25b 10 2,5 0,454 0,18 

SMX Lemna gibba 10c 100 0,1 0,126 1,26 
EE2 Danio rerio 0,0003d 10 0,00003 0,00058 19,3 

 

a .  
bFerari , 2003. 
cBrain , 2004. 
dWenzel  , 2001. 

 
 5-9. MAC- QSs C x  

.  re-  

 

 
 5-9.  ERA (re- ) C- QS  MECmax 

(Kümmerer, 2008) 

  EC50 ( g l-1) AF C-EQS 
g l-1) 

MECmax  
g l-1) 

MECmax/MAC-
EQS 

CBZ Daphnia 
magnaa 13800 1000 13,8 7,1 0,51 

SMX Scenedesmus 
spicatusb 2500 1000 2,5 1,9 0,76 

EE2 Scenedesmus 
spicatusc 840 1000 0,84 0,0067 0,008 

 

aFerari , 2003. 
bLibig, 2005. 
cKopf, 1997. 
 

 

 

 (Lepper, 2005),  

 

 WFD ( . WFD - Water framework directive). ,  

 

.  

,  

 ( QS)  ,   

, PNEC  

.  

 ( QS), ,  

. ,  
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.  

 

, . 

 

5.6  

 

 

,  5-19. ( : www.start-project.de; Schulte-

Oehlmann , 2007; Gec  Keil, 2007; Kummerer, 2007; Kummerer  Schramm, 2008). 

,  

 

. ,  

, .  

.  5-19. , 

 (  

) . ,  

 ( ).  

,  

,  

: , ,  

. ,  

, ,  

. , ,  

 (  5-10.). 

 

5.6.1  

 

,  

. ,  

 

.  

 ( )          

(Cviner  Frimmel, 2004; Ravina , 2002;. Kiffmeier, 2003; Ternes , 2003; 
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Vatkinson , 2007; Strassle, 2007; Isidori , 2007),  (Schroder, 

2002; Dreves , 2002),  (Metzger , 2005.; Nowotny  

, 2007)  (Matamoros  Baiona, 2006).  

 (Schulte-Oehlmann , 2007; Jones 

, 2007; Venzel , 2008; Ternes  Joss, 2006). 

 

 5-19.  
(www.start-project.de; Kümmerer, 2007) 

 
: 

 ;  

  (Ravina , 2002; 

Schröder, 2002; Ternes , 2003; Wenzel , 2008); 

 ? 

  ( )  

 (Isidori  2005, 2007; Li Te  2007; Vei-hsiang 

Ioung 2008); 

  

.  

WWTP; 
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 .  

? ; 

 ; 

 ; 

  

 WWTP ( . 

WWTP - Wastewater treatment plants); 

 . 

; 

 .  

.  

 (Jones , 2007); 

 ,        

(end of-the-pipe), ; 

  C 2 (Jones , 2007). 

,  

, .  

, . ,  

, . ,  

 

 (WWTP), . 

 LCA .  LCA  - Life cycle assessment),  

 (Wenzel , 2008), 

 

.  LCA ,  

,  

 ( , , -

 PAH ( . PAH - Polynuclear aromatic 

hydrocarbons), .  „  

“,  ( )  

.  

,  

. ,  
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,   

,  

.  
 

 5-10.  
(Kümmerer 2007) 

  

 
 

  
  

  
 

 (API)   
 

  
 

 

  
 API  

  
,  

,  
 ( ) 

 
 

 ( ) 

 
 

 
  

 
,  

  
  

 
 

 
 

  

 
 

 
  

 
 

  
   (  

)  API,  

 
  

,   
  

 
 

 API ,  
 

 

 API  
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. ,  

 ( ) . 

 

5.6.2 ,   

 

 

. ,  

 

, .  

 

, , . 

,  „ “,  

, . 

,  

PI  (www.start-project.de; Gec i Keil, 

2007).  

.  

 

, 

 (Gec  Kajl, 2007; Ruhoi  Daughton, 2007). 

,  

, . 

 

. 

,  

,  

, , ,  

,  

. ,  

 (www.start-project.de).  

 

.  

,  
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.  

 

.  

 ( . ). 

,  

.  

, .  

, 

, a  MRI,  

.  

,  

. , ,  

. ,  

, ,  

. 

 

5.6.3   

 

 (Anastasa  Varner, 1998),  

 

, .  

, ,  

. ,  

,  

.  

. ,   (  5-19.). 

 

 („ ”/„benign by design”).  

. , ,  

e .  

 

 (Daughton, 2003; Kummerer, 2007).  

,  (Kummere , 

2007), . 
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 API  

, .  

 

. ,  

. ,  

 API  

,  

).  API ,  

. ,  

,  

, , ,  

.  API,  

,  

.  

 POP   

(http://www.pops.int/)  

(http: //ec.europa. EU / okruženje / voda / voda-okvir / _en.html). 
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6.  

 –  



 188

,  

,  

: 

  

, .  

; 

  

; 

  

,  

; 

  

 

  

. 

 

: .  

 

 

.   

 

6.1  

 

,  

, ,  

,  

.  

,  

,  

.  

 

,  

.  
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, ,  

 

 

.  

 

 

.  

. 

 

, .  

,  (  

 

),  

.  

 ATC  ( .  ATC  -  Anatomical Therapeutic Chemical) , 

,  

,  

.  ( ), 

 ( ).   

, ) ,  

.  ATC , : 

,  

, , ...,  

 - 

, , , .  

 ( , , 

.)  

.  

,  ATC : 

  - , 

 B - ,  

 C - , 

 D - , 
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 G - , 

 H -  (  

), 

 J - , 

 L - , 

 M - , 

 N - , 

 P - ,  

, 

 R - , 

 S -  

 V -  

ATC  

. 

 

6.1.1  

 

,  

.  

 

: 

: 

  

 ; 

: 

 ,  

   

 ; 

:  

 ,   

 ,  

  

 . 
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,  

:  

 , ,  

 , 

 ,  

   

 ,  ATC .  

, 

,  

. 

 

6.1.2  

 

, ,  

,  

.  

 ( )  

 

,  

.  

 ATC . 

 

6.2   

 

,  

 

. :  

 ,  

 ,  

  

 

 ,  ATC , .  
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 2600 , , 

, .  

 

 6-1. 

 
 6-1.  

  
 

  
) 

 2,75 42,3 
 3,05 44,6 

 2,54 49,5 
 3,58 41,7 
 3,41 44,8 
 2,37 51,8 

 3,16 46,9 
 

 2,94 42,8 

. *) 2,88 42,2 
*)  

 
 

 

. 

 (  6-2.)  

. 

 
 6-2.  

-
 

 ( %)   (%)  
 ( %) 

   
 

 

     

    
    

 
  

 8 17 22 4 29 20 13 4 39 7 27 10 4 96 
 12 20 17 2 31 18 11 4 41 6 30 8 7 93 

 8 15 25 6 22 24 9 6 37 4 31 13 10 90 
 3 20 23 6 26 22 14 8 32 4 29 13 7 93 
 10 20 23 4 27 16 14 5 40 4 28 9 9 91 
 6 17 19 6 31 21 13 7 37 3 29 11 5 95 

 9 19 21 5 25 21 10 5 38 3 31 13 8 92 
 

 9 17 21 4 29 20 12 5 39 6 28 10 5 95 
 

 „ “  (39 %) 

 (28 %),  (29 %)  (21 %).  5 %  

“, .  
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. 

 (  6-1.). 

 
 6-1.  

 
 62 % ,  37 %  

.  (40 %)  

,  9 % . 

 (97 %) ,  

 3 % .  
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.  41 % .  

 48  %  

.  

 

, ,       

 6-3. 
 6-3. ,  ATC  

ATC 
 

   ,   ( ) 

   
   

 

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
 

 1906 245 451 61 167 24 133 17 102 14 89 11 66 9 2914 381 
B 555 64 129 15 46 4 41 4 29 4 26 3 20 2 846 96 
C 1922 140 453 32 172 13 136 11 102 7 90 6 67 5 2942 214 
D 560 112 131 29 48 10 40 8 29 6 27 5 20 4 855 174 
G 184 26 42 6 16 3 13 2 10 2 9 1 6 1 280 41 
H 126 13 31 3 11 0 9 1 7 1 6 1 4 0 194 19 
J 1528 277 358 63 131 26 110 19 78 15 72 13 54 10 2331 423 
L 6 0 2 0 0 0 1 0 0 0 0 0 1 1 10 1 
M 1810 216 420 49 152 19 126 15 94 11 85 11 63 8 2750 329 
N 2340 165 555 37 211 14 166 12 126 9 110 8 83 7 3591 252 
P 362 45 85 12 32 5 25 4 19 1 17 2 12 2 552 71 
R 1193 146 279 33 104 12 86 10 65 8 56 7 42 5 1825 221 
S 238 54 51 13 22 4 16 4 13 3 11 2 9 2 360 82 
V 1256 202 285 47 111 16 87 14 63 10 60 10 44 7 1906 306 

 13986 1705 3272 400 1223 150 989 121 737 91 658 80 491 63 21356 2610 

 
  6-4. ,  

 „ ”, TC .  
 6-4.  

 (%) 

ATC 
 

 (%) 
  

   
 12,85 13,53 14,37 12,78 13,73 12,36 13,64 14,60 

B 11,53 11,63 8,70 9,76 13,79 11,54 10,00  3,67 
C 7,28 7,06 7,56 8,09 6,86 6,67 7,46  8,2 
D 20,00 22,14 20,83 20,00 20,69 18,52 20,00  6,66 
G 14,13 14,29 18,75 15,38 20,00 11,11 16,67 1,57 
H 10,32 9,68 0,00 11,11 14,29 16,67 0,00  0,72 
J 18,13 17,60 19,85 17,27 19,23 18,06 18,52  16,20 
L 0,00 0,00 0,00 0,00 0,00 0,00 100,00 0,04 
M 11,93 11,67 12,50 11,90 11,70 12,94 12,70 12,61 
N 7,05 6,67 6,64 7,23 7,14 7,27 8,43  9,66 
P 12,43 14,12 15,63 16,00 5,26 11,76 16,67 2,72 
R 12,24 11,83 11,54 11,63 12,31 12,50 11,90  8,47 
S 22,69 25,49 18,18 25,00 23,08 18,18 22,22  3,14 
V 16,08 16,49 14,41 16,09 15,87 16,67 15,91  11,72 

 12,19 12,22 12,26 12,23 12,35 12,16 12,83 12,22 
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,  ATC , , 

 6-5. 
 

 6-5.  ATC  

ATC   
 (%) 

N -  3591 16,81 
C -  2942 13,78 

 -  2914 13,64 
 -  2750 12,88 

 -  2331 10,91 
 14528 68,03 

 
 (68,03 %)  

 ATC .  

 N-  (16,81 %)  C-  (13,78 %).   

 ATC ,  

,  6-6. 

 
 6-6.  ATC  

ATC   
 (%) 

 -  423 16,20 
 -  381 14,60 
 -  329 12,61 

V -  306 11,72 
N -  252 9,66 

 1691 64,79 
 

 (  

, . 2600 )  21 356  

,  8,21 ,  2610,  12,22 % 

,  1,00384)  

.  

, ,  

 „ “,               

10 g, . 

 

.  6-7. 

:  L  -   

, C -  H -  

 ( ),  
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: P - ,  

, D -  N - . 

: H -  

 ( ), L -  

 C - .  

:  P  -  ,   

, D - ,  -                       

G - . 

 
 6-7.  ATC  

ATC 
 

   (%)   (%) 
    

 26 74 21 79 
B 84 16 66 34 
C 91 9 85 15 
D 16 84 11 89 
G 45 55 21 79 
H 89 11 95 5 
J 52 48 84 16 
L 97 3 86 14 
M 31 69 23 77 
N 19 81 27 73 
P 3 97 2 98 
R 26 74 42 58 
S 29 71 62 38 
V 45 55 39 61 

 
 

 

,  

. 
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 6-8.   

 ATC  A B C D G H J L M N P R S V  

 
 143692 41756 145031 42180 13815 9556 114999 541 135756 176971 27223 90000 17776 94072 1053368 

 18746 4759 10556 8567 2012 950 20869 48 16247 12448 3482 10926 4054 15130 128795 

 
 101390 29671 103015 30428 10263 7114 81696 640 94882 126103 19220 63727 14201 67059 749409 

 12535 3556 7386 5372 1536 850 14321 8 12633 10049 2442 7217 2966 10758 91631 

 
 702487 201606 358910 205586 68922 50051 578059 2211 672634 874534 137328 458054 105115 563317 4978815 

 82567 22631 29008 38883 9738 4732 97586 137 77424 70429 15361 51707 20916 87642 608762 

  
 

 75680 19157 68046 23804 22106 4845 56188 546 64863 84066 13726 40800 8776 44111 526713 
 9601 2208 5295 4709 3099 463 9756 0 7686 5756 1914 5013 2142 6760 64401 

  
 

 66858 19984 66335 19783 6788 4103 52335 637 60037 79090 14285 41738 9436 42759 484168 
 8856 2215 4791 4070 1072 439 8752 45 6720 6021 1900 5336 2001 6981 59199 

 
 

 66965 20363 67862 20681 6775 3825 54158 493 62763 78492 13071 43148 9643 42521 490761 
 8721 2344 4845 3965 1080 444 9798 0 7696 5776 1870 4960 1891 6614 60006 

  
 

 111655 33697 81890 33176 11022 8824 90398 1119 106431 138114 21636 70769 14369 74060 797158 
 14151 3481 8081 5844 1440 1016 15938 40 12457 9257 2625 8320 3188 11629 97469 

 
 

 81023 23646 79569 23621 7783 4961 64932 765 72871 100023 16313 47571 10316 53441 586834 
 10577 2554 5737 4717 1285 692 10976 40 9065 7302 2289 5709 2383 8427 71752 

  50476 15385 51948 14943 5386 3312 43223 444 46681 61649 10037 33020 5966 34944 377414 
 6293 1510 3956 3140 806 476 7751 34 5706 4335 1467 3850 1369 5453 46147 

  
 

 45786 17495 48182 13722 4508 3186 36419 281 45383 58264 9330 29028 5753 31136 348473 
 6356 1401 3479 2812 684 409 6807 0 5298 4249 1423 3286 1372 5033 42608 

  
 

 81608 30100 84134 23357 7804 5155 67338 727 74174 97234 15354 49244 9772 52238 598238 
 10460 2592 5805 5145 1064 642 11502 113 8990 7768 2247 6047 2139 8632 73147 

  
 

 105383 33096 106265 31385 10776 7634 80721 738 101942 127341 21321 68072 13180 67448 775303 
   13967 3636 7431 6194 1674 980 15371 73 12109 9944 2629 8025 2557 10209 94797 

  103205 27163 100826 30605 10530 6965 69141 536 98478 126152 20067 67272 14376 67812 743128 
   13736 3611 7139 5976 1613 835 13014 48 11219 9472 2399 8358 2968 10475 90863 

  
 

 83206 25869 83372 24560 8025 5951 68986 498 83043 107714 16431 55507 13674 57551 634387 
   11575 2891 6458 5009 1324 584 12510 46 9507 7568 2153 6463 2347 9131 77567 
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 34694 10235 34771 10779 3707 2339 28138 269 32205 43737 6467 22419 4806 21456 256021 
   4600 1310 2476 2084 591 288 5145 0 3762 3052 731 2568 1168 3528 31304 

  
 

 39216 11239 38055 10904 3913 2426 31223 476 37478 48238 7926 20007 4589 23747 279436 
   5112 1267 2508 2263 566 193 5444 123 4266 3665 1071 2629 1055 4004 34167 

 
 

 74416 22003 74562 22435 7453 4968 58885 399 70765 92074 14071 49314 8987 47603 547935 
   9805 2590 5647 4939 1084 467 10248 0 8578 6389 2250 5614 1948 7438 66996 

  
 

 53779 16594 56053 16585 5241 3682 45892 511 52705 67574 11101 35388 7029 37694 409827 
   6839 1715 5349 3340 752 430 7637 111 6060 4855 1602 3994 1560 5868 50110 

  
 

 115457 35525 119949 35557 11383 8323 96187 934 108800 146593 22216 75336 14777 71267 862305 
   15119 3780 9314 6890 1611 926 16774 44 13007 10444 3210 9143 3524 11648 105434 

  
 

 63561 18523 62332 24910 6861 4348 50925 453 59561 74390 11967 39020 7683 41794 466328 
   8118 2191 4408 5025 1022 560 8868 0 6849 5314 1655 4603 1687 6719 57018 

  
 

 111605 35305 102034 33170 11200 7894 92652 859 109791 141636 21903 72503 16697 76090 833340 
   14753 4200 8083 6663 1562 998 16317 82 12432 10067 2897 8739 3261 11840 101893 

  
 

 72502 20780 75429 20701 7279 6264 58473 502 69106 114259 13741 46970 12075 47308 565390 

   11591 2481 5428 4265 1116 711 10470 0 8239 6742 2001 5753 2544 7790 69130 
  

 
 78762 22366 81588 24067 8130 5588 62522 1272 72792 100349 15922 50056 10565 52348 586325 

   11094 2191 6233 4840 1408 597 12011 148 8482 6867 2265 5922 1935 7698 71690 
  

 
 74613 21386 76804 29752 9567 5169 59284 651 70499 96930 14675 46551 9743 49944 565570 

   9752 2188 5309 5948 1264 678 10725 72 8997 6571 2056 5498 2025 8070 69153 
  

 
 250133 72857 250477 71908 25638 21768 200531 1605 232316 310724 46727 158630 30252 162624 1836191 

   33919 8360 17454 15378 3732 2220 35595 210 27590 21630 6520 18784 6985 26137 224512 

 
 

 2788153 825799 2417440 838599 294874 198255 2243304 18105 2635955 3472251 542056 1774144 379556 1924345 20352837 

 
 358844 91660 182175 166037 43134 21580 394184 1421 311020 255970 70459 208464 79986 303614 2488549 
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 6-9.  

 A B C D G H J L M N P R S V  

 13,05 11,40 7,28 20,31 14,56 9,94 18,15 8,78 11,97 7,03 12,79 12,14 22,81 16,08 12,22 

 12,36 11,99 7,17 17,65 14,97 11,94 17,53 1,26 13,31 7,97 12,71 11,33 20,89 16,04 12,22 

 11,75 11,23 8,08 18,91 14,13 9,45 16,88 6,20 11,51 8,05 11,19 11,29 19,90 15,56 12,22 

 12,69 11,52 7,78 19,78 14,02 9,56 17,36 0,00 11,85 6,85 13,95 12,29 24,40 15,32 12,22 

 13,25 11,09 7,22 20,57 15,79 10,70 16,72 6,99 11,19 7,61 13,30 12,79 21,21 16,33 12,22 

 13,02 11,51 7,14 19,17 15,95 11,62 18,09 0,00 12,26 7,36 14,31 11,49 19,61 15,55 12,22 

 12,67 10,33 9,87 17,61 13,06 11,52 17,63 3,61 11,70 6,70 12,13 11,76 22,18 15,70 12,22 

 13,05 10,80 7,21 19,97 16,51 13,94 16,90 5,27 12,44 7,30 14,03 12,00 23,10 15,77 12,22 

 12,47 9,81 7,62 21,02 14,97 14,36 17,93 7,76 12,22 7,03 14,61 11,66 22,94 15,61 12,22 

 13,88 8,01 7,22 20,49 15,16 12,84 18,69 0,00 11,67 7,29 15,26 11,32 23,84 16,16 12,22 

 12,82 8,61 6,90 22,03 13,63 12,46 17,08 15,60 12,12 7,99 14,63 12,28 21,89 16,52 12,22 

 13,31 13,30 7,08 19,53 15,32 11,98 18,82 8,93 11,39 7,51 11,96 12,42 20,65 15,45 12,22 

 13,91 11,18 7,75 20,40 16,50 9,82 18,13 9,22 11,45 7,03 13,11 11,64 17,17 15,87 12,22 

 13,26 12,80 7,12 19,33 15,95 12,32 18,28 0,00 11,68 6,98 11,30 11,46 24,31 16,45 12,22 

 13,04 11,27 6,59 20,75 14,47 7,97 17,44 25,79 11,38 7,60 13,51 13,14 22,99 16,86 12,22 

 13,18 11,77 7,57 22,01 14,55 9,40 17,40 0,00 12,12 6,94 15,99 11,38 21,68 15,63 12,22 
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 A B C D G H J L M N P R S V  

 12,72 10,33 9,54 20,14 14,35 11,67 16,64 21,61 11,50 7,18 14,43 11,29 22,19 15,57 12,22 

 13,10 10,64 7,76 19,38 14,16 11,12 17,44 4,74 11,95 7,12 14,45 12,14 23,85 16,34 12,22 

 12,77 11,83 7,07 20,17 14,89 12,88 17,41 0,00 11,50 7,14 13,83 11,80 21,95 16,08 12,22 

 13,22 11,90 7,92 20,09 13,95 12,64 17,61 9,54 11,32 7,11 13,22 12,05 19,53 15,56 12,22 

 15,99 11,94 7,20 20,60 15,33 11,36 17,91 0,00 11,92 5,90 14,56 12,25 21,07 16,47 12,22 

 14,09 9,80 7,64 20,11 17,32 10,68 19,21 11,64 11,65 6,84 14,22 11,83 18,31 14,70 12,22 

 13,07 10,23 6,91 19,99 13,21 13,12 18,09 11,05 12,76 6,78 14,01 11,81 20,78 16,16 12,22 

 13,56 11,47 6,97 21,39 14,55 10,20 17,75 13,07 11,88 6,96 13,95 11,84 23,09 16,07 12,22 

 13,25 10,98 6,99 1973 15,53 1284 19,04 9,83 11,88 7,81 12,33 11,79 19,40 15,14 12,22 

 13,18 11,03 7,50 20,05 14,91 11,45 17,77 7,24 11,86 7,20 13,59 11,89 21,59 15,88 12,22 
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,  

,  

 2013.  2015.  (  6-10.).  

 
 6-10.  

 

. 
   

 
 

 

 
 

 

1. 2013 1465 81 243 355 777 
2. 2014 1465 80 745 404 939 
3. 2015 1465 80 836 349 866 

 
 6-10.  

2013. , .  

,  (  50 000 )  2014. 

.  

,  6-17,      

6-18.  6-19. 

 6-11, 6-12.  6-13,  

, C , 

. 

 2013. ,  

 C (31,17 %),  (23,53 %)  N (19,83 %).  

,  P (0 %), S (0,14 %)  G (0,44 %).  

 2014.  ,  :                          

 (20,94%), N (17,69%)  C (15,67 %),  P (0,01 %), H (0,24 %)                  

G (0,31 %),  2015.  

 N (42,13%), C (24,21 %),  (9,91%),  S (0,0%), G (0,30 %)  D 

(0,51 %).  
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 6-11.  2013.  
 

 TC 

 ATC  B C D G H J L M N P R S V  

 
 

 
180 226 919 56 13 105 694 44 35 585 0 51 4 37 2947 

 
 % 6,09 % 7,67 % 31,17 % 1,91 % 0,44 % 3,56 % 23,53 % 1,49 % 1,17 % 19,83 % 0 % 1,73 % 0,14 % 1,.26 % 100 % 

 
 6-12.  2014.  

 

 TC 

C  B C D G H J L M N P R S V  

 
 

 
501 303 319 16 10 8 669 59 178 566 1 298 75 194 3197 

 
 % 15,67 % 9,51 % 9,98 % 0,5 % 0,31 % 0,24 % 20,94 % 1,85 % 5,56 % 17,69 %  0,01 % 9,32 % 2,.35 % 6,.07 % 100 % 

 
 6-13.  2015.  

 

 C 

C  B C D G H J L M N P R S V  

 
 

 
169 18 574 12 7 45 213 30 15 998 121 164 0 4 2370 

 
 % 7,12 % 0,76 % 24,21 % 0,51 % 0,30 % 1,90 % 8,99 % 1,27 % 0,.63 % 42,.13 % 5,11 % 6,91 % 0 % 0,17 % 100 % 
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, , 

, 

: N, J  C,  

 75,33 %  (74,53 % 

-2013. , 48,61 % - 2014.  75,33 % - 2015. ).  

 N, J  C  

.  

 

, ,  

, : P, 

S, G, H  D. , ,  

 P (0,01 %  2013.  2014. ), S (0,14 %  2013.  2015. ),  G (1,05 %  

).   H   2014.  

 - 0,24 %,  D,  2015.   

- 0,51 %.  

,  6-14, 6-15.  6-16.  

 

. 

 2012. ,  

 A (69.28 %), C (5,22 %)  R (6,57 %),  

,  D (0 %), P (0 %)  V (0 %).  2012.  

 (A,  C   R)   81,07  %   

. 

 2014. ,  

: C (28.82 %), J (28, 97 %)  V (15 %),  D, G, 

H, P, R  S,  0 % . 

 2015.  

 je  A (28,42%), C (36,70 %),  L (8.94%),  H, P, 

R, S  V, , .  

,  

 2014.  (C, J  V)       

72,79 %,  2015.  (A, C  L), 74,06 % . 
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 6-14.  2012.  
 

  C 

C  B C D G H J L M N P R S V  
 

 
 

53 526 73 4030 0 82 71 8172 94 709 4639 0 5075 40 0 77 256 

 
 % 69,28 % 0,09 % 5,22 % 0 % 1,07 % 0,09 % 10,58 % 0,12 % 0,92 % 6 % 0 % 6,57 % 0,05 % 0 % 100 % 

 
 6-15.  2014.  

 

  C 

C  B C D G H J L M N P R S V  
 

 
 

679 687 343 750 1 531 250 0 0 0 1 539 062 93 748 156 250 171 875 0 0 0 796 875 5312497 

 
 % 12,79 % 6,47 % 28,82 % 0 % 0 % 0 % 28,97 % 1,76 % 2,94 % 3,24 % 0 % 0 % 0 % 15 % 100 % 

 
 6-16.  2015.  

 

 C 

C  B C D G H J L M N P R S V  
 

 
 

1 185 466 57 813 1 531 250 238 182 234 309 0 371 218 372 950 62 500 118 188 0 0 0 0 4171875 

 
 % 28,42 % 1,39 % 36,70 % 5,71 % 5,62 % 0 % 8,90 % 8,94 % 1,50 % 2,83 % 0 % 0 % 0 % 0 % 100 % 
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,  

 C (  

), .  

,  

 

,  

. , 

, J, L  R.  

 

, : D, 

G, H, P, R, S  V.  

, : P, S, 

G, H  D, ,  

. 

 

,  

 

,  

, . ,  

. „  

“  

. ,  

,  

 

,  C   V,  B   J.  ,  

 D, G  

 

2013.  ( , 2014).  

 

.  

 (  6-17, 6-18.  6-19.). 
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 6-17. TC .  2013.  

(  („ . “,  42/2006, 119/2007, 84/2008, 71/2009, 85/2009, 24/2010, 6/2012, 37/2012, 8/2014, 92/2015) 

 

 
 

 

 ( ) 

6.09% 7.67% 31.17% 1.91% 0.44% 3.56% 23.53% 1.49% 1.17% 19.83% 0.00% 1.73% 0.14% 1.26% 100% 

  
 A B C D G H J L M N P R S V  

 680 476 67 84 343 21 5 39 259 16 13 218 0 19 2 14 1100 

 1060 742 104 131 534 33 8 61 403 26 20 340 0 30 2 22 1714 

 990 693 97 123 499 31 7 57 377 24 19 317 0 28 2 20 1601 

 3050 2135 300 378 1537 94 22 176 1160 73 58 978 0 85 7 62 4932 

 897 628 88 111 452 28 6 52 341 22 17 288 0 25 2 18 1451 

 2993 2095 295 371 1508 92 21 172 1139 72 57 960 0 84 7 61 4839 

 888 622 88 110 448 27 6 51 338 21 17 285 0 25 2 18 1437 

 1367 957 135 170 689 42 10 79 520 33 26 438 0 38 3 28 2211 

 657 460 65 82 331 20 5 38 250 16 12 211 0 18 1 13 1063 

 699 489 69 87 352 22 5 40 266 17 13 224 0 20 2 14 1130 

 668 468 66 83 337 21 5 38 254 16 13 214 0 19 2 14 1081 

 1350 945 133 167 680 42 10 78 514 33 26 433 0 38 3 28 2183 

 930 651 92 115 469 29 7 54 354 22 18 298 0 26 2 19 1504 

 685 480 68 85 346 21 5 39 261 17 13 220 0 19 2 14 1109 
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 1090 763 107 135 549 34 8 63 415 26 21 350 0 30 2 22 1763 

 1302 911 128 161 656 40 9 75 495 31 25 417 0 36 3 27 2104 

 797 558 78 99 402 25 6 46 303 19 15 256 0 22 2 16 1289 

 1785 1250 176 221 900 55 13 103 679 43 34 573 0 50 4 36 2888 

 875 613 86 109 441 27 6 50 333 21 17 281 0 24 2 18 1416 

 2995 2097 295 372 1510 93 21 172 1140 72 57 961 0 84 7 61 4844 

 403 282 40 50 203 12 3 23 153 10 8 129 0 11 1 8 651 

 352 246 35 44 177 11 3 20 134 8 7 113 0 10 1 7 568 

 845 592 83 105 426 26 6 49 322 20 16 271 0 24 2 17 1368 

 878 615 87 109 443 27 6 51 334 21 17 282 0 25 2 18 1421 

 2370 1659 233 294 1195 73 17 136 902 57 45 760 0 66 5 48 3832 

 1680 1176 165 208 847 52 12 97 639 40 32 539 0 47 4 34 2717 

 690 483 68 86 348 21 5 40 263 17 13 221 0 19 2 14 1116 

 700 490 69 87 353 22 5 40 266 17 13 224 0 20 2 14 1132 

 570 399 56 71 287 18 4 33 217 14 11 183 0 16 1 12 922 

 10609 7426 1045 1316 5347 328 75 611 4036 256 201 3402 0 297 24 216 17154 

 44855 31401 4530 5704 23180 1420 327 2647 17498 1108 870 14748 0 1287 104 936 72536 
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 6-18.  ATC .  2014.   

(  („ . “,  42/2006, 119/2007, 84/2008, 71/2009, 85/2009, 24/2010, 6/2012, 37/2012, 8/2014, 92/2015) 

 

 
  ( ) 

  
 

15.67% 9.51% 9.98% 0.50% 0.31% 0.24% 20.94% 1.85% 5.56% 17.69% 0.01% 9.32% 2.35% 6.07% 100% 

A B C D G H J L M N P R S V  

 680 476 172 105 110 5 3 3 230 20 61 195 0 102 26 67 1100 

 1060 742 269 163 171 9 5 4 359 32 95 303 0 160 40 104 1714 

 990 693 251 152 160 8 5 4 335 30 89 283 0 149 38 97 1601 

 3050 2135 773 469 492 25 15 12 1033 91 274 872 0 460 116 299 4932 

 897 628 227 138 145 7 4 3 304 27 81 257 0 135 34 88 1451 

 2993 2095 758 460 483 24 15 12 1013 90 269 856 0 451 114 294 4839 

 888 622 225 137 143 7 4 3 301 27 80 254 0 134 34 87 1437 

 1367 957 346 210 221 11 7 5 463 41 123 391 0 206 52 134 2211 

 657 460 167 101 106 5 3 3 223 20 59 188 0 99 25 64 1063 

 699 489 177 107 113 6 4 3 237 21 63 200 0 105 27 69 1130 

 668 468 169 103 108 5 3 3 226 20 60 191 0 101 25 66 1081 

 1350 945 342 208 218 11 7 5 457 40 121 386 0 203 51 133 2183 

 930 651 236 143 150 8 5 4 315 28 84 266 0 140 35 91 1504 

 685 480 174 105 111 6 3 3 232 21 62 196 0 103 26 67 1109 



 209

 
 
 
 

 1090 763 276 168 176 9 5 4 369 33 98 312 0 164 41 107 1763 

 1302 911 330 200 210 11 7 5 441 39 117 372 0 196 49 128 2104 

 797 558 202 123 129 6 4 3 270 24 72 228 0 120 30 78 1289 

 1785 1250 452 275 288 14 9 7 605 53 161 511 0 269 68 175 2888 

 875 613 222 135 141 7 4 3 297 26 79 250 0 132 33 86 1416 

 2995 2097 759 461 483 24 15 12 1014 90 269 857 0 451 114 294 4844 

 403 282 102 62 65 3 2 2 136 12 36 115 0 61 15 40 651 

 352 246 89 54 57 3 2 1 119 11 32 101 0 53 13 34 568 

 845 592 214 130 136 7 4 3 286 25 76 242 0 127 32 83 1368 

 878 615 223 135 142 7 4 3 297 26 79 251 0 132 33 86 1421 

 2370 1659 601 364 382 19 12 9 802 71 213 678 0 357 90 233 3832 

 1680 1176 426 258 271 14 8 7 569 50 151 481 0 253 64 165 2717 

 690 483 175 106 111 6 3 3 234 21 62 197 0 104 26 68 1116 

 700 490 177 108 113 6 4 3 237 21 63 200 0 105 27 69 1132 

 570 399 144 88 92 5 3 2 193 17 51 163 0 86 22 56 922 

 10609 7426 2688 1631 1712 85 53 41 3592 317 954 3035 2 1599 403 1041 17154 

 44855 31401 11653 7072 7422 371 230 178 15572 1375 4135 13156 7 6931 1748 4514 72536 
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 6-19.  ATC .  2015.  

(  („ . “,  42/2006, 119/2007, 84/2008, 71/2009, 85/2009, 24/2010, 6/2012, 37/2012, 8/2014, 92/2015) 

 

 
  ( ) 

 
 

 
 

7.12% 0.76% 24.21% 0.51% 0.30% 1.90% 8.99% 1.27% 0.63% 42.13% 5.11% 6.91% 0% 0.17% 100% 

A B C D G H J L M N P R S V  

 680 476 78 8 266 6 3 21 99 14 7 463 56 76 0 2 1100 

 1060 742 122 13 415 9 5 33 154 22 11 722 88 118 0 3 1714 

 990 693 114 12 388 8 5 30 144 20 10 674 82 111 0 3 1601 

 3050 2135 351 37 1194 25 15 94 443 63 31 2078 252 341 0 8 4932 

 897 628 103 11 351 7 4 28 130 18 9 611 74 100 0 2 1451 

 2993 2095 345 37 1172 25 15 92 435 61 30 2039 247 334 0 8 4839 

 888 622 102 11 348 7 4 27 129 18 9 605 73 99 0 2 1437 

 1367 957 157 17 535 11 7 42 199 28 14 931 113 153 0 4 2211 

 657 460 76 8 257 5 3 20 96 13 7 448 54 73 0 2 1063 

 699 489 80 9 273 6 3 21 102 14 7 476 58 78 0 2 1130 

 668 468 77 8 262 6 3 21 97 14 7 455 55 75 0 2 1081 

 1350 945 155 17 528 11 7 41 196 28 14 920 112 151 0 4 2183 

 930 651 107 11 364 8 5 29 135 19 9 634 77 104 0 3 1504 

 685 480 79 8 268 6 3 21 100 14 7 467 57 77 0 2 1109 
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 1090 763 125 13 427 9 5 33 158 22 11 743 90 122 0 3 1763 

 1302 911 150 16 509 11 6 40 189 27 13 887 108 145 0 4 2104 

 797 558 92 10 312 7 4 24 116 16 8 543 66 89 0 2 1289 

 1785 1250 206 22 699 15 9 55 260 37 18 1217 148 200 0 5 2888 

 875 613 101 11 343 7 4 27 127 18 9 597 72 98 0 2 1416 

 2995 2097 345 37 1173 25 15 92 435 62 31 2041 248 335 0 8 4844 

 403 282 46 5 158 3 2 12 59 8 4 274 33 45 0 1 651 

 352 246 40 4 138 3 2 11 51 7 4 239 29 39 0 1 568 

 845 592 97 10 331 7 4 26 123 17 9 576 70 94 0 2 1368 

 878 615 101 11 344 7 4 27 128 18 9 599 73 98 0 2 1421 

 2370 1659 273 29 928 20 11 73 345 49 24 1615 196 265 0 7 3832 

 1680 1176 193 21 658 14 8 52 244 35 17 1144 139 188 0 5 2717 

 690 483 79 8 270 6 3 21 100 14 7 470 57 77 0 2 1116 

 700 490 81 9 274 6 3 22 102 14 7 477 58 78 0 2 1132 

 570 399 66 7 223 5 3 18 83 12 6 388 47 64 0 2 922 

 10609 7426 1221 130 4153 87 51 326 1542 218 108 7227 877 1185 0 29 17154 

 44855 31401 5295 565 18004 379 223 1413 6686 945 468 31330 3801 5138 0 126 72536 
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 ATC  

 

 („ . “,  42/2006, 119/2007, 84/2008, 71/2009, 
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 ATC  

.  6-20.  

, ,  

 „ “. 

 
 6-20.  

 ATC  
ATC 

   )  
(%) 

 364570 10,94 14,60 
B 91860 2,76 3,70 
C 204772 6,14 8,20 
D 166497 5,00 6,67 
G 39232 1,18 1,57 
H 18181 0,55 0.73 
J 404760 12,14 16.20 
L 957 0,03 0.04 
M 314813 9,44 12,60 
H 241133 7,23 9,65 
P 67938 2,04 2,72 
R 211470 6,34 8,46 
S 78464 2,35 3,14 
B 292805 8,78 11,72 

 2497452 74,92 100 
 

 WH  0,3  0,4 

.  
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 3 % ,  72,3  

,  
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, , , , 
,  ,  ,  ,  

, ,  , , , 
, , , , 

, , , 
, , . 

1 931 809 696 157 
698 830 

 

6,98 t/2015 

17 074 
 

0,18 t 
715 904 

 

7,16 t 

 

 , , , , , 
, , , , 

, , , , 
, , . 

1 639 121 606 433 
608 762 

 

6,09 t/2015 
17 154 

 

0,17 t 
625 916 

 

6,26 t 
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, , , , , 
, , , , 

, , , , , 
, , , ,  

, , , , , 
, , , , 
, , , , 
, ,  ,  ,   

, , , , , 
, , . 

2 031 697 657 769 
660 295 

 

6,60 t/2015 
14 658 

 

0,15 t 
674 953 

 

6,75 t 
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5,25 t/2015 
13 935 

 

0,14 t 
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 6-22.  –  

 

 

 ( ) 

A B C D G H J L M N P R S V  
 

 
 

 
 

 
) 

 
 

 

 
 + 

 

  11094 2191 6233 4840 1408 597 12011 148 8482 6867 2265 5922 1935 7698 71416 71 690 
0,72 t/2015 0,01 t 0,73 t 

  11591 2481 5428 4265 1116 711 10470 0 8239 6742 2001 5753 2544 7790 68866 69 130 
0,69 t/2015 0,02 t 0,71 t 

  8118 2191 4408 5025 1022 560 8868 0 6849 5314 1655 4603 1687 6719 56800 57 018 
0,57 t/2015 0,02 t 0,59 t 

  14753 4200 8083 6663 1562 998 16317 82 12432 10067 2897 8739 3261 11840 101503 101 893 
1,02 t/2015 0,05 t 1,07 t 

  9752 2188 5309 5948 1264 678 10725 72 8997 6571 2056 5498 2025 8070 68888 69 153 
0,69 t/2015 0,02 t 0,71 t 

  33919 8360 17454 15378 3732 2220 35595 210 27590 21630 6520 18784 6985 26137 223653 224 512 
2,25 t/2015 0,05 t 2,30 t 

  15119 3780 9314 6890 1611 926 16774 44 13007 10444 3210 9143 3524 11648 105031 105 434 
1,05 t/2015 0,01 t 1,06 t 

 104346 25391 56229 49009 11715 6690 110760 556 85596 67635 20604 58442 21961 79902 696 157 698 830 
6,98 t/2015 0,18 t 7,16 t 
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 + 

 

 82567 22631 29008 38883 9738 4732 97586 137 77424 70429 15361 51707 20916 87642 606 433 608 762 
6,09 t/2015 0,17 t 6,26 t 
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 6-24.  -  
 

 

 ( ) 

A B C D G H J L M N P R S V  
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 + 

 

  12535 3556 7386 5372 1536 850 14321 8 12633 10049 2442 7217 2966 10758 101136 101 524 
1,02 t/2015 0,02 t 1,04 t 

 8856 2215 4791 4070 1072 439 8752 45 6720 6021 1900 5336 2001 6981 58973 59 199 
0,59 t/2015 0,01 t 0,60 t 

 14151 3481 8081 5844 1440 1016 15938 40 12457 9257 2625 8320 3188 11629 97096 97 469 
0,97 t/2015 0,02 t 0,99 t 

  10577 2554 5737 4717 1285 692 10976 40 9065 7302 2289 5709 2383 8427 71478 71 752 
0,72 t/2015 0,02 t 0,74 t 

  13967 3636 7431 6194 1674 980 15371 73 12109 9944 2629 8025 2557 10209 94434 94 797 
0,95 t/2015 0,02 t 0,97 t 

  10460 2592 5805 5145 1064 642 11502 113 8990 7768 2247 6047 2139 8632 72867 73 147 
0,73 t/2015 0,01 t 0,74 t 

  13736 3611 7139 5976 1613 835 13014 48 11219 9472 2399 8358 2968 10475 90515 90 863 
0,91 t/2015 0,03 t 0,94 t 

  11575 2891 6458 5009 1324 584 12510 46 9507 7568 2153 6463 2347 9131 77270 77 567 
0,78 t/2015 0,01 t 0,79 t 

 95857 24536 52828 42327 11008 6038 102384 413 82700 67381 18684 55475 20549 76242 657 769 660 295 
6,60 t/2015 0,14 t 6,74 t 
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  9601 2208 5295 4709 3099 463 9756 0 7686 5756 1914 5013 2142 6760 64155 64 401 
0,64 t/2015 0,01 t 0,65 t 

  8721 2344 4845 3965 1080 444 9798 0 7696 5776 1870 4960 1891 6614 59776 60 006 
0,60 t/2015 0,01 t 0,61 t 

  6293 1510 3956 3140 806 476 7751 34 5706 4335 1467 3850 1369 5453 45970 46 147 
0,46 t/2015 0,01 t 0,47 t 

  6356 1401 3479 2812 684 409 6807 0 5298 4249 1423 3286 1372 5033 42445 42 608 
0,43 t/2015 0,02 t 0,45 t 

  18746 4759 10556 8567 2012 950 20869 48 16247 12448 3482 10926 4054 15130 128303 128 796 
1,29 t/2015 0,05 t 1,34 t 

 4600 1310 2476 2084 591 288 5145 0 3762 3052 731 2568 1168 3528 31184 31 304 
0,31 t/2015 0,01 t 0,32 t 

  5112 1267 2508 2263 566 193 5444 123 4266 3665 1071 2629 1055 4004 34036 34 167 
0,34 t/2015 0,01 t 0,35 t 

 9805 2590 5647 4939 1084 467 10248 0 8578 6389 2250 5614 1948 7438 66740 66 996 
0,67 t/2015 0,01 t 0,68 t 

  6839 1715 5349 3340 752 430 7637 111 6060 4855 1602 3994 1560 5868 49918 50 110 
0,50 t/2015 0,01 t 0,51 t 

 76073 19104 44111 35819 10674 4120 83455 316 65299 50525 15810 42840 16559 59828 522 527 524 534 
5,25 t/2015 0,14 t 5,39 t 
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 http://www.nwstraits.org/Uploads/pdf/SNO-2008-0073_%20SumRpt_PHARM.pdf 

 http://www.ohanet.org/SiteObjects/6F006F9A10C2D431388243EE89AF9377/waste_

ppt.pdf. 

 http://www.patentstorm.us/patents/7096161/fulltext.html. 

 http://www.pennyhill.com/index.php?lastcat=48&catname=Medicine&viewdoc=R405

48. 

 http://www.pharmacypracticenews.com/download/Medical_waste_ppnse11_WM.pdf 

 http://www.productstewardship.net/PDFs/productsPharmIssue2008.pdf 

 http://www.rsm.ac.uk/academ/epc01.php 

 http://www.sharpsinc.com/medical-waste-management.html 
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 http://www.springer.com/environment/environmental+management/book/978-3-642-

05198-2 

 http://www.springer.com/environment/environmental+management/book/978-3-642-

05198-2 

 http://www.springer.com/environment/environmental+management/book/978-3-642-

05198-2 

 http://www.springerlink.com/content/g221186l81655t2r/fulltext.pdf; 

 http://www.springerlink.com/content/g7148x8108243720/fulltext.pdf; 

 http://www.springerlink.com/content/m5018p82379438w1/fulltext.pdf; 

 http://www.springerlink.cquom/content/l60u35r804336qq6/?p=9ed3dcab782d422fa25

c2de402461f54&pi=28 

 http://www.start-project.de/english.htm 

 http://www.statehealthfacts.org/comparetable.jsp?ind=269&cat=5 

 http://www.stat.gov.rs 

  http://www.stericycle.com/rx-waste-disposal.html. 

 http://www.water.org.uk/home/news/press-releases/biosolids-and-agriculture-/final-

revisedbiosolids-briefing-pack-2006-v8.pdf 

 http://www.waternunc.com/gb/dg11en49.html 

 http://www.who.int/water_sanitation_health/medicalwaste/hcwprinciples.pdfhttp://ww

w.who.int/water_sanitation_health/medicalwaste/hcwprinciples/en/index.html. 

 http://www.who.int/water_sanitation_health/publications/2011/pharmaceuticals/en/ind

ex.html. 

 http://www.whitehousedrugpolicy.gov/drugfact/factsht/proper_disposal.html 

 http://www2.pennyhill.com/?p=3496; 

 http://yosemite.epa.gov/opa/admpress.nsf/d0cf6618525a9efb85257359003fb69d/97c0

0306844616bb852577270052ab58!OpenDocument 

 https://ritdml.rit.edu/dspace/bitstream/1850/5970/1/PPramanickThesis10-2007.pdf. 

 https://secure.pharmacytimes.com/lessons/201002-01.asp 

 https://secure.pharmacytimes.com/preview.asp?course_id=201002-01. 

 www.emea.europa.eu/pdfs/human/swp/444700en.pdf 

 www.emea.europa.eu/pdfs/vet/era/EPAworkprogramme.pdf 

 www.epa.gov/esd/chemistry/ppcp/greenpharmacy-intro.html 

 www.fda.gov/cder/guidance/1730fnl.pdf 
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. POP - Persistent organic pollutants)  

PAH  ( .  PAH  -   Polynuclear aromatic hydrocarbons). ,  
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 (AMAP, 2004). 
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, . 

 24 ,  

 (66 ° ),  

.  

,  

, .  

),   25.   19.  ,  

,  ( .  ~ 315 nm),  

,  (Engelsen , 2005).  

.  

 

 (  

) ,  

.  

 

 (Ravenschalg , 2001; Bano  Hollibaugh, 2002; 

Brinkmeyer , 2003).  

, ,  

.  

 

.  

,  

. , 

 

. ,  

 (WWTP) ,  

,  85 %  

 (Lindberg, 2004). 

,  

,  WWTP  

,  

 (Weigel  

, 2004; Vasskog , 2006, 2008). 
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2.   

 

 

, ,  

 SPE .  SPE  - Solid phase extraction),  LC                   

. LC - Liquid chromatography),  GC ( . GC - Gas 

chromatography), .  

 MS ( . MS - Mass selective 

detection),  (  1.). 

 IS . IS - Internal Standard)  

,  

.  SPE , 

,  50 % (Lindberg  

, 2005; Lindqvist , 2005; Vieno , 2006).  

 SPE  2 l , (  1 l ),  

LC-MS/MS  

 LOQ ( . LOQ - Limit of quantification)  ng/l . 

 (LOQ),  (  

),  LC-MS/MS ,  

 GC/MS ,  

.  LOQ  LC-MS/MS, , , 

,  

 (Lindberg , 2005; Vieno , 2006). 

 –  LPME ( . 

LPME - Liquid phase microextraction)  

LOQ ( . LOQ - Limit of quantification)  LOD ( . LOD - Limit of 

detection),  SPE , ,  

,  

. ,  LC-MS/MS  

 LPME  (Ho , 2007; Vasskog , 2008).  

 (IS) ,  

,  

,  

. , IS  
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. 

,  

,  (Lindberg , 2005; Lindqvist , 

2005). ,  

 LC  GC ,  

.  

,  

,  

. 

 

3.  

 

,  

,  

 (Swedish Medical 

Products Agency, 2004).  

 2007.  (SFT, 

2007 ). 

 

 ( ).  

 (Weigel , 2004),  

 WWTP,  (  1.). 

 

SSRI . SSRI -  Selective serotonin reuptake inhibitors ) ,  

. ,  SSRI ,  

 WWTP  (Vasskog  

, 2006).  

 SSRI , 

, , ,  (  1.). 

, , , 

 WWTP ,  

 SSRI (Ho , 2007). 
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a 1 (  1).  
,  

(Weigel , 2004) 

 
 

ISa 

LC-
MS/MS GC-MS 

d 

SPE LOQb 

(ng l-1) 
LOQb 

(ng l-1) 

 

 Isolute ENV + Cephalexin 74  Lindberg  
, 2005 

 Isolute ENV + Cephalexin 60  Lindberg  
, 2005 

 Isolute ENV + Cephalexin 77  Lindberg  
, 2005 

 
Isolute ENV + Enrofloxacin 6  Lindberg  

, 2005 

Oasis HLB Enrofloxacin 163  Vieno , 
2006 

 Isolute ENV + Demeclocycline 64  Lindberg  
, 2005 

 Isolute ENV + 2- -5 nitroimid  33  Lindberg  
, 2005 

 
Isolute ENV + Enrofloxacin 7  Lindberg  

, 2005 

Oasis HLB Enrofloxacin 78  Vieno  , 
2006 

 
Isolute ENV + Enrofloxacin 6  Lindberg  

, 2005 

Oasis HLB Enrofloxacin 18  Vieno , 
2006 

PCVf Isolute ENV + Cephalexin 82  Lindberg  
, 2005 

SMXg Isolute ENV + Sulfamethazine 80  Lindberg  
, 2005 

 Isolute ENV + Diaveridine 8  Lindberg  
, 2005 

 

 
Oasis HLB D-carbamazepineh 3,5  Vieno , 

2006 

Oasis HLB 15N2-caffeine  N.d.i Weigel  
, 2004 

 

 
Oasis MCX Fenoprop 5  Lindqvist  

, 2005 

Oasis HLB D3 mecoprop  0.09 Weigel  
, 2004 

 
Oasis MCX Fenoprop 5  Lindqvist  

, 2005 

Oasis HLB D3 mecoprop  0.07 Weigel  
, 2004 

 Oasis MCX Fenoprop 25  Lindqvist  
, 2005 

 Oasis MCX Fenoprop 25  Lindqvist  
, 2005 
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 Oasis HLB Alprenolol 6,4  Vieno , 
2006 

 Oasis HLB Alprenolol 49  Vieno , 
2006 

 
Oasis HLB Alprenolol 21  Vieno , 

2006 

Oasis HLB j N.d.  Weigel  
, 2004 

 Oasis HLB  N.d.  Weigel  
, 2004 

 Oasis HLB Alprenolol 19  Vieno , 
2006 

 

 Oasis MCX Fenoprop 5  Lindqvist  
, 2005 

 
 Oasis HLB D3 mecoprop  0,24 Weigel  

, 2004 
k 

 Varian Bond Elut 
ENV N-7084n 0,2 0,05 Vasskog  

, 2006 

 Varian Bond Elut 
ENV N-7084 0,2 0,05 Vasskog  

, 2006 

 
Oasis HLB/ 

Varian Bond Elut 
ENV 

N-7084 0,2 0,05 

Weigel  
, 2004 

Vasskog  
, 2006 

 
Oasis HLB/ 

Varian Bond Elut 
ENV 

N-7084 0,2 0,05 

Weigel  
, 2004 

Vasskog  
, 2006 

 
Oasis HLB/ 

Varian Bond Elut 
ENV 

N-7084 0,2 0,05 

Weigel  
, 2004, 

Vasskog  
, 2006 

 LPME M-methyl-paroxetine 0,05  Ho , 
2007 

 LPME M-methyl-paroxetine 0,03  Ho , 
2007 

 LPME M-methyl-paroxetine 0,02  Ho , 
2007 

 LPME M-methyl-paroxetine 0,1  Ho , 
2007 

 LPME M-methyl-paroxetine 0,04  Ho , 
2007 

 

C – l Oasis HLB D3-mecoprop  0,69 Weigel  
, 2004 

H –  Oasis HLB D3-mecoprop  0,42 Lindberg  
, 2005 

    
(-H2O) Isolute ENV + Demeclocycline 160  Lindberg  

, 2005 
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IS -  
bLOQ -  
c ,  (  

) 
2- -5-  

f                                                                                                                
g  
h                                                                                                                     
i  
j  
k  
i                                                                                                                         
m                                                                                                                         
n : Vasskog , 2006; Weigel, 2003  Weigel , 
2004. 
 

,  

 

 (Weigel , 2004). , 

 

 (  1.). 

, ,  (  

) ,  (Weigel  

, 2004). ,  

,  

,  

 (  ng/l).  

 

 (  1.),  

,  

 (Woldegiorgis , 2007). 

, 

 

Bromma, Henriksdal  Käppala  (Wennmalm  Gunnarsson, 2005). 

,  Mälaren  Saltsjö . 

:  

 (  10 ng l-1),  

x. 130 ng l-1),  ( x. 470 ng l-1)  ( x. 80 ng l-1),  

 Mälaren  Saltsjö, ,  

 ( x. 10 ng l-1).  
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 WWTP  

. ,  

 WWTP  20-120 % ,  

 (Vieno , 2006).  

 (Spenshult),   

,  

 14 .  

 (77-116 mg l-1). 

: I = , Ic = , Ih = ,                             
                      P = , C = , S = ,  = , Pr = . 
 

 1 (  1).  
 

(Weigel , 2004) 
 

 je  

 1 mg l-1.  

 0  99 %  ( , 

2006).  

, ,  12  

. ,  
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 ng/l  

 mg/kg . ,  

,  

 (Lindberg , 2005). 

 

 (  

),  

 (SFT)  

 (SFT, 2007 b).  

 

,  

 PEC ( . PEC - Predicted environmental 

concentrations)  MEC ( . MEC - 

Measured environmental concentration),  

. ,  

 

 (  2.).  
 

 

 

 WWTP ,  

 (Weigel , 2004), 

 

.  ( )  

,  

), ,  

(Weigel , 2004).  (Ibu-COOH) 

,  

. 

 ( ),  (Ibu-COOH) 

, , ,  

 (Ibu-OH)  

 (Weigel , 2003).  

,  WWTP ,  
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(Weigel, 2003).   (Vasskog , 2008), 

 SSRI ( . SSRI -  Selective serotonin reuptake inhibitors), 

 WWTP  (450 000 ),  (60 000 

)  (Svalbard, 2000 ).  

 VEAS (Vestfjorden Avløpsselskap)  

,  121,5  m3  

(2007),  200 000 , .  

, , 

.  

 
 2 (  1).  

(SFT 2007b) 
 

Estradiol Sulfamethoxazole Carbamazepine Trimethoprim 
Amoxicillin Atorvastatin Metoprolol Phenoxymethylpenicillin 
Penicillin G Naproxen Glucosamine Citalopram 
Ciprofloxacin Ibuprofen Metformin Ezetimibe 
Ethinylestradiol Allopurinol Alendronic acid Diazepam 
Propranolol Amitriptyline Verapamil Fluticasone 
Paracetamol Tetracycline Simvastatin Furosemide 
Fluoxetine Pivmecillinam Carvedilol Midazolam 
Diclofenac Ofloxacin Bicalutamide  Clarithromycin 
Estriol Oxytetracycline Oxazepam  
Sertraline Erythromycin Paroxetine  

 
Ivermectin Flunixin Danofloxacin Trilostane 
Penicillin 
procaine 

Clavulanic acid Medroxyprogesterone Lufenuron 

Pyrantel Ceftiofur Phenylpropanolamine Clomipramine 
Sulfadoxine Toltrazuril Cyclosporine Aglepristone 
Phenylbutazone Benzathine Cefadroxilb Benazepril 
Metamizol Xylazine Marbofloxacin Ibafloxacin 
Cephalexin Propofol Selamectin  Pimobendan 
Febantel Prednisolone Flubendazole  
Guaifenesinb Eprinomectin Tepoxalin  
Clindamycin Carprofen Vedaprofen  

 
,             

20 000 ,  

. , ,  (Svalbard)  

 (  
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 Svalbard ).  

 

SSRI  (Vasskog , 2008). 

,  

,  

 (Vasskog  

2008).  SSRI  

 

.  (VEAS),  

 

 SSRI,  

,  (1,4 ± 0,4 ng l–1),                             

(0,8 ± 0,3 ng l–1)  (  LOQ). , ,  

.  

,   SSRI   

,  (Vasskog , 2008).  

, , 

,  

,  

 (Vasskog , 2008). 

 

          

 

.  

,  

. ,  (  

)  

 

. ,  

, , , 

,  ng/l, 

 

.  

 WWTP  (Fick  
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, 2007), ,  WWTP  

.  

WWTP, , ,  

 (Influenza A Virus).  

,  

,  (Maki 

, 2006). ,  ( ), 

 - 

 (Henriques , 2006; Lorenzo , 2008). 

 

. ,  

 - G (benzyl penicillin), ,  Zahn -

Wellens  (OECD 302B), . Penicilin - G  

. 

 (Zahn - Wellens )  

 5 °C, 12,5 °C  20 °C.  

 5 °C o 20 °C (Helland , 2008). , 

 

 (5 °C)  20 °C (Helland 

, 2008). ,  

,  

.  

,  

. 

 

 (Cardoza , 2005).  

 

. 

 

 

 

 WWTP,  

.  

, .  
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.  

 

.  

.  

, . 

,  WWTP  

 

.  

 

,  

. 

 

 

, . , 

,  

. 

, ,  

 

( , 2001).  

,  MIC ( . 

MIC - Minimal inhibitory concentration),  100 %  

,  

 

)  (Kümmerer, 2004).  

, , 

,  

 (Esiobu , 2002; Henriques  2006).  

 

,  

), .  

,  

 

 ( ). ,  
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. ,  

,  

 WWTP (  85 %  

WWTP), .  

,  

 (Llorens Abando , 2007).   

,  WWTP  

,  

 (Weigel , 2004; Vasskog , 2006, 2008). 

 

 ( ),  

 

.  

,  

. , ,  

 

. ,  

, .  

, ,  

.  

 

, .  

 

,  

. ,  

 ( ) , 

, ,  

.  

. 
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 1.   
 

  ATC  A B C D G H J L M N P R S V  

 

 
 100588 29290 101433 29554 9711 6650 80639 317 95522 123492 19104 62960 12560 66285 738104 

 
 12968 3388 7410 5928 1376 688 14662 0 11433 8734 2382 7728 2858 10692 90248 

 
 19256 5508 19341 5593 1793 1324 15285 85 17932 23696 3629 11912 2177 12168 139701 

 
 2605 641 1366 1238 256 128 2690 0 2092 1580 512 1409 555 2007 17081 

 
 6119 1685 6302 1759 586 403 4800 0 5569 7731 1172 3810 806 4067 44810 

 
 877 146 475 365 110 0 950 0 694 511 183 438 146 584 5479 

 
 5809 1791 5940 1747 568 393 4804 44 5503 7250 1092 3756 699 3800 43193 

 
 742 175 480 349 87 44 829 0 655 524 175 436 175 611 5281 

 
 4597 1307 4597 1307 451 316 3516 0 4237 5679 856 2930 586 2840 33218 

 
 625 179 312 268 89 45 670 0 491 402 45 357 134 446 4062 

 
 4033 1178 4078 1223 408 272 3262 45 3851 4984 770 2537 498 2719 29860 

 
 502 137 274 228 46 46 593 0 502 365 91 319 91 456 3651 

 
 3291 997 3341 997 299 199 2693 50 3141 4139 598 2094 449 2194 24482 

 
 428 95 238 190 48 0 475 48 380 333 95 238 95 333 2993 

 
 143692 41756 145031 42180 13815 9556 114999 541 135756 176971 27223 90000 17776 94072 1053368 

 
 18746 4759 10556 8567 2012 950 20869 48 16247 12448 3482 10926 4054 15130 128795 
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  ATC  A B C D G H J L M N P R S V  

 

 
 43797 12753 44164 13281 4228 2895 34674 161 41361 53769 8318 27413 5561 28562 320937 

 
 5379 1520 3438 2455 655 257 6314 0 5121 3952 1006 3391 1193 4560 39241 

 
 10129 2961 10017 2916 979 646 8125 45 9572 12132 1781 6010 1046 6456 72814 

 
 1350 298 801 549 137 69 1442 0 1121 847 252 755 252 1030 8903 

 
 30287 8343 31194 8705 2902 1995 23758 181 27567 38267 5804 18862 4715 20131 222713 

 
 3756 1127 1690 1502 376 376 4132 0 4132 3380 751 1690 939 3380 27231 

 
 6246 2066 6246 1970 721 721 5189 48 5766 8072 1201 4228 1345 4084 47905 

 
 850 236 520 331 94 94 945 0 709 567 94 472 283 661 5857 

 
 4507 1406 4944 1551 630 436 4701 97 4556 6107 921 3150 582 3538 37126 

 
 490 178 534 223 89 45 668 0 579 668 134 401 89 445 4539 

 
 480 116 408 194 68 63 398 10 412 558 102 272 92 291 3465 

 
 50 14 27 27 9 9 68 0 59 59 14 32 18 36 424 

 
 610 168 628 194 88 35 486 18 557 734 124 398 133 442 4614 

 
 73 16 40 32 8 0 81 8 73 73 24 56 24 56 564 

 
 5333 1858 5414 1616 646 323 4363 81 5090 6464 970 3394 727 3555 39835 

 
 588 168 336 252 168 0 672 0 840 504 168 420 168 588 4871 

 
 101390 29671 103015 30428 10263 7114 81696 640 94882 126103 19220 63727 14201 67059 749409 

 
 12535 3556 7386 5372 1536 850 14321 8 12633 10049 2442 7217 2966 10758 91631 

 

 
 702487 201606 358910 205586 68922 50051 578059 2211 672634 874534 137328 458054 105115 563317 4978815 

 
 82567 22631 29008 38883 9738 4732 97586 137 77424 70429 15361 51707 20916 87642 608762 

 
 702487 201606 358910 205586 68922 50051 578059 2211 672634 874534 137328 458054 105115 563317 4978815 

 
 82567 22631 29008 38883 9738 4732 97586 137 77424 70429 15361 51707 20916 87642 608762 
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  ATC  A B C D G H J L M N P R S V  

 

 
 42115 9968 38045 14982 4070 2713 31026 354 35626 46715 7432 23417 4896 25245 286603 

 
 5125 1252 3039 2920 536 238 5125 0 4351 3337 954 2920 1252 3993 35043 

  
 

 17335 4990 15265 4583 16744 961 13898 111 16115 19627 3548 8945 2144 9943 134209 
 

 2259 600 988 918 2364 106 2611 0 1870 1270 565 1023 494 1341 16410 

  
 

 16230 4199 14736 4239 1292 1171 11264 81 13122 17724 2745 8438 1736 8923 105901 
 

 2217 356 1267 871 198 119 2019 0 1465 1148 396 1069 396 1426 12949 

 
 75680 19157 68046 23804 22106 4845 56188 546 64863 84066 13726 40800 8776 44111 526713 

 
 9601 2208 5295 4709 3099 463 9756 0 7686 5756 1914 5013 2142 6760 64401 

 

 
 35959 10899 36238 10541 3500 2307 28402 80 32220 40693 7876 21918 4694 22475 257802 

 
 4781 1244 2643 2215 505 233 4392 0 3381 3343 1011 2798 1127 3848 31522 

 
 4525 1139 4914 1259 509 210 3716 120 4375 5813 869 3266 779 3086 34581 

 
 689 94 345 251 94 31 658 0 501 345 125 438 157 501 4228 

 
 10585 2909 10431 3157 1114 124 7459 93 9007 12938 2012 6685 1517 7304 75335 

 
 1368 274 730 699 213 0 1581 0 1155 790 334 821 243 1003 9211 

 
 5834 1795 5222 1632 490 326 4243 163 4977 7588 1142 3957 775 3835 41978 

 
 762 200 401 321 80 40 642 0 561 601 160 561 160 642 5133 

 
 5151 1656 4507 1564 690 828 4461 138 4875 5933 1196 3311 966 2622 37897 

 
 624 223 312 267 89 89 802 45 579 446 134 401 178 446 4634 

 
 4803 1586 5024 1630 485 308 4054 44 4583 6125 1190 2600 705 3437 36576 

 
 632 181 361 316 90 45 678 0 542 497 136 316 136 542 4472 

 
 66858 19984 66335 19783 6788 4103 52335 637 60037 79090 14285 41738 9436 42759 484168 

 
 8856 2215 4791 4070 1072 439 8752 45 6720 6021 1900 5336 2001 6981 59199 
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  ATC  A B C D G H J L M N P R S V  

 

 
 

 6225 2090 6269 1567 653 348 5137 44 5833 6791 1045 3613 1175 4266 45056 
 

 787 249 497 290 124 41 911 0 746 456 166 373 207 663 5509 

 
 28135 8689 28549 8367 2574 1517 22021 92 26342 33238 5333 17883 3816 17102 203657 

 
 3691 1067 2045 1734 400 133 4046 0 3157 2179 756 2268 800 2624 24901 

 
 2529 1032 2862 1364 233 100 2629 33 2629 3128 599 2196 466 1963 21765 

 
 350 105 210 175 35 35 385 0 315 280 105 245 105 315 2661 

 
 3714 1026 4349 1026 586 244 3274 49 3714 4984 880 2541 586 2345 29318 

 
 448 100 349 199 100 50 597 0 498 349 100 349 100 349 3585 

 
 4715 1271 4469 1353 451 287 3608 41 3362 4838 779 3403 656 2501 31732 

 
 653 163 286 245 82 41 653 0 449 368 123 327 123 368 3880 

 
 

 10811 2979 10474 3748 1057 865 9081 96 10282 11483 2210 7015 1489 7111 78701 
 

 1335 322 691 737 138 92 1565 0 1197 1059 322 645 322 1197 9623 

 
 5723 1659 6299 1795 542 203 4809 34 6062 7924 1287 3522 880 4572 45311 

 
 782 130 456 326 98 0 913 0 815 619 196 391 130 684 5540 

 
 5114 1618 4592 1461 678 261 3600 104 4540 6105 939 2974 574 2661 35221 

 
 675 208 311 259 104 52 726 0 519 467 104 363 104 415 4306 

 
 66965 20363 67862 20681 6775 3825 54158 493 62763 78492 13071 43148 9643 42521 490761 

 
 8721 2344 4845 3965 1080 444 9798 0 7696 5776 1870 4960 1891 6614 60006 
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  ATC  A B C D G H J L M N P R S V  

 

 
 17641 5010 17469 5052 1627 1242 14472 86 16913 21580 3297 10790 1970 11175 128322 

 
 2397 567 1220 1133 218 131 2484 0 1918 1438 436 1351 479 1918 15690 

 
 7634 2418 8155 1897 759 1043 6496 47 7254 9673 1375 4457 901 4836 56945 

 
 968 231 599 369 138 138 1199 0 876 692 231 553 231 738 6963 

 
 3559 1171 4355 1124 421 328 3231 140 3699 4916 796 2528 515 2716 29499 

 
 541 135 496 180 90 45 541 0 406 316 90 271 90 406 3607 

 
 71620 21084 39826 21419 7028 5466 57006 558 66600 87349 13833 45292 9259 46185 492526 

 
 8697 2202 4844 3413 771 661 10019 0 7817 5725 1541 5174 2092 7266 60221 

 
 3541 1853 3952 1276 576 371 2923 41 4282 4858 741 2511 494 3253 30673 

 
 500 167 292 250 83 42 542 0 500 417 42 333 83 500 3750 

 
 5008 1348 5393 1380 482 289 4045 161 5201 6613 995 3178 803 4141 39039 

 
 724 99 428 296 99 0 790 0 658 428 165 395 132 560 4773 

 
 2653 813 2739 1027 128 86 2225 86 2482 3124 599 2011 428 1755 20156 

 
 323 81 202 202 40 0 364 40 283 242 121 242 81 242 2464 

 
 111655 33697 81890 33176 11022 8824 90398 1119 106431 138114 21636 70769 14369 74060 797158 

 
 14151 3481 8081 5844 1440 1016 15938 40 12457 9257 2625 8320 3188 11629 97469 
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  ATC  A B C D G H J L M N P R S V  

 

 
 28476 8148 28728 8316 2772 2016 22974 336 26586 34985 5838 14028 3318 17976 204495 

 
 3785 966 1973 1852 362 242 3865 40 2899 2295 765 2053 846 3060 25004 

 
 11735 3280 11919 3511 1201 231 9055 92 11688 14691 2356 7207 1478 7669 86115 

 
 1651 268 937 714 223 0 1651 0 1517 1026 312 848 268 1115 10529 

 
 19175 6044 17091 5315 1563 1355 14798 104 15528 23865 3752 12401 3022 12922 136935 

 
 2376 648 1188 864 324 216 2484 0 2160 2052 540 1188 648 2052 16743 

 
 8407 2306 8935 2594 817 576 7638 96 7110 10761 1633 5573 1009 5861 63316 

 
 1085 247 690 444 148 99 1233 0 1036 838 247 641 247 789 7742 

 
 8349 2734 8886 2490 732 391 7373 49 7471 10840 1514 5224 879 6006 62938 

 
 1036 296 691 543 99 49 1184 0 937 789 296 592 247 937 7695 

 
 4881 1133 4010 1395 697 392 3094 87 4489 4881 1220 3138 610 3007 33037 

 
 645 129 258 301 129 86 559 0 516 301 129 387 129 473 4039 

 
 81023 23646 79569 23621 7783 4961 64932 765 72871 100023 16313 47571 10316 53441 586834 

 
 10577 2554 5737 4717 1285 692 10976 40 9065 7302 2289 5709 2383 8427 71752 

 

 
 19338 5531 20209 5618 1960 1481 17116 87 17247 22299 3876 12587 1873 11193 140416 

 
 2558 607 1474 1214 260 173 3078 0 1994 1431 564 1474 520 1821 17169 

 
 8366 2429 8804 2732 877 169 6882 135 7826 10761 1451 4756 1046 7354 63586 

 
 998 206 654 585 172 34 1342 34 1135 757 206 550 206 894 7775 

 
 8177 2726 7565 2058 1001 612 6620 56 7454 9846 1724 5062 1057 5285 59243 

 
 931 259 569 466 155 103 1087 0 880 724 259 621 259 931 7244 

 
 14596 4699 15370 4534 1548 1050 12606 166 14154 18742 2986 10615 1990 11113 114168 

 
 1807 438 1259 876 219 164 2244 0 1697 1423 438 1204 383 1807 13959 

 
 50476 15385 51948 14943 5386 3312 43223 444 46681 61649 10037 33020 5966 34944 377414 

 
 6293 1510 3956 3140 806 476 7751 34 5706 4335 1467 3850 1369 5453 46147 
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 4465 1686 5103 1503 592 273 4009 46 5194 6151 866 3599 820 2597 36904 

 
 587 180 361 271 90 45 767 0 587 496 90 451 180 406 4512 

 
 12556 3609 13318 3762 1220 915 9709 102 13064 16063 2643 7930 1576 8540 95006 

 
 1869 303 960 707 202 101 1919 0 1465 1111 404 909 354 1313 11616 

 
 23073 10898 23924 6769 2214 1660 18263 85 21626 28139 4470 14218 2682 14644 172665 

 
 3169 771 1670 1542 343 214 3340 0 2612 2056 685 1584 642 2484 21112 

 
 5692 1302 5837 1688 482 338 4438 48 5499 7911 1351 3280 675 5355 43899 

 
 732 146 488 293 49 49 781 0 634 586 244 342 195 830 5368 

 
 45786 17495 48182 13722 4508 3186 36419 281 45383 58264 9330 29028 5753 31136 348473 

 
 6356 1401 3479 2812 684 409 6807 0 5298 4249 1423 3286 1372 5033 42608 

 

 
 46301 19032 44991 12355 4306 3058 33572 437 39812 51106 8487 26645 5179 28268 323548 

 
 5677 1419 3075 2898 532 414 5972 59 4790 4376 1124 3311 1064 4849 39560 

 
 

 17832 4972 18346 5444 1672 1243 14017 86 16375 21819 3086 10331 1972 10931 128125 
 

 2393 566 1218 1088 218 174 2524 0 1915 1480 479 1262 522 1828 15666 

 
 5358 2281 8399 2136 760 181 10100 36 7385 10173 1593 5032 1050 5466 59949 

 
 869 227 642 453 151 0 1322 0 982 718 264 605 227 869 7330 

 
 12117 3815 12398 3422 1066 673 9649 168 10603 14137 2188 7237 1571 7573 86616 

 
 1521 380 869 706 163 54 1684 54 1303 1195 380 869 326 1086 10591 

 
 81608 30100 84134 23357 7804 5155 67338 727 74174 97234 15354 49244 9772 52238 598238 

 
 10460 2592 5805 5145 1064 642 11502 113 8990 7768 2247 6047 2139 8632 73147 
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 10078 2832 10654 2784 1056 720 7871 48 9551 12334 1968 6383 1248 5855 73381 

 
 1454 401 752 551 150 100 1554 0 1053 952 100 752 251 902 8972 

 
 4548 1424 4823 1286 551 413 3537 92 4777 5788 873 3032 597 2848 34589 

 
 665 190 333 285 95 48 713 0 570 380 95 380 95 380 4229 

 
 32890 9020 33527 8473 2824 2187 20454 91 29336 34120 6241 19224 3690 19406 221481 

 
 3932 1028 2190 1743 402 268 4156 0 3530 2681 849 2279 760 3262 27081 

 
 9244 3162 8167 3649 1251 626 9140 70 10877 15047 2294 7680 1703 7541 80450 

 
 1350 257 611 707 193 64 1672 0 1318 1350 321 804 289 900 9837 

 
 5271 1836 5645 1632 612 544 4149 68 5305 7753 1224 3877 782 3469 42167 

 
 732 174 383 314 105 70 801 0 697 557 209 453 139 523 5156 

 
 6211 1868 7271 2121 757 454 5757 50 6161 7776 1212 4848 909 4898 50294 

 
 820 154 615 410 102 51 974 0 717 564 205 564 205 769 6150 

 
 10445 3283 9699 2935 1094 796 8306 50 10097 13280 2089 6615 1243 6068 76000 

 
 1441 447 646 596 199 149 1540 0 1143 944 149 845 248 944 9293 

 
 7070 2314 6213 1800 557 600 5785 43 6642 6942 1414 4156 686 4242 48464 

 
 943 269 494 314 90 45 943 0 853 494 224 494 135 628 5926 

 
 12525 5165 12851 3782 1342 773 9841 122 12688 15494 2684 8011 1383 7483 94144 

 
 1719 520 919 719 240 120 1879 40 1479 1239 280 999 240 1119 11511 

 
 7101 2193 7414 2924 731 522 5882 104 6509 8806 1323 4246 940 5639 54334 

 
 912 195 488 554 98 65 1140 33 749 782 195 456 195 782 6643 

 
 105383 33096 106265 31385 10776 7634 80721 738 101942 127341 21321 68072 13180 67448 775303 

 
 13967 3636 7431 6194 1674 980 15371 73 12109 9944 2629 8025 2557 10209 94797 
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 47814 10703 46113 14204 4701 3151 35710 350 45513 58817 9053 29709 6402 32809 345050 

 
 6314 1579 3253 2822 622 335 6649 48 5118 4401 1052 3779 1339 4879 42189 

  
 

 10335 3161 10636 2960 1304 702 8228 50 9883 12693 1957 6923 1455 6221 76509 
 

 1416 405 758 607 202 101 1466 0 1062 910 253 860 354 961 9355 

 
 10639 2544 10254 2775 810 617 6977 77 8365 10601 1889 7054 1002 5705 69309 

 
 1245 321 643 643 120 80 1285 0 1044 723 241 843 241 1044 8474 

 
 28608 8554 27860 8134 2898 2010 11920 47 27393 33844 5796 18558 4488 17670 197779 

 
 3983 1138 1944 1375 522 285 2418 0 3082 2750 616 2323 854 2892 24183 

 
 5809 2201 5963 2532 816 485 6306 12 7323 10198 1372 5028 1029 5407 54482 

 
 778 169 541 530 147 34 1195 0 913 688 237 552 180 699 6661 

 
 103205 27163 100826 30605 10530 6965 69141 536 98478 126152 20067 67272 14376 67812 743128 

 
 13736 3611 7139 5976 1613 835 13014 48 11219 9472 2399 8358 2968 10475 90863 

 

 
 5657 2089 6484 1915 696 392 4482 44 5918 6788 1044 4264 1131 4613 45516 

 
 701 219 570 394 131 44 745 0 701 482 175 482 219 701 5565 

 
 16037 4700 16432 4582 1540 1185 12956 79 15365 20105 3041 9835 1817 10072 117748 

 
 2231 527 1176 852 203 122 2312 0 1784 1419 446 1176 446 1703 14397 

 
 3031 1026 3218 839 373 187 2379 140 3171 4337 606 2425 373 2285 24392 

 
 413 92 229 184 46 0 459 46 367 367 92 275 92 321 2982 

 
 43303 13633 42322 13437 3874 3090 37173 147 44431 57574 8876 29228 8288 30798 336175 

 
 6182 1557 3445 2737 661 330 6654 0 5050 3917 1085 3351 1227 4908 41104 

 
 9214 2777 8773 2072 970 705 7318 88 8729 11374 1719 6040 1278 5819 66879 

 
 1193 354 575 486 177 88 1414 0 928 884 177 751 221 928 8177 

 
 5964 1643 6143 1714 571 393 4678 0 5428 7535 1143 3714 786 3964 43677 

 
 854 142 463 356 107 0 926 0 676 498 178 427 142 570 5340 

 
 83206 25869 83372 24560 8025 5951 68986 498 83043 107714 16431 55507 13674 57551 634387 

 
 11575 2891 6458 5009 1324 584 12510 46 9507 7568 2153 6463 2347 9131 77567 
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 17109 4894 17185 4970 1593 1176 13581 76 15933 21055 3225 10584 1935 10812 124127 

 
 2315 569 1214 1100 228 114 2390 0 1859 1404 455 1252 493 1783 15177 

 
 5066 1396 4497 1706 569 310 3670 103 4239 5738 879 3153 620 2740 34687 

 
 681 157 262 314 105 52 733 0 471 419 52 367 157 471 4241 

 
 7773 2327 8196 2485 846 264 6398 53 7509 9624 1481 5076 1110 5182 58324 

 
 961 405 607 455 152 51 1163 0 860 657 152 556 303 809 7131 

 
 4745 1619 4893 1619 699 589 4488 37 4525 7320 883 3605 1140 2722 38883 

 
 643 179 393 214 107 71 858 0 572 572 71 393 214 465 4754 

 
 34694 10235 34771 10779 3707 2339 28138 269 32205 43737 6467 22419 4806 21456 256021 

 
 4600 1310 2476 2084 591 288 5145 0 3762 3052 731 2568 1168 3528 31304 

 

 
 5807 1375 5043 1426 560 306 3922 51 5298 6215 968 3515 713 3362 38562 

 
 752 201 301 301 100 50 752 0 602 451 100 451 150 502 4715 

 
 23834 6731 22787 6881 2194 1596 18748 100 23136 28970 4687 9623 2643 14809 166737 

 
 3151 764 1480 1480 286 143 3294 0 2578 2005 668 1385 668 2483 20387 

 
 5408 1698 5785 1572 817 252 4590 189 5219 7043 1383 3521 755 3458 41690 

 
 680 170 396 283 113 0 736 57 623 680 170 396 170 623 5097 

 
 4167 1434 4440 1025 342 273 3962 137 3825 6011 888 3347 478 2118 32446 

 
 529 132 331 198 66 0 661 66 463 529 132 397 66 397 3967 

 
 39216 11239 38055 10904 3913 2426 31223 476 37478 48238 7926 20007 4589 23747 279436 

 
 5112 1267 2508 2263 566 193 5444 123 4266 3665 1071 2629 1055 4004 34167 
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 48767 14282 49807 14928 4916 3122 38540 179 47367 60070 9186 30394 5598 30825 357981 

 
 6296 1794 3927 3317 643 271 6466 0 5687 4130 1489 3656 1286 4807 43770 

 
 4120 1254 3627 1254 537 269 3224 45 3448 5105 761 3762 537 2597 30541 

 
 560 140 233 280 140 47 607 0 373 373 93 327 140 420 3734 

 
 7679 2605 6891 2263 651 583 6102 69 7233 9290 1406 6376 823 4834 56805 

 
 1033 285 427 534 107 71 1104 0 855 641 249 570 249 819 6946 

 
 2891 821 2926 856 285 250 2284 36 2676 3711 571 1713 464 1927 21412 

 
 379 76 190 152 38 38 455 0 341 266 76 228 76 304 2618 

 
 10084 2775 10413 2924 985 656 8026 60 9219 12799 1969 6504 1432 6832 74678 

 
 1425 262 814 611 145 29 1483 0 1221 901 320 756 174 989 9131 

 
 876 266 898 211 78 89 710 11 820 1098 177 565 133 588 6519 

 
 111 33 55 44 11 11 133 0 100 77 22 77 22 100 797 

 
 74416 22003 74562 22435 7453 4968 58885 399 70765 92074 14071 49314 8987 47603 547935 

 
 9805 2590 5647 4939 1084 467 10248 0 8578 6389 2250 5614 1948 7438 66996 
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 7330 2410 7782 2058 552 402 6426 50 7380 9338 1456 4820 1105 5121 56230 

 
 914 288 625 385 96 48 1058 0 865 721 288 577 240 769 6875 

 
 7234 2149 7129 2306 734 524 5976 52 6605 9173 1258 4508 839 4770 53258 

 
 895 199 597 447 149 99 1044 0 746 696 199 497 199 746 6512 

 
 2806 727 3395 831 277 242 2875 35 3256 3741 797 2286 450 3049 24770 

 
 317 70 247 176 35 35 493 0 423 282 106 282 106 458 3029 

 
 1817 640 2047 537 179 154 1586 26 1945 2354 384 1177 256 1407 14507 

 
 203 76 127 101 25 25 304 0 253 177 51 152 51 228 1774 

 
 25783 7712 25254 7259 2495 1663 20528 227 24120 31718 5255 16143 2987 16521 187664 

 
 3375 790 2909 1580 287 180 3375 36 2657 2047 682 1724 646 2657 22946 

 
 2816 1068 3593 1068 291 194 3205 49 2816 3836 728 1554 388 2865 24474 

 
 380 95 285 190 47 0 522 47 332 332 95 190 95 380 2992 

 
 5000 1639 5798 2059 588 378 4706 42 5714 6513 882 3908 756 3403 41387 

 
 675 169 506 380 84 42 759 0 675 464 127 464 169 548 5060 

 
 992 248 1055 465 124 124 589 31 868 899 341 992 248 558 7537 

 
 81 27 54 81 27 0 81 27 108 136 54 108 54 81 922 

 
 53779 16594 56053 16585 5241 3682 45892 511 52705 67574 11101 35388 7029 37694 409827 

 
 6839 1715 5349 3340 752 430 7637 111 6060 4855 1602 3994 1560 5868 50110 
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 13856 4197 14109 4652 1466 860 11833 152 12945 17547 2680 9052 1922 5967 101238 

 
 1747 549 948 799 150 100 2046 0 1597 1298 299 1098 399 1348 12378 

 
 23758 7035 23912 6805 1999 1653 18684 231 22067 28871 4536 14455 2653 15070 171729 

 
 3306 690 1853 1417 291 145 3451 0 2870 1780 618 1671 581 2325 20997 

 
 

 29958 9331 30539 8796 2947 2188 24645 268 27994 37682 5983 19913 3884 19332 223460 
 

 3853 841 2568 1594 487 266 4163 44 3188 2790 974 2613 1019 2923 27323 

 
 20390 6337 21446 5603 2112 1745 17037 92 18645 26038 4087 13226 2709 13501 152969 

 
 2613 733 1650 1100 275 183 3071 0 2109 1880 596 1604 642 2246 18704 

 
 6384 2376 6978 2524 891 396 6038 49 5988 8809 1188 4850 1039 3811 51321 

 
 803 251 552 452 151 50 954 0 753 653 201 552 251 653 6275 

 
 3959 998 4764 1577 451 354 3637 64 4281 5826 708 2639 547 2929 32733 

 
 525 98 394 295 66 66 623 0 525 426 98 295 131 459 4002 

 
 17152 5251 18202 5601 1517 1128 14313 78 16880 21820 3034 11201 2022 10657 128856 

 
 2273 616 1348 1233 193 116 2465 0 1965 1618 424 1310 501 1695 15755 

 
 115457 35525 119949 35557 11383 8323 96187 934 108800 146593 22216 75336 14777 71267 862305 

 
 15119 3780 9314 6890 1611 926 16774 44 13007 10444 3210 9143 3524 11648 105434 
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 7973 2547 7087 2049 775 443 5426 55 6755 8638 1606 5149 1052 5426 54982 

 
 1000 278 556 444 111 56 945 0 778 611 278 611 222 833 6723 

 
 11629 3139 12401 3036 1132 875 9417 103 10909 11989 2264 7101 1338 7564 82896 

 
 1555 351 903 753 151 100 1656 0 1204 903 301 753 301 1204 10136 

 
 24531 6677 23938 7122 2374 1632 19635 99 22850 30516 4649 15283 2918 15777 178001 

 
 3243 835 1670 1523 393 246 3341 0 2653 2014 737 1818 688 2604 21764 

 
 

 4768 1709 4453 1080 450 360 4363 45 5308 5128 810 2744 630 3284 35131 
 

 626 224 268 224 45 45 805 0 582 447 45 358 134 492 4295 

 
 9843 2700 9296 10116 1059 649 7997 103 8681 11552 1811 5776 1162 6289 77034 

 
 1032 266 632 1797 133 67 1365 0 1065 865 200 732 200 1065 9419 

 
 4816 1751 5156 1508 1070 389 4086 49 5059 6567 827 2967 584 3454 38283 

 
 662 236 378 284 189 47 757 0 567 473 95 331 142 520 4681 

 
 63561 18523 62332 24910 6861 4348 50925 453 59561 74390 11967 39020 7683 41794 466328 

 
 8118 2191 4408 5025 1022 560 8868 0 6849 5314 1655 4603 1687 6719 57018 
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 7694 2323 8033 2129 774 629 6387 48 6726 9920 1403 5226 919 4790 57002 

 
 982 327 702 374 140 94 1029 0 748 795 234 561 234 748 6970 

 
 6247 2392 6540 1659 781 390 5906 49 7028 7370 1269 4246 879 4832 49588 

 
 782 293 538 342 98 98 929 0 831 538 196 489 196 733 6063 

 
 21232 7782 9271 5860 2114 1393 16668 96 20799 27092 4227 12585 2546 14218 145883 

 
 2660 963 963 1238 275 138 2797 0 2247 1742 550 1421 596 2247 17837 

 
 11511 2888 12021 2421 934 807 7603 85 9260 12106 1742 6457 1104 6074 75015 

 
 1291 369 737 645 184 92 1475 0 1106 876 230 830 277 1060 9172 

 
 12349 3664 12756 3800 1289 848 9940 136 11602 15131 2341 7667 1561 8278 91361 

 
 1483 448 896 655 138 138 1862 34 1414 1138 276 1000 345 1345 11171 

 
 3435 988 4329 1082 376 188 2965 94 3717 4329 518 2400 518 2588 27528 

 
 474 95 284 190 47 0 521 47 427 379 95 284 142 379 3366 

 
 44820 13917 44462 14735 4451 3377 39346 307 46253 60630 9619 31262 8647 32387 354212 

 
 6491 1536 3667 2924 595 396 6987 0 5154 4262 1189 3816 1387 4906 43310 

 
 4317 1352 4622 1483 480 262 3838 44 4404 5059 785 2660 523 2922 32750 

 
 590 169 295 295 84 42 717 0 506 337 126 337 84 422 4004 

 
 111605 35305 102034 33170 11200 7894 92652 859 109791 141636 21903 72503 16697 76090 833340 

 
 14753 4200 8083 6663 1562 998 16317 82 12432 10067 2897 8739 3261 11840 101893 
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 6909 1938 8897 1690 944 646 5368 50 5765 8648 1292 4920 845 3827 51739 

 
 926 206 617 360 154 103 977 0 669 669 206 566 206 669 6326 

 
 45596 13225 45882 14037 4440 4106 36572 286 43543 81260 8355 29028 8546 30222 365099 

 
 8072 1605 3307 2869 632 438 6468 0 5203 4328 1216 3696 1751 5057 44641 

 
 4094 1271 4517 1035 376 329 3812 47 4188 4988 847 2400 565 3435 31904 

 
 523 143 333 190 48 48 666 0 571 381 95 285 95 523 3901 

 
 9762 2556 10307 2430 922 796 7667 84 9678 11605 2053 6620 1383 6033 71895 

 
 1187 352 747 527 176 88 1407 0 1055 835 308 747 352 1011 8791 

 
 6143 1790 5827 1509 597 386 5054 35 5932 7757 1193 4001 737 3791 44753 

 
 883 177 424 318 106 35 953 0 741 530 177 459 141 530 5472 

 
 72502 20780 75429 20701 7279 6264 58473 502 69106 114259 13741 46970 12075 47308 565390 

 
 11591 2481 5428 4265 1116 711 10470 0 8239 6742 2001 5753 2544 7790 69130 

 

 
 14016 4187 14424 4682 1609 1086 11516 184 13289 17826 3082 9102 1822 9674 106500 

 
 1826 451 1063 833 211 171 2247 10 1435 1384 411 1154 311 1515 13022 

 
 4347 1465 5009 1559 567 378 3591 47 4914 6379 1040 3402 709 2504 35911 

 
 607 187 374 280 93 47 654 0 561 514 93 420 140 420 4391 

 
 60399 16714 62156 17825 5954 4125 47415 1040 54588 76144 11800 37552 8034 40170 443915 

 
 8661 1553 4796 3727 1104 380 9110 138 6487 4969 1760 4348 1484 5762 54278 

 
 78762 22366 81588 24067 8130 5588 62522 1272 72792 100349 15922 50056 10565 52348 586325 

 
 11094 2191 6233 4840 1408 597 12011 148 8482 6867 2265 5922 1935 7698 71690 
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 12073 3299 12599 3790 1158 912 9335 140 10949 15161 2386 7159 1544 7931 88438 

 
 1756 275 930 758 172 103 1756 34 1412 1068 379 723 310 1136 10813 

 
 16094 4617 16358 11697 3474 1231 12664 88 15171 19700 3166 9630 1935 9894 125720 

 
 2160 466 1059 2456 466 127 2202 0 1736 1101 423 1186 423 1567 15372 

 
 12330 3320 12805 3575 1423 401 9266 36 11382 15796 2408 7880 1788 8500 90909 

 
 1639 285 998 748 214 36 1746 0 1389 1104 392 891 392 1283 11116 

 
 34116 10150 35043 10690 3512 2624 28019 386 32997 46273 6715 21882 4477 23619 260503 

 
 4197 1162 2323 1986 412 412 5021 37 4459 3298 862 2698 899 4085 31852 

 
 74613 21386 76804 29752 9567 5169 59284 651 70499 96930 14675 46551 9743 49944 565570 

 
 9752 2188 5309 5948 1264 678 10725 72 8997 6571 2056 5498 2025 8070 69153 
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 5857 1678 5928 1571 643 393 4857 36 5250 7285 1036 4000 821 4035 43390 

 
 842 183 439 329 110 37 842 0 622 476 146 512 183 585 5305 

 
 

 22483 6417 21614 6176 1978 1399 17127 96 19829 27259 3908 13654 2654 14040 158634 
 

 3152 776 1406 1309 291 145 2958 0 2231 2037 533 1649 582 2328 19396 

 
 

 5283 1441 5817 1601 640 427 4056 53 4749 7098 961 4002 747 3682 40557 
 

 686 211 422 317 106 53 791 0 528 528 106 475 158 580 4959 

 
 6423 1851 6133 1560 617 399 5116 36 5153 8092 1125 4137 726 3919 45286 

 
 887 177 461 319 106 71 958 0 639 568 177 461 142 568 5537 

 
 15769 4942 16004 4354 1647 235 13003 118 14533 19593 2883 9767 2177 10767 115794 

 
 2071 504 1175 839 224 56 2350 56 1735 1623 448 1063 392 1623 14158 

 
 15516 4685 15731 4255 1762 1117 12507 172 14785 19556 2837 9628 1977 10616 115145 

 
 2068 528 1100 792 220 176 2288 0 1848 1496 352 1188 308 1716 14079 

 
 9369 2683 9005 2820 1046 682 7095 45 9233 11643 1683 6049 1182 5731 68266 

 
 1308 361 587 541 135 90 1263 0 1083 857 180 767 226 947 8347 

 
 145358 41852 144180 42173 13594 14771 115387 803 135617 178111 27509 90340 16537 91839 1058072 

 
 19797 4949 9792 9419 1969 1330 20276 106 16178 11655 3778 10697 4311 15114 129371 

 
 6159 1877 6400 1877 674 385 5726 48 5486 8565 1299 4475 818 4716 48505 

 
 771 193 530 386 96 48 964 0 627 675 193 530 193 723 5931 

 
 

 2901 1032 3048 1082 344 197 2901 98 3589 3786 590 2065 442 2753 24827 
 

 379 95 237 190 47 0 522 47 427 285 95 237 95 379 3036 

 
 9792 2848 10577 2848 2121 1395 7816 58 8950 12553 1918 6596 1395 6567 75433 

 
 1285 257 800 600 343 171 1542 0 1085 885 343 742 228 942 9223 

 
 5224 1551 6040 1592 571 367 4938 41 5142 7183 979 3918 775 3959 42282 

 
 672 126 504 336 84 42 841 0 588 546 168 462 168 630 5170 

 
 250133 72857 250477 71908 25638 21768 200531 1605 232316 310724 46727 158630 30252 162624 1836191 

 
 33919 8360 17454 15378 3732 2220 35595 210 27590 21630 6520 18784 6985 26137 224512 
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 12.89 11.57 7.31 20.06 14.17 10.35 18.18 0.00 11.97 7.07 12.47 12.27 22.76 16.13 12.22 

 13.53 11.63 7.07 22.14 14.29 9.68 17.60 0.00 11.67 6.67 14.12 11.83 25.49 16.49 12.22 

 14.33 8.67 7.53 20.77 18.69 0.00 19.79 0.00 12.46 6.61 15.58 11.50 18.13 14.37 12.22 

 12.77 9.75 8.08 19.99 15.37 11.10 17.26 0.00 11.90 7.22 15.99 11.62 24.98 16.08 12.22 

 13.59 13.66 6.80 20.49 19.81 14.15 19.05 0.00 11.59 7.07 5.21 12.19 22.85 15.72 12.22 

 12.45 11.62 6.71 18.65 11.19 16.79 18.19 0.00 13.03 7.33 11.85 12.59 18.31 16.79 12.22 

 12.99 9.53 7.11 19.06 15.88 0.00 17.64 95.28 12.10 8.04 15.88 11.34 21.17 15.16 12.22 

 13.05 11.40 7.28 20.31 14.56 9.94 18.15 8.78 11.97 7.03 12.79 12.14 22.81 16.08 12.22 

 

 12.28 11.92 7.78 18.49 15.49 8.88 18.21 0.00 12.38 7.35 12.09 12.37 21.45 15.97 12.22 

 13.33 10.05 8.00 18.84 14.02 10.64 17.75 0.00 11.72 6.98 14.14 12.57 24.06 15.95 12.22 

 12.40 13.51 5.42 17.26 12.94 18.83 17.39 0.00 14.99 8.83 12.94 8.96 19.91 16.79 12.22 

 13.61 11.43 8.32 16.78 13.11 13.11 18.21 0.00 12.29 7.02 7.86 11.17 21.07 16.19 12.22 

 10.86 12.67 10.80 14.35 14.13 10.20 14.20 0.00 12.70 10.93 14.50 12.71 15.30 12.58 12.22 

 10.43 11.73 6.71 14.08 13.41 14.44 17.17 0.00 14.36 10.61 13.41 11.73 19.76 12.52 12.22 

 11.89 9.60 6.42 16.58 9.12 0.00 16.58 45.59 13.03 9.89 19.54 14.18 18.24 12.77 12.22 

 11.02 9.04 6.20 15.59 25.98 0.00 15.40 0.00 16.50 7.79 17.32 12.37 23.10 16.53 12.22 

 12.36 11.99 7.17 17.65 14.97 11.94 17.53 1.26 13.31 7.97 12.71 11.33 20.89 16.04 12.22 
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 11.75 11.23 8.08 18.91 14.13 9.45 16.88 6.20 11.51 8.05 11.19 11.29 19.90 15.56 12.22 

 11.75 11.23 8.08 18.91 14.13 9.45 16.88 6.20 11.51 8.05 11.19 11.29 19.90 15.56 12.22 

  12.17 12.56 7.99 19.49 13.18 8.79 16.52 0.00 12.21 7.14 12.83 12.47 25.56 15.82 12.22 

 
 13.03 12.02 6.47 20.02 14.12 11.02 18.79 0.00 11.61 6.47 15.91 11.44 23.05 13.49 12.22 

 13.66 8.49 8.60 20.55 15.32 10.15 17.93 0.00 11.17 6.48 14.42 12.67 22.81 15.98 12.22 

 12.69 11.52 7.78 19.78 14.02 9.56 17.36 0.00 11.85 6.85 13.95 12.29 24.40 15.32 12.22 

 

 13.29 11.41 7.29 21.02 14.43 10.11 15.46 0.00 10.49 8.21 12.83 12.77 24.01 17.12 12.22 

 15.23 8.25 7.01 19.91 18.44 14.93 17.70 0.00 11.45 5.93 14.42 13.42 20.10 16.24 12.22 

 12.92 9.40 6.99 22.15 19.10 0.00 21.19 0.00 12.83 6.11 16.62 12.28 16.04 13.73 12.22 

 13.06 11.17 7.68 19.66 16.38 12.29 15.12 0.00 11.28 7.93 14.04 14.19 20.69 16.73 12.22 

 12.11 13.45 6.92 17.10 12.92 10.76 17.98 32.29 11.88 7.51 11.18 12.11 18.45 17.00 12.22 

 13.17 11.39 7.19 19.39 18.64 14.64 16.71 0.00 11.83 8.11 11.39 12.16 19.22 15.77 12.22 

 13.25 11.09 7.22 20.57 15.79 10.70 16.72 6.99 11.19 7.61 13.30 12.79 21.21 16.33 12.22 
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 12.64 11.89 7.93 18.50 19.03 11.89 17.74 0.00 12.78 6.71 15.86 10.32 17.62 15.53 12.22 

 13.12 12.28 7.16 20.73 15.55 8.79 18.38 0.00 11.99 6.56 14.18 12.68 20.98 15.34 12.22 

 13.84 10.18 7.34 12.83 15.03 35.07 14.65 0.00 11.99 8.95 17.54 11.16 22.55 16.05 12.22 

 12.07 9.70 8.01 19.41 16.98 20.38 18.25 0.00 13.41 6.99 11.32 13.72 16.98 14.86 12.22 

 13.86 12.85 6.40 18.11 18.11 14.23 18.11 0.00 13.36 7.60 15.73 9.60 18.68 14.70 12.22 
 

 12.35 10.82 6.59 19.66 13.07 10.65 17.24 0.00 11.64 9.22 14.58 9.19 21.64 16.83 12.22 

 13.67 7.86 7.24 18.16 18.04 0.00 18.98 0.00 13.44 7.81 15.19 11.10 14.81 14.97 12.22 

 13.19 12.83 6.78 17.76 15.30 19.89 20.18 0.00 11.43 7.65 11.05 12.21 18.08 15.60 12.22 

 13.02 11.51 7.14 19.17 15.95 11.62 18.09 0.00 12.26 7.36 14.31 11.49 19.61 15.55 12.22 

 

 13.59 11.31 6.99 22.43 13.39 10.53 17.17 0.00 11.34 6.66 13.22 12.52 24.34 17.16 12.22 

 12.68 9.53 7.35 19.45 18.23 13.26 18.46 0.00 12.08 7.15 16.77 12.41 25.59 15.25 12.22 

 15.20 11.55 11.39 16.05 21.40 13.76 16.75 0.00 10.97 6.42 11.33 10.70 17.51 14.94 12.22 

 12.14 10.44 12.16 15.93 10.97 12.08 17.57 0.00 11.74 6.55 11.14 11.42 22.59 15.73 12.22 

 14.12 9.00 7.38 19.59 14.46 11.25 18.53 0.00 11.68 8.58 5.62 13.27 16.87 15.37 12.22 

 14.46 7.32 7.93 21.46 20.51 0.00 19.53 0.00 12.66 6.47 16.54 12.43 16.41 13.51 12.22 

 12.18 9.94 7.38 19.67 31.47 0.00 16.34 47.20 11.39 7.76 20.23 12.05 18.88 13.82 12.22 

 12.67 10.33 9.87 17.61 13.06 11.52 17.63 3.61 11.70 6.70 12.13 11.76 22.18 15.70 12.22 
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 13.29 11.86 6.87 22.27 13.07 11.98 16.82 11.98 10.90 6.56 13.10 14.64 25.48 17.02 12.22 

 14.07 8.16 7.86 20.33 18.57 0.00 18.23 0.00 12.98 6.98 13.26 11.76 18.11 14.54 12.22 

 12.39 10.72 6.95 16.26 20.73 15.95 16.79 0.00 13.91 8.60 14.40 9.58 21.45 15.88 12.22 

 12.90 10.69 7.73 17.11 18.11 17.11 16.14 0.00 14.56 7.79 15.09 11.50 24.44 13.46 12.22 

 12.41 10.82 7.77 21.79 13.47 12.63 16.06 0.00 12.55 7.28 19.55 11.33 28.06 15.61 12.22 

 13.20 11.38 6.43 21.57 18.49 21.91 18.05 0.00 11.49 6.16 10.56 12.32 21.13 15.72 12.22 

 13.05 10.80 7.21 19.97 16.51 13.94 16.90 5.27 12.44 7.30 14.03 12.00 23.10 15.77 12.22 

 

 13.23 10.97 7.29 21.61 13.27 11.71 17.98 0.00 11.56 6.42 14.54 11.71 27.78 16.27 12.22 

 11.93 8.50 7.42 21.40 19.61 20.40 19.50 25.50 14.51 7.03 14.23 11.57 19.74 12.16 12.22 

 11.39 9.49 7.52 22.62 15.50 16.91 16.41 0.00 11.80 7.36 15.00 12.27 24.48 17.62 12.22 

 12.38 9.32 8.19 19.32 14.15 15.63 17.81 0.00 11.99 7.59 14.67 11.35 19.25 16.26 12.22 

 12.47 9.81 7.62 21.02 14.97 14.36 17.93 7.76 12.22 7.03 14.61 11.66 22.94 15.61 12.22 

 

 13.14 10.71 7.07 18.01 15.24 16.51 19.13 0.00 11.29 8.07 10.43 12.54 22.01 15.64 12.22 

 14.88 8.40 7.21 18.80 16.56 11.04 19.77 0.00 11.21 6.92 15.29 11.46 22.44 15.38 12.22 

 13.73 7.07 6.98 22.78 15.48 12.90 18.29 0.00 12.08 7.30 15.33 11.14 23.95 16.96 12.22 

 12.86 11.24 8.36 17.34 10.12 14.45 17.59 0.00 11.53 7.40 18.06 10.41 28.90 15.49 12.22 

 13.88 8.01 7.22 20.49 15.16 12.84 18.69 0.00 11.67 7.29 15.26 11.32 23.84 16.16 12.22 
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 14.42 14.16 7.06 19.81 14.24 13.93 19.74 0.00 11.02 7.72 5.09 11.78 20.09 15.41 12.22 

 14.63 13.35 6.90 22.17 17.24 11.49 20.15 0.00 11.94 6.57 10.89 12.54 15.92 13.35 12.22 

 11.96 11.40 6.53 20.57 14.24 12.26 20.32 0.00 12.03 7.86 13.60 11.86 20.59 16.81 12.22 

 14.61 8.13 7.48 19.38 15.42 10.28 18.29 0.00 12.12 8.97 14.02 10.46 16.99 11.94 12.22 

 13.88 9.49 6.79 19.21 17.07 12.81 19.31 0.00 13.13 7.19 17.07 11.68 17.82 15.07 12.22 

 13.20 8.23 8.46 19.33 13.53 11.28 16.91 0.00 11.65 7.25 16.91 11.63 22.55 15.69 12.22 

 13.80 13.62 6.66 20.32 18.17 18.73 18.55 0.00 11.32 7.11 7.14 12.77 19.98 15.56 12.22 

 13.33 11.64 7.95 17.46 16.12 7.48 16.30 0.00 12.84 7.11 15.87 11.88 19.64 14.82 12.22 

 13.72 10.06 7.15 19.02 17.87 15.52 19.09 32.76 11.66 8.00 10.42 12.47 17.34 14.96 12.22 

 12.84 8.91 6.59 18.93 13.37 12.47 19.38 31.19 11.51 8.88 14.77 10.74 20.79 13.86 12.22 

 13.25 10.98 6.99 19.73 15.53 12.84 19.04 9.83 11.88 7.81 12.33 11.79 19.40 15.14 12.22 
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  12.26 7.46 6.83 23.45 12.36 13.54 17.79 13.54 12.03 8.56 13.24 12.43 20.55 17.15 12.22 

 13.42 11.38 6.64 19.98 13.02 14.00 18.01 0.00 11.69 6.78 15.51 12.22 26.48 16.72 12.22 

 16.22 9.94 7.65 21.23 19.88 0.00 13.09 0.00 13.30 7.06 16.60 12.01 21.59 15.90 12.22 

 12.55 9.97 7.01 20.63 15.29 8.07 17.45 32.27 12.29 8.45 17.38 12.01 20.75 14.34 12.22 

 12.82 8.61 6.90 22.03 13.63 12.46 17.08 15.60 12.12 7.99 14.63 12.28 21.89 16.52 12.22 

 

 13.21 14.75 7.05 19.87 13.23 10.63 18.62 13.66 11.25 7.48 11.62 12.72 20.92 14.87 12.22 

   13.70 12.80 7.13 20.50 15.51 14.40 17.82 0.00 10.74 7.17 12.92 12.42 24.33 15.44 12.22 

 11.70 12.63 6.27 23.15 14.88 13.02 18.42 0.00 12.48 6.82 12.76 11.96 24.04 18.30 12.22 

 13.92 13.30 6.98 16.91 18.00 14.15 20.29 0.00 11.25 8.13 10.63 12.52 19.02 16.37 12.22 

 13.39 7.68 9.07 20.92 17.95 6.97 18.95 0.00 12.47 6.74 17.25 10.98 17.52 12.93 12.22 

 13.31 13.30 7.08 19.53 15.32 11.98 18.82 8.93 11.39 7.51 11.96 12.42 20.65 15.45 12.22 

 

 12.39 10.49 8.79 20.60 18.88 11.19 16.62 0.00 11.85 7.10 16.78 11.30 19.37 15.20 12.22 

 13.91 11.22 7.16 18.59 13.16 10.27 17.84 0.00 11.61 7.06 14.67 11.96 24.55 16.91 12.22 

 13.62 8.94 7.13 21.86 12.30 0.00 19.29 32.79 11.57 8.46 15.14 11.35 24.60 14.05 12.22 

 14.28 11.42 8.14 20.37 17.05 10.69 17.90 0.00 11.36 6.80 12.23 11.46 14.80 15.94 12.22 

 12.95 12.73 6.55 23.47 18.23 12.53 19.33 0.00 10.63 7.77 10.28 12.44 17.29 15.95 12.22 

 14.33 8.67 7.53 20.77 18.69 0.00 19.79 0.00 12.46 6.61 15.58 11.50 18.13 14.37 12.22 

 13.91 11.18 7.75 20.40 16.50 9.82 18.13 9.22 11.45 7.03 13.11 11.64 17.17 15.87 12.22 
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 13.53 11.63 7.07 22.14 14.29 9.68 17.60 0.00 11.67 6.67 14.12 11.83 25.49 16.49 12.22 

 13.44 11.25 5.82 18.42 18.42 16.88 19.97 0.00 11.12 7.30 5.96 11.62 25.32 17.20 12.22 

 12.36 17.39 7.41 18.32 17.93 19.13 18.18 0.00 11.45 6.83 10.25 10.96 27.33 15.62 12.22 

 13.56 11.04 8.04 13.25 15.34 12.15 19.12 0.00 12.64 7.81 8.10 10.91 18.81 17.07 12.22 

 13.26 12.80 7.12 19.33 15.95 12.32 18.28 0.00 11.68 6.98 11.30 11.46 24.31 16.45 12.22 

 

 12.96 14.59 5.97 21.10 17.90 16.41 19.18 0.00 11.36 7.26 10.36 12.84 21.10 14.92 12.22 

 13.22 11.35 6.50 21.51 13.06 8.98 17.57 0.00 11.14 6.92 14.26 14.39 25.29 16.77 12.22 

 12.57 10.01 6.85 18.01 13.86 0.00 16.04 30.02 11.94 9.65 12.28 11.26 22.52 18.01 12.22 

 12.69 9.22 7.45 19.36 19.36 0.00 16.69 48.40 12.10 8.80 14.89 11.85 13.83 18.73 12.22 

 13.04 11.27 6.59 20.75 14.47 7.97 17.44 25.79 11.38 7.60 13.51 13.14 22.99 16.86 12.22 

 

 12.91 12.56 7.88 22.22 13.08 8.67 16.78 0.00 12.01 6.88 16.21 12.03 22.98 15.59 12.22 

 13.60 11.17 6.43 22.34 26.06 17.37 18.82 0.00 10.83 7.31 12.26 8.69 26.06 16.17 12.22 

 13.45 10.94 6.20 23.61 16.41 12.22 18.09 0.00 11.82 6.90 17.74 8.94 30.30 16.95 12.22 

 13.13 9.25 6.48 17.72 13.29 15.19 19.94 0.00 12.76 7.16 13.29 13.29 16.36 15.75 12.22 

 14.13 9.43 7.82 20.89 14.77 4.43 18.48 0.00 13.25 7.04 16.24 11.62 12.18 14.47 12.22 

 12.64 12.48 6.16 21.02 14.26 12.48 18.72 0.00 12.14 7.06 12.48 13.71 16.64 16.96 12.22 

 13.18 11.77 7.57 22.01 14.55 9.40 17.40 0.00 12.12 6.94 15.99 11.38 21.68 15.63 12.22 
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 12.46 11.97 8.03 18.69 17.41 11.97 16.46 0.00 11.73 7.72 19.81 11.97 21.76 15.02 12.22 

 12.37 9.25 8.37 19.40 20.32 18.97 17.47 0.00 11.29 7.59 15.80 11.03 23.71 15.63 12.22 

 11.30 9.68 7.26 21.18 12.71 14.52 17.15 0.00 12.98 7.53 13.26 12.32 23.46 15.02 12.22 

 11.16 11.88 6.19 18.86 14.15 16.51 19.17 0.00 13.03 7.54 13.21 12.92 19.81 16.21 12.22 

 13.09 10.24 11.52 21.77 11.51 10.79 16.44 15.83 11.02 6.45 12.98 10.68 21.64 16.08 12.22 

 13.49 8.89 7.93 17.78 16.30 0.00 16.30 97.82 11.81 8.67 13.04 12.23 24.45 13.26 12.22 

 13.49 10.29 8.73 18.43 14.34 11.15 16.13 0.00 11.81 7.12 14.34 11.87 22.30 16.11 12.22 

 8.19 10.92 5.14 17.48 21.85 0.00 13.80 87.39 12.48 15.07 15.89 10.92 21.85 14.56 12.22 

 12.72 10.33 9.54 20.14 14.35 11.67 16.64 21.61 11.50 7.18 14.43 11.29 22.19 15.57 12.22 

 

 12.61 13.08 6.72 17.17 10.21 11.61 17.29 0.00 12.34 7.40 11.17 12.13 20.78 22.58 12.22 

 13.91 9.81 7.75 20.82 14.54 8.79 18.47 0.00 13.01 6.17 13.61 11.56 21.91 15.43 12.22 
 

 12.86 9.02 8.41 18.12 16.53 12.14 16.89 16.53 11.39 7.40 16.28 13.12 26.22 15.12 12.22 

 12.82 11.57 7.70 19.64 13.02 10.51 18.03 0.00 11.31 7.22 14.58 12.13 23.69 16.64 12.22 

 12.58 10.57 7.91 17.90 16.91 12.68 15.80 0.00 12.57 7.41 16.91 11.39 24.15 17.13 12.22 

 13.26 9.86 8.26 18.72 14.56 18.53 17.14 0.00 12.26 7.32 13.90 11.19 23.98 15.68 12.22 

 13.25 11.74 7.41 22.01 12.70 10.25 17.22 0.00 11.64 7.41 13.97 11.69 24.76 15.90 12.22 

 13.10 10.64 7.76 19.38 14.16 11.12 17.44 4.74 11.95 7.12 14.45 12.14 23.85 16.34 12.22 
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 12.54 10.91 7.84 21.70 14.33 12.54 17.41 0.00 11.51 7.08 17.30 11.87 21.12 15.36 12.22 

 13.38 11.19 7.28 24.79 13.30 11.47 17.58 0.00 11.04 7.53 13.30 10.60 22.50 15.92 12.22 

 13.22 12.51 6.98 21.38 16.56 15.05 17.01 0.00 11.61 6.60 15.85 11.89 23.57 16.50 12.22 

 13.14 13.09 6.03 20.72 9.95 12.43 18.46 0.00 10.96 8.73 5.53 13.05 21.32 14.99 12.22 

 10.48 9.86 6.80 17.77 12.57 10.25 17.06 0.00 12.27 7.49 11.02 12.68 17.19 16.94 12.22 

 13.75 13.50 7.34 18.81 17.67 12.15 18.51 0.00 11.22 7.20 11.44 11.15 24.30 15.06 12.22 

 12.77 11.83 7.07 20.17 14.89 12.88 17.41 0.00 11.50 7.14 13.83 11.80 21.95 16.08 12.22 

 

 12.77 14.10 8.74 17.58 18.13 14.87 16.11 0.00 11.13 8.02 16.67 10.74 25.44 15.62 12.22 

 12.52 12.27 8.22 20.63 12.52 25.05 15.73 0.00 11.83 7.30 15.41 11.52 22.26 15.18 12.22 

 12.53 12.37 10.39 21.13 13.02 9.88 16.78 0.00 10.80 6.43 13.02 11.29 23.41 15.80 12.22 

 11.21 12.77 6.13 26.65 19.73 11.42 19.40 0.00 11.95 7.23 13.23 12.85 25.04 17.45 12.22 

 12.01 12.23 7.03 17.24 10.70 16.26 18.73 25.41 12.18 7.52 11.78 13.04 22.09 16.24 12.22 

 13.80 9.59 6.57 17.52 12.59 0.00 17.59 50.37 11.48 8.76 18.32 11.85 27.48 14.65 12.22 

 14.48 11.04 8.25 19.84 13.36 11.74 17.76 0.00 11.14 7.03 12.36 12.21 16.05 15.15 12.22 

 13.67 12.47 6.38 19.90 17.57 16.11 18.67 0.00 11.48 6.67 16.11 12.68 16.11 14.43 12.22 

 13.22 11.90 7.92 20.09 13.95 12.64 17.61 9.54 11.32 7.11 13.22 12.05 19.53 15.56 12.22 
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 13.40 10.61 6.94 21.31 16.34 15.92 18.21 0.00 11.60 7.73 15.92 11.50 24.35 17.47 12.22 

 17.70 12.13 7.21 20.44 14.24 10.66 17.68 0.00 11.95 5.33 14.55 12.73 20.48 16.73 12.22 

 12.78 11.23 7.37 18.38 12.64 14.44 17.47 0.00 13.63 7.63 11.23 11.89 16.85 15.23 12.22 

 12.16 13.76 7.25 21.71 19.07 11.04 18.34 0.00 10.90 7.20 14.99 11.29 25.43 16.76 12.22 

 14.37 9.86 7.27 21.05 17.75 9.14 18.86 0.00 12.50 6.83 14.79 11.47 19.16 13.97 12.22 

 15.99 11.94 7.20 20.60 15.33 11.36 17.91 0.00 11.92 5.90 14.56 12.25 21.07 16.47 12.22 

 

 13.03 10.78 7.37 17.79 13.09 15.71 19.51 5.45 10.80 7.77 13.34 12.68 17.07 15.66 12.22 

 13.97 12.76 7.46 17.97 16.48 12.36 18.21 0.00 11.41 8.06 8.99 12.36 19.77 16.79 12.22 

 14.34 9.29 7.72 20.91 18.55 9.20 19.21 13.27 11.88 6.53 14.91 11.58 18.47 14.35 12.22 

 14.09 9.80 7.64 20.11 17.32 10.68 19.21 11.64 11.65 6.84 14.22 11.83 18.31 14.70 12.22 

  14.55 8.35 7.38 19.99 14.87 11.32 18.81 24.53 12.90 7.04 15.87 10.10 20.07 14.33 12.22 

 13.42 10.09 6.47 21.00 13.41 10.32 17.39 0.00 11.44 5.59 13.38 12.31 21.89 15.84 12.22 

 13.29 8.59 7.79 20.93 15.02 8.88 18.84 0.00 12.21 6.99 16.28 11.30 21.92 15.09 12.22 

 12.30 11.44 6.63 18.58 11.74 15.71 17.92 9.71 13.51 7.13 12.83 12.33 20.09 17.29 12.22 

 13.07 10.23 6.91 19.99 13.21 13.12 18.09 11.05 12.76 6.78 14.01 11.81 20.78 16.16 12.22 
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 14.37 10.90 7.41 20.96 17.08 9.31 17.33 0.00 11.85 6.53 14.13 12.81 22.27 14.51 12.22 

 14.02 12.09 6.51 21.20 14.71 10.40 17.27 0.00 11.25 7.47 13.65 12.07 21.93 16.58 12.22 

 12.98 14.65 7.26 19.77 16.48 12.36 19.51 0.00 11.11 7.43 10.98 11.86 21.18 15.76 12.22 

 13.82 9.59 7.52 20.47 17.26 17.78 18.73 0.00 12.40 7.02 15.78 11.15 19.56 14.49 12.22 

 13.13 10.19 7.34 19.28 13.59 23.78 18.08 47.55 11.94 8.28 15.53 10.89 17.99 15.07 12.22 

 13.33 11.27 6.99 18.61 12.48 15.75 18.29 0.00 12.50 7.65 12.41 12.34 15.58 16.16 12.22 

 13.97 13.45 6.51 19.20 12.94 13.23 17.81 0.00 11.73 7.36 10.72 12.68 19.08 16.53 12.22 

 13.62 11.83 6.79 22.34 14.48 9.01 17.57 13.26 11.93 6.54 13.74 11.84 26.07 16.46 12.22 

 12.53 10.28 8.29 20.55 14.31 12.53 16.84 0.00 11.43 7.88 14.84 11.85 23.58 15.34 12.22 

 
 13.08 9.19 7.78 17.54 13.78 0.00 17.99 48.24 11.89 7.52 16.08 11.49 21.44 13.78 12.22 

 13.12 9.02 7.56 21.06 16.15 12.28 19.73 0.00 12.12 7.05 17.87 11.26 16.38 14.35 12.22 

 12.87 8.13 8.35 21.13 14.71 11.44 17.02 0.00 11.44 7.61 17.16 11.80 21.68 15.93 12.22 

 13.56 11.47 6.97 21.39 14.55 10.20 17.75 13.07 11.88 6.96 13.95 11.84 23.09 16.07 12.22 
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 14.42 14.16 7.06 19.81 14.24 13.93 19.74 0.00 11.02 7.72 5.09 11.78 20.09 15.41 12.22 

 14.63 13.35 6.90 22.17 17.24 11.49 20.15 0.00 11.94 6.57 10.89 12.54 15.92 13.35 12.22 

 11.96 11.40 6.53 20.57 14.24 12.26 20.32 0.00 12.03 7.86 13.60 11.86 20.59 16.81 12.22 

 14.61 8.13 7.48 19.38 15.42 10.28 18.29 0.00 12.12 8.97 14.02 10.46 16.99 11.94 12.22 

 13.88 9.49 6.79 19.21 17.07 12.81 19.31 0.00 13.13 7.19 17.07 11.68 17.82 15.07 12.22 

 13.20 8.23 8.46 19.33 13.53 11.28 16.91 0.00 11.65 7.25 16.91 11.63 22.55 15.69 12.22 

 13.80 13.62 6.66 20.32 18.17 18.73 18.55 0.00 11.32 7.11 7.14 12.77 19.98 15.56 12.22 

 13.33 11.64 7.95 17.46 16.12 7.48 16.30 0.00 12.84 7.11 15.87 11.88 19.64 14.82 12.22 

 13.72 10.06 7.15 19.02 17.87 15.52 19.09 32.76 11.66 8.00 10.42 12.47 17.34 14.96 12.22 

 12.84 8.91 6.59 18.93 13.37 12.47 19.38 31.19 11.51 8.88 14.77 10.74 20.79 13.86 12.22 

 13.25 10.98 6.99 19.73 15.53 12.84 19.04 9.83 11.88 7.81 12.33 11.79 19.40 15.14 12.22 
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